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PREFACE

One of the objectives of the U.S. Air Force Installation Restoration Program (IRP) is
to provide individuals tesponsible for the management and implementation of the IRP
with information to evaluate the health hazards associated with actual or potential
contamination of drinking water supplies. IjT•,e' a .y G. Armstrong Aerospace
Medical Research Laboratory was requested b'Q 10 USAF/SGPA to develop health
and environmental information for each potential contaminant of drinking water
supplies associated with USAY installations. This IRP Toxicology Guide consists of
four volumes which were initially issued in 1995-1987. The original Toxicology Guide
was produced under contract F33615-81-D-0508 by Arthur D. Little, mnc. for the
Biochemical Toxicology Branch, Toxic Hazards Division, Harry G. Armstrong
Aerospace Medical Research Laboratory (AAMRL), Wright-Patterson AFB, OH.
The updated volumes of the Toxicology Guide include new regulatory requirements
and recently published toxicology information. The updated Toxicology Guide was
produced under an Interagency Agreement with the U.S. Department of Energy, Oak
Ridge National Laboratory (87-TH-0002) for the Hazard Assessment Branch, Toxic
Hazards Division, AAMRL, Wright-Patterson AFB, OH.

For each chemical in the IRP Toxicology Guide, the environmental fate, exposure
pathways, toxicity, sampling and analysis methocxs and state and federal regulatory
status are outlined. The material provided is intended as an overview of key topic
areas; no attempt was made to provide a comprehensive review. Users are
encouraged to read the Introduction to Volume I of the IRP Toxicology Guide
before applying chemical-specific information. "

Candidate chemicals for inclusion in subsequent Toxicology Guide updates should be
forward• through MAJCOM bioenvironmental engineers to HQ USAF/SGPA.
Consult it service for current toxicological information should be obtained from the
USAF UEHL/ECO, Brooks AFB, TX 78235-5000.

Substantial effort was made to assure that the information contained in the
Toxicology Guide was current and reliable at the time of publication. Users are
encouraged to report apparent discrepancies or errors to AAMRI/THA. Wright.
Patterson AFB, OH 45433-6573. Copies of this document are available from:
National Technical Information Services, 5285 Port Royal Road, Springfield, VA
22161. Federal Government agencies and their contractors registered with Defense
Technical Information Center should direct requests for copies to: Defense Technical
Information Center, Cameron Station, Alexandria, VA 22314.
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LIST OF ABBREVIATIONS, ACRONYMS, TERMS AND SYMBOLS

This list of abbreviations, acronyms, terms and symbols is selected from the pages
of the Guide. Words and phrases defined here include those occurring in more than
one chapter, those indispensable to understanding the material in a chapter and those
that may help clarify some of the definitions themselves. Nct listed are chemical
synonyms which can be found in the chemical index and words adequately defined at
the point of use.

A Acre

AA Atomic absorption spectroscopy

ACGIH American Conference of Governmental Industrial Hygienists

Active metals This refers to metals such as aluminium, calcium, magnesium.
potassium, sodium, tin, zinc, and their alloys.

ADI Acceptable daily intake

ADL Arthur D. Little, Inc.

Adenocarcinoma A malignant tumor originating in glandular or ductal epithelium.

Adenoma A benign growth of glandular tissue.

ae 
Acid equivalent

Aerosol A suspension or dispersion of small solid or liquid particles in air
or gas.

AFOSH Air Force Occupational Safety and Health Standard

Alkali metals Metals (in Group IA of the Periodic Table,) such as lithium,
sodium, potassium, rubidium, cesium, and francium. The alkali
metals react vigorously, at times violently, with water. These
metals present a dangerous fire risk when in contact with
moisture or oxidizing materials.
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Alkaline Calcium, barium, strontium, and radium (Group IIA of Periodic
earth Table). Alkaline earth metals are less reactive than sodium and
metals potassium and have higher melting and boiling points.

Ambient water Surface water

Ambient water That concenrration of a pollutant in a navigable water
criterion that, based upon available data, will not result in adverse impact

on important aquatic life, or on consumers of such aquatic life,
after exposure of that aquatic life for periods of time exceeding 96
hours and continuing at least through one reprcductive cycle; and
will not result in a significant risk of adverse health effects in a
large human population based on available information such as
mammalian laboratory toxicity data, epidemiological studies of
human occupational exposure data, or any other relevant data.

Amines A class of organic compounds of nitrogen that may be considered
as derived from ammonia (NH 3) by replacing one or more of the
hydrcgen atoms (H) with straight or branched hydrocarbon (alkyl)
groups. All amines are basic in nature and usually combine
readily with hydrochloric or other strong acids to form salts.

API American Petroleum Institute

Aquifer An undergrot, nd, permeable saturated strata of rcck, sand or
gravel containing ground water.

Aromatic A major group of hydrocarbons containing one or more rings like
benzene, which has a six-carbon ring containing three double
bonds. Most compounds in this group are derived from petroleum
and coal tar and are reactive and chemically versatile. The name
characterizes the strong and pleasant odor of most substances of
this group. NOTE: The term "aromatic' is often used in perfume
and fragrance industries to describe essential oils, which are not
aromatic in the chemical sense.

atm Atmosphere (760 Torr)

ATP Adenosine triphosphate, a nucleotidc cofactor important in many
biological reactions where energy is transferred.

Autoignition The minimum temperature at which the material will ignite
temperature without a spark or flame being present. Along with the flash

point, autoignition temperature gives an indication of relative
flammability.
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BCF Bioconcentratian factor, a measure of the cumulative
build-up of A specific compound sequentially through a food chain.

Benign A term meaning noncancerous.

BOD Biochemical oxygen demand

BUN Blood urea nitrogen

bw Body weight

C Celsius (Centigrade)

CAA Clean Air Act

CAG Cancer Asse~sient Group of the U.S. Environmental Protection
Agency

Caic A number calculated by Arthur D. ittle, Inc.

Carcinogen Any cancer-producing substance.

Carcinoma A malignant epithelial tumor.

CAS REG NO Numeric designation assigned by the A.~'erican Chemical Socecty's
Chemica! Abstract Service which unIquely iden~ifies chemical
compound.

cc Cubic centimeter(s)

CERCLA Comprehensive Environmental Response Compensation and
liability Act

CFR Code of Federal Regulations

CL Ceiling limit value

cm Centimeter(s) (IE-02 meter)

Chemically This phrase gen.-rally refers to metals such as, calcium,
active magnesium, pot,,ssium, sodium, tin, zinc, and their alloys.
metals
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CNS Central nervous system which consists of the brain and spinal
cord. The CNS controls mental activity plus voluntary muscular
activity. It also coordinates the parasympathetic and sympathetic
nervous systems, which command the body's involuntary functions

CO Carbon monoxide

CO2  Carbon dioxide

Cp Centipoise

CPSA Consumer Product Safety Act

C't Product of concentration multiplied by time of exposure

CWA Clean Water Act

d Density

da Day(s)

Degrees, as in 37*C

DNA Deoxyribonucleic acid

DOT U.S. Department of Transportation

Drinking Water which meets the specifications of the water
Water quality standards and is therefore suitable for human consumption

and for all usual domestic purposes.

ECD Electron capture detector

EEC European Economic Community

EEG Electroencephalogram, it detects abnormalities in the electrical
waves emanating from different areas of the brain.

EKG Electrocardiogram, a recording of the changes in electrical
potential that occur during a cycle of heart muscle activity,
producing a characteristic series of waves.

EPA Environmental Protection Agency

Epithelium The covering of internal and external surfaces of the body,
including the lining of vessels and small cavities.
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Epoxide An organic compound containing a reactive group resulting from
the union of an oxygen atom with other atoms (usually carbon)
that are joined as shown below.

0

-C-C.

This group, commonly called 'epoxy*, characterizes the eCPxy
resins. Epichlotohydrin and ethylene oxide are well-known
epoxidcs.

estim Estimated value

F Fahrenheit

FDA Food and Drug Administration (U.S.A.)

F'CA Food, Drug and Cosmetic Act

FID Flame ionization detector

FIFRA Federal Insecticide, Fungicide and Rodenticide Act

Finished Tap water, i.e., water that has undergone drinking water treatment

Flammable The range of gas or vapor concentrations in air,
limits generally expressed in units percent by volume, capable of
in air supporting combustion when ignited. The lower end of the range

is commonly referred to as the lower flammable limit (LFL) and.
sometimes as the lower expiosive limit (LEL). The upper end of
the range is called the upper flammable limit (UFL) or the upper
explosive limit (UEL).

Fraction organic carbon in soil (0 < f,,, 5 1)

FR Federal Register

ft Foot

g Gram(s)

Gavage Forced feeding through a tube passed into the stomach.

GC Gas chromatography

, ••• • • •• 4",,•'•'• m • ,,•<•, .....................
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GI Gastro-intestinal

Ground water Subsurface water that occurs beneath the water table in soils and
geologic formb that are fully saturated.

H Henry's law constant (atm .m/mol)

'H Chemical symbol for the radioactive isotope of hydrogen of atomic
mans 3.

ha Hectare, a unit of area equal to 10,000 square meters.

HA EPA's Health Advisory (formerly termed SNARL), an estimate of
the no adversm response level for short and long-term exposures
to a chemical via drinking water.

Half-life Time required for removal or degradation of one-half of the
original quantity.

Halogen One of the electronegative elements of Group VIIA of the
Periodic Table: fluorine, chlorine, bromine, iodine, and astatine.
Fluorine is the most active of all chemical elements.

Halogenated Containing one or more atoms of halogens.

Hemangioma A tumor composed of blood vessels.

Hemangiosarcoma A malignant tumor composed of endothelial cells which line the
heart and vessels of the circulatory system.

Hg Mercury

HMTA Hazardous Materials Transportation Act

HPLC High-pressure liquid chromatography

hr ' Hour(s)'

HSDB Hazardous Substances Data Bank

Hydrocarbon An organic compound (as acetylene or benzene) consisting
exclusively of the elements carbon and hydrogen and often
occurring in petroleum, natural gas, coal, and bitumens.
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Hydrolysis The addition of the hydrogen and hydroxyl ions of water to a
molecule, with its consequent splitting into 2 or more simpler
molecules.

IARC International Agency for Research on Cancer

IDLH Immediately dangerous to life or health concentration; represents
the maximum level from which one could escape within 30
minutes without any escape-impairing symptoms or any irreversible
health effect&.

im Intramuscular

in Inch

intradermal Situated or applied within the skin

in vitro Describes biological experiments in laboratory apparatus rather
than in a living orgnism.

in vivo Describes process that occurs within a living organism.

ip Intraperitoneal

IR Infrared spectroscopy

IRP Installation Restoration Program

IU International units

iv, Intravenous

l:d (or K,) Soil sorption coefficient

kg kilogram(s) (1E+03 grams)

K. Soil absorption coefficient normalized to represent amount sorbed
per unit weight of organic carbon in soil.

L Liter(s)

lb Pound(s)

LC5, The concentration required to kill 50% of test individuals.

LCI.. Lowest reported lethal concentration.
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LC*t, Product of the concentration times time which causes lethality in
50% of the exposed population.

LDM .The dose required to kill 50% of test individuals.

LDL., Lowest reported lethal dose.

Lesion An abnormal change in an organ because of injury or disease.

log KY.. Log of the octanol-water partition coefficient.

Lower The lowest concentration of the material in air w~hich
flammable will support combustion.
limit

m Meter

m' Cubic meter(s)

MAC Maximum allowable concentration

Malignant Pertaining to the growth and proliferation of certain tumors which

terminate in death if not checked by treatment.

MCL Maximum contaminant level

MDL Minimum detection limit(s)

mEq Milliequivalent (1/1000 of an equivalent)

mg Milligram(s) (IOE-3 gram)

mg% The concentration of a solution expressed in milligrams per 100
mL

min Minute(s)

Mineral acids Examples include boric, disulfuric, fluosilicic,
(non-oxiding) hydriodic, hydrobromic, hydrochloric, hydrocyani-, hyfluoric,

permonosulfuric, phosphoric, and selenous acids as well as
chlorosulfonic acid and various fluorophosphoric acids.

Mineral acids Examples include brpmic, chloric, chromic, acids
(oxidizing) hypochlorous, nitric, nitrohydrochloric, perbromic, perchloric,

perchlorous, periodic, and sulfuric acids as well as oleum.
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mL Milliliter (1E-03 liter)

MLD Minimum lethal dose

mm MiUimcter(s) (IE-03 meter)

mM Minimoles

mol Gram mole

MPRSA Marine Protection Res¢.arch and Sanctuaries Act

MS Mas• spectrometry

' Mutagen A material that induces genetic damage.

MW Molecular weight

n Normal (isomer), as in n-butyl.

N Normal (equivalents pe: li:er, as applied to' concentrationi;

nitrogen (as in N-methylpyridine).

Narcosis A state of stupor, unconsciousness or arrested activity.

N,•I National Cancer Institute

NEPA National Environmental Policy Act

NFPA .National Fire Protection Association

NIOSH , The National Institute for Occupational Safety and Health

NIOSH No. A unique, nine-• sition accession number assigned to each
substance listed in the Registry of Toxic Effects of Chemical
Substances published by NIOSH.

NIPDWR National interim primary drinking water regulation

Nitride Compounds of nitrogen with Nm as the anion. These compounds

may react with moisture to evolve flammable ammonia gas.

NOE1./NOAEL No observed (adverse) effect level

NPL National Priority List

NTP National Toxicology Program
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ng Nanogram(s) (IE-09 gram)

OHMJTADS Oil and Hazardous Materials Technical Assistance Data

System

OSHA Occupational Safety and Health Act (or Administration)

Oxidation Any process involving the addition of oxygen, loss of hydrogen, or
loss of electrons from a compound.

Oxidizing Any compound that spontaneously evolves oxygen either
materials at room temperature or under slight heating. The term include

such chemicals as peroxides, chlorates, perchlorates, nitrates, and
permanganates. These can react vigorously at ambient
temperatures when stored near or in contact with reducing
materials such as cellulosic (i..., cotton, paper, rayon) and other
organic compounds. In general, storage areas for oxidizing
materials should be well ventilated and kept as cool as possible.

PEL Permissible exposure limit, as found in 29CFR 1910.1000.

Percutaneous Penetration of the skin

pg picogram(s) (IE-12 grams)

pH A measure of acidity or alkalinity of a solution on a scale of 0-14;
log of the reciprocal of the hydrogen ion concentration.

PID Photo ionization detector

Pk Peak concentration.

Plasma The straw-colored, fluid portion of blood that remains when all
cells are removed.

po By mouth

Polymerizable A substance capable of self-polymerization under
material appropriate conditions. Polymerization reactions are often violent,

exothermic, and capable of causing violent rupture of sealed
containers.
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Polymerization A chemica reaction, usually carried out with a catalyst, heat, or
light, and ften under high pressure. In this reaction, a large
number of relatively simple molecules combine to form a chain-
like macro lecule. This reaction can occur with the release of
heat. In a ntainer, the heat associated with polymerization may
cause the ubstance to expand and/or release gas and caus: the
container -. rupture, sometimes violently. The polymerization
reaction ours spontaneously in nature; industrially it is
performed by subjecting unsaturated or otherwise reactive
substances to conditioas that will bring about the combination.

POTWs Publiclyo treatment works

ppb Part(s) pef billion

ppm Part(s) pet million

ppt Pan(s) per thousand

PVA Polyvinyl cetate

PVC Polyvinyl clonde

Raw Applied to water or waste water that has undergone no
treatment.

RCRA Resource nservation and Recovery Act

Reactivity Relating to the potential for a substance to undergo
(chemical) chemical transformation or change in the presence of other

materials. Such chemical reactions often (but not always) are
hazardous and involve evolution of heat, toxic or flammable gases,
fires, or expolsions. The products formed by the reaction may
have properties or hazards different from those of the chemical
reactants.

RBC Red blood cells
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Red., cing These agents act to extract and liberate hydrogen from organic
agents substances and may generate toxic and/or flammable gases and

heat in contact with water. Many reducing agents may be
pyropboric and may ignite combustible materials in the presence
of air. Contact with oxidwizng materials may result in violent or
explosive reactions. Examples of reducing agents include calcium,
phosphorus, sodium, hydrazine, arsine, and metallic acetylides,
alumiinates, boranes, bromides, carbides, chlorides, hydrides,
hydroborates, hyposulfites, iodides, phosphides, selenides, and
silanes, as well as metal alkyls such as triethyl aluminum and
diethyl zinc.

Reduction Decreasing the oxygen content or inreasing the proportion of
hydrogen in a chemical compound or adding an electron to an
atom or ion.

REL Recommended exposure limit

Rf Retardation factor, i.e., the ratio of the velocity of the interstitial
water to the velocity of a poUutant in soil.

RfD Reference dose

RMCL Recommended maximum contaminant level

RNA Ribonucleic acid

RQ Reportable quantities

SAE Society of Automotive Engineers

sc Subcutaneous, beneath the skin

SD Standard deviation, a measure of the spread of individual'
measurements of a normally distributed variable.

SDWA Safe Drinking Water Act

sec Second(s)

Serum The clean amber fluid that remains after blood has clotted; plasma
without any of the substances involved in clotting.

SGOT Serum glutamic oxalacetic transaminase, an enzyme released into
the se-um as the result of tissue injury, especially injury to the
heart rnd/or liver.
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SGPT Serum glutamic pyruvic transaminase, an enzyme released into the
serum as a result of tissue injury, especially damage to liver cells.

SH Sulfhydryl group

SNARL Suggested no adverse respozse level

STEL Short-term exposure limit

STP Standard temperature and pressure

Subcutaneous Beneath the skin

Surface water That water contained on the exterior or upper portion of the
earth's surface; it does not include ground water.

Sym Symmetrical

tV2 Half-life

TDL. Lowest reported toxic dose

Teratogen A material that induces nontransmissible changes (birth defects) in*
the offspring.

TLVO Threshold limit value; an ACGIH-recommended time-weighted
average concentration of a substance to which most workers can
be exposed without adverse effect.

TNT Trinitrotoluene, an explosive used in the munitions industry.

Toxic metals These include antimony, arsenic, barium, beryllium,
and their, bismuth, cadmium, chromium, cobalt, copper, indium,
cumpounds lead, manganese, mercury, molybdenum, nickel, osmium, selenium,

thallium, thorium, titanium, zinc, and zirconium; compounds
containing these metals; and metallic compounds containing
arsines, boron, calcium, cesium, magnesium, silver, strontium,
tellurium, tin, tungsten, or vanadium, among others.

TSCA Toxic Substances Control Act

TWA Time-weighted-average

Ag Microgram(s) (IE-06 gram)

ML Microliter(s) (I E-06 liter)
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urn Unsymmetrical

Upper The highest concentration of the material in air which
flammable wil support combustion.
limit

USAF United States Air Force

USEPA United States Environmental Protection Agency

VoL% The number of milliliters of a substance in 100 milliliters of the
medium.

Water quality Legally enforceable provisions of state or Federal law
standard which consist of a designated use or uses for the waters of the

United States and water quality criteria for such Waters based
upon such uses.

WHO World Health Organization

wk Week(s)

w/v Weight per unit volume

W/w Weight per unit weight

% 'Percent

> Greater than

Greater than or equal to

Less than

< Less than or equal to

- Approximately

-> Yields or causes

+ Plus
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COMMON CAS REG.NO.: FORMUIA: AIR W/V CONVERSION
SYNONYMS: 127.18-14 qC04 FACTOR at 25*C (12)

Cartbo dichilaide NIOSH NO.
Ethykne X 6.78 mg/ms a I ppm;

terachlcwide 0.147 ppm a Iag/m
PCE STRUCTURE0PERC
PE* tkn MOLECULAR WEIGHT:
Teti rCne iC-CuC-cl 165.85
Tetrctirmthlyene C1 C1

Reactions of halogenated organic materials such as tetra-
chloroethylene with cyanides, rercaptans or other organic
sulfides typically generate beat, while those with amines,
azo compounds, hydra'ines, caustics or nitrides commonly
evolve heat and toxic or flammable gases. Reactions with

REACTIVITY oxidizing mineral acids may generate heat, toxic gases and
fires. Those with ilkali or alkaline earth metals, certain
other chemically active elemental metals like aluminum,
zinc or magnesium, organic peroxides or hydroperoxides,
strong oxidizing agents, or strong reducing agents typically
result in heat generation and explosions and/or fires (511).

• Physical State: Liquid (at 2(fC) (23)
0 Color: Colorless (23)
0 Odor: Ether-like
0 Odor Threshold: 50.000 ppm (38)
0 Density: 1.6250 g/mL (at 20*C) (23)

PHYSICO- 0 Freeze/Melt Point: -22.40rC (23)
CHEMICAL * Boiling Point: 121.00*C (23)

DATA 0 Flash Point: None
0 Flammable Limits: Nonflammable
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* Autoignition Temp.: Nonflammable
* Vapor Pressure: 1.40E+01 mm Hg (38)

(at 20C)
* Satd. Conc. in Air 1.2600E+05 (67)

mg/in' (at 20*C)
* Solubilty in Water1. 50E+02 (38)

mg/L (at 20*C)
* Viscosity: 0.890 (estimate)(at 20*C) (21)
* Surface Tension: 3.1300E+01 (59)

PHYSICO- dyne/cm (at 20*C)
CHEMICAL o Log (Octanol-Water Partition (29)

DATA Coeff.): 3.14
(Cont.) 0 Soil Adsorp. Coeff.: 6.65E+027 (652)

0 Henry's Law Const.: 127E-02 (74)
atmt m-/moi (at 20*C)

& Bioconc. Factor~ 4.90E+01 (bluegill) (170,659)
6.60E+01 (estim)

Relatively mobile in soil-water systems, including
PERSISTENCE transport of vapor through air-filled pores as well as
IN THE SOIL- transport -in solution. Chemical is resistant to hydrolysis

WATER and to biodegradation (except by acclimated mixed
SYSTEM cultures); it may thus persist for months to years (or

longer).

The primary pathway of concern from a soil-water
PAT'HWAYS system is the migration of tetrachloroethylene to ground-

OF water used as sources for drinicing water. There is sub-
EXPOSURE stantial evidence that such migration has occurred in the

past. Inhalation resulting from volatilization from
surface soils and drinking water may also be important.
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Signs and Symptoms of Short-term Human Exposure:
(45)
Ingestion and inhalation cause nausea, vomiting, head-
ache, diziness, drowsiness and tremors. Skin contact
with liquid causes irritation and blistering. Both liquid
and vapor are irritating to the eyes.

Acute Toxicity Studies: (3504)

INHALATION:
LC. 5200 ppm .4 hr Mouse
LC,. 5040 ppm .8 hour Rat

HEALTH ORAL-
HAZARD LD. 8850 mg/cg Rat

DATA LDw 8100 mg/kg Mouse

SKIN.
LD3, 64680 mg/kg, 10-day Mouse

Long-Term Effects: Liver and kidney toxicity
Preznancv/Ne;onate Data: Nefative
Genotoxicily Data: _1Legative
Carcinogenicity Classification:
IARC - Group 2B (possibly carcinogenic to humans)
NTP - Clear evidence in mice, male rats, ",ime evidence

in female rats
EPA - Group B2 (sufficient evidence in animals and

inadequate evidence in humans)

Handle chemical on..v with adequate ventilation.
0 Vapor concentrations of 100.500 ppm: any supplied-
air respirator or self-contained breathing apparatus with
full facepiecc; gas mask with organic vapor canister;
chemical cartridge respirator with full facepiee and

HANDLING organic vapor cartridge. 0 Above 500 ppm: self-con-
PRECAUTIONS tained breathing apparatus with full facepiece operated

(38) in positive-pressure mode. 0 Chemical goggles if there
is probability of eye contact. 9 Butyl, natural rubber,
neoprene or PVC gloves/apron/boots to prevent
repeated or prolonged skin contact with the liquid.
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ENVIRONM(ENTAL AND OCCUPATIONAL STANDARDS AND
CRrIERJA

AIR EXPOSURE LIMIT:

Standards
* OSHA TWA (8-br): 25 ppm;
* AFOSH PEL (8-hr TWA): 25 ppm; STEL (15-min): 37.5 ppm

-Criteria
"* NIOSH IDLI (30 min): deleted: NIOSH has recommended that the

isubstance- be treated as a potential human carcinogen.
"* NIOSH RIEL: Lowest feasilble limit
"* ACGIH TLVO (8-hr TWA): 50 ppm
"* ACGIH STEL (15 min): 200 ppm

WATER EXPOSURE LIMTTS:

Drinking Water Sta ndards (3742)
MCLG: 0 pg/L (proposed)
MCL: 5 ~g,/L (proposed)

EPA Health Advisories and Cancer Risk Levels (3977)
The EPA has developed the following Health Advisories which provide specific
advice on the levels of contaminants in drinking water at which adverse health
effects would not be anticipated.

- W-ay (child): 2 mg/L
. 10-day (child): 2 mgfL
- longer-tr-.m (child): I mg/L
- longer-term (adult): 5 mg,/L
- 1E-04 cancer risk: 70 u~g/L
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITE-RIA (Cont.)

YMiQ.Drinking W~ate Guideline (666)
A tentative* health-basecd guideline for drinking water of 10 j~g/L has been
proposed for tetrachloroethylene. A daily per capita consumption of two
Siters was assumed.

EEA Amibient Water QualitY Criteriag
0 Human Health (355)

Based on ingestion of contamiiiated water and aquatic organisms
(IE-05, IE-06, IE-07 cancer risk), 8 u~g/I, 0.8 ;4g4L, 0.08 Ag/L.
Based on ingestion of drinking water only, (IE-04, lE-OS, IE-06
cancer risk), 70 pgfl., 7 ;tg/L, 0.7 i.&g/L.

0 Aquatic Life (355)
-Freshwater species

acute toxicity:
no criterion, but lowest effect level occurs at 5280 jsg/L.

chronic toxicity:
no criterion, but lowest effect level occurs at 8Q 40 g/L

- Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 10,200 Ag/L.

chronic toxicity:
no ceiterion, but lowest effect level occurs at 450 u&g/L

REFERENCE DOSES:
ORAL: 1.0OOE+01 a~g/kg/day (3744)
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REGULATORY STATUS (as of 01-MAR-89)

Promuleated Rezulations
0 Federal Programs

Clean Water Act (CWA)
Tetrachloroethylene is listed as a toxic pollutant, subject to general
pretreatment regulations for new and existing sources, and effluent
standards and guidelines (351, 3763). Effluent limitations have been
set for tetrachloroethylene effluent in the following point source
categories: electroplating (3767), organic chemicals, plastics, and
synthetic fibers (3777), steam electric power generating (3802), metal
finishing (3768), iron and steel manufacturing (354), and metal molding
and casting (892). Uimitations vary depending on the type of plant and
industry.

Safe Drinking Water Act (SDWA)
Tetrachloroethylene is on the list of 83 contaminants required to be
regulated under the SDWA of 1974 as amended in 1986 (3781). It is
listed as an unregulated contaminant requiring monitoring in all
community water systems and non-community non-transient water
systems (3771). In states with an approved Underground Injection
Control program, a permit is required for the injection of tetra-
chloroethylene-containing wastes designated as hazardous under RCRA
(295).

Resource Conservation and Recovery Act (RCRA)
Tetrachloroethylene is identified as a tcxic hazardous waste (U210) and
a hazardous waste constituent (3783,3784). Non-specific sources of
tetrachloroethylene-containing waste are solvent use (or recovery)
activities, chlorinated aliphatic hydrocarbon production, and spent
solvent mixtures containing 10% or more tetrachloroethylene (325).
Waste streams from the following industries contain tetrachloroethylene
and are listed as specific sources of hazardous waste: organic chemicals
(production of carbon tetrachloride, 1,2-dichloroethane, vinyl chloride,
and toluene diisocyanate) and inorganic chemicals (chlorine production)
(3774, 3765). Effective July 8, 1987, the land disposal of hazardous
wastes which contain halogenated organic compounds in total
concentrations greater than or equal to 1000 mg/kg is prohibited.
Effective August 8, 1988, the underground injection into deep wells of
these wastes is prohibited. Certain variances exist until May, 1990 for
land and injection well disposal of some wastewaters and non-
wastewaters for which Best Demonstrated Available Technology
(BDAT) treatment standards have not been promulgated by EPA
(3786). Tetrachloroethylene is included on EPA's ground-water
monitoring list. EPA requires that all hazardous waste treatment,
storage, and disposal facilities monitor their ground-water for chemicals
on this list when suspected contamination is first detected and annually
thereafter (3775).
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Toxic Substances Control Act (TSCA)
Manufacturers, processors, or importers who possESs health and safety
studies on tetrachloroethylene must submit them to EPA (3789).

Comprehensive Environmental Response, Compensation and liability
A (CERCLA)
Tetrchioroethylene is designated a hazardous substance under
CERCLA. It has a reportable quantity (RO) limit of 0.454 kg.
Reportable quantities have also been issued for RCRA hazardous
waste streams containing tetrachloroethylene but these depend upon
the concentration of the chemicals in the waste stream (3766). Under
SARA Title IIl Section 313, manufacturers, processors, importers, and
users of tetrachloroethylene must report annually to EPA and state
officials their releases of this chemical to the environment (3787).

Federal Insecticide. Funeicide and Rodenticide Act (FIFRA)
Tetrachloroethylene is exempt from a tolerance requirement when used
as a solvenm or cosolvent at a level of no more than 0.6% in pesticide
formulations applied to growing crops or to raw agricultural
commodities after harvest. Exemptions also apply when it is used as a
solvent in pesticide formulations applied to animals (315).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to tetrachloroethylene shall not exceed an 8-hour
time-weighted average (TWA) of 25 ppm (3539).

Clean Air Act (CAA)
EPA lists tetrachloroethylene as a hazardous air pollutant for which it
will establish national emission standards under Section 112 of the
Clean Air Act (3803).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated tetrachloroethylene
as a hazardous material with a reportable quantity of 0.454 kg, subject
to requirements for packaging, labeling and transportation (3180).
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Food. Drug and Cosmetic Act (FDCA)
Tetrachloroeth'ne is approved for use as an indirect food additive as
a component of adhesives (3209).

* State Water Programs
ALUSTATE
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additonal or
more stringent criteria:

CALIFOQNIA
California has an action level of 4 1g/L for drinking water (3098).

CON NE UT
Connecticut has a quantification limit of 2 Mg/L and an action level of
20 jg/L for drinking water (3137,3138).

FLORIA
Florida has set an MCL of 3 1g/L for drinking water (3219).

KANSAS
Kansas has an action level of 7 Ag/L for ground-water (3213).

NEW HAMPSHIRE
New Hampshire has set an enforceable Toxic Contaminant Level
(TCL) for tetrachloroethylene in drinking water of 2.3 mg/L (assumes a
child weighing 10 kg who drinks one liter of water per day) (3710).

NEW J]E9RS
New Jersey has set an MCL of I Ag/L (ppb) for drinking water (3497).

OKLAHOMA
Oklahoma has a water quality criterion of 1.6 ug/L for ground-water,
and has set a nonenforceable Toxic Substance Goal of zero for public
and private surface waters (3534).

PENNSYLVANIA
Pennsylvania has set a human health criterion (cancer risk level) of 0.7
14g/L for surface waters (3561).
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RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 240 Mg/L
and a chronic guideline of 5.3 14g/L for the protection of aquatic life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

SOUTH DAKOTA
South Dakota requires tetrachloroethylene to be nondetectable, using
designated test methods, in ground-water (3671).

VERMONT
Vermont has a preventive action limit of 0.07 Mg/L and an
enforcement standard of 0.70 #g/L for tetrachloroethylene in ground-
water (3682).

wISCONSIN
Wisconsin has a preventive action limit of 0.1 Ag/L and an
enforcement standard of I Ag/L for tetrachloroethylene in ground-
water (3840).

Progosed Regulations
0 Federal Programs

Safe Drinkin2 Water Act (SDWA)'
EPA has proposed a maximum contaminant level goal (MCLG) of zero
and a maximum contaminant level (MCL) of 5 ug/L for
tetrachloroethylene as part of the National Primary Drinking Water
Regulations. This action is expected in May, 1989, with promulgation
scheduled for December, 1990 (3759).

Resource Conservation and Recovery Act (RCRA)
EPA has proposed that solid wastes be listed as hazardous because
they exhibit the characteristic defined as EP toxicity when the TCLP
extract concentration is equal to or greater than 0.1 mg/L
tetrachioroethylene. Final promu!gation of this Toxicity Characteristic
Rule is expected in June, 1989 (1565). EPA has proposed listing
wastestreams from the following industries as specific sources of
tetrachloroethylene-containing wastes: organic chemicals
(1,1,1-trichloroethane production), and inorganic chemicals (2,4-D
production) (3795).
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* State Water Programs

Most states are in the process or revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with the state officer is advised.
Changes are projected for 1989-90 (3683).

CI1r Q,
California has proposed an MCL of 5 pg/L for drinking water (3096).

Minnesota has proposed a Recommended Allowable Limit (RAL) of
6.6 Mg/L for tetrachioroethylene in drinking water (3451). Minnesota
has also proposed a Sensitive Acute Limit (SAL) of 2110 Ag/L. for
designated surface waters, and chronic criteria of 6.6 Mg/L for
designated ground-waters and 3.8 ig/-L for designated surface waters
for the protection of human health (3452).

New Jersey has proposed a water quality criterion of I Mg/L for class
FW2 surface waters (3496).

EEC Directives
Directive on ground-Water(538)
Direct discharge into ground-water (i.e. without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic
properties in or via the aquatic environment, and mineral oils and
hydrocarbons is prohibited. Appropriate measures deemed necessary to
prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.

Directive on the Quality Required of Shellfish Waters (537)
The mandatory specifications for organohalogenated substances specify
that the concentration of each substance in the shellfish water or in
shellfish flesh must not reach or exceed a level which has harmful
effects on the shellfish and larvae. The specifications for organo-
halogenated substances state that the concentration of each substance
in shellfish flesh must be so limited that it contributes to the high
quality of the shellfish product.
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Directiv Relating to the Cassification. Packaging and Labeling of
Dangerous Preparations (Solvents) (544)
Tetrachloroethylcne is listed as a Class II/b harmful substance and is
subject to packaging and labeling regulations.

Directive on the Dicharge of Dangerous Substances (535)
Organohalogens, carcinogens or substanres which have a deleterious
effect on the taste and/or odor of human food derred from aquatic
environments cannot be discharged into inland surface waters,
territorial waters or internal coastal waters without prior authorization
from member countries which issue emission standards. A system of

, zero-emission applies to discharge of these substances into ground-
water.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds, excluding inert
polymeric materials an other substances referred to in this list or
covered by other Directives concerning the disposal of toxic and
dangerous waste; chlorinated solvents; organic solvents; biocides and
phyto-pharmaceutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directive on the Classification. Packaging and Labeling of Danierous
Substanca (787)
Tetrachioroethylene is classified as a harmful substance, and is subject
to packaging and labeling regulations. Tetrachloroethylene may
contain a stablizer and if the stablizer changes the dangerous
properties of this substance should be labeled in accordance with rules
in Annex I.
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17.1 MAJOR USES

The major application for tetrachloroethylene, approximately 68% of annual
domestic production, is in the dry cleaning industry. Some 80% of all drl cleaners
use it as their primary cleaning agent (21). Its popularity in this area is due to its
nonflammability, ease of recovery for reuse and its compatibility with various fabrics.
Cold cleaning and vapor degreasing of metals account for 15% of its use, while 14%
is used as a chemical intermediate in the synthesis of fluorocarbons. Minor
applications account for 3% of its use. These include various manufacturing and
industrial processes as well as medicinal uses (6, 21, 25).

17.2 ENVIRONMENTAL AND EXPOSURE PATHWAYS

172I Transport in Soil/ound-water Systems

17.21.1 Overview

Tetrachloroethylene may move through the soil/ground-water system when
present at low concentrations (dissolved in water and sorbed on soil) or as a separate
organic phase (resulting from a spill of significant quantities of the chemical). In
general, transport pathways for low soil concentrations can be assessed by using an
equilibrium partitioning model as shown in Table 17-1. These calculations predict the
partitioning of tetrachloroethylene among soil particles, soil water and soil air. The
tetrachloroethylene associated with soil air and soil water is more mobile than the
sorbed portion.

The estimates for the unsaturated topsoil model indicate that most of the
chemical (about 97%) is sorbed to the soil. The amount of the chemical in soil air
(2.2% at 20*C, 0.7% at 100C) is, however, large enough to make volatilization an
-important transport pathway. The amount in soil water (0.8%) indicates solution
transport is a relatively minor transport pathway unless the water content is higher.

In saturated deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of tetrachloroethylene (26%) is in the soil water; this portion
would be transported with flowing ground-water.

A number of laboratory and field studies have documented the mobility of
tetrachloroethylene in soil/ground-water systems. Wilson et al. (82) showed in a
laboratory test that most of the chemical was lost from the soil column via
volatilization and a smaller amount via leaching. Field studies by Piet et al. (226),
Schneider et al. (227) and Schwarzenbach and Westall (228) have demonstrated the
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TABLE 17-I
EQUI.LBRIUM PARTITIONING CALCULATIONS FOR

TETRACHLOROETHYLENE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Comvartment
Environment Soil Soil-Water Sofl-Air

Unsaturated
topsoil-"
(i) at 20*C 97 0.8 12
(ii) at 10C 98.5 0.8 0.7

Saturated
deep soil
at 20"C 73.6 26.4

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: K., = 660 (Estimated by Arthur D.
Little, Inc.)

c) Henry's law constant taken as 0.154 atm. m'/mol' at 20(C (74). This datum seems
to be in error.

d) Used sorption coefficient (KY) calculated as a function of K. assuming 0.1%
organic carbon: KP = 0.001 x KY,.

mobility of tetrachloroethylene through river sediments and aquifers near the Rhine
River. The velocity of terachloroethylene relative to that of water in one study was
0.1 for the river sediments and 0.6 for the aquifer (228).

17.2.1.2 Sorption on Soils

As with other neutral organic molecules, the extent of tetrachloroethylene
sorption on soil is expected to:

. increase with increasing soil organic matter content;
* increase slightly with decreasing temperature;
. increase moderately with increasing salinity of the soil (the salting-out

coefficient, k, for tetrachloroethylene in KCI solutions is 0.56 L/mol (18)); and
. decrease moderately with increasing dissolved organic matter content of the

soil water.
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Based upon its octanol-water pprtition coefficient of about 1400, the soil sorption
coefficient (per unit weight of organic carbon in the soil), K,=, is estimated to be 660.
Sabljic (230) reports a measured value of KY, as 360; the original source of this datum
is not clearly identified. The equilibrium partition calculations described above (with
results shown in Table 17-1) used KY, - 660. The results showed extensive (97%)
sorption in the unsaturated zone and major (74%) sorption in the saturated zone.

172.1.3 Volatilization fiom Soils

Transport -f tetrachloroethylene vapors through the air-filled pores of unsat-
urated soils is an important transport mechanism for near-surface soils. This has been
demon.,trated in laborak,o,q tests by Wilst.a et al. (82).

In general, important soil and environmental properties influencing the rate of
volatilization include soil porosity, temperature, convection currents and barometric
pressure changes; important physicochemical properties include, the Henry's law
constant (H), the vapor-soil sorption coefficient, and, to a lesser extent, the vapor
phase diffusion coefficient (31). The temperature dependence of H for tetra-
chloroethylene has been measured by Gossett and Lincoff (18):

H(atm. m3/mol) = exp [11.32 - 46221T (OK)].

Using this equation, values at 20'C and 10*C are calculated to be 0.0117 and
0.00666 atm m/r/mol, respectively. The influence of salt concentration and dissolved
organic matter on the value of H is also provided by Gossett and Lincoff (18); the
effects are smaller than those associated with normal temperature changes (e.g., a
10'C change).

17.2.2 Transformation Processes in Soil/Ground-water Sytems

172-2.1 Overview

The persistence of tetrachloroethylene in soil/ground-water systems is not well
documented. In most cases, it should be assumed that it will persist for months to
years (or more).

Tetrachloroethylene that has been released intc the air will eventually undergo
photochemical oxidation; a tropospheric lifetime on the order of days to weeks has
been reported for the chemical (229). Photolytic degradation in surface watem has
also been demonstrated in laboratory tests (231). Tetrachloroethylene undergoes
hydrolysis very slowly in the presence of water. At elevated temperatures (150*C),
the products of hydrolysis are trichloroacetic acid (CCI3COOH) .nd hydrochloric acid

(HCI). Available data from laboratory tests indicate that the half-life of
tetrachloroethylene due to aqueous hydrolysis in natural waters is on the order of
several months (232) to several years (75). Losses (in the laboratory study) in the
first study due to volatilization and/or reaction with dissolv,-d oxygen -may be
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responsible for the lower half-life. Mabey et al. (33) indicate that hydrolysis is not an
environmentally-significant degradation pathway for tetrachloroethylene.

Literature references to microbial degradation of compounds such as tetrachloro-
ethylene are few and conflicting; the majority report that low molecular weight
chloroaliphatics are not metabolized (10). However, significant degradation may be
achieved in biological wastewater treatment plants where the microbes have become
acclimated to the chemical Tabak et al. (55), for example, showed significant
tetrachioroethylene biodegradation with gradual adaptation at levels of 5 and 10 mg/L
in a static-culture flask-screening procedure. Other, less-direct data indicating
biodegradation in wastewater treatment plants ure summarized by Gilbert et aL (229).
However, in most soil/ground-water systems such aerobic degradation would be of
minimal importance because of the low concentration of microorganisms and the low
dissolved oxygen (anaerobic) conditions.

Evidence of anaeiobic microbiological degradation of tetrachloroethylene has
been reported by Haider (233), and Bouwer and McCarty (234). Bouwer et al. (235)
had previously reported that no anaerobic degradation was observed in their mixed
culture tests. Wilson et al. (236) tried to assess the extent of biodegradation in
laboratory soil columns and found that, for tetrachloroethylene, the percent of the
original amount degraded per week was about 1. Howcver, the authors indicated that
hydrolysis could have been the cause of degradation.

17.2.3 Primary Routes of Exposure From So/ Systems

The above discussion of fate pathways suggests that tetrachloroethylene is highly
volatile in aqueous solutions, moderately adsorbed by soil and has a low potential for
bioaccumulation. This compound may volatilize from soil surfaces, but that portion
not removed by volatilization may eventually migrate to ground-water. These fate
characteristics suggest several potential exposure pathways.

Volatilization of tetrachloroethylene from a disposal site, particularly during
drilling or restoration activities, could result in inhalation exposures. In addition, the
potential for ground-water coutarrination is high, particularly in sandy soils. Mitre
Corp. (83) reported that tetrachloroethylene has been found at 57 of the 546
National Priority List (NPL) sites. It was detected at 47 sites in ground-water, 17
sites in surface water and 3 sites in air. The potential for exposure through drinking
water is confirmed by the pervasiveness of tetrachloroethylene in ground-water
sources of drinking water in the United States. The USEPA (62, 64) reported the
following results from a variety of surveys of drinking water supplies:
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Survey No. Sampled No. Positive Range of Positives

State Data 3636 628 Trace - 1000 jg/L
NOMS 113 48 0.2 - 3.1 jug/L
NSP 142 24 Trace 0 3.2 jug/L
CWSS 452 22 0.5 - 30 Asg/L
GWSS (Random Data) 466 34 0.2 -23 Ag/L

The state data include only ground-water sources and were compiled from
various state reports on local contamination problems. The state data arý not
considered to be statistically representative of national occurrence. The National
Organics Monitoring Survey (NOMS) included data from both ground and surface
water supplies, as did the National Screening Program (NSP) and the Cdmmunity
Water Supply Study (CWSS). The USEPA (531) Ground-water Supply Survey
(GWSS) is the most recent study. This survey sampled a total of almostF 1000
drinking water systems using ground-water; 466 selected at random, and about 400
selected by the state as potentially contaminated. The random results sugest that
tetrachloroethylene is a common contaminant in drinking water, particularly in
ground-water as evidenced by the state reports of contamination problems. The
USEPA (64) estimates about 3.6% of the nation's ground-water supplies are
contaminated with tetrachloroethylene (2>0.5 ug/L).

These results indicate that tetrachloroethylene has the potential for movement in
soil/ground-water systems. This compound may eventually reach surface •aters by
this mechanism, suggesting several other exposure pathways:

* Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposure.

* Aquatic organisms residing in these waters may be consumed also
resulting in ingestion exposure.

* Recreational use of these waters may result in dermal exposure.

* Domestic animals may consume or be dermally exposed to contaminated
ground- or surface waters; the consumption of meats and poultry could
then result in ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower than exposure from drinking, or showering in contaminated
ground-water. The Henry's law constant for tetrachloroethylene suggests that it will
volatilize upon reaching surface waters. In addition, the bicconcentration factor for
this compound is low, suggesting limited bioaccumulation in aquatic organisms or
domestic animals.
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17.24 Other Source of Exposure

Tetrachioroethylene is a widely used organic solvent, predominantly in the
drycleaning industry, by textile manufacturers, and in metal degreasing operations. As
a result of emi&.ions during production, use, and disposal, and because of its high
volatility, tetrachloroethylene has become pervasive in the environmenL The data
reported in the previous section show that this is a common contaminant in drinking
water. In addition to its presence in ground-water, Coniglio et a. (223) reported that
tetrachloroethylene was found in surface water supplies. In a summary of data
available as of 1980, these authors reported that 24.4% of the 180 finished surface
water samples were contaminated with a mean concentration of 1.49 jg/L of
tetrachloroethylene.

The volatility of this compound suggests that it may be found in air as well.
Brodzinsky and Singh (84) compiled all available atmospheric monitoring data for a
number of volatile organics. For tetrachloroethylene, they had data for 2553
locations. In rural and remote locations, the median concentration was 1.4 jg/Mi. In
urban and suburban locations, the median concentration was 2.3 Ag/l', and in
source-dominated areas, the median concentration was 4.8 pg/mi. These results
suggest that inhalation exposure occurs even in rural and remote areas.

17.3 HUMAN HEALTH CONSIDERATIONS

17.3.1 Animal Studies

17.3.1.1 Carcinogenicity

Tetrachloroethylene is an apparent liver carcinogen in mice. In a study
conducted by the National Cancer Institute, USP-grade tetrachloroethylene was
0dministered in corn oil by gavage to male and female B6C3F, mice and Osborne-
Mendel rats 5 days per week for 78 weeks. The high nnd low time-weighted average
doses were 941 and 471 mg/kg/day for male rats, 949 and 474 mg/kg/day for female
rats, 1072 and 536 mg/kg/day for male mice and 772 and 386 mg/kg/day for female
mice. Hepatocellular carcinoma was found in 40% to 65% of all treated mice
compared to 0-10% incidence in controls. A high rate of toxic nephropathy was
observed in both species. The high incidence of early dose-related deaths in rats of
both sexes due to toxic nephropathy rendered the bioassay inconclusive for rats (163).

In a recently completed NT7 inhalation study, F344/N rats and B6C3F, mice
were exposed to vapor concentrations of 200 or 400 ppm and 100 or 200 ppm of
tetrachloroethylene (99.9% pure), respectively, 6 hours daily, 5 days per week, for 103
weeks (793). Clear evidence of carcinogenicity was noted for both rats and mice
(793, 802). Both male and female B6 mice at both treatment levels exhibited
increased incidences of hepatocellular carcinoma. In rats (both sexes). tetrachloro-
ethylene exposure was associated with increased incidences of mononuclear
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cell leukemia. There was also a low incidence (6-8%) of renal tubular ceCl
adenomas/adenocarcinomas (combined), rare tumors in F344/N rats.

In an inhalation study, male and female rats were exposed to 300 and 600 ppm
(2010 or 4020 mg/ms) for 12 months. Increased mortality was observed in male rats
exposed to 600 ppm. This was attributed to chronic renal disease brought about by
the tetrachloroethylene exposure. No statistically significant increase in tumor
incidence was seen, although there was a slight increase in adrenal pheochromo-
cytoma in low-dose females (165).

IARC (3317) currently lists tetrachloroethylene in category 2B (inadequate
human evidence and sufficient animal evidence) in its weight-of-evidence ranking for
potential carcinogens. EPA (3808)'lists the chemical in Group B2 (inadequate
human evidence and sufficient animal evidence). The USEPA SAB, however,
concluded that the chemical should be listed in Group C. The USEPA is soliciting
public comments on this issue.

17.3.12 Genotaxicity

Negative findings for tetrachloroethylene have been reported in bacterial
mutagenicity assays with Salmonella tvrhimurium (149, 3276) with and without
activation and with Escherichia coli K12 (156) with microsomal activation. Positive
findings were reported by Cerna and Kypenova (153), who found increased mutagenic
activity in one strain of Salmonella tvphimurium without metabolic activation. They
also reported positive results in a host-mediated assay in mice with three strains of S.
"typhimurium at 1/2 LD, and LD, levels. No evidence of dose-dependence was seen.

High purity tetrachloroethylene produced no reversions in Salmonella when vapor
phase exposure was used in two strains (TA100 and TA1535) of the five standard
strains usually tested with or without metabolic activation. The other three strains
were also negative (3644). In this same study, tetrachloroethylene with stabilizers
induced revertants but only at toxic doses.

No significant increase in unscheduled DNA synthesis activity was observed in rat
bepatocytes with any sample of tetrachloroethylene used, pure or stabilized (3644).
Chinese hamster ovary cells treated with tetrachloroethylene with and without
metabolic activation showed no increase above controls for sister chromatid exchanges
or chromosomal aberrations (3235), nor did it induce sex-linked recessive lethals in
the germ cells of Drosophila when it was injected or fed to males (3976).

Negative results were also obtained in an in vivo cytogenetics study of peripheral
blood lymphocytes obtained from workers exposed to 10-92 ppm tetrachloroethylene
for periods ranging from 2 months to 18 years (582).
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17.3.1.3 Teratogeniacty, Embryotaxcity and Reoudctive Effects

Schwetz et al. (115) examined the teratogenic effects of tetrachloroethylene in
rats and mice. The animals were exposed to vapor levels of 300 ppm 7 hours/day on
days 6 through 15 of gestation. The investigators concluded that tetrachloroethylene
had little effect on embryonic and fetal development and that it was not teratogenic.
However, there were a number of modest but statistically significant deviations from
controls. These included increased incidences of subcutaneous edema, delayed
ossification of skull bones and split stemebrac in mice. Rats exhibited a significant
decrease in maternal weight gain and an increase in the percentage of fetal
resorptions. In a study to determine embryotoxicity during the preimplantation period,
Spielmann e. al. (3678) observed that the maternal LD,, and embryonic LD5. for
tetrachloroethylene in mice had the same value, 4.3 mg/kg. This indicates that there
is no risk of embryolethality in early gestation. No teratogenicity was observed in this
study. Pregnant rats were exposed by inhalation to 900 ppm tetrachloroethylene for
7 hours/day during gestational days 7-13 or 14-20 in a study by Nelsoi et al. (3492).
Seven behavioral tests were selected as measures of CNS functions at several stages
of development. The dams consumed less food and gained less weight during the
exposure period than did the controls. The treated pups performed more poorly on
some tests, however, in later tests the pups exposed on days 14-20 were found
superior in the rotorod and open field tests. The investigators stated that there were
generally few behavioral or neurochemical differences observed between the offspring
of the treated and control animals.

17-3.1.4 Other Toxicologic Fffects

17.3.1.4.1 Short-term Toxicity

Animals exposed to tetrachloroethylene by inhalation exhibit central nervous
system depression as well as effects on the cardiovascular system, liver and kidney.
Rats did not survive longer than 12 to 18 minutes when exposed to vapor
concentrations of 12,000 ppm. Concentrations of 200 ppm were tolerated for up to
14 hours while 3000 ppm was tolerated for 4 hours with no deaths. Unconsciousness
was observed within a few minutes at concentrations of 6000 ppm or above and after
several hours at 3000 ppm. The predominant response at these levels was CNS
depression along with slight changes in the liver (167). LC values of 5200 ppm. 4
hr (25) and 5040. 8 hr (12) have been reported for mice and rats, respectively.

Eleven consecutive daily oral doses at levels of 100, 250 or 1000 mg/kg resulted
in Ever changes in mice at all dose levels and in rats at the 1000 mg/kg level (581).
Oral LD, values of 8100 mg/kg (mouse) and 8850 mg/kg (rat)'have been recorded in
the literature (59, 47).

Kylin et al. (160) noted moderate fatty degeneration of the liver in mice after a
single 4-hou. exposure to 200 ppm. Exposure to the same concentration 4 hours
daily, 6 days per week for 8 weeks, increased the severity of the lesions caused by
tetrachloroethylene.
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Rabbits exposed to 2790 ppm 4 hours daily, 6 days per week for 45 days,
exhibited reduced glomerular filtration and renal plasma flow and a significant
decrease in tubular excretion (151).

Tetrachioroethylene also produces cardiac depression and decreased blood
pressure but has not been found to sensitize the myocardium to epinephrine (578).

Duprat et aL (155) have shown tetrachloroethylene to be a primary eye and skin
irritant in rabbits. Instillation into the eye produced conjunctivitis and epitheial
abrasion. However, the eyes recovered completely within 2 weeks. Tetrachloro-
ethylene also produced a severe irritant effect when a single application was made to
theskin of rabbits.

The role of metabolism in the hepatotoxicity of tetrachloroethylene has been
investigated by Buben and O'Flaherty (3089). Male Swiss-Cox mice were
administered tetrachloroethylene (0-2000 mg/kg/day) by gavage for 6 weeks. The
extent of metabolism was estimated by quantification of the urinary metabolites.
Hepatotoxicity was assayed by changes in liver weight, triglyceride level, glucose-6-
phosphate activity, and SGPT activity. All four parameters were affected by tetra-
chloroethylene. Plots of the hepatotoxicity data against total urinary metabolites were
linear suggesting that the hepatotoxicity of the agent is related to the extent of
metabolism.

In another study by Hayes et al. (3277), a NOEL of 14 mg/kg/day was
established in rats. Groups of 20 Sprague-Dawley rats of both sexes were
administered tetrachloroethylene at doses of 14, 400, or 1400 mg/kg/day in drinking
water. Depressed body weights were observed in the two high-dose groups.
Equivocal evidence of hepatotoxicity was also observed at the higher doses.

173.1.42 Chronic Toxicity

Carpenter (152) exposed rats by inhalation, 8 hour per day, 5 days per week for
up to 7 months, to concentrations of 70, 230 or 470 ppm. All animals survived with
growth comparable to that of the controls. At 70 ppm, no pathological effects were
observed. At 230 ppm, pathological changes occurred in both the liver and kidney.
These included congestion and slight swelling. At 470 ppm, the injury to liver and
kidney was more severe.

In another chronic inhalation study, Rowe et al. (167) exposed rabbits, monkeys,
rats and guinea pigs to concentrations ranging from 100 to 2500 ppm for 7 hours
daily, 6 days per week for up to 6 months. Rabbits, rats and monkeys showed no
effects from repeated exposures to concentrations up to 400 ppm. In contrast, guinea
pigs showed a marked susceptibility to tetrachloroethylene. They exhibited loss of
coordination, weight loss, increased liver and kidney weights and fatty degeneration of
the liver after being exposed from 10 to 236 days to 100 to 2500 ppm, 7 hours per
day. Rabbits exposed to 2500 ppm, 7 hours per day for 39 days, exhibited central
nervous system depression and slight liver toxicity.
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17.32 Human and Epidemiologic Studies

173.21 Short4tm Toxicoog Effects

In man, the predominant effect of sh.jrt-term inhalation exposure to tetrachloro-
ethylene levels above 200 ppm (1340 mg/m') is depression of the central nervous
system characterized by dizziness, impaired memory, confusion, irritability, "inebriation-
like" symptoms, tremors and numbness. Kidney impairment, hepatitis and
enlargement of the liver and spleen have also been reported, but are not well
documented (6, 578).

Individuals exposed to 215-280 ppm tetrachloroethylene vapor for up to 2 hours
experienced eye irritation, dizziness and incoordination; recovery was complete within
one hour after exposure'ceased (167). Five-minute exposures to 2000 ppm produced
mild CNS depression. Exposures of ten minutes at 600 ppm resulted in dizziness and
incoordination (46). In an industrial expc.ure to an average concentration of 275
ppm for 3 hours followed by 1100 ppm for 30 minutes, a worker lost consciousness.
There was apparent clinical recovery 1 hour after exposure. A blood level of 2.5

. mg/L tetrachloroethylene was reported (168). A fatality resulting from acute'
inhalation of tetrachloroethylene has been reported by Levine et M. (583). Post-
mortem blood levels of 4.5 mg/L indicate a sustained exposure above 200 ppm.

Skin contact with the liquid may cause dryness, irritation, blistering and burns. In
one case, a drycleaning worker who came into direct contact with tetrachloroethylene
was found unconscious; redness and blistering covered over 30% of his body. He
regained full consciousness within 24 hours and his burns gradually healed over 3
weeks (161). In another case, a worker was discovered lying in a pool of the solvent.
He had been unconscious for approximately 12 hours. lie was experiencing hypo-
tension and cyanosis and underwent a mild seizure. First and second degree burns
were seen where skin had been in direct contact with tne liquid. There was also
evidence of mild liver and kidney damage. Recovery was complete after 2! days
(157).

Permanent eye injury is not likely, although liquid tetrachloroethylene splashed in
the eye may cause pain and lacrimation (12). Moderate eye irritation is apparent at
vapor concentrations of 200 ppm (19, 12).

No data are available on accidental ingestion. Oral doses of 2.8 to 4.0 mL
tetrachloroethylene were formerly used as intestinal anthelmintics; inebriation was the
only troublesome side effect noted in 46,000 treated patients (43).

173.2.2 Chronic Toxicologic Effects

Very little data are available concerning the effects of long-term exposure to
tetrachloroethylene. Medak and Kovarik (162) noted subjective complaints such as
headache, fatigue and dizziness in a group of workers occupationally exposed to 60
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ppm vapor for up to 15 years. Stewart et al. (169) noted the same symptoms after
exposing subjects 5.5 hours daily for 55 days to vapor levels of 25 or 100 ppm.

Hepatotoxic effects resulting from long.term exposure to tetrachloroethylene have
been documented by a number of investigators (578, 579). In most studies, the
concentration was greater than 100 ppm. Effects observed include hepatitis, cirrhosis,
liver-cell necrosis and enlarged liver (579). Chronic kidney disease has also been
noted (579).

Epidemiology studies have linked tetrachloroethylene exp36ure with cancer. A
study of 330 deceased laundry and drycleaning woikers by Blair et al. (154) indicated
an increased number of cancer deaths, particularly of lung caucer and cervical cancer.
This proportional mortality analysis has many pitfalls. Indeed, many of the workers
examined by Blair and his colleagues may not have been exposed to tetrachloro-
ethylene at all, but rather, to other petroleum-based solvents such as Stoddard solvent
(580). Kaplan (580), citing unpublished results, states that a significant increase in
the number of deaths from cancer of the colon, pancreas and urinary organs were
found in a retrospective cohort mortality study of 1597 drycleaning workers exposed
to tetrachloroethylene for at least one year. In a study of 67 women working in 53
dry cleaning shops in the city of Rome, Italy, Bosco et aL (3079) found no overt
reproductive pathology. Exposure to the prevalent dry cleaning solvent, tetra-
chloroethylene, was evaluated by the trichloroacetic acid concentrations in the urine.
Exposure of the workers was found to be 4 times higher than that of the controls.
All values for live births, birth weights, and occurrence of malformations in the
worker's children were similar to those of the control group. The percentage of
spontaneous abortions was increased (8.9% vs 2.2% for controls); however, this
difference was not statistically significant. While the reproductive outcome indicates
the absence of reproductive pathology, the small sample size causes the findings to be
considered merely tentative.

173-3 Levek of Concern

For the maximum protection of human health from the potential carcinogenic
effects due to exposure to tetrachloroethylene through ingestion of contaminated
water and contaminated aquatic organisms, the USEPA (355) has specified an
ambient water quality criterion of zero for this compound. Since attainment of a
zero level may be infeasible in some cases, the concentrations of tetrachloroethylene
in water calculated to result in inciemental lifetime cancer risks of IE-05, IE-06 and
1E-07 from ingestion of both water and contaminated aquatic organisms were
estimated to be 8, 0.8 and 0.08 &4g/L, respectively (355). Risk estimates are expressed
as a probability of cancer after a lifetime daily consumption of two liters of water and
6.5 g of fish that have bioaccumulated the compound. Thus, a risk of IE-05 implies
that a lifetime consumption of two liters of drinking water and 6.5 g of contaminated
fish at the criterion level of 8 ug tetrachloroethylene per liter would be expected to
produce one excess case of cancer above the normal backgrouna incidence for every
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100,000 people exposed. It should be emphasized that these extrapolations are based
on a number of asumptions arid should be taken as crude estimates of human risk at
best.

The NTP (793, 802) categorizes tetrachloroethylene as providing clear evidence
of carcinogenic activity in both mice and rats. IARC (3317) currently lists tetra-
chloroethylene in :ategory 2B (inadequate human evidence, sufficient animal
evidence) in its w.ight-of-evidence ranking of potential carcinogens.

USEPA (384) lists the chemical in Group B2 (inadequate human evidence,
sufficient animal evidence). The USEPA (3808) has proposed the following drinking
water standards: Maximum Contaminant Level Goal (Proposed) 0 ;%g/L Maximum
Contaminant LevIl (Proposed) 5 Mg/L. The following health advisories are in effect:
10-kg child: one-dýy, 2 mg/L, ten-day, 2 mg/L, longer-term, 1 mg/L. 70-kg adult:
longer-term, 5 nmgaL. They also reported that drinking water containing 70 ,ug/L
would increase th• risk of cancer by one individual/10,000 people exposed.

The World Health Organization (666) has proposed a tentative health-related
guideline of 10 jti/L tetrachloroethylene for drinking water; daily per capita
consumption of dr nking water was assumed to be two liters.

OSHA (3539) currently permits exposure to 25 ppm (170 mg/mr) averaged over
an 8-hour. work-shrift. Tha ACGIH (3005) recommends a threshold limit valm: of 50
ppm (335 mg/mr). These exposure limits were selected to prevent toxic effects other
than cancer.

17.3.4 Hazard Aaessment

Tetrachloroetdylene exposure has been linked to liver carcinoma in B6C3F1 mice
at a dose of 386 mg/kg given by gavage; test resuts were negative for rats, but were
confounded by poor suirvival (163). Based on the ingestion data in mice, the USEPA
(667) calculated a•i upper-limit incremental unit cancer risk of 6E-02[(mg/kg/day)E-01j
for tetrachloroethylene. A recently completed inhalation study conducted with
F344/N rats and B6C0F, mice provided clear evidence of carcinogenic activity for
tetrachloroethylene, inducing hepatocellular carcinomas in mice and mononuclear cell
leukemia in rats ( 93).

The chief tar et organs of tetrachloroethyl.ne toxicity in animals are the liver
and kidney. Liverenlargement, fatty degener..,tion and abnormal liver function tests
as well as kidney damage, particularly to the proximal convoluted tubules, have been
linked to tetrachioroethylene exposure. Disruption of the central nervous system has
also been reported. Howevqr, dose-response relationships for these effects are
unclear. Mutagenic findings are for the most part, negative. There are no
indications of reproductive toxicity for tetrachloroethylene in humans.
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The predominant effe:t of acute exposure to high concentrations of tetrachloro-
ethylene vapor is depression of the •ntral nervous system, characterized by vertigo,
confusion, inebriation-like symptom, tremors and numbness. Kidney impairment and
I•.patotoxic effects have been reported after accidental expmure•, but are not well
documented. The lack of long-term expmure data makes assessment of long.term,
low-level exposure to tetrachloroethylcne in drinking water difficult. However, the
pronounced toxic nephropathy observed in rodents chronically exposed to tetrachloro-
ethylene by ingestion and the increased incidences of liver carcinoma in mice and
leukemia in rats raise concerns of pots•le human health effects associated with
prolonged exposure to tetrachloroethylene.

17.4 SAMPLING AND ANALYSIS OONSIDERATIONS

Determination of ietrachloroethylene concentrations in .soil and water requires

collection of a representative field sample and subsequent laboratory analysis. Due to
the volatility of tetrachloroethylene, care is required to prevent losses during sample
colleCtion and storage. Soil and water samples should be collected in airtight
containers with no.headspace; analysis should be completed within 14 days of
sampling. However, recent studies (3430) show large Iomes of volatiles from soil

handling. At the present, the best procedure is to collect the needed sample in an
EPA VOA vial, seal with a foil-lined scptum cap, and analyze the entire contents in
the vial using a modified purge and trap apparatus. In addition to the targeted
samples, quality control samples such as field blankS, duplicates, and spiked matrices
may be specified in the recommended methods.

EPA-approved procedures for the analysis of tetrachloroethylene, one of the
EPA priority pollutants, in aqueous samples include EPA Methods 601, 624, and 1624
(65)• and Methods 8010 and 8240 (65). The sample introduction technique most
useful for aqueous samples is the purge and trap method. An inert gas is bubbled

through the aqueous sample in a purging chamber at ambient temperature,
transferring the tetrachloroethylene from the aqueous phase to the vapor phase and
onto a sorbent trap. The trap is then heated and backflushed to desorb the
tetrachloroethylene and transfer it onto • gas chromatographic (OC) column. The
GC column is programmed to separate the volatile organics; tetrachloroethylene is
then detected with a halide specific detector (Methods 60I and 8010) or a mar•
spectrometer (Methods 624, 1624, and 8240). t:or samples that contain high
concentrations, direct injection may also be used. The generalized procedure for
sample preparation for the analysis of volatile organics by purge and trap (Method
5030) (63)aLso recommends that samples be screened prior to the purge and trap
step to prevent contamination of the system. The recommended screening techniques
involve the analysis of a headspace sample by GC with photo-ionization Or electrolytic
conductivity detectors or the analysis of a solvent extract by GC with flame ionization
or electrolytic conductivity detectors.

The EPA procedures recommended for tetrachloroethylene analysis in soil and
waste samples, Methods 8010 and 8240 (63), differ from the procedures for aqueous
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samples primarily in the method by which the analyte is introduced into the GC. The
recommended method for low level samples (< 1 mg/kg) involves dispersing the soil
or waste sample in water and purging in a heated purge and trap device. The trap is
desorbed and analyzed as described above, Recently introduced wide bore capillary
columns show promise for increasing the performance of the GC analysis (3402, 3184,
3443).

Other methods that have been used to quantitate tetrachloroethylene in soil and
water include purge and trap with flame ionization detection (3263) and solvent
extraction with electron capture detection (3352).

Typical tetrachloroethylene detection limits that can be obtained in aqueous
samples (including wastewaters without interferences) and in non-aqueous samples
(wastes, soils, etc.) are shown below. The actual detection limit achieved in a given
analysis will vary with instrument sensitivity and matrix effects.

Aqueous Detection Limit Non-Agueous Detection Limit

0.03 tg/L (Method 601) 5.0 /g/kg (Method 8240)
4.1 Ag/L (Method 624) 0.3 Mg/kg (Method 8010)

10.0 t~g/L (Method 1624)
5.0 pg/L (Method 8240)
0.3 ug/L (Method 8010)
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COMMON CAS REG. NO.: FORMULA: AIR W/V CONVERSION
SYNONYMS: 71-43.2 CA14  FACTORS at 25°C (12)

Benzene NIOSH NO:
Benzol CYI400000 3.19 mg/mn 0 1 ppm
Benzole 0.313 ppm I mgIM3
Carbon Oil STRUCTURE.
Coal Naphtha
PhenryUhydrie MOLECULAR WEIGHT
Plyrobnzol 78.11

Benzene may generate heat, react Vigorously, and possibly
REACTIVITY ignite or explode in contact with oxidizing mineral acids or.

other strong oxidizing agents (507, 511, 505).

* Physical State: Liquid (at 20"C) (23)
0 Color: Colorless to light yellow (23)
* Odor: Aromatic (23)
* Odor Threshold: 4.680 ppm (15 mg/mr') (263)
* Density: 0.8765 g/mL (at 20.C) (68)
* Freeze/Melt Point: 5.50.C (14)
* Boiling Point: 80.10.C (23)
* Flash Point: -11.00.C closed cup (23)
0 Flammable Limits: 1.30 to 7.90 %

PHYSICO- by volume (60,504,506)
CHEMICAL 0 Autoignition Temp.: 560.0 to

DATA 592.0"C (60,504,510)
0 Vapor Pressure: 7.60E+01 mm Hg

(at 20.C) (67)
0 Satd. Conc. in Air: 3.1900E.+05 mg/m'

(at 20.C) (67)
* Solubility in Wate;: 1.78E+03 mg/L

(at 20") (67)
* Viscosity: 0.647 cp (at 20"C) (21)
* Surface Tension: 2.9000E+01 dyne/cm

(at 20.C) (23)
0 Log (Octanol-Water

Partition Coeff.): 2.13 (29)
* Soil Adsorp. Coeff.: 6.50E+01 (652)
* Henry's Law Const.: 5.43E-03 atm m/

mol (at 25°C) (74)
* Bioconc. Factor: 6.50E+00 (estim) (659)
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Benzene is expected to be fairly mobile in the soil/
ground-water system. Transport with infiltration water is

PERSISTENCE expected particularly in sandy soils and soils of low
IN THE SOIL. organic content. Volatilization of material near the

WATER surface or in the soil-air compartment may be important.
SYSTEM Transformation processe-s such as hydrolysis and

biodegradation are not expected to be significant in
natural soils; however, biodegradation by acclimated
populatics has been reported.

The primary pathway of concern from a soil-water sy-
PATHWAYS stem is the migration of benzene to groundwater drink-

OF ing water supplies. Migration has commonly occurred in
EXPOSURE the past. Inhalation resulting from volatilization from

surface soils may also be important.

Signs and Symptoms of Short-term Human Exposure:
(124 45)
Th.. primary effects of inhalation and ingestion are on the
central nervous system. Symptoms include headache,
dizziness, drowsiness and nausea which may progress to
convulsions, respiratory paralysis and death with high vapor
concentrations. Benzene causes irritation of the eyes and
skin.

Acute Toxicity Studies: (3504)

HEALTH INHALATION:
HAZARD
DATA LCI, 6380 mg/m'. 5 min Human

TCL. 319 mg/mn' Human
LC,. 31900 mg/m'. 7 hr Rat
LCt 146000 mg/m' Dog
LCA, 170000 mg/m' Cat
LC,. 31836 mg/m' Mouse
LCL. 65 mg/m'. 5 year Human
TCI,, 670 mg/m' Human

ORAL:
LD, 50 mg/kg Man
LD, 2000 mg/kg Dog
LD, 4700 mg/kg Mouse
LD5, 3306 nig/kg Rat
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Lone-Term Effects: Pancvopenia, leukemia
Pregnancy/Neonate Data: Embryotoxicity and fetotoxicity

HEALTH iat maternally toxic doses.
HAZARD Genotoxicity Data: Mixed results
DATA Carcinogenicity Classification:
(Cont.) IARC - Group I (carcinogenic to humans)

NTP - Clear evidence
EPA Group A (human carcinogen)

Handle chemical only with adequate ventilation.
0 Vapor concentrations of 10-50 ppm: supplied-air
respirator or self-contained breathing apparatus
* 50-1000 ppm: supplied-air respirator or self-contained

HANDLING breathing apparatus with full facepiece. 4 1000-2000 ppm:
PRECAUTIONS supplied-air respirator operated in pressure- demand,

(54,52) positive-pressure or continuous flow mode.
O Butyl, natural rubber, neoprene, nitrile, viton, PE, PVC
or other protective clothing to prevent prolonged or
repeated skin contact with the liquid. e Chemical goggles
if there is possibility of eye contact.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standards
"* OSHA TWA (8-hr): I ppm: STEL (15 min): 5 ppm
"* AFOSH PEL I ppm; STEL (15-min): 5 ppm

Criteria
"* NIOSH IDLH (30-min): 2000 ppm (15 min)
"* NIOSH REL (8-hr TWA): 0.1 ppm; I ppm ceiling (15-min)
"* ACGIH TLV® (8-hr TWA): 10 ppm (A2, suspected human carcinogen)
"* ACGIH STEL (15-min): deleted
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ENVIRONMENTAL AND OCCUPATIONAL STAINARDS AND
CRITERIA (Cont.)

WATER EXPOSURE LIMITS:

Drnkinng Water Standards (3742)
MCLG: 0pg/L
MCL. 5 Ag/1

EPA Health Advisories and Cancer Risk Levels
In the absence of formal drinking water standards the E A has developed the
following Health Advisories which provide specific advice on the levels of
contamionants in drinking water at which adverse health effects would not be
anticipated.

- 1-day (child): 200 /g/L
- 10-day (child): 200 jg/L
- 1E-04 cancer risk level: 100 ug/L

WHO Drinking Water Guideline
A health based guideline for drinking water of 10 gg/I is recommended for
benzene. A daily per capita consumption of two liters was assumed.

EPA Ambient Water Ouality Criteria
* Human Health (355)

Based on ingestion of ingestion of contaminated water and aquaticorganisms (1E-05, IE-06, IE-07 cancer risk), 6.6 g/L, 0.66 pg/L 0.066

Mg/L
- Based on ingestion of contaminated aquatic organisms orly, (1E-05,
1E-06, IE-07 cancer risk), 400 Mg/L, 40.0 ug/L, 4* Mg/L.
Based 0n ingestion of drinking water only (IE-05, 1E-06, IE-07 cancer
risk) 6.7 pg/L, 0.67 pg/L, 0.067/•g/L.

* Aquatic Life (355)
Freshwater species
acute toxicity:
no criterion, but lowest effect level occurs at 5300 Ag/L
chronic toxicity:
no criterion established due to insufficient data.

- Saltwater species
acute toxicity: " )
no criterion, but lowest effect level occurs at 5100 g!L.
chronic toxicity:
no criterion, but adverse effects occur at concentrations as
low as 700 /g/L with a fish species exposed for 68 days.

REFERENCE DOSES:
No reference dose available.
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REGULATORY STATUS (as of 01-MAR-89)

Promulgated Regulations
0 Federal Programs

Clean Water Act (CWA)
Benzene is designated a hazardous substance. It has a reportable
quantity (RQ) limit of 454 kg (347, 3764). It is also listed as a toxic
pollutant, subject to general pretreatment regulations for new and
existing sources, and effluent standards and guidelines (351, 3763).
Effluent limitations have been set for benzene in the following point
source categories: iron and steel manufacturing (354), electroplating
(3767), organic chemicals, plastics, and synthetic fibers (3777), steam
electric power generating (3802, metal molding and casting (892-),
and metal finishing (3768). Limitations vary depending on the type
of plant and industry.

Safe Drinking Water Act (SDWA)
Benzene is on the list of 83 contaminants required to be regulated
under the SDWA of 1974 as amended in 1986 (3781). Benzene has
a maximum contaminant level (MCL) of 0.005 mg/L and a maximum
contaminant level goal (MCLG) of zero (3773, 3772). In states with
an approved Underground Injection Control program, a permit is
required for the injection of benzene- containing wastes designated
as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRA)
Benzene is identified as a toxic ignitable hazardous waste (U019)
and listed as a hazardous waste constituent (3783, 3784).
Non-specific sources of benzene- containing waste are the
production of chlorinated aliphatic hydrocarbons, and spent solvents
containing 10% or more of benzene (325). Waste streams from the
following industries contain benzene and are listed as specific
sources of toxic hazardous waste: organic chemicals (production of
chlorobenzenes, nitrobenzenes and aniline), petroleum refining, and
coking operations (3116, 3117). Benzene is subject to land disposal
restrict- ns when its concentration as a hazardous constituent of
certain ;iastewaters exceeds designated levels (3785). Effective
November 8, 1988, the land disposal of certain untreated benzene-
containing hazardous wastes is prohibited. These wastes must be
treated according to Best Demonstrated Available Technology
(BDAT) treatment standards before they can be disposed. Certain
variances exist until May, 1990 for other benzene-containing
hazardous wastes for which BDAT treatment standards have not
been promulgated by EPA (3786). Benzene is included on EPA's
ground-water monitoring list. EPA requires that all hazardous waste
treatment, storage, and disposal facilities monitor their ground-water
for chemicals on this list when suspected contamination is first
detected and annually thereafter (3775).
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Comprehensive Environmental Resoonse Comoensation and Liability Act
(CERCLA)
Benzene is designated a hazardous substance under CERCLA. It has a
reportable quantity (RQ) limit of 454 kg. Reportable quantitics have also
been issued for RCRA hazardous waste streams containing benzene but
these depend upon the, concentration of the chemicals present in the
waste str(,am (3766). Under SARA Title MI Section 313, manufacturers,
processors, importers, and users of benzene must report annually, to EPA
and state officials, their releases of this chemical to the environment
(3787).

Clean Air Act (CAA)
Benzene is a hazardous air pollutant and is subject to national emission
standards for fugitive emission sources (3803).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping of
known or suspected carcinogens, mutagens or teratogens is prohibited
except when they are present as trace contaminants. Permit applicants
are exempt from these regulations if they can demonstrate that such
chemical constituents are non-toxic and non-bioaccumulative in the marine
environment or are rapidly rendered harmless by physical, chemical or
biological processes in the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to benzene shall not exceed an 8-hour time-weighted
average (TWA) of I ppm or STEL (15.min) of 5 ppm shall not be
exceeded at any time during an 8-hour work-shift. Some industries may
be exempt from these standards (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated benzene as a hazardous
material with a reportable quantity of 454 kg, subject to requirements for
packaging, labeling and transportation (3180).

Food. Drug and Cosmetic Act (FDCA)
Benzene is approved for use as an indirect food additive as component
of adhesives (3209).

0 State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure limits section) as their promulgated state
regulations, either by narrative reference or by relisting the specific
numeric criteria. These states have promulgated additional or more
stringent criteria:
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ALABAMA
Alabama requires that the annual average maximum contaminant level of
benzene not exceed 5 ;g/L in drinking water. This applies to all
community water systems and non-community non-transienit water systems
(3015).

CALIFORN
California has an action level of 0.7 ug/L and an MCL of I jug/L for
benzene in drinking water (3098, 30%).

CONECT I
Connecticut has an action level and a quantification limit of I Ag/L for
drinking water (3138, 3137).

DISTRICT OF COLUMBIA
The District of Columbia has a human health criterion of 0.8 pg/L for
public water supply surface waters (3828).

FLORIDA
Florida has set an MCL of I Ag/L for drinking water (3219).

r4EW JERSEY
New Jersey has set an MCL of I ug/L for benzene in drinking water
(3497).

NEW MEXICO
New Mexico has a water quality criterion of 0.01 mg/L for ground-water
(3499).

OKLAHOMA
Oklahoma has set a nonenforceable Toxic Substance Goal of 0.66 14g/L
for surface waters used for public and private water 3upply, a water
quality criterion of 2200 •gtL for fish and wildlife propagation surface
waters, and a maximum contaminant level of 0.2 Ag/L for ground-water
(3534).

PENNSYLVANIA
Pennsylvania has a human health criterion (cancer risk level) of I ;g/'L
for surface waters (3561).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 265 ug/L and
a chronic guideline of 5.9 ug/L for the protection of aquatic life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

I _ __ _ _ __ _ _ __ _ _ _
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WISCONSTN
Wisconsin has a preventive action limit of 0.067 Aig/L and an enforcement
standard of 0.67 pg/L for benzene in ground-water (3840).

Pronosed Regglations
0 Federal Programs

Clean Air Act (CAA)
EPA has proposed four different NESHAPs for benzene emissions,
depending on the source of emissions: 14 kg/day for equipment leaks
(fugitive emission sources), 0.34 kg/day for coke by-product recovery
plants, 0.47 kg/day for benzene storage vessels, and 5.5 kg/day for
ethylbenzene/styrene plants. Final action on the proposal is expected by
August, 1989 (3788, 3683).

Resource Conservation and Recovery Act (RCRA)
EPA has proposed listing wastestreams from the production of
acrylonitrile in the organic chemicals industry as specific sources of
benzene-containing hazardous waste (3795). EPA has proposed that
solid wastes be listed as hazardous in that they exhibit the characteristic
defined as EP toxicity when the TCLP extract concentration is equal to
or greater than 0.07 mg/L benzene. Final promulgation of this Toxicity
Characteristic Rule is expected in June, 1989 (1565, 3683).

* State Water Programs
MOST STATES
Most states are in the process of revising their water programs and
proposing changes to their regulations which will follow EPA's changes
when they become final. Contact with state officers is advised. Changes
are projected for 1989-90 (3683).

MINNESOTA
Minnesota has proposed a Sensitive Acute Limit (SAL) of 2792 ag/L
for designated surface waters, and chronic criteria of 5 Mg/L for ground-
water, 5.2 jug/L for cold surface, waters, and 6.1 Mg/L for other designated
surface waters. These criteria are for the protection of human health
(3452).

NEW JERSEY
New Jersey has proposed a water quality criterion of I jug/L for class
FW2 surface waters (3496).

4
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Directive on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through the
ground or subsoil) of organohalogen compounds and substances which
may form such compounds in the aquatic environment, substances which
possess carcinogenic,mutagenic or teratogenic properties in or via the
aquatic environment, and mineral oils and hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discharge into
ground-water (i.e., via percolation through ground or subsoil) of these
substances shall be taken by member countries.

Directive Relating to the Classification. Packaging and Labeling ot
Dangerous Preparations (Solvents) (544)
Benzene is listed as a Class I/a toxic substance and is subject to packaging
and labeling regulations.

Directive on the Discharge of Dangerous Substances (535)
Organohalogens, carcinogens or substances which have a deleterious
effect on ihe taste and/or odor of human food derived from aquatic
environments cannot be discharged into inland surface waters, territorial
waters or internal coastal waters without prior authorization from member
countries which issue emission standards. A system of zero-emission
applies to discharge of these substances into ground-water.

Directive on Marketing and Use of Dangerous Substances (541)
Benzene is not permitted in toys or parts of toys as placed on the market
where the concentration of benzene in the free state is in excess of 5
mg/kg of the weight of the toy or part of toy.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds. excluding inert
polymeric materials and other substances referred to in this list or covered
by other Directives concerning the disposal of toxic and dangerous waste;
chlorinated solvents; organic solvents; biocides and phyto- pharmaceutical
substances; ethers and aromatic polycyclic compounds (with carcinogenic
effects) shall keep a record of the quantity, nature, physical and chemical
characteristics and origin of such waste, and of the methods and sites used
for disposing of such waste.

Directive on the Classification. Packaýng and Labeling of Dangerous
Substances (787)
Benzene is classified as a flammable, toxic substance and is subject to
packaging and labeling regulations.

I
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Directive on the Approximation of the Laws, Regulations and
Administrative Provisions Relatina to the Classification. Packagrig and
Labeling of Dangerous Prenarations (3980)
The labels on packages containing preparations classified as very toxic,
toxic or corrosive must bear the safety advice SI/S2 and S46 in addition
to the specific safety advice. If it is physically impossible to give such
information, the package must be accompanied by precise and easily
understood instructions.

EEC Directive-Proposed Resolution
Resolution on a Revised List of Second-Category Pollutants (545)
Benzene is one of the second-category pollutants to be studied by the
SCommission in the programme of action of the European Communities
on Environment in order to reduce pollution and nuisances in the air
and water. Risk to human health and the environment, limits of pollutant
levels in the environment, and determination of quality standards to be
applied will be assessed.
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181 MAJ R USES

In the past, benzene was widely used as a solvent. As its adverse health effects
became known, usage declined to the point where it is now minimal. At present,
most ben ,ne is consumed in the chemical industry where it is used as a starting
material for the synthesis of other organic compounds (2, 518, 3887). Prior to World
War TI, th major use for benzene was as an octane-raising additive in gasoline.
When ben zne is used in this manner, it is not added to the gasoline pool as pure
benzene but rather as a mixture of benzene, toluene and xylene (21, 43, 518).
Presently, ts use in this area is minor. However, benzene remains an important
ontamina lt of gasoline. Gasoline used in the U.S. contains from 0.8 to 2.0%
benzene.

18.2 tN ONMENTAL FATE AND EXPOSURE PATHWAYS

18.2.1 TraEsport in Soil/Cmund-water Systems

18.21.1 Overvew

Benzepe may move through the soil/ground-water system when present at low
concentratons (dissolved in water and sorbed on soil) or as a separate organic phase
(resulting f~rom a spill of significant quantities of the chemical). In general, trinsport
pathways of low soil concentrations can Ix assessed by equilibrium partitioning, as
shown in Table 18-1.

These calculations predict the partitioning of benzene among soil particles, soil
water and soil air. The portions of benzene associated with the water and air phases
of the soil are more mobile than the adsorbed portion.

The e~timates for the unsaturated topsoil model indicate that most of the
benzene (88%) is expected to be sorbed to the soil. A much smaller (yet significant)
amount (7%) will be present in the soil water phase and can thus migratc by bulk
transport (e.g., the downward movement of infiltrating water), dispersion and
diffusion. for the portion of benzene in the gaseous phase of the soil (5%),
diffusion through the soil-air pores up to the ground surface, and subsequent removal
by wind, will be a significant loss pathway. There is no significant difference in the
partitioning calculated for 25°C and 10"C.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of the benzene (79%) is likely to be present in the soil-water
phase (Table 18-1) and transported with flowing ground-water.

* U- . -
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TABLE 18-1
EQUILIBRIUM PARTiTIONING CALCULATIONS FOR BENZENE

IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoilkc
at 250C 88.1 7.1 4.8
at 10*C 89.7 7.2 3.1

Saturated
deep soil' 21.4 78.6

a) Calculations based on Mackay's equilibrium partitioning model (34,35,36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be conside-ed as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: KI = 65. (Estimated by Arthur D.
Little, Inc.)

c) Henr,'s law constant taken as 0.00543 atm. m'/mol at 25 0C/10*C ratio of H
values from Brown and Wasik (521).

d) Used sorption coefficient (K,) calculated as a function of K.I, assuming 0.1%
organic carbon: K, = 0.001 x K,.

18.2.1.2 Sorption on Soils

The mobility of benzene in the soiL'ground-water system (and its eventual
migration into zaqifers) is strongly affected by the extent of its sorption on soil
particles. In general, sorption on soils is expected to:

- increase with increasing soil organic matter content;
- increase slightly with decreasing temperature;
- increase moderately with increasing salinity of the soil water: and
- decrease moderately with increasing dissolved orgaric matter content of the

soil water.

Based upon its octanol-water partition coefficient of 135 (log P = 2.13), the soil
sorption coefficient (K,,) is estimated tu be 65. This is a relatively low number
indicative of weak sorption to soils.

4i
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1M2.1.3 Volatilization from Soik

Transport of benzene vapors through the air-filled pores of unsaturated soils is
an important transport mechanism for near-surface soils. In general, important soil
and environmental properties influencing the rate of volatilization include soil
porosity, temperature, convection currents and barometric pressure changes; important
physicochemical properties include the Henry's law constant, the vapor-soil sorption
coefficient, and, to a lesser extent, the vapor phase diffusion coefficient (31).

There are no data from laboratory or field tests showing actual soil volatilization
rates. Sorption of the benzene vapors on the soil may slow the vapor phase
transport; Polit~zki et al. (516) have shown, for example, that the vapor pressure of
benzene in the presence of (thus partially sorbed to) silica gel was decreased by a
factor of 10E+04 from the pure compound value.

The Henry's law constant (H), which provides an indication of a chemical's
tendency to volatilize from solution, increases significantly with increasing temperature
(28). Moderate increases in H are also observed with increasing salinity due to a
decrease in benzene's solubility (517).

18.22 Tra-sformation Prosesc in SoiliGround-water Systems

The persistence of benzene in soil/ground-water systems is not well documented.
Based on a rate constant for the reaction of benzene with OH (3892) and the
concentration of OH radical concentration in water of IOE-17 mol/L (3901), a half-
life of 0.71 year has been calculated (3887). In most cases, it should be assumed that
the chemical will per-ist for months to years (or more).

Benzene under normal environmental conditions is not expected to undergo
hydrolysis (10,33). Further, benzene is not expected to be susceptible to oxidation or
reduction reactions in the soil/ground-water environment.

There is evidence that benzene can undergo aerobic and anaerobic degradation
(3887); however, the rate of degradation is dependent upon several factors such as
whether communities of degrading microorganisms are established and acclimated,
nutrient levels, temperature and concentration of benzene (3916), and the number of
organisms present (3887). Aerobic biodegradation in acclimated wastewater treatment
plants (e.g., activated sludge) would be expected to be relatively easy based upon the
data of Tabak et al. (55). However, in most soil'ground-water systems such aerobic
degradation would be of minimal importance because of the low concentration of
microorganisms (at depth) and the low dissolved oxygen (anaerobic) conditions.
Anaerobic degradation has been demonstrated in the laboratory by Wilson et al.
(3958), but degradation was relatively slow. particularly during the first 20 weeks of
incubation. By 40 weeks, however, 72% of the benzene was degraded and by 120
weeks, 99% was degraded. In another study, in situ treatment of a hydrocarbon
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contaminated aquifer resulted in complete anaerobic degradation of benzene after
only 6 ironths (3895).

1&2.3 Primay Routes of Dpcuure From Soilrround-water System

The above discussion of fate pathways suggests that benzene is highly volatile,
weakly adsorbed by soil and has a limited potential for bioaccumulation. This
compound may volatilize from soil surfaces, but that portion not subject to
volatilization is likely to be mobile in ground-water. These fate characteristics suggest
several potential exposure pathways. [It should be noted, however, that benzene
released into the air can be degraded via reaction with atmospheric hydroxy radical
(3887), or may eventually undergo photochemical degradation. Tropospheric lifetimes
on the order of a few hours to a few days have been estimated (10).]

Volatilization of benzene from a disposal site, particularly during drilling or
restoration activit:es, could result in inhalation exposures. The potential for, ground-
water contamination is high, particularly in sandy soils. Mitre (83) reported that
benzene has been found at 94 of the 46 National Priority List (NPL) sites. It was
detected at 72 sites in ground-water, 31 sites in surface water, and 17 sites in air.
The USEPA (64) reported that in state occurrence data with 646 total number of
samples, 4 were positive with a range between trace-17 gsg/L. The National Organic
Monitoring Survey (NOMS) (90) fouid that out of 113 samples, 7 were positive with
a mean of positives at 0.4 gg/L.

The. results of the USEPA (531) Ground-water Supply Survey (GWSS) are as
shown below:

Median
Sample Type Occurrences* of Positives Maximum

No. % (Ag/L) (Ag/L)

Randoim
Supplies serving

<10,000 people
(280 samples) 1 0.4 0.61 0.61

Supplies serving
>10,000 people
(186 samples) 2 1.1 9.0 15.0

Non-Rardom
Supplies serving

< 10,000 people
(321 samples) 5 1.6 1.6 12.0

Supplies serving
> 10,000 people
(158 samples) 3 1.9 2.7 12.0

*Samples having levels over quantification 'imit of 0.5 jug/L
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The state data include only ground-water sources and were compiled from
various state reports on local contamination problems. The state data arc not
considered to be statistically representative of national occurrence. The National
Organic Monitoring Survey (NOMS) included data from both ground- and surface
water supplies. The 1982 Ground-water Supply Survey (GWSS) is the most recent
study (531). This study sampled a total of almost 1000 drinking water systems using
ground-water, 466 selected at random, and about 500 selected by the state as
potentially contaminated. The USEPA (64) estimates that 1.5% of the nation's
ground-water supplies are contaminated with benzene (>10.5 gg/L).

These results indicate that benzene has the potential for movement in soil/
ground-water systems. This compound may eventually reach surface waters by this
mechanism, suggesting several other exposure pathways:

"* Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposure.

"* Aquatic organisms residing in these waters may be consumed, also resulting in
ingestion exposure through bioaccumulation.

"* Recreational use of these waters may result in dermal exposure.

"* Domestic animals may consume or be dermally exposed to contaminated
ground- or surface waters, the consumption of meats and poultry could then
result in ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower then exposures from drinking contaminated ground-water. The

Henry's law constant for benzene indicates that it will volatilize upon reaching surface
waters. Secondly, the octanoLAater partition coefficient (log P) for benzene is 2.13
(29) and the bioconcentration factor is expected to be low, suggesting limited
bioaccumulation in aquatic organisms or domestic animals.

1&2.4 Other Sources of Exposure

Benzene is widely used in the synthesis of ether organic compounds (ethyl-
benzene, cumene, cyclohexane, and other benzene derivatives), as a solvent, and as a
pesticide among other uses. It is also an important constituent of gasoline. As a
result of emissions during production, use, and disposal and because of its high
volatility, benzene has become pervasive in the aquatic and atmospheric environments,
in spite of the effects of environmental degradative processes.

Coniglio et al. (223), in a summary of data from SRI, NOMS and NORS,
reported that benzene was found at a frequency of 21.6% in finished surface water.

I I "
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Brodzinsky and Singh (84) compiled all available atmospheric monitoring data for
a number of volatile organics. For benzene, they had data for 2789 locations. In
rural and remote locations, the median concentration was 4.5 Ag/m'. In urban and
suburban locations, the median concentratior was 8.9 ug/m3, and in source-dominated
areas, the median concentration was 9.6 Ag/m3. These results suggest that ambient
benzene, via inhalation exposure, contributes significantly to the total body burden of
the chemicai for the general population.

18.3 HUMAN HEALTH EFFECTS

183.1 Animal Studi

1W.1.1 Carcnogenicity

Although an appropriate laboratory animal model for the study of the

carcinogenicity of benzene has not been developed, recent studies suggest that
benzene is carcinogenic in animals. In an oral carcinogenicity study, administration of
benzene (99.7% pure) by gavage to groups of 50 F344/N rats and 50 B6C3F, mice of
each sex and for each dose, 5 days per week for 103 weeks, produced clear evidence
of carcinogenicity in both species. Doses of 0, 25, 50 or 100 mg/kg bw benzene (in
corn oil) were administered to male and female mice and female rats; male rats were
given doses of 0, 50, 100 or 200 mg/kg bw. Dose-related lymphocytopenia was,
observed in treated mice and rats. An increased incidence of Zymbal gland
carcinomas was seen in both sexes for both species and both male and female rats
exhibited elevated incidences of squamous-cell carcinomas of the oral cavity. Male
rats also displayed an increased incidence of squamous-cell carcinomas of the skin.
Both sexes of B6C3F, mice had elevated incidences of malignant lymphomas and
alveolar/bronchiolar carcinomas. For female mice, benzene treatment also induced
increased incidences of ovarian granulosa cell tumors and carcinomas and
carcinosarcomas of the mammary gland (3519).

Maltoni et al. (201) recently completed a series of studies which show that
benzene is carcinogenic in rats by both the oral and inhalation routes. In the oral
studies, Sprague-Dawley rats were Fdministered benzene (purity 99.93%) in olive oil
at doses of 50 or 250 mg/kg/day, 4-5 days weekly for 52 weeks and then kept under
obser,,ation until death. Mortality was higher in the benzene-treated groups and was
dose-correlated. There was also a dose-re!ated increase in the incidence of
hemolymphoreticular neoplasias ("leukemias") and of mammary carcinomas. The
incidence of *leukemias" was 7.7% in the high-dose group, 3.4% in the low-dose
group and 1.7% in controls. The incidence of mammary carcinomas was 10.8% and
6.9% in the high and low-dose groups, respectively, and 5.2% in the controls. There
was also a 12.3% incidence of Zymbal-gland carcinomas, 3.1% incidence of carcinoma
of the oral cavity and a 1.5% incidence of both angiosarcomas and hepatomas, all in
the high-dose group.

I II
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In the inhalation studies, Sprague-Dawley rats were exposed to vapor
concentrations of 200-300 ppm, 4-7 hours daily for 104 weeks. The investigators
found a 2.3% incidence of hepatomas and a 26.6% and 1.4% incidence of mammary
carcinoma and leukemia, respectively (201).

The carcinogenicity of benzene by inhalation has also been demonstrated in mice.
C.A. Snyder et al. (197) observed an increased incidence of thymic lymphoma in
C57BLIJ6 mice that were exposed to vapor concentrations of 300 ppm, 6 hours daily,
5 days per week for life. In contrast, AKR/J mice that were exposed to 100 ppm on
the same dosing schedule experienced no change in the induction of lymphoma.
Poor survival of this strain at 300 ppm necessitated the lower exposure level. It
should be noted that both of these strains carry a virus which can result in a high
incidence of lymphoma following exposure to radiation, carcinogens or
immunosuppressive agents (203). In a similar study, Cronkite reported increased
incidences of leukemia, lymphoma, and solid tumors in C57BU/BNL mic'- :xposed to
benzene levels of 300 ppm, 6 hours/day, 5 days/week for only 16 weeks and observed
over several months for tumor development (3904, 3903). The patterns of lymphoma
and solid tumors in the Cronkite studies were significantly different than those
observed after lifetime exposures.

IARC (202) believes there is sufficient evidence that benzene is carcinogenic to
animals, as well as to man. A discussion of human data can be found in Section
18.3.2.2, Chronic Toxicologic Effects.

18.3.1.2 Genotomocity

Benzene is not mutagenic in bacterial systems. Studies with five standard strains
of Salmonella typhimurium in the presence or absence of hamster or rat liver
microsomes were negative in the plate incorporation assay (3519); and additional
studies in three strains of Salmonella were negative when care was taken to assure
exposure of the bacteria to benzene vapors (3077). Attempts to induce genotoxic
effects in Bacillus subtilis, Saccharomyces cerevisiae, and Escherichia coli have all
proved negative (202).

Chromosomal abnormalities in bone marrow cells resulting from subcutaneous or
intraperitoneal administration of benzene have been reported in various species of
animals including rats, rabbits and mice (203). The animals were treated with single
or multiple daily doses of benzene ranging from 0.2 to 2.0 mL/kg/day. Most of the
induced abnormalities were chromatid breaks or deletions. Male rats exposed to
benzene vapor at concentrations of 1. 10, 100 or 1000 ppm for 6 hours showed a
significant increase in chromosomal abnormalities in their bone marrow cells at the 2
higher exposure levels (192).

Tice et al. (3716) exposed mice via inhalation to benzene and observed a
significant increase in sister chromatid exchanges but not chromosomal aberrations in
bone marrow cells of the treated animals. In a subsequent experiment Tice et al.
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(3717) were able to induce chromosomal aberrations in mice with enhanced liver
metabolism by treating the mice with phenobarbital before exposure to benzene.

Benzene has also proved to be an effective inducer of micronuclei in the mouse,
in both bone marrow-derived and peripheral erythrocytes (3124, 3463). Male mice
appear to be more sensitive to the clastogenic effects of benzene than do females
(202, 192, 3124). Erexon et al. (3203) observed significant increases sister chromatid
exchanges in peripheral blood lymphocytes as well as in the bone marrow
micronucleus test with rats and mice exposed to benzene via inhalation.

That benzene can cross the placenta was shown by Ciranni et al. (3902) who
treated pregnant mice orally with 880 mg/kg and found an increase in micronuclei in
fetal liver as well as in bone marrow cells of Lhe treated adult.

Chromosomal aberrations were found in the lymphocytes of humans occupa-
tionally exposed to low concentrations (0.2 to 12.4 ppm) of benzene. Twenty-two
workers with 3 to 35 years of company service were studied, and each subject was
paired with a suitable control. There was no evidence for increased sister
chromosome exchange activity in these same subjects (3609). Forni et al. (3223) also
studied workers of a rotogravure plant and found a significant increase in
chromosome aberrations in their lymphocytes compared.

18.3.1.3 Teratogenicity, Embryooxicity and Reproductive Effcct

Benzene, administered orally to pregnant mice at doses of 0.5 and 1.0 ml/kg body
weight, did not induce malformations, but did cause maternal lethality and resorptions
(3487), and at the dose of 1.47 mi/kg/day caused significant reductions in fetal body
weights (3634).

Widely tested by inhalation in rats, rabbits, and mice, benzene was not
teratogenic (i.e., did not produce birth defects) in test animals even at 125 to 940
ppm, levels that were toxic to the mother as evidenced by her reduced weight gain
(3887). However, benzene induced increased incidences of fetotoxic effects such as
resorptions, reduced fetal weight, and skeletal variations at concentrations of 100 to
940 ppm. Benzene fetotoxicity appears to be a function of maternal toxicity.
Benzene is not teratogenic or embryotoxic at 1 ppm (3887), the current OSHA
standard.

In subchronic inhalation studies, benzene affected the ovaries (bilateral cysts) and
testes (atrophy/degeneration, decrease in spermatozoa, moderate increase in abnormal
sperm forms) of adult mice at 300 ppm, but not at 30 ppm (3957). and caused
histopathological testicular changes of adult rabbits at 80 ppm (210).

Dermal application of benzene to rats for 4 months at doses of 64 or 320
mg/kg/day did not affect the fertilizing ability of males or the conceptional capacity of
females when either sex was mated with untreated rats (3973). Both levels caused a



BENZENE 18-19

decrease in the number of spermatogonia in the males and an increase in the
mortality of the first generation offspring.

18.3.1.4 Other Twicolioic Effects

18.3.1.4.1 Short-term Toxicity

Benzene causes central nervous system depression, narcosis, and death in various
species of animals. An LC. value of 10,000 ppm. 7 hr was recorded for the rat (59).
R'.-tts exposed to vapor concentrations ranging from 35,000 to 45,000 ppm
underwent slight anesthesia after 4 minutes. They experienced other CNS effects
such as excitation, tremors and loss of pupil reflexes. Death occurred within 22 to 71
minutes (628). Forty percent of rats exposed to 40,000 ppm for five 20-25 minute
periods- died within 24 hours (202). Oral LD, values in the rat varied from 3.4 to
5.6 mLn.g depending on the age and strain (12). Oral LD, values of 4700 mg/kg
and 3K;) mg/kg have also been reported for the mouse and rat, respectively (59).

M:,re subtle central nervous system effects have been induced in animals by
... t-term exposure to benzene. For example, impaired learning ability was observed

in ::.p'tue.Dawley rats given 550 mg/kg of benzene orally on days 9, 11, and 13
postpartum (3911); and behavioral disturbances in mice, characterized by increased
milk-licking, were demonstrated after one and five day exposures to benzene
concentrations of 100 ppm and 300 ppm, respectively (3907).

In addition to neurotoxicity, hematotoxicity and immunotoxicity have been
observed following short-term exposure to benzene. For example, B6C3F2 mice
exposed to benzene 6 hours/day for 6 days exhibited statistically significant
depressions (p<O.05) in peripheral blood lymphocyte counts at 10.2 ppm and in
erythrocyte counts at 100 ppm (3938). Lymphocytes are essential to the cellular and
humoral immune responses and, consequently, benzene concentrations that reduced
the lymphocyte counts depressed the B- and T-lymphocyte functions as well [3938].
Injury to the immune system can result in serious health consequences, including the
suppression of host resistance to bacterial infections and tumor growth. In one study,
the resistance of mice to the bacterium, Listeria mono golenes, was significantly
(p<0.05) lowered during exposure to benzene concentrations of 30 ppm or greater (6
hours/day for 12 days) (3936). In another study, 90% of the mice exposed to 100
ppm benzene (6 hours/day, 5 days a week for 20 exposures) and inoculated with
tumor cells developed lethal tumors, in comparison to 30% of the controls that were
inoculated with tumor cells but not exposed to benzene (3937).

The local effects of benzene liquid or vapor on the eye are slight. In the rabbit
eye, it is a moderate irritant, causing conjunctival irritation and transient corneal
injury. Fifty percent of rats exposed to vapor concentrations of 50 ppm developed
cataracts after more than 600 hours of exposure (19). When applied to the skin of
laboratory animals, benzene is slightly to moderately irritating (210).
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18.3.1.4.2 Chronic Toxicity

The target cells for benzene-induced toxicity appei-r to be the cells of the bone
marrow. The events that occur in the bone marrow and circulating blood cells
following benzene exposure are described in section 18.3.2.2, Human and
Epidemiological Studies, Chronic Toxicologic Effects.

Leukopenia (i.e. reduction of white blood cells) is the most, common
manifestation of chronic benzene toxicity in laboratory animals. Leukopenia was
observed in rats given 132 daily oral doses ranging from 10 to 100 mg/kg bw. The
no-effect level for blood changes was determined to be 1 mg/kg bw (210).

Similar results were reported in a more recent oral subchronic and chronic
studies (3519). F344/N rats and B6C3F 1 mice were administered benzene (0, 25, 50,
100, 200, 400, 600 mg/kg) in corn oil for 17 weeks (3519). The rats exhibited dose-
related leukopenia, lymphoid depletion in the spleen at 200 mg/kg, and increased
extr.medullary hematopoiesis in the spleen at 600 mg/kg (120 days of exposure).
Mice in the 400 and 600 mg/kg groups had a dose-related Icukopenia. In the chronic
study, oral administration of 0, 50, 100, or 200 mg of benzene/kg, 5 days/week, for
103 weeks resulted in dose-related lymphocytopenia and leukocytopenia in both
species. The mice, in addition, had lymphoid depletion of the splenic follicles and
thymus and hyperplasia of the bone marrow.

After inhalation of 17.5 ppm for 127 days, no blood changes were observed in
rats, guinea pigs and dogs. Slight leukopenia has been reported in rats exposed to 44
ppm, 5 hours per day, 4 days weekly for 5 to 7 weeks (202).

Changes were observed in the blood and bone marrow of CD-1 mice and
Sprague-Dawley rats exposed to 300 ppm 6 h/day, 5 days/wk for 13 weeks (3957). In
mice, the effects included increased mean cell volumes and mean cell hemoglobin
values, and decreased hematocrit, hemoglobin, RBC count, leukocyte count, platelet
count, and percent lymphocytes. Histological findings included: myeloid hypoplasia
of the bone marrow, splenic periarteriolar lymphoid sheath depletion, lymphoid
depletion in the mesenteric lymph node, increased extramedullary hematopoiesis in
the spleen, and plasma cell infilti'ation in the mandibular lymph node. The rats, less
severely affected, exhibited decreased leukocyte counts and decreased femoral marrow
cellularity. Hematological effects were not observed in either species exposed to 1,
10, or 30 ppm.

The immune system is another target for benzene toxicity. For example, Rozer
and Snyder (3938) demonstrated that benzene concentrations of 300 ppm, 6 hoursklay
for 115 exposures reduced the abilities of T- and B-cells to respond to mitogenic
stimuli and markedly reduced the numbers of B-lymphocytes in the bone marrow and
spleen and the number of T-lymphocytes in the thymus and spleen. In addition, a
compensatory proliferation was observed in cells of the bone marrow and thymus in
response to the benzene exposures.
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18.3.2 Human and Epidemiologic Studies

18.3.2.1 Short-term Toxicologic Effects

Benzene is a central nervous system depressant at high concentrations and may
cause acute narcotic reactions. Depending upon the concentration and duration of
exposure, these effects may range from mild manifestations such as headache and
lightheadedness to more severe effects such as convulsions, respiratory paralysis and
death (200). Death has resulted from single 5 to 10 minute exposures of benzene in
air at concentrations of 20,000 ppm. Concentrations of 3000 to 7500 ppm may result
in toxic signs within 1 hour. Exposures of 50 to 250 ppm may produce headache,
lassitude and dizziness which may become more exaggerated at higher levels. No
effects are reported after acute exposure to 25 ppm (12).

Ingestion of 2 mL may produce symptoms while 10 mL may be fatal (56).
Ingestion of 9 to 12 g (10-14 mL) has been noted to cause staggering gait, vomiting,
loss of consciousness, delirium and death (12). In acute poisoning, death may be due
to respiratory arrest or cardiac failure. Excessive physical activity at the time of acute
exposure predisposes individuals to cardiac failure (56).

Direct contact with the liquid may cause redness and dermatitis. Absorption
through human skin has been reported to be 0.004 to 0.052%, the highest absorptions
occurring through the palm (194). Therefore, skin absorption has not been
considered to be an important route of entry in occupational situations (633).
However, the results of recert studies have indicated that benzene absorption through
the skin may, in fact, be considerable. For example, Susten et al. (3945) calculated,
from the results of dermal absorption studies in hairless mice and observations of
workers, that 20-40% of the total benzene dose received by humans in tire-building
operations could be absorbed dermally. These findings are supported by the work of
Blank and McAuliffe (3896) whose calculations (from their own in vitro experiments
with human skin and the inhalation data of others) indicate that approximately 17%
of the total dose of ambient benzene could be absorbed dermally.

The local effects of benzene vapor on the human eye are slight. Occasionally,
hemorrhages in the retina and conjunctiva are found after systemic benzene
poisoning. In rare instances these may be accompanied by edema of the retina and
optic nerve. It has been suggested but not firmly established that benzene may
induce inflammation of the optic nerve (19).

18.3.22 Chronic Toxicologic Effects

Workers exposed to benzene for 0.5 to 4 year5 have exhibited signs of
neurotoxicity as evidenced by EEG changes and atypical sleep activity (3921).
However, the most important effect resulting from chronic benzene exposure is
hematotoxicity, the targets being the cells of the bone marrow. At the early stages,

/
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leukopenia, anemia or thrombocytopenia (i.e. a decrease in platelet count) may be
seen as well as any combination of these (195). The effects appear to be reversible
at this stage (202).

Many observers agree that the lowest air levels of benzene capable of producing
a decrease in human circulating blood cells are in the range of 40 to 50 ppm (195).
However, one investigator estimated, from a study of 119 workers exposed to benzene
concentrations of -20 ppm, that hematological changes may occur at levels as low as
10.1 ppm (3900). The initial symptoms of benzene poisoning tend to be non-specific
and include fatigue, headache, nausea and loss of appetite (46). With continued
exposure there is severe bone marrow damage which results in pancytopenia, a
deficiency of all cellular elements of the blood. Human benzene toxicity is often
described as aplastic or hypoplastic anemia. However, in some cases of benzene-
induced hematotoxicity, hyperplastic bone marrows have been reported. It has been
suggested that hypcrplasia is an early bone marrow response to benzene and that
hypoplasia follows after continued exposure (196). The direct, life-threatening
consequences of pancytopenia result from leukopenia and thrombocytopenia which
will cause an increased susceptibility to infection or hemorrhagic conditions,
respectively. There is also evidence that the circulating cells contain morphological or
functional abnormalities which may contribute to these effects (203).

Numerous studies indicate that benzene metabolism is required for toxicity (3920,
3942). The major site for the biotransformation of benzene is the liver; however,
bone marrow, the target organ, possesses a limited capacity to metabolize the
chemical. Phenol, hydroquinone, catechol, and benzene oxide represent the major
metabolites of benzene. Of these, the potential toxic metabolite is generally
considered to be the quinone or semiquinone derived from hydroquinone (3920), but
the open-ring product, trans.trans-muconaldehyde, has also been implicated (3959).
The ultimate mechanism of benzene-induced hematotoxicity is the subject of extensive
research. Proposed molecular mechanisms include: suppression of RNA and DNA
synthesis (3931). alylation of cellular sulfhydryl groups (3919), disruption of the cell
cycle (3943), free radical formation (3919). and covalent binding of benzene
metabolites to cellular macromolecules (3924).

There is a correlation between benzene exposure and chromosomal aberrations
in the bone marrow and peripheral lymphocytes of exposed individuals. Although
aberrations have been reported following chronic. low-level exposures (<10 ppm), it
has not been a consistent finding. Aberrations due to high exposure levels (>100
ppm) may persist for many years after exposure has been discontinued (202). Some
investigators have associated irreversible chromosome damage with the eventual
development of leukemia (195).

Leukemia is defined as a neoplastic condition in which there are increased
numbers of white blood cells or their precursors in the blood or bone marrow. Acute
myelogenous leukemia is the form most frequently related to benzene exposure
although other types have also been observed. In one stud%, for example, three cases
of chronic leukemia (two chronic lymphoid and one hairy cell) here identified among
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58 leukemia patients with histories of chronic exposure to benzene (3889).r In
another study of benzene-exposed workers, none of the seven deaths from leukemia
were from acute myclogenous leukemia, but were related to either lymphatic
leukemia, chronic myelogenous leukemia, or acute (unspecified) leukemia (3962).

The relationship between benzene exposure and the development of leukemia
has been established in numerous epidemiological studies The International Agency
for Research on Cancer believes there is sufficient evidence that benzene is
carcinogenic to man (202). Studies by Aksoy and coworkers in Turkey support the
causal relationship between benzene exposure and leukemia. These investigators
found 26 cases of leukemia or pre-leukemia in a group of 28,500 shoe-manufacturing
workers observed over an 80-month period from 1966 to 1973. The exposures were
in the range of 210 to 650 ppm with durations ranging from I to 15 years. These
cases were calculated to give an annual incidence rate of 13 per 100,000 as opposed
to a rate of 6 per 100,000 for the general population (629). The latter rate was
derived from countries more developed than Turkey and is believed to be high. The
investigators recently estimated the incidence of leukemia in the general population in
Turkey to be 2.5 to 3 per 100,000 (630) making the increased incidence of leukemia
in exposed workers more significant.

Infante and associates (631) conducted a study in 2 populations of workers
engaged in the production of rubber products from 1940 through 1949. Benzene was
the only material in their work environment known to be associated with blood
disorders (43). This group of 748 white males was followed for vital status from 1950
through 1975. A statistically significant excess of leukemia was found in comparison
to 2 control groups, the white male American population and the workers in another
industry not using benzene. Nine deaths resulted from all forms of leukemia in the 2
exposed groups where the expected incidence was 1.25 (518). The critical issue in
this study was the estimation of the air levels of benzene in the work environments.
The investigators suggested that the plants functioned within the recommended
standards of 100 ppm in 1941, 50 ppm in 1947 and 35 ppm in 1948, and that the
actual air concentrations were in the range of 10 - 15 ppm. These exposure levels
have been refuted by other investigators who have suggested that the levels were
probably greater than the prevailing standards and more likely were in the range of
95 to 950 ppm. It was also argued that environmental exposures at the plants could
not have been the same since different rubber products were being manufactured at
each location (631). It is also probable that there is a wide variation in absorbed
doses due to variations in work habits and also due to the fact that benzene. being
volatile, could drift to various locations causing actual exposures to workers thought
to be unexposed. These factors make a dose-response relationship difficult to
establish (518).

Recently, however, a dose-response relationship between benzene exposure and
lymphatic and hematopoietic cancers was described in a historical prospective
mortality study of chemical workers (3962). The cohort of the study consisted of
4602 male workers from seven plants who had been occupationally exposed to
benzene (3536 continually, 1066 intermittently) for at least sLx months. between the
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years of 1946 and 1975, and a comparison group of male chemical workers from the
same plants who had been employed for at least six months during the same period,
but were never occupationaly exposed to benzene. The internal comparison group
was included to minimize the effects of exposure to the chemicals, in addition to
benzene, that were preent in the plants. This control group also served to avoid
several other problems that could result from comparison to national mortality
statistics.

The risk of death was asessed using the standard mortality ratio (SMR) (actually
obse ved deaths expressed as percentages of the expected); relative risk was
calculated 6ising the Manw-l-Maenszel chi-square procedure. When compared to the
national norm, the SMR: from all lymphatic and hematopoictic cancer combined and
non.Hodgkin's lymphoma and leukemia for the exposed group were slightly, but not
significantly, increased. However, when compared to the internal comparison group.
the SMR's were considerably higher.

The relative risk for tymphopoietic cancer in the exposed groups (continuous and
intermittent) compared with the internal comparison group was 2.99, of borderline
significance, while the relative risk for the continuously exposed group alone was 3.2
(p<0.05). The chi-square test showed that the association between continuous
expsure to benzene and leukemia alone was statistically s`,aificant (p<0.05). Cohort
members were divided into three categories according to benzene exposure: <180
ppm-months, 180-719 ppm-months, and a 720 ppm-months. The dose-respon.se
rclationrhips between the cumulative exposure to benzene (in ppm.months) and
mortality from all lymphopoictic cancer combined ani from leukcmia were slatistically
significant (p-0.02 and p-0.01. respectively), while the doe response relationship
between cumulative exposure and non-Hodgkin's lymphopoictic cancer was of
borderline statistical significance (p-0.06). The investigator' concluded, in spite of
several limitations of the study, most of which are qtpical of a historical mortality
study of inoustrial populations, that chemical workers occupationally exposed to
benzene experienced significant mortality from leukemia and from all tm.phatic and
hematopoictic cancer when compared with chemical workers who were not occupa-
tionally exposed to benzene. The significant dose response relationships add strength
to the asaoc.ition between benzene exposure in the workplace and these effects.

Controversy has arisen over whether it is necessary for some degrte of bone
marrow damage to occur before leukemia develops. Many obscrvers believe that this
is indeed the case. Yin et al. (3962) observed that s-v.cn of twenty-five cawes of
tscnzene-induced leukemia had a history of chronic benzene pomsoning (leukopenia or
aplastic anemia) before the leukemia developed and conjectured a close relation.rship
between leukemia and bencne poisoning. This type of correlation suggjets a yet to
be proven assumption that there is a threshold for benzene-induccd leukemia (19S).
Others i.rgue that exposure to a carcinogen at any level carries the threat of vancer
and in the cawe of benzene, exposures as low as 10 ppm pose a significant probability
of leukemia developing (195). Most cases of leukemia have been obverved in those
industries where benzeiie has been used as a solvent; whercas, industries in which
benzene is either produced or used as a chemical reactant, such as the petroleum
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industry, usually have not exhibited an increased incidence of leukemia (518). This
has been attributed to the fact that solvent exposure occurs indoors, in unventilated
areas, whereas workers in the petrochemical industries are in largely outdoor
situations where the probability of benzene levels exceing I ppm TWA is less than
5% (198).

183.23, Tcratoenwicty, Embba ty ad Reodw*ive Effects

A definite association between low-level benzene exposure and human
reproduction can not be shown because human exposure to benzene has often
occurred along with exposure to nany other chemicals. Benzene crosses the human
placenta and is present in tle cord blood in amounts eqval to those in maternal
blood (3182). Barlow and Sullivan (3053) reviewed the literature on the effect of
acute benzene exposures on human reproductive organs and ofspring. Menstrual
disturbances and reduced fertility have been reported. A normal infant surNived
when the mother died at parturition because of severe anemia caused by benzene
(3972). No statistically significant clusters of birth defects were found when analyzing
data from Drake Superfund Site, Pennsylvania. an area where benzene has been
identified (3971). Heath (3282) conducted a study at Love Canal in New York. an
area contaminated with benzene and other chemicals and found no clear increased
incidence of abortion, birth defects, or low infant birth weight among women living
next to the Canal.

18,33 Level of Coocn

The USEPA (355),' uing epidemiological data for cancer in humans (202, 630,
631) and supportive experimental data showing carcinogenicity in rats (201), has
established An ambient water quality criterion of zero for benzene. Because the
attainment of a zero concentration level may be infeasible in some cas, the
concentrations of benzene in water calculated to result in incremental lifetime cancer
risks of 1E-05, IE-06 and IE-07 from ingestion of both water and contaminated
aquatic organisms were eswimated to be 6.6. 0.66 and 0.066 g,'L, respectively. Risk
estimates are expressed as a probability of cancer after a lifetime daily consumption
of two liters of water and 6.5 g of fish that have bioaccumulated benzene. Thus, a
risk of IE-O5 implies that a lifetime daily consumption of two liters of drinking water
and 6.5 g of contaminated fish at the criterion level of 6.6 /ig/L of benzene would be
expected to produce one excess case of cancer above the normal back. ground
incidence for every l(),(XX) people exposed. It should he emphasized that these
numerical values represent extrapolations that are based on a number of asvumptions.

The EPA Office of Drinking Water ,,xcently promulgated the Maximum
Contaminbnt Level (MCL) for benzene of 5 jg/L (3952).

The WHO (666) recommends a level of 10 ug/L for benzene in drinking water.
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OSHA (3539) currently permits exposure to I ppm for an 8-hour TWA and a
short-term exposure level (STEL) of 5 ppm, although some industries are exempt.

The ACGIH (3005) h= set a TLV (threshold limit value) of 10 ppm, with the
notation that benzene is a suspected human carcinogen.

18M3.4 Hazard Amemxmnt

There is sufficient evidence that benzene is carcinogenic in animals and man.
Several case reports (202) as well as two cohort studies (630, 631) established a
relationship between benzene exposure and leukemia. IARC (518) lists benzene in
category 1 (sufficient evidence of human carcinogenicity) in its weight-of-cvidence
ranking for potential carcinogens. The NTP (801) has categorized benzene as
providing clear evidence of carcinogenic activity (multiple sex/species/tumor sites).

A correlation between benzene exposure and chromosomal aberrations in bone
marrow and lymphocytes of exposed individuals has also been observed at levels
above 100 ppm; results are inconsistent at lower levels (202). A recent report (710)
noted chronosome damage in animaLs at levels as low as I ppm. Additional studies
regarding the mutagenic capability of benzene are needed to clarify the lowest
effective dose.

Retardation of fetal development accompanied by a decrease in maternal weight
gain have been seer. in reprod'.ctive toxicity studies but there is no pattern suggestive
of teratogenic activity for 'wenzene.

Aside from the reported hematological effects of long-term benzene exposure
(e.g., leucopenia, thrombucytopenia. pancytopenia), most adverse effects associated
with benzene exposure are of an acute nature and occur at considerably higher
concentrations (e.g., 3000-7500 ppm for one hour). Ingestion of about 10 mL is fatal
(56, 12) and symptoms of CNS depreuion have been noted following ingestion of 2
mL (56).

14 SAMPLING AND AUNALYSIS CONSIDERA7IONS

Determination of benzene concentrations in soil and water requires collection of
a representative field sample and laboratory analysis. Due to the volatility of
benzene, care is required to prevent losses during sample collection and storage. Soil
and water samples should be collected in airtight containers with no headspace;
analysis should be completed within 14 days of sampling. However, recent studies
(3430) show large losses of volatiles from soil handling. At the prsent, the best
procedi-re is to collect the needed sample in an EPA VOA vial, seal witl a foil-lined
septum cap, and analyze the entire contents in the vial using a modified purge and
trap apparatus. In addition to the targeted samples, quality control samples such as
field blanks, duplicates, and spiked matrices may be specified in the recommended
method.
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EPA-approved procedures for the analysis of benzene, one of the EPA priority
pollutants, in aqueous samples include EPA Methods 602, 624, 1624 (65), 8020 and
8240 (63). An inert gas is bubbled through the aqueous sample in a purging chamber
at ambient temperature, transferring the benzene from the aqueous phase to the
vapor phase and onto a sorbent trap. The trap is then h'.ated and backliushed to
desorb the benzene and transfer it onko a gas chromatographic (GC) column. The
GC column is programmed to 'separate the vo!atile organics; benzene is then detected
with a photo-ionization detector (Methods 602 and 8020) or a mass spectrometer
(Metbods 624, 1624, and 8240). Direct injection may also be used for samples
containing elevated concentrations.

The EPA procedures recommended for benzene analysis in soil and waste
samples, Methods 8020 and 8240 (63), differ from the aqueous procedures primarily
in the method by which the analyte is introduced into the GC. The recommended
method for low level soils (< I mgkg) (Method 5030) involves 'dispersing the soil of
waste sample and purging in a heated purge and trap device. Other sample
introduction techniques include direct injection and a heidspace method.

Coherent anti-stokes raman scattering (CARS) has also been used to quantitate
benzene in aqueous solutions (3862). Detection limits are in the I to 10 ppb range.

Typical benzene detection limits that can be obtained in wastewaters and non-
aqueous samples (wastcs, soils, etc.) are shown below. The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrix effects.

Aguco .i Detection LimiN Non-Agucous Decction Limit

0.2 ug/L (Method 602) 2 Mg/kg (Method 8020)
4.4 Asg/L (Method 624) 5 ug/kg (Method 8240)

10 'g'L (Method 1624)
2 jig/I. (Method 8020)
5 1g/1L (Method 8240)
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COMMON CAS REG. NO.: FORMU.LA AIR W/V CO ERSION
SYNONYMS: 109488-3 CAH FACTORS at 250C (12)

Methl) Benzene NiOSH NO:
Metryl Benzol XS5250000 3.77 rg/m3 = I ppm;
Pblenyl Methane 0.2652 ppm = I mg/m
Toluene STRUCTURE. CH, I
Toluol MOLECULAR7 EIGHT:

Toluene may generate heat, react vigorously, and possibly
REACTIVITY ignite or explode in contact with oxidizing minera acids or

other strong oxidizing agents (507, 38, 511, 505).

* Physical State: Liquid (at 20*C) (2
* Color: Colorless (23
* Odor: Benzene-like (23
* Odor Threshold: 2.900 ppm (3i!
0 Density: 0.8669 g/mL (at 20"C) (W)
* Freeze/Melt Point: -95.00"C (68)
0 Boiling Point: 110.60'C
0 Flash Point: 4.40*C closed cup (2,)
0 Flammable Limits: 1.20 to 7.10%

by volume (3 51,506)
0 Autoignition Temp.: 480.0 to

536.0OC (5 4,506,510)
PHYSICO- 0 Vapor Pressure: 2.20E+01 mm Hg
CHEMICAL (at 20 0C) (67)

DATA 0 Satd. Conc. in Air: 1.1000E+05
mg/m' (at 20"C) (67

0 Solubility in Water: 5.15E+02
mg/L (at 20"C) (67)

0 Viscosity: 0.580 cp (at 20WC) (1219)
0 Surface Tension: 2.9000E+01

dyne/cm (at 20"C) (59
0 Log (Octanol-Water

Partition Coeff.): 2.73 (29
0 Soil Adsorp. Coeff.: 2.59E+02 (652)
* Henry's Law Const.: 6.61E-03

atm m'/mol (at 250C) (74.
* Bioconc. Factor: 2.60E+01 (cstim),

2.71E+01 (estim) (659,207)
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Relatively mobile in soil-water systems, including
transport of vapor through air-filled pores as well as

PERSISTENCE transport in solution. Chemica! it resistant to hydrolysis
IN THE SOIL- but will probably biodegrade easily if microbiological

WATER populations are sufficiently numerous and active. It may
SYSTEM persist for months to years (or more) if biodegradation

is not possible.

The primary pathway of concern from a soil-water
PATHWAYS system is the migration of toluene to groundwater

OF drinking water supplies. Data from NPL sites indicate
EXPOSURE that migration of this compound has occurred in thc

past, although survey data do not show extensive
contamination of drinking water. Inhalation resuiting
from volatilization from surface soils may also be
important.

Signs and Symptoms of Short-term Human Exposure:
(54)
Acute exposure to toluene results in CNS depression.
Symptoms include headache, dizziness, fatigue, muscular
weakness, drowsiness and incoordination with staggering
gait. The liquid splashed in the eyes may cause irrita-
tion and reversible corneal damage. Prolonged or re-
peated skin contact may cause drying and dermatitis.

HEALTH Acute Toxicity Studies: (3504)
HAZARD
DATA INHALATION:

LC5, 5320 ppm .8 hr Mouse
LC,, 4000 ppm.4 hr Rat
TCt,, 100 ppm Human
LCt. 1600 ppm Guinea Pig

ORAL:
LD, 5000 mg/kg Rat
LD., 50 mg/kg Human

SKIN:
LD, 12,124 mg/kg Rabbit
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Long-Term Effects: inhalation: respiratory tract lesions;
conflicting data on kidney effects; chronic abuse: CNS

~ipairmcnt.
Pregnancy/Neonate Data: Insufficient data to determine

I-•EALTH teratogenic potential.
HAZARD Genotoxicity Data: Insufficient data to determine
DATA genotoxic potential.

(Cont.) Carcinogenicity Classification:
IARC - No data
NTP - No evidence of carcinogenicity in F344 rats and

B6C3F, mice by inhalation.
EPA - Group D (not classifiable as to human

carcinogenicity)

Handle chemiczl only with adequate ventilatiorL0 Vapor concentrations of 200-500 ppm: any, supplied-
air respirator, self-contained breathing apparatus or
chemical cartridge respirator with an organic vapor

HANDLING cartridge. 4 500-1000 ppm: chemical cartridge respirator
PRECAUTIONS with full facepiece and organic vapor canister. *

(38) 1000-2000 ppm: any supplied-air respirator or self-
contained breathing apparatus with full facepiece. 0
Cb-mical goggies if there is probability of eye contact
with the liquid. • Impervious clothing to prevent
prolonged or repeated skin contact.

ENVIRONMENTAL AND OCCUJPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standards
0 OSHA TWA (8-hr): 100 ppm: STEL (15-rmn): 150 ppm
• AFOSH PEL (8-hr TWA): 100 ppm; STEL (15-min): 100 ppm

Criteria
0 NIOSH IDLH (30-min): 2000 ppm
0 NIOSH REL (10-hr TWA): 00 ppm
0 NIOSH Ceiling Limit (10 min): 200 ppm

* ACGIH TIV8 (8-hr TWA): 100 ppm

* ACGIH STEL (15-min): 150 ppm

, I
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND CRITERIA
(Cot.)

WATER EXPOSURE LIMITS:

Drinking Water Standards (3883)
MCLG: 2 mngL (proposed)
MCL: 2 mg/L (proposed)

EPA Health Advisories aind Cancer Risk Levels (3977)
The EPA has developed the following Health AdvLiories which nrovide specific
advice on thN levels of contaminants in drinking water at which adverse health
effects would not be anticipated.

- 1-day (child): 20 mg/L
- 10-day (child): 3 mg/L

- longer-term (child): 3 mg/L
longer-term (adult): 10 mg/L
lifetime (adult): 2 mg/L

WHO Drinking Water Guideline
No information available.

EPA Ambient Water Oualitv Criteria
0 Human Health (355)

Based on ingestion of contaminated water and aquatic organisms, 14.3
mg/L. Based on ingestion of contaminated aquatic organisms only, 424
mg/L., Based on ingestion of contaminated water only, 15.0 mg/L.

0 Aquatic life (355)
. Freshwater species

acute toxicity: no criterion, but lowest effect level occurs at 17,500 4gl..

chronic toxicity:
no criterion established due to insufficient data.

- Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 6300 /g,gL.

chronic toxicity:
no criterion, but lowest effect level occurs at 5000 jg/L.

REFERENCE DOSES:
3.OOOE+02 M•g/kg/day (3744)
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REGULATORY STATUS (as of 01-MAR-89)

Promulgated Rezulations
r Federal Programs

Clean Water Act (CWA)
Toluene is designated a hazardous substance under the CWA. It has a
reportable quantity (RQ) limit of 454 kg (347, 3764). ft is also listed
as a toxic pollutant subject to general pretreatment regulatiors for new
and existing sources, and to effluent guidelines and standards (351,
3763). Effluent limitations for toluene have been set in the following
point source categories: electroplating (3767), organic chemicals,
plast•cs and synthetic fibers (3777), steam electric power generating
(3802), metal finishing (3768), and metal molding and casting (892).
limitations vary depending on the type of plant and industry.

Safe Drinkine Water Act (SDWA)
Toluene is on the list of 83 contaminants required to be regulated
under the SDWA of 1974 as amended in 1986 (3781). Toluene is one
of 36 unregulated organic chemicals requiring special monitoring in all
community water systems and non-community, non-transient water
systems (3771). In states with an approved Underground Injection
Control program, a permit is required for the injection of toluene-
containing wastes designated as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRIA)
Toluene is identified as a toxic waste (U220) and listed as a hazardous
waste constituent (3783, 3784). Non-specific sources of toluene-
containing waste are solvent use (or recovery) activities, chlorinated
aliphatic hydrocarbon production, and spent solvents containing 10% or
more toluene (325). Waste streams from the following industries
contain toluene and are listed as specific sources of hazardous wastes:
organic chemicals (benzyl chloride production, phenil/acetone
production. toluene diisocyanate production), pesticides (disulfoton
production), petroleum refining, ink formulation, and coking operations
(3774, 3765). Toluene is subject to land disposal restrictions when its
concentration as a hazardous constituent of certain wastewaters
exceeds designated levels (3785). Certain variances exist until May,
1990 for land and injection well disposal of some wastewaters and
nonwastewaters for which Best Demonstrated Available Technology
(BDAT) treatment standards have not been promulgated by EPA
(3786). Toluene is included on EPA's groundwater monitoring list.
EPA requires that all hazardous waste treatment, storage, and disposal
facilities monitor their groundwater for chemicals on this list when
suspected contamination is first detected and annually thereafter
k37 75).

j' . "•,- ,.7' -

.,--,.
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Toxic Substances Control Act (TSCA)
Manufacturers, processors ol distributors of toluene must report
production usage, disposal, and exposure-related information to EPA
(334). They, as well as others who possess health and safety studies on
toluene, must submit them tb EPA (3789).

Comprehensive Environmenjal Response Compensation and Liability
Act (CERCLA) u
Toluene is designated a hazirdous substance under CERCLA. It ha a
reportable quantity (RQ) limit of 454 kg (3766). Reportable quantities
have also been issued for RCRA hazardous waste streams containing
toluene but these depend upon the concentration of the chemicals
present in the waste stream (3766). Under SARA Title III,
manufacturers, processors, importers, and users of toluene must report
annually to EPA and state officials their releases of this chemical to
the environment (3787).

Federal Insecticide. Fungicide and 1,odenticide Act (FIFRA)
Toluene is exempt from a tolerance requirement when used as a
solvent or cosolvertt in pesti ide formulations applied to growing crops
(315).

Occupational Safety and He lth Act (OSHA)
Employee exposure to toluene shall not exceed an 8-hour
time-weighted average (TWA) of 100 ppm. An employee 15-minute
short term exposure limit (SrEL) of 150 ppm shall not be exceeded at
any time during a work-day (3539).

Hazardous Materials Transpbrtation Act (HMTA)
The Department of Transportation has designated toluene as a
hazardous material with a reportable quantity of 454 kg, subject to
requirements for packaging,! labeling and transportation (3180).

Food, Drug and Cosmetic Act (FDCA)
Toluene is approved for use as an indirect food additive as a
component of adhesives (3209).

I/



TOLUENE 19-7

0 State Water Programs
ALL SATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their prom;lgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

CALTEORIA
California has an action level of 100 jg/L for drinking water (3098).

CON NEC77CU
Connecticut has an action level of 1000 ug/L and a Quantification !imit
of 2 jug/L for drinlrng water (3138, 3137).

DISTRICT OF COLUMBIA
The District of Columbia has a human health criterion of 1000 jug/L
for public water supply surface waters (3828).

NEW HAMPSHIRE
New Hampshire has set an enforceable Toxic Contaminant Level
(TCL) for toluene in drinking water &" I mg/L for a ten-day exposure
(ass-,me a child weighing 10 kg who drink:, one liter of water per day)
(3710).

NEW MEXICO
New Mexico has a water quality criterion of 750 Mg/L for toluene in
ground-water (3499).

NEW YORK
New York has an MCL of 5 gg/L for drinking water, and a non-
enforceable water quality guideline of 50 ug/L for surface and ground-
waters (3501).

OKLAHOMA
Oklahoma has a water quality standard of 0.5 ug/L for ground-water
(3534).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 635 ugtL
and a chronic guideline of 14 ;tg/L for the protection of aquatic life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

SOUTH DAKOTA
South Dakota requires toluene to be nondetectable, using designated
test methods, in ground-water (3671).
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Vermont has a preventive wt.c'- bh.n:t of 1.21 mg/L and an
enforcement standard of 2.41 ý&It "fw toluene in ground water (36R2),

VaSCONSIN
WLsconsin has a preventive action limit of 66.6 MgiL and an
enforcement standard of 343 ug/L for toluene in ground-water (3840).
Wisconsin also has set a human threshold criterion of 7.6 mg/I for
public water supply surface waters (3842).

Proposd Regulation~s
0 Federal Programs

Resource Conservation And REcoer, Act (RCRA)
EPA has proposed that solid wastes be listed as hazardous in that they
exhibit the characteristic defined as EP toxicity when the TCLP extract
concentration is equal to or greater than 14.4 mg/L toluene. Final
promulgation of this Toxicity Characteristic Rule i6 expected in Janc.
1969 (1565).

Sapfe Drinkint Water Act (SDWA)

EPA has proposed an MCL and MCLO of 2 mg/L for toluene (as v-ell
as Health Advisories). Final promulgation is expected in December,
1990 (3759).

0 State Water Programs

Are in the process of revising their water programs and proposing
changes in their regulations which will follow EPA's changes when they
become final. Contact with the State Ofw.crs is adviscd. Changes arc
projected for 1989.90 (3683).

Iowa has proposed acute criteria of 75W00 , gl for Class B (limited
resource warm water) surface waers and 2W IA g'. for all other Class
B surface waters. Iowa has also proposed chronic criteria of 150 IRL

for Cl&u B (limited resource warm water) surface waters, and .5o1) IA
for all other Class B surface waters. These criteria are for the
protection of aquatic life (3326).

KAMM
Kansas has proposed a water quality criterion of 2000 Ig/L for toluene
in ground-water (3213).

MINSOTA
Minnesota has proposed a Recommended Allowable Limit (RAL) o(
2420 u&gL for toluene in drinking water (3451). Minnesota has also
proposed a Sensitive Acute Limit (SAL) of 3044 ugt for surface
waters, and chronic criteria of 68 Ig..- for designated surface %alers
and 2420 &qiL for designated ground-waters. Thcse criteria arc for the
protect:on of human health (3452).
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Direct dicage into ground-water (i.c., wvIcLut pe'eolation through
the Drund or subsoil) of organotoamopen MoUMMAd arld substances

whic May form such compounds r.t vie aqua1ic t-,nrinent,
substances which possess carcinogu;ric, t,3utitgenic ir teratogenic
properties in or via the aquatic en-Orormvaent, andria iinaI oils and

byroc-arbons is prohibited. Appropniaze Measures 4ovned necessary to
prevent indicte discharge into ground -water (.e., "tt p.-rcolatxon
through ground or ;ubboiI) of these submtance'shail lc taken by
member countries.

Directive Relating to the Omas.idcation. Packaging and Jat.-liag,&f
P anecrous Prcparation.s (Solvents) (544)
Toluene is listed as a Class 11c harmful substance and is subject to

packaging ad labeling regulations.

DicieonDi n Dante-roui Wacse (542)
Any, installation, establishment, or undertaking which produces. hoslds
and'or d iposca of certain toxic and dangerous wastes including ')hcnols
and pherAl compounds; organic-halogen compounds, excluding iiscrt
polymeric materials and other substances referred to in this list or
covered by other Directives concerning the disposal of toxic and
dangerous waste chlorinated solvents; organic solventz. biocidcs and
phyto. pharmaceutical substances; ethers arid aromatic polycvclic
compounds (with carcinogc.,nic cifects) &hall keep a record of thc
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and site& used for disposing of such

Dirrtiv onthe Clasificalion. Packatine and Labeling of Dangcreus
3ac 787)

Tolt-cene is classified as a flammable, harmful substance and is subject
to packaging and labelingregulations. Toluene. may contain a stahl 11cr.
If the stabllierchns t e angernus, properties of this substance.
sunstance should be labeled in accordance with rules in Annex I and
EEC 88/490, 22 July M''8.

EEC Dir tive- Pror~o%4tAv'
Resolution on a Revised Uist of 5cco~nd-Categ-Pry Pollutants (545)
Toluene is one of the 5.econd-categorv po~llutants to be stLdied by the
CommLusion in the programme of a.':':n of the European C4omm~unitics

on Environment in order to redt!-.c r%)llution -md nu~intke, iii the air
ad water. Risk to humnan he:lt4O AnAi lhe eri.ironment, imit~s of[olstandards inteevioitv.addtemn~ o ult

sadrsto be applied wIl he amemced,
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19.1 MAJOR USES

Toluene is an important raw material for organic syntheses. It is used in the
production of benzene, benzyl chloride, benzoic acid, phenol, cresols, vinyl toluene,
TNT and toluene diisocyanatc. It is also used as a solvent for paints, rubber and
resins and as a component of motor and aviation fuels (206). Toluene may be
encountered as a relatively pure substance or it may be contaminated with as much as
25% benzene (206).

19.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS
I.

192.1 Transporn in SoWio -water Systems.

19.2.1.1 Overview

Toluene may move through the soil/ground.water system when present at low
concentrations (dissolved in water and sorbed on soil) or as a separate organic phase
(resulting from a spill of significant quantities of the chemical). In general, transport
pathways of low soil concentrations can be asLesscd by estimating equilibrium
partitioning, as shown in Table 19.1. These calculations predict the partitioning of
toluene among soil particles, soil water and soi[ air. The toluene associated with the
water and air phases of the soil is more mobile than the adsorbed compound.

The estimates for the unsaturatzd topsoil model indicate that nearly all of the
toluene (97%) is sorbed to the soil. A much smaller amount (2%) will be pretent in
the soil.water phase and can thus migrate by bulk transport (e.g.. the downward
movement of infiltrating water). dispersion and diffusion. For the portion of toluene
in thc gaseous phase of the soil (1.6%). diffusion through the soil-air pores up to the
ground surface, and subsequent removal by wind, will be a significant loss pathway.
There is no significant difference in the partitioning calculated for 25*C and 10rC.

In saturated, deep soils (containing no soil air and negligible soil organic carbon).
a murh higher fraction of the toluene (48%) is likely to be present in the soil-water
phase (Table 19-1) and transported with flowing ground-water.

Wilson et al. (82) investigated the transport and fate of toluene in solutions
applied to sandy sils. In a toil column receiving solutions with less thdn I mgt.
toluene, approximately 40-70% was• volatilized and 2-13% percolated through the soil
column with minimal retardation. Between 2060% was either degraded or not
.iccounted for in the study. The retardation factor for toluene in the soil columns
(i.e., interstitial water velocitylvelocity of toluene) was determined to be <2.
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Demirjian et al. (522) found that land trc:atment of sewage sludge containing
toluene (applied at 0.0092 kg toluene/ha) led to undetectable levels of the chemical
in the soil a! the end of the study. Volatilization was presumably an important
pathway. In a field study on the removal of organics from water by dune-infiltration
(using water from the Rhine River), Piet et al. (226) Wtually found increases in the
toluene concentration in the water after infiltration. While the reason. for the
increase is not known, and may have been due to some artifact of the study, the
results do indicate that toluene is easily transported by infiltrating water.

TABLE 19-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR

TOLUENE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each CcmPartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoil'",
at 25°C 96.5 i.9 1.6
at 100C 97.0 2.0 0.96

Saturated
deep soil' 52.1 47.9

a) Calculations based on Mackay's equilibrium partitioning model (34, 35. 36); see
Introduction for description of model and environmental conditions chosen to
represent an ursaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: K., - 259 (Estimated by Arthur D.
Little, Inc.)

c) Henry's law constant taken as 6.61E-03 atmn m'/mol at 25*C.(74), and 0.00385
atm. m'/mol at I0C [latter calculated using 250C/10'C ratio of H values from
Brown and Wasik (521)].

d) Used sorption coefficient (K,) calculated as a function of K.,
assuming 0.1% organic carbon: K, - 0.001 X K,

19 2.1.2 Sorption on Solk

The mobility of toluene in the soil/ground-water system (and its eventual
migration into aquifers) is strongly affected by the extent of its sorption on soil
particles. In general, sorption on soils is expected to: increase with increasing soil
organic matter content; increase slightly with decreasing temperature; incrcaoe
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moderately with increasing salinity of the soil water, and decrease moderately with
increasing dissolved organic matter content of the soil water.

Based upon its octanol-water partition coefficient of 537, the soil sorption
coefficient (KI) is estimated to be 259. This number is indicative of moderate
sorption to soils.

Nathwani et al. (523) found that toluene sorption on soils followed a Freundlich
isotherm in the concentration range of 1-100 mg/L. The typical Freundlich equations
for toluene sorption on various soils were:

(1) S - KC7 - 3.52CLm
Wendover silty clay (pH 5.4, 16.2% orianic matter)

(2) S - 2.69C"
Vandreil sandy loam (pH 5.1, 10% organic matter)

(3) s - 0.9C'"
Grimsby silt loam (pH 4.4, 1% organic matter)

where S - g.g toluene sorbed/g soil and
C - equilibrium solution concentration (mg/L).

1920.3 Volatilization from Soils

Transport of toluene vapors through the air-filled pores of unsaturated soils is an
important transport mechanism for near-surface soils. In general, important soil and
environmental properties influencing the rate of volatilization include soil porosity,
temperaturc, convection currents and barometric pressure changes; important
physico-chemical properties include the Henry's law constant, the vapor-soil sorption
coefficient, and, to a lesser extent, the vapor phase diffusion coefficient (31). The
studies of Wilson et al. (82) and Demiryian et al. (522) provide fairly strong evidcnce
that volatilization is an important lost mechanism for near surface soils. Sorption of
toluene vapors on the soil may slow the vapor phase transport: Politzki et al. (516)
have shown, for example, that the vapor pressure of toluene in the presence of (and
thus partially sorbed to) silica gel was decreased by a factor of almost 1E+04 from
the pure compound value.

The Henry's law constant (H), which provides an indication of a chemical's
tendency to volatilize from solution, increases significantly with increasing temperature
(28). Moderate increases in H are also expected with increasing salinity due to a
decrease in toluene's solubility (517).
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1922 Tramformation Processes in SolLround-watr Systema

The persistence of toluene in soil/ground-water systems is not well documented.
In most cases, it should be assumed that the chemical will persist for months to years
(or more). Toluene that has been released into the air will eventually undergo
photochemical oxidation; a tropospheric lfetime of 15 hours has been estimated (10).

Toluene under normal t:nvironmental conditions is not expected to undergo
hydrolysis (10, 33). Further, toluene is not expected to be susceptible tc' oxidation or
reduction reactions i the soil/ground-water environment.

Available data indicate that toluene is biodegradable in the soil/ground-water
environment (10, 5:4, 525, 236, 55, 519). A number of species of microorganisms are
capable of using toluaene as the sole carbon source. Toluene is easily degraded in
adaptable mixed cultures (55). However, in most soil/ground-water systems such
aerobic degradation would be of minimal importance because of the low
concentration of microorganisms (at depth) and the low dissolved oxygen (anaerobic)
conditions. No data are available on the susceptibility of toluene to anaerobic
biodegradation.

19.23 Primary Routes of E.xosure From SoilrGround-water Systems

The properties of toluene and the above discussion of fate pathways sugrcst that
toluene is highly volatile from aqueous solutions, moderately adsorbed by soil and has
a low po'cntial for bioaccumulation. This compound may volatilize from s.il surfaces:
however, the portion not removed by volatilization may eventually migrate tn ground-
water. These fate characteristics suggest several potential exposure pathways.

Volatilization of toluene from a disposal site, particularly during driliing or
restoration activities, could result in inhalation exposures. The potential for ground-
water contamination is high. particularly in sandy soil. Mitre (83) reportcd that
toluene has been found at 95 of the 546 National Priority List (NPL) sites. It was
detected at 74 sites in ground-water, 41 sites in surface water and 12 sites in air.

This compound was also reported in the USEPA (531) Ground-water Supply
Survey (GWSS). This survey examined 945 finished water supplies that use ground-
water sources. The results for toluene are summarized in the following table.

The random results are intended to statistically represent the U.S. ground-watcr
drinking water supplies. The non-random samples were chosen by the states as being
potentially contaminated. Toluene was also detected in the National Organic
Monitoring Survey (NOMS; (90).
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Msian
Occurrences* of Positives Maximum

Sam le T vg No. % (U e/I) (UgIL).
Random

Supplies serving <10,000 people
(280 samples) 4 1.4 0.62 0.85

Supplies serving >10,000 people 1.1
(186 samples) 2 1.1 2.6 2.9

Non-Random
Supplies serving <10,000 people

(321 samples) 4 1.2 0.67 0.79
Supplies serving >10,000 people

(158 samples) 1 0.6 1.5 1.5

"*Samples having levels over quantific.tion limit of 0.5 jgg/L.

The properties of toluene and the results described above indicate that this
compound has the potential for movement in soil/ground.water systems. This
compound may eventually reach surface waters by this mechanism, suggesting several
other exposure pathways:

* Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposure.

* Aquatic organisms residing in these waters may be consumed, also resulting in
ingestion exposures through bioaccumulation.

0 Recreational use of these waters may result in dermal exposures.

* Domestic animals may consume or be dermaily exposed to contaminated
ground or surface waters; the consumption of meats and poultry could then
result in ingestion exposures.

In general, exposures associated with surface water contamination cai; be.
expected to be lower than exposure from drinking' contaminated ground-w•ter for two
reasc rs. First, the Henry's law constant for toluene suggests that it will volatilize
upor, reaching surface waters. Secondly, the bioconcentration factor for this
compound is low, suggesting limited bioaccumulation in aquatic organisms or domestic
animals.

19.2.4 Other Sources of Exposure

Toluene is a widely used chemical, predominantly in gasoline, chemical synthesis
(benzene, phenol and others), and as a solvent. As a resilt of emissions during
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production, use, and disposal, and because of high volatility, toluene has become
pervasive in the environment.

The data presented above on the Ground-water Supply Survey (531) suggest that
toluene is found in a limited number of ground-water supplies used as drinking water.
Coniglio et al. (223), in a summary of data from SRI, NOMS and NORS, found that
toluene was detected at a frequency of 19.4% in finished surface water.

The volatility of toluene suggests that it may be found in air. Brodzinsky and
Singh (84) compiled all available atmospheric monitoring data for a number of
volatile organics. For toluene, they had data for 3498 locations. In rural and remote
areas, the median concentration was 2.5 pg/m'. In urban and suburban areas, the
median concentration was 41 Mg/m'. In source-dominated locations, the median
concentration was 17 pg/mn. These results indicate that individuals are exposed via
inhalation even in rural and remote areas.

Tcluene has also been identified in cigarette smoke. According to the NRC
(743), the average toluene exposure is 0.1 ing per cigarette. This route would likely
represent the greatest source of exposure for smokers.

19-3 HUMAN HEALTH CONSIDERATIONS

19.3.1 Animal Studies

19.3.1.1 Cardnogenicity

An increased incidence of neoplasms has been observed in rats and mice exposed
to toluene by dermal application and gavage; however, the evidence is insufficient to
determine the carcinogenic potential of toluene by these routes. Toluene applied to
the skin of mice for 1 year failed to clicit skin neoplasms or an increased frequency
of systemic tumors. However, it was not clear whether the toluene was allowed to
evaporate or was applied under an occlusive dressing (619). Skin cancers were
observed in 2 mice out of a group of 30 who were subjected to topical application of
16 to 20 pl of toluene twice weekly for 72 weeks (43). In a gavage study conducted
by Maltoni et al. (3423), 40 male and 40 female Sprague Dawley rats were given 500
mg/kg of toluene in olive oil 4 to 5 days/week for 2 years. Hemolymphoreticular
neoplasms were reported in 3 of 37 exposed males and in 7 of 40 exposed females
compared with 3 of 45 and 1 of 40 controls, respectively.

However, results from two long-term carcinogenicity studies indicate that toluene
is clearly not carcinogenic in rats and mice by inhalation at concentrations up to 1200
ppm. In an inhalation study conducted by Gibson and Hardisty (3245), no increased
incidence of neoplasms was observed in male and female Fischer 344 rats (120
animals/exposure group) following exposure to 30, 100, or 300 ppm of toluene, 6
hours/day, 5 days/week for 2 years. Results of a 2-year NTP inhalation
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carcinogenicity study indicated no evidence of carcinogenic activity in male and female
Fischer 344 rats exposed to toluene at concentrations of 600 and 1200 ppm (6.5
hours/day, 5 days/week) or in male and female B6C3F, mice exposed to toluene at
concentrations of 120, 600, or 1200 ppm (6.5 hours/day, 5 days/week) (3485).

19.3.1.2 Genotdcity

Cytogenetic data in lymphocytes of toluene-exposed workers are contradictory.
Bauchinger et al. (622) observed a statistically significant number of chromatid breaks,
exchanges and gaps among workers employed for 16 years in ., rotogravure plant.
Vapor concentrations ranged from 200-300 ppm. However, this data is questionable
because the investigators failed to separate the data from smokers and aonsmokers.
In a follow-up study, Schmid et al. (3622) examined the lymphocytes of these workers
after they had been in a toluene-free environment for a period of 4 months to 5
years. Chromatid aberrations were at a higher incidence compared with controls for
up to 2 years after cessation of exposure to toluene. After longer post-exposure
periods, aberrations yields were at background levels. Other investigators reported
negative results in chromosomal analysis of workers exposed to vapor concentrations
in the 7-200 ppm range (623, 724).

Toluene did not induce recessive lethals in germ cells of Drosophila melanogaster
males exposed to 500 or 1000 ppm by feeding for 24, hours nor did it induce
chromosomal aberrations in male Wistar rats exposed to 300 ppm by inhalation, 6
hr/day, 5 days/week for 15 weeks (624). Toluene was also negative in inducing
histidine reversions in the Salmonella/microsome assay with or without activation
(3276, 3233).

Conflicting results have been reported for the induction of micronuclei in hone
marrow cells of mice. Negative results were found with oral treatment of CD-I males
(3232) and of CD-1 maik and females (3233), but significant positive results were
observed when NMRI males were injected with toluene (3462, 3463). No chromo-
somal aberrations were observed in the study with oral treatment of male and female
mice (3233).

19.3.13 Teratogenicity, Embryotoxicity and Reproductive Effects

There are many recent studies in which toluene has been administered by
inhalation to pregnant test animals. Ghantous and Danielsson (3243) found toluene
levels in the fetal mouse much lower than levels in the maternal tissues. Ungvary
(3754) noted signs of skeletal retardation in offspring of pregnant rats exposed to
1000 mg/in'. Tests with mice resulted in weight reduction and skeletal retardation of
fetuses at this level but not at 500 mg/m' (3753). Their tests with pregnant rabbits
showed no statistically significant effect on the offspring at the 500 mg/m' level, but
1000 mg/m' caused spontaneous abortion. Courtney et al. (3143) administered
toluene at 1500 mg/m' to mice from days 6 to 16 of gestation and called it
teratogenic at that level due to a significant shift in the fetal rib profile. There also
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was increased body weight in the neonates on day I postpartum. Shigeta et al.
(3643) exposed rats to 100 ppm toluene from the 13th day of gestation to 48 days of
age. There were no effects on developmental signs of offspring, but in one group of
male offspring learning acquisition was slow.

Tested orally in pregnant mice, toluene doses of 0.3. 0.5 or 1.0 niL/kg caused
embryonic lethality, while reduction in fetal weight occurred in the two higher dose
g&:oups (3488). A statistically sinificant increase in the incidence of cleft palate
occurred at the 1.0 mLAg level. No fetotoxic effects of toluene were noted by oral
dosing of pregnant mice by Seidenberg et al. (3634) at 1,800 mg/kg/day or by Hardin
et al. (3271) at 3,000 mg/kg/day.

19.3.1.4 Other Tadw•k* Effects

19.3.1.4.1 Short-term Toxicity

The oral LD,, for rats is 5 g/kg (47). The minimum lethal vapor concentration
"for mice was found to be 5300 ppm in an 8-hour exposure (206). The inhalation
LC, -value for mice is 5320 ppm. 8hr (47). Dermal LD30 values of 12.1 and 14 g/kg
hive been reported for the rabbit (12,47).

Inhalation appears to be the most frequent and most important route of
exposure to toluene. Animal experiments indicate that the main toxic effects of acute
inhalation exposure are upon the central nervous system (CNS). This is not
surprising based on the high lipid solubility of toluene and the high lipid content of
the brain. Therefore, uptake in the various brain regions is widespread and
correlated with the total lipid content of each brain region. The CNS response is
biphasic. with an initial excitable phase followed by CNS depression. Hinman (3291)
reported that inhalation exposure to concentrations of 10,000 to 15,000 ppm for 60
minutes resulted in an initial increase in locomotor activity; however, with continued
c.xposure at these levels, locomotor activity decreased and eventually spontaneous
activity ceased.

Inhalation exposure to concentrvions ranging from 1000 to 2000 ppm can result
in instability, incoordination, light narcosis and tremors (206). Concentrations ranging
from 100 to 4000 ppm can produce effects on behavioral patterns and on the
electrical activity of the brain of rats. Rats exposed by inhalation to concentrations
of 1000, 2000, and 4000 ppm for 4 hours exhibited disturbed sleep-wake patterns
(3698). Concentrations ranging from 100 to 1000 ppm, 6 hours/day for 20 days
resulted in reduced wheel-turning activity in rats (3298). Ikeda and Miyake (3320)
found that learning was impaired in rats exposed to 4000 ppm of toluene, 2 hours/day
for 60 days.

Recent studies have found that toluene induces hearing loss in rats after
short-term, high-level inhalation exposures. Based on behavioral and
electrophysiologic changes, Pryor et al. (621) observed hearing loss in male Fischer
344 rats following three-day exposures to 1500 ppm for 14 hours daily or 2000 ppm
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for 8 hours daily. Single exposures to 4000 ppm for 4 hours or 2000 ppm for 8
hours were without effect. Exposure to vapor concentrations of 400-700 ppm were
without effect even after 16 weeks of exposure (621). Johnson et al. (3342) also
observed high-frequency auditory impairment in rats following inhalation exposure to
1000 ppm of toluene, 16 hours/day, 5 days/week for 2 weeks. The authors suggested
that the major cause of the impairment was cochlear damage. This is supported by
data from an oral gavage study in which Fischer 344 and Sprague Dawley rats were
provided 620 mg/kg of toluene once per day for 4 weeks. In this study, hearing loss
resulted from damage to the outer hair cells of the inner ear (3691).

Other toxicological effects have been observed following short-term inhalation
exposure to toluene, with the primary target organs being the kidney, brain, and lung.
Concentrations of 200 and 5000 ppm, 7 hours/day, 5 days/week for 5 to 15 weeks
resulted in decreased leukocyte counts, pulmonary lesios, and casts in renal tubules
in the kidneys of rats. Increased mortality was observed in the 5000 ppm dose-group
(3820). von Oettingen et al. also observed similar effects in dogs exposed by
inhalation to 200 to 600 ppm, 8 hours/day for 20 days, followed by exposure at 7
hours/day for 5 days, and then 850 ppm for 1 hour. The effects included appreciable
fat in the convoluted tubules and hyaline casts in the collecting tubules of the kidneys
and congestion in the lungs. In male Sprague-Dawley rats and ICR mice, reduced
body weight gain and depression of kidney, brain, and lung weights were observed
following intermittent inhalation exposure to 12,000 ppm of toluene. Rats and mice
were exposed to 7 daily consecutive cycles of 10 minutes of 12,000 ppm of toluene
followed by 20 minutes of toluene-free recovery 5 days/week for 8 weeks (3085).
Kyrkiund et al. (3386) also observed decreased body weights and decreased weight of
the whole brain and the cerebral cortex in male Sprague Dawley rats following
continuous inhalation exposure to 320 ppm opf toluene for 30 days.

When instilled into rabbit eyes, toluene causes transient conjunctival irritation
(19). A single application of 0.005 mL of toluene, in excess of 15 percent, produced
severe ocular irritation when instilled into the cornea of albino rabbits (3102);
however, no reports of corneal damage in animals have beet, found (206).

Guillot et al. (3256) found that 0.5 mL of undiluted toluene applied to intact and
abraided skin of male albino rabbits for 24 hours produced moderate skin irritation.

193.1.4.2 Chronic Toxicity

Information on the effects of oral exposure to toluene are limited. Rats given
oral doses of 118 to 4% mg/kg/day for 193 days exhibited no effects (210). In a 13-
week study ;n which Fischer 344 rats and B6C3F, mice were given 0, 312, 625, 1250,
2500, or 5000 mg/kg of toluene in corn oil by gavage (5 days/week), adverse effects
were observed at the three highest doses (3485). All rats and mice receiving 5000
mg/kg died during the first week of the study. Relative liver, kidney (rats only), and
heart (female rats only) weights were increased at the highest dose, and necrosis of
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the brain and hemorrhage of the urinary bladder occurred with increased incidcJnce in
dosed rats at 1250 and 2500 ppm.

Similar effects were observed in the same strains of rats and mice following
inhalation exposurc to 1250, 2500, and 3000 ppm of toluene, 6.5 hours/day, 5
days/week for 14 (mice) to 15 (rats) weeks (3485). Eight of 10 male rats, 5 of 10
male mice, and all female mice exposed to 3000 ppm died during week 2 of the
study;, mean body weights were decreased; and relative liver, kidney, lung (mice only),
and heart (rats only) we;3 hts were increased compared with controls in rats following
exposure to 2500 and 3000 ppm and in mice exposed to 1250, 2500, and 3000 ppm.
Centrilobular hypertrophy of the liver was observedi in male mice at the two highest
concentrations. Matsumoto et al. (3434) also observed increased liver, kidney, and
heart weights in DONRYU male rats exposed by inhalation to 2000 ppm of toluene
for 18 Weeks. These investigators also observed hyaline droplets in the renal tubular
epithelium of DONRYU male rats exposed to 100, 200, or 2000 ppm of toluene, 6
days/week for 43 weeks. However, the significance of this finding is questionable due
to the uncertainty concerning the length of time from the last exposure to the time
of killing of the test animals.

In 15-month and 2-year inhalation studies conducted by NTP (3485) to determine
the carcinogenicity of toluene, nonneoplastic lesions of the respiratory tract were
observed in Fischer 344 rats exposed to 600 or 1200 ppm of toluene, 6.5 hours/day, 5
days/week. At 15 months, degeneration of olfactory and respiratory epithelium and
goblet cell hyperplasia were increased in exposed rats. At 2 years, erosion of the
olfactory epithelium and degeneration of respiratory epithelium were significantly
increased in both sexes. Inflammation of nasal mucosa and metaplasia of olfactory
epithelium were significantly increased in exposed female rats. In addition, B6C3F,
mice exposed to 1200 ppm of toluene, 6.5 hours/day. 5 days/week exhibited minimal
hyperplasia of bronchial epithelium. No other biologically important increases in
nonneoplastic lesions wer'e observed in exposed mice. The lesions observed in this
study were of mild severity and are not unusual with solvent exposures.

Se-eral investigators have observed no histopathologic or hematologic effects in
rats (various strains), guinea pigs, dogs and primates exposed by inhalation to
concentrations of toluene ranging from 103 to 1481 ppm, 6-8 hours/day, 5 days/week
for 90-180 days. (3339, 3243, 3022)

19-3.2 Human and Epidemiologic Studies

19321 Short-term Toxicologic Effects

No reports involving human ingestion of toluene were found. The primary
hazard associated with acute inhalation exposure to high levels of toluene is CNS
depression (207). Controlled exposure of human subjects to 200 ppm (750 mg/mr)
for 8 hours produced mild f~tigue, weakness, confusion, lacrimation and tingling of
the skin. At 600 ppm, additional effects including euphoria, headache, dizziness,
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dilated pupils, convulsions and nausea became evident. After 8 hours at 800 ppm,
symptoms were more pronounced; after-effects included nervousness, muscular fatigue
and insomnia persisting for several days (46). Exposure to very high concentrations
(10,000 to 30,000 ppm) could lead to narcosis and death (3850).

Toluene is frequently used as a solvent of abuse due to the euphorn and
inebritztion-like symptoms associated with inhalation of its vapors either from paint or
glue or in its pure form. Exposure levels in these cases havc been estimated to be as
high as 5000 ppm (12). Long-term abuse of toluene (3 to 15 years) has r-zsulted in
emotional and intellectual disturbances as well as central nervous system impairment
(70). Symptoms include tremors, weakness, diminished reflexes, sensory loss, visual
impairment (204), cerebe'!ir dysfunction (3222), and brain atrophy (3620). Other
complaints involve gastrointestinal disorders (17). Several deaths due to toluene
abuse have been reported. Although most have been attributed to cardiac
arrhythmias or asphyxiation, a recent case report of toluene abuse attributed death to
severe fluid volume depletion and electrolyte abnormalities (decreased serum
potassium, calcium and phosphorus) (205). These effects result from long-term,
high-level inhalation efxposures. Information concerning the effects of toluene abuse
on the kidney are conflicting. Several investigators, including Patel and Benjamin
(3555), have reported cases of severe distal renal tubular acidosis followirng abusive
exposure to toluene-containing solvents. However, most persons exhibiting signs of
renal damage from toluene sniffing are also exposed to other solvents, and therefore
the effect cannot be clearly attributed to toluene alone.

Impairment of reaction time was observed in humans after 20 minutes exposure
to 300 ppm (1125 mg/mr) and after 7 hours exposure to 200 ppm (750 mg/m') (70,
206).

Grant (19) reports that eye irritation is noticeable at vapor levels of 300 to 400
ppm. Toluene splashed in the eyes of workers resulted in transient corneal damage
and conjunctival irritation from which they recovered within 48 hours (19).

Prolonged or repeated skin contact may cause drying and dermatitis. For liquid
toluene, the rate of percutaneous absorption ranges from 14 to 23 mg/m' per hour
(206). Dermal absorption of the vapor is negligible (70).

193.2.2 Chronic Toxicologic Effects

The industrial experience with toluene has generally been good. In one study,
occupational exposure to vapor concentrations ranging from 86 to 160 ppm produced
no changes in the blood or liver of workers exposed for "several years." One worker
exposed to mean vapor levels of 250 ppm experienced conjunctival irritation,
insomnia, and nervousness (625). Hepatomegaly (liver enlargement) has been
observed in workers following occupational exposure (2 to 14 years) to toluene at
concentrations ranging from 53 to 1115 ppm (3254, 3696). However, no pathological
changes occurred in the liver and no clinical signs of liver dysfunction were observed
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in any of the workers. Other early studies also implicated toluerne as the czuse of
various blood disorders. The current view iN that these effects were entirely
attributable to benzenc contamination (206).

19.3.Z3 Tenogencity, Embrvozidty Reproductive Effects

Recreational toluene sniffing by 3 pregnant women resulted in the birth of babies
with microcephaly, central nervous system dysfunction, and minor craniofacial and
limb abnormalities (3288). Syrovadko (3618) found a higher incidence of low birth
weight in the offspring of women working with organosilicon varnishes containing
toluene. Exposure averaged 55 ppm. There was no detectable effect on fertility,
ccurse of pregnancy, and perinatal mortality. Heath (3282) conducted a study at
Love Canal in New York, an area contaminated with toluene and other chemicals.
No clear increased incidence of abortion, birth defects, or low infant birth weight was
observed in women living next to the Canal.

19.3.3.3 LV Of Concern

The USEPA (355) has established an ambient water quality criterion for the
protection of human health for'toluene of 14.3 mg/!. This criterion was developed
based on the no-observed-effect level of 590 mg/kg/day for rats ingesting toluene for
193 days (210), an uncertainty factor of 1000. 100% absorption, a bioconcentration
factor of 10.7 for fish and the assumption the two liters of drinking water and 6.5 g
of contaminated fish are consumed by a 70-kg adult per day. A MCL(' and MCL of
2 mgfL for toluene in drinking water has been proposed by the USEPA (3883).

A reference dose of 300 ug/kg/day has been derived for toluene (3744).

OSHA (3539) permits exposure to 100 ppm (375 mg/m') averaged over an
8-hour work-shift, with a short-term exposre limit (STEL) of 150 ppm for 15 minuies.
The ACGIH (3005) recommends a threshold limit value of 100 ppm (375 mg/mr),
with a short-term exposure limit of 150 ppm.

19.3.3.4 Hazard Assessment

Toluene acts primarily on the central nervous system. Uptake in the various
brain regions is widespread due to the high lipid solubility of toluene and the high
lipid content of the brain. CNS effects are noted with high acute inhalation
exposures (>1000 ppm) in experimental animais (206). A recent report (621) has
also linked hearing loss in rats to high-level toluene exposures (e.g., 1500 ppm, 14
hr/day for 3 days). Rats and dogs exposed to concentrations ranging from 200 to
5000 ppm for 5 to 15 weeks have also exhibited renal effects and pulmonary lesions
(3820). Chronic inhalation exposure (15 months to 2 years) to 600 or 1200 ppm has
resulted in lesions in the respiratory tract of rats and mice (3485). Ingestion of 590
mg/kg/day for 7 months produced no effects in rats (2101; however, rats given 1250 or
5000 mg/kg by gavage for 13 weeks exhibited weight increases in the liver and kidney
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at the high dose and necrosis of the brain at both dose (3485). No human ingestion
data were found. Chronic abusive inhalation (3 to 15 years) of toluene vapors by
humans produces CNS impairment and emotional and intellectual disturbances (70).

Results of an NTP (3485) carcinogenicity study indicate that toluene exhibits no
evidence of carcinogenic activity in F344 rats and B6C3F, mice via inhalation at
concentrations of 600 or 1200 ppm for rats and 120, 600, or 1200 ppm for mice.

Toluene has been inadequately tested to permit assessment of its carcinogenic
potential via the dermal or oral route. Cytogenetic data in lymphocytes of toluene-
exposed workers are contradictory (623, 724, 3622). Conflicting results have been
reported in the micronucleus test in mice (3462, 3232. 3463). Negative genotoric
effects have been reported for bacteria (3675, 3276), a rat chromosomal study, and a
test in Drosojhila (624). One study noted an increased incidence of cleft palate in
mice, given I mLAg toluene by gavage during gestation (620). No teratogenic effccts
were observed in either rats or mice exposed to 375.400 ppm by inhalation (53).

The USEPA has estimated an acceptable daily intake of 30 mg of toluene per
day for a 70-kg individual based on a no-effect-level in rats ingesting toluene for 7
months (670). Toluene exposure should be avoided by pregnant *omen because of
possible teratogenic and embryotoxic ef'ects.

19.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of toluenC concentrations in soil and water requires collection of a
representative field sample and laboratory analysis. Due to the volatility of toluene.
care is required to prevent losses during sample collection and storage. By EPA
protoculs, soil and water samples should be completed within 14 days of sampling.
However, recent studies (34.30) show large losses of volatiles from soil handling. At
the present. the best procedure is to collect the needed sample in an EPA VOA vial,
seal with a foil-lined septum cap. and analy',ye the entire contents in the vial using a
modified purge and trap apparatus. In addition to the targeted samples, quality
control samples, such as fieid blanks, duplicates, and spiked matricer, may he specified
in the recommended methods.

EPA-approved procedu.res for the analysis of toluene. one of the EPA priority
pollutants, in aqueous samples include EPA Methods 602. 624. and 1624 (65, AB).
An inert gas is bubbled through the aqueous sample in a purging chamber at ambient
temperature, transferring the toluene from the aqueous phase to the Valpr phase and
into a sorhent trap. The trap is then heated and backflushed to desorb the toluene
and transfer it into a gas chromatographic (GC) packed column. The GC column is
temperature programmed to separate the volatile organics; toluene is then detected
with a photo-ionizitic.n detector (Method 602) or a mass spectrometer (Methods 624
and 1624). Recently introduced wide bore capillary columns show corsiderable
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promise for increasing the performance of the gas chromatographic analysis. (3402,
3184)

The EPA procedures recommended for toluene analysis in sodl and waste
samples, Methods 8020 and 8240 (63), differ from the aqueous procedures primarily
in the method by which the analyte is introduced into the trap. The recommended
method 5030 for low level samples (<1 mg/kg) involves dispersing the soil or waste
sample in water and purging in a heated purge and trap apparatus. The trap is
desorbed and analyzed for toluere as described above.

Other sample introduction techniques include direct injection and a headspace
method (3355, 3660, 3570). EPA SW-846 Method 3310 (63) describes a generic
beadspace procedure. In analy' -s for toluene, a water (3184) or soil sample
(suspended in aqueous solution (3355, 3660) or organic v)lvent (3570) is transferred
into a sealed vial that is |iaced in a thermostatted bath. After an equilibration
period, an aliquot of the headspace vapor in the vial is taken (e.g., by gas-tight
syringe) for toluene analysis using GC and the flame ;,anization detector. Far-ultra-
violet laser-induced fluorescence has slso been used to detect 'environmentally
significant* level of toluene in ground water (3128). This method allows
determinations to be trade remotely by using a fiber-optic probe.

Typical toluene detection limits that can be obtained in watenr and nonaqueous
samples (wastes, soils. etc.) are shown below. The actual detection limit achieved in
a given analysis will vary with instrument sensitivity and matrix effects.

Mugu Detecion LiMit Nonagueout Detection Limit

0.2 ug/L (Method 602) 2 dig/k (Method 8020 with purge and trap)
6,0 ;AgL (Mcthod 624) 0.142 eg/g (3355)
6.0 jgtL (Mcthod 624) 5 usg/kg (Method 8240)
10 Mg/L (Method 1624)
10 Mg/L (3355)
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COMrMON CAS REG.NO: FORMULA- AIR WN CONVERSION
SYNONYMS: 100-41-4 CH, FACTORS at 259C (12)

Ethyl Benzene NIOSH NO,
Ethy Benzol DA0700000 4.34 mg/rm 0 1 ppm

EB MmU r CH2CH 0.2304 ppm w I mg/mr

MOLECULAR WEIGHT:
106.16

f Ethyl benzene may generate heat, react vigorously, and
REACTIVITY possibly ignite or explode in contact with oxidizing mineral

acids or other strong oxidizing agents (507, 51, 54, 511).

0 Physical State: Liquid (at 20*C) (23)
* Color: Colorless (23)
* Odor: Sweet, gasoline-like (59)
0 Odor Threshold: 2.300 ppm (384)
* Density: 0.8670 g/mL (at 20"C) (23)
* Freeze/Melt Point: -95.000C (23)
* Boiling Point: 136.19*C (21)
* Flash Point: 15.00*C closed cup (23)
0 Flammable Limits: 1.00 to 6.70%

by volume (51,504,506)
PHYSICO- 0 Autoignition Temp.: 432.('C
CHEMICAL (504,506.510)

DATA * Vapor Pressure: 7.00 mm Hg
(at 20-C) (67)

* Satd. Conc. in Air: 4.OOOOE+04
mg/m' (at 20'C) (67)

* Solubility in Water: 1.52E+02 mg/L
(at 20'C) (67)

* Viscosity: 0.640 cp (at 25°C) (599)
* Surface Tension: 3.1500E+01

dyne/cm (at 200C) (21)
* Log (Octanol-Water

Partition Coeff.): 3.15 (29)
* Soil Adsorp. Coeff.: 6.81E+02 (652)
0 Henry's Law Const.: 7.90E-03

atm. m'/mol (at 25°C) (74)
* Bioconc. Factor: 6.80E+01 (estim),

9.50E+01 (estim) (659.211)
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Somewhat mobile in soil-water systems, especially in
aqueous phase if sufficient water is present. Volatiliza-

PERSISTENCE tion losses through air-filled pores may be a minor loss
IN THE SOIL- pathway. Chemical is resistant to hydrolysis, but will

WATER probably biodegrade easily if microbiological populations
SYSTEM are sufficiently numerous and active. May persist for

months to years (or more) if biodegradation is not
possile.

The primary pathway of concern from a soil-water
PATHWAYS system is the migration of ethyl benzene to groundwater

OF drinking water supplies. It is commonly found in ground
EXPOSURE water at NPL sites, illustrating the importance of this

pathway. Inhalation from surface soils may also be
important.

Signs and Symptoms of Short-term Human Exposure:
(38, 54'
Ethyl benzene primarily causes irritation of the eyes,
nose, throat and skin. Irritating effects are more pro-
nounced at higher concentrations. Narcosis can occur
with very high concentrations; dizziness, drowsiness and
weakness may occur. Prolonged or repeated skin contact
with the liquid is defatting and may cause dermatitis.

,HEALTH Acute Toxicity Studies: (3504)
HAZARD
DATA INHALATION:

LCt,., 4000 ppm 4 hr Rat

ORAL:
LD,. 3500 mg/kg Rat

SKIN:
LD. 500W mg/g Rabbit
LD. 17800 ,ng/kg Rabbit
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Long-Term Effects: Limited data suggest possible liver
and kidney iniury

HEALTH Pregnancv/Neonate Data: Teratogenic at high levels
HAZARD Genotoxicit Data: Negative
DATA Carcinogenicity Classification:

(Cont.) IARC - No data
,ITP - Study in progress

EPA - Group D (not classifiable as to human
carcinogenicity)

Handle chemical only with adequate ventilation 0 Vapor
concentrations of 100-1000 ppm: chemical cartridge
respirator with full facepiece and organic vapor canister

HANDLING * 1000-2000 ppm: any supplied-air respirator or
PRECAUTIONS self-contained breathing apparatus with full facepiece;

(38) gas mask with organic vapor canister @ Chemical goggles
if there is probability of eye contact .Impervious
clothing and gloves should be used to prevent repeated
or prolonged skin contact with liquid.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND CRITERIA

AIR EXPOSURE LIMITS:

Standards
* OSHA TWA (8-hr): 100 ppm: STEL (15-min): 125 ppm
0 AFOSH PEL (8-hr TWA): 100 ppm; STEL (15-min): 125 ppm

Criteria
* NIOSH IDLH (30-min): 2000 ppm
• ACGIH TLV® (8-hr TWA): 100 ppm
0 ACGIH STEL (15-min): 125 ppm
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA (Cot.)

WATER EXPOSURE LIMITS:

Drinking Water Standards (3883)
MCLG: 700 Mg/L (proposed)
MCL : 700 #ig/L (proposed)

EPA Health Advisories and Cancer Risk Levels (3977)
The EPA has developed the following Health Advisories which provide specific
advice on the levels of contaminants in drinking water at which adverse health
effects would not be anticipated.

1-day (child): 30 mg/L
10-day (child): 3 mg/L
longer-term (child): I mg/L
longer-term (adult): 3 mg/L
lifetime (adult): 0.7 mg/L

WHO Drinkinz Water Guideline
No information available.

EPA Ambient Water Quality Criteria
* Human Health (355)

Based on ingestion of contaminated water and aquatic organisms, 1.4
mg/L. Based on ingestion of contaminated aquatic organisms only, 3.28
mgL.

0 Aquatic Life (355)
Freshwater species
acute toxicity:
no criterion, but lowest effect level occurs at 32,000 i#g/L

chronic toxicity:
no criterion established due to insufficient data.

Saltwater species
scute toxicity:
no criterion, but lowest effect level occurs at 430 Ag/L.

chronic toxicity:
no criterion established due to insufficient data.

EEFERENCE DOSES: (3744)
ORAL: L.0OOE-01 mg/kg/day
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REGULATORY STATUS (as of 01-MAR-89)

Promulgated Regulations
0 Federal Programs

,Clean Water Act (CWA)
Ethyl benzene is designated a hazardous substance under CWA. It has
a reportable quantity (RQ) limit of 454 kg (347, 3764). It is also listed
as a toxic pollutant, subject to general pretreatment regulations for
new and existing sources, and effluent standards and guidelines (351,
3763). Effluent limitations specific to this chemical have been set in
the following point source categories: electroplating (3767), organic
chemicals, plastics, and synthetic fibers (3777), and steam electric
power generating (3802). Limitations vary depending on the type of
plant and industry.

Safe rinking Water Act (SDWA)
EPA lists ethyl benzene as an unregulated contaminant requiring
monitoring in all community water systems and non-community
non-transient water systems (3771). In states with an approved
Underground Injection Control program, a permit is required for the
injection of ethyl benzene-containing wastes designated as hazardous
under RCRA (295).

Besource Conservation and Recovery Act (RCRA)
EPA lists spent solvent mixtures containing 10% or more ethyl
benzene as non-specific sources of ignitable, toxic hazardous wastes
(325). Effective November 8, 1988, land disposal of spent solvent
wastes containing 10% or more ethyl benzene is prohibited. Certain
variances exist until May, 1990 for some wastewaters, nonwastewaters,
and contaminated soils for which Best' Demonstrated Available
Technology (BDAT) treatment standards have not been promulgated
by EPA (3786). Ethyl benzene is included on EPA's ground-water
monitoring list. EPA requires that all hazardous waste treatment,
storige, and disposal facilities monitor their ground-water for chemicals
on this list when suspected contamination is first detected and annually
thereafter (3775).

Toxic Substances Control Act (TSCA)
Manufacturers, processors or distributors of ethyl benzene must report
production, usage and disposal information to EPA (334). They and
others who possess health and safety studies on ethyl benzene must
submit them to EPA (3789).

B
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Comprehensive Elnvironmental Response Compensation and Liability
A&I (CERCLA)
Ethyl benzene is designated a hazardous substance under CERCLA. It
has a reportable quantity (RQ) limit of 454 kg. Reportable quantities
have also been issued for RCRA hazardous waste streams containing
ethyl benzene but these depend upon theconcentration of 'the
chemicals present in the waste stream (3766). Under SARA Title Ill
Section 313, manufacturers, processors, importers, and users of ethyl
benzene must report annually to EPA and state officials their releases
of this chemical to the environment (3787).

Occupational Safety and Health Act (OSHA)
Employee exposure to ethyl benzene in any 8-hour work-shift of a
40-hour work-week shall not exceed an 8-hour time- weighted average
(TWA) of 100 ppm or a 15-minute short-term exposure limit (STEL)
in any 8-hour work-day of 125 ppm (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated ethyl benzene as a
hazardous material with a reportable quantity of 454 kg, subject to
requirements for packaging,labeling and transportation (3180).

0 State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

CALIFORNIA
California has set an MCL arid an action level of 680 Aig/L for
drinking water (3096, 3098).

CONNECTICU
Connecticut has set a quantification limit of 2 Isg/L for ethyl benzene
in drinking water (3137).

NEW MEXICO
New Mexico has a human health criterion of 0.75 mg/L for ground-
water (3499).

NEW YORK
New York has set an MCL of 5 ug/L for drinking water, and a
nonenforceable water quality guideline of 50 Mg/L for surface and
ground-waters (3501).

OKLAHOMA
Oklahoma has a water quality criterion of 0.4 p&g/L for ground-water
(3;34).
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RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 1600 1g/L
and a chronic guideline of 36 ug/L for the protection of aquatic life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

SOUTH DAKOTA
South Dakota requires that ethylbenzene be nondetectable, using
designated test methods, in ground-water (3671).

YERMON
Vermont has a preventive action limit of 340 #g/L and an
enforcement standard of 680 ;Ag/L for ground-water (3682).

WISCONSIN
Wisconsin has a preventive action limit of 272 pg/L and an
enforcement standard of .1360 Ag/fL for ground-water (3840).

Proposed Regulations
"* Federal Programs

Safe Drinking Water Act (SDWA)
EPA proposed an MCL and MCLG of 0.7 mg/L for ethyl benzene in
May, 1989, with final action scheduled for December, 1990 (3759).

"* State Water Programs
MOST STATES
Most states are in the process of revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with the state officers is advised.
Changes are projected for 1989-90 (3683).

KANSAS
Kansas has proposed a water quality standard of 680 pg/L for ethyl
benzene in ground-water (3213).

MINNESOTA
Minnesota has proposed a Recommended Allowable Limit (RAL) of
680 Mg/L for drinking water (3451). Minnesota has also proposed a
Sensitive Acute Limit (SAL) of 7867 A*g/L for surface waters, and
chronic criteria of 680 ug/L for designated ground-waters and 175 ugfL
for designated surface waters. These criteria are for the protection of
human health (3452).

J
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[EEC Directives
Directive on Ground-Water (538)
Direct discharge into ground-water(i.e., without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic
properties in or via the aquatic environment, and mineral oils a'd
hydrocarbons is prohibited. Appropriate measures deemed necessary
to prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.

Directive Relating to the Classification, Packaging and Labeling of
Dangerous Prenarations (Solvents) (544)
Ethyl benzene is listed as a Class I1/c harmful substance and is
subject to packaging and labeling regulations.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including
"phenols and phenol compounds; organic-halogen compounds,
excluding inert poly-meric materials and other substances referred to
"in this list or covered by other Directives concerning the disposal of
toxic and dangerous waste; chlorinated solvents; organic solvents;
biocides and phyto-pharmaceutical substances; ethers and aromatic
polycyclic compounds (with carcinogenic effects) shall keep a record
of the quantity, nature, physical and chemical characteristics and
origin of such waste, and of the methods and sites used for disposing
of such waste.

Directive on the Classification. Packaging and Labeling of
Dangerous Substances (787)
Ethyl benzene is classified as a harmful substance and is subject to
packaging and labeling regulations.

EEC Directive-Proposed Resolution
Resolution on a Revised List of Second-Category Pollutant! (545)
Ethylene benzene is one of the second-category pollutants to be
studied by the Commission in the programme of action of the
European Communities on '_nvironment in order to reduce pollution
and nuisances in the air a d water. Risk to human health and the
environment, limits of p ,iutant levels in the ervironment, and
determination of quail y standards to be applied will be assessed.
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20.1 MAJOR USES

The major application of ethyl benzene is as an intermediate in the production
of styrene. It is also used in the manufacture of cellulose acetate and synthetic
rubber. Significant quantities are consumed in connection with xylene, which may
contain as much as 20% ethyl benzene as a solvent or diluent. These xylene/ethyl
benzene mixtures are used as diluents in the paint industry, in agricultural sprays for
insecticides and in gasoline blends (54, 21).

20.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

20.2.1 Transport in SoW3round-water Systems

20.Z1.1 Overview

Ethyl benzene may move through the soiL'ground-water system when present at
low concentrations (dissolved in water and sorbed on soil) or as a separate organic
phase (resulting from a spill of significant quantities of the chemical). In general,
transport pathways for low soil concentrations can be asessed by using an equilibrium
partitioning model, as shown in Table 20-1. These calculations predict the partition-
ing of ethyl benzene among soil particles, soil water and soil air. Ethyl benzene
associated with the water and air phases of the soil is more mobile than the adsorbed
portion.

The estimates for the unsaturated topsoil model indicate that nearly all of the
ethyl benzene (98%) is sorbed to the soil. A much smaller amount (0.75%) is
expected to be present in the soil-water phase and can thus migrate by bulk transport
(e.g., the downward movement of infiltrating water), dispersion and diffusion. For the
portion of ethyl benzene in the gaseous phase of the soil (0.7%), diffusion through
the soil-air pores up to the ground surface, and subsequ~ent removal by wind, will be
a significant loss pathway. There is no significant difference in the partitioning
calculated for 25°C and 10"C.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of the ethyl benzene (26%) is likely to be present in the
soil-water phase (Table 20-1,) and transported with flowing ground-water.
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TABLE 2i5-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR ETHYL BENZENE

IN MODEL ENVIRONMENTS3

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment soil Soil-Water Soil-Air

Unsaturated
topsoilk
at 256C 98.5 0.75 0.74
at 10"C 98.8 0.76 0.42

Saturated
deep soil' 74.1 25.9

a) Calculations based on Mackay's equilibrium partitioning model (34,35,36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: K,. = 681 (Estimated by Arthur D.
Little, Inc.)

c) Henry's law constant taken as 0.00790 atm. m'/mol at 25°C (74), and 0.00430
atm. m'/mol at 10*C (latter calculated using 25°C/10"C ratio of H values from
Brown and Wasik (521)).

d) Used sorption coefficient (K,) calculated as a function of K, assuming 0.1%
organic carbon: K, = 0.001 x K,

20.21.2 Sorption on Soils

The mobility of ethyl benzene in the soil/ground-water system (and its eventual
migration into aquifers) is strongly affected by the extent of its sorption on soii
particles. In general, sorption on soils is expected to:

- increase with increasing soil organic matter conter.;
- increase slightly with decreasing temperature;
- increase moderately with increasing salinity of the soil water; and
- decrease moderately with increasing dissolved organic matter content of the

soil water.

Based upon its octanol-water partition coefficient of 1410, the soil sorption
coefficient (Kj) is estimated to be 681. This number is indicative of a moderate soil
sorption potential.

p "
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2.2.13 Volatiliztion from Sois

Transport of ethyl benzene vapors through the air-filled pores of unsaturated
soils is an important transport mechanism for near-surface soils. In general, impor-
tant soid and environmental properties influencing the rate of volatilization include
soil porosity, temperature, convection currents and barometric pressure changes;
important phy:icochemical properties include the Henry's law constant, the vapor-soil
sorption coefficient, and, to a lesser extent, the vapor phase diffusion coefficient (31).
No data are available from laboratory or field studies to indicate the actual rate of
volatilization, but the rate should not be much different than for toluene (see
Chapter 19).

The Henry's law constant (H), which provides an indication of a chemical's
tendency to volatilize from solution, is expected to increase significantly with increas-
ing temperature. Moderate increases in H are also expected with increasing salinity
due to a decrease in ethyl benzene's solubility (517).

202 Transformation Processes in Soil/round-water Systems

The persistence of ethyl benzene in soil/ground-water systems has not been
studied. In most cases, it should be assumed that the chemical will persist for months
to years (or more).

Ethyl benzene that has been released into the air will eventually undergo
photochemical oxidation; an estimated tropospheric lifetime of 15 hours has been
reported (10). Ethyl benzene under normal environmental conditions is not expected
to undergo hydrolysis (10, 32).

The available data indicate that ethyl benzene would be biodegradable in the
soil/ground-water environment (10, 55). Some species of soil bacteria are capable of
using ethyl benzene as the sole carbon source. The data from Tabak et al. (55)
indicate that the chemical would be fairly easily biodegraded in a biological waste-
water treatment plant. However, in most soil/ground-water systems, the concentration
of microorganisms capable of biodegrading chemicals such as ethyl benzene, is very
low and drops off sharply with increasing depth. Thus, biodegradation in the
soil/ground-water system should be assumed to be of minimal importance except,
perhaps, in landfills with active microbiological populations.

202-3 Primary Routes of Exposure From Soil/Ground-water Systems

The properties of ethyl benzene and the above discussion of fate pathways
suggest that ethyl benzene is highly volatile in aqueous solutions, may be moderately
adsorbed by soil and has a moderate potential for bioaccumulation. This compound
may volatilize from soil surfaces. The portion of the compound not removed by
volatilization may be adsorbed, but some of the ethyl bcnzene may migrate to ground-
water. These fate characteristics suggýst several potential exposure pathways.

4/
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Volatilization of ethyl benzene from a disposal site, particularly during drilling or
restoration activities, could result in inhalation exposures. In addition, the potential
for ground-water contamination is high, particularly in sandy soils. Mitre (1983)
reported that ethyl benzene has been found at 47 of 546 National Priority List (NPL)
sites. It was detected at 32 sites in ground-water, 13 sites in surface water and 7 sites
in air.

This compound was elso reported in the USEPA (531) Ground-water Supply
Survey (GWSS). This survey examined 945 finished water supplies that use ground-
water sources. The results for ethyl benzene are shown below:

Median
Occurrences* of Positives Maximum'

Sample TyWe No % (Un/U fur-1L
Random

Supplies serving
<10,000 people (280 samples) 2 0.7 0.94 1.1

Supplies serving
>10,000 people (186 samples) 1 0.5 0.74 0.74

Non-Random
Supplies serving

<10,000 people (321 samples) 5 1.6 1.6 .12.0
Supplies serving
>10,000 people (158 samples) 0 0 -

*Samples having levels over quantification Emit of 0.5 Ag/L.

The random results are intended to statistically represent the U.S. ground-water
drinking water supp!ies. The non-random samples were chosen by the states as being
potentially contaminated. Ethyl benzene has also been detected in the National
Organic Monitoring Survey (NOMS) (90).

These survey results indicate that this compound has the potential for movement
in soil/ground-water systems. This compound may eventually reach surface waters by
this mechanism, suggesting several other exposure pathways:

* Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposure;

"• Aquatic organisms residing in these waters may bioaccumulate ihis chemical
and be consumed, also resulting in ingestion exposures;

"* Recreational use of these waters may result in dermal exposures;
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0 Domestic animals may consume or be dcrmally exposed to contaminated
ground- or surface waters- thc consumption of mcats and poultry could then
result in ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower than exposure from drinking contaminated ground-water. The
Henry's law constant for ethyl benzene suggests that ii will volatilize upon reaching
surface waterm. However, if ethyl benzene is available, the bioconcentration factor for
this compounA suggests moderate bioaccumulation in aquatic organisms or domestic
animals.

20.24 Other Source of Eqpmure

The volatility of ethyl benzene suggests that it may be found in air. Brodzinsky
and Singh (84) compiled all available atmospheric monitoring data for a nurner of
volatile organics. For ethyl benzene, they had data for 861 locations. In rural and
remote areas, the median concentration was 2.0 ptg/ml. In urban and suburban areas.
the median concentration was 5.2 ug/m' dnd in source-dominated locations, the
median concentration was 2.7 ug/m'. These results suggest there are inhalation
exposures to individuals, even in remote areas.

20-3 HUMAN HEALTH CONSIDERATIONS

20.3.1 Animal Studkx

20.3.1.1 reinotenicity

Maltoni et al. (3423) reported on carcinogenicity studies in Spraguc.Dawley rats
(40 of each sex) administcrcd 500 mg,'kg ethyl benzene (in olive oil) by gavage once
daily, 4-5 days/week for 104 weeks. Controls received olive oil alone. At the end of
the experiment (141 weeks) there was 40.3% total malignant tumors in treated males
and females combined (35% in males, 45.9% in females), compared with 24% in
control males and female combined (26.7% in males and 22.4% in females).

20.3.1.2 Genocoxicty

The number of sister chromatid exchanges in human lymphocytes treated in
culture with ethyl benzene was es.entially at control levels (210). Dean et al. found
ethyl benzene negative in a battery of tests including the five standard 5ilm•_.Jh
strains, two strains of ", coli. a strain of yeast designed to test for gene conversion at
two loci, and two rat !iver cell lines designed to detect chromosomal aberrations
(3163). Ethy! benzene was also found negative in two yeast strains, one designed to
detect gent r. nversion at two loci. and the other to detect reversions at three loci
(3493). Ncstn'ann et al. (3494) found ethyl blnzenc to he negative in the five
standard Salmonella strains with or without metabolic activatic~n.

~ ~ ~ ~~~~e I.... . . .. . . .... .. IlI I II 111I I= '
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When ethyl benzene was injected intraperitoneally in male mice, no increase was
detected in the incidence of micronuclei in bone marrow cells of the treated animals
(3462). Ethyl benzene did not induce sex-linked recessive lethals in the germ cells of
males treated with this compound (3178).

2D.3.1.3 Teratogenicity, Emb.Fty and Rprducive Eifects

Hardin et A. (208) exposed rats and rabbits to 100 or 1000 ppm ethyl benzene
for 6 to 7 hours daily. No significant maternal or fetal toxicity was seen in rabbits.
In rats, a possible reduction in fertility was noted at both exposure levels, but no
dose-response was evident. Maternal toxicity in the form of increased spleen, liver
and kidney weights was seen in the 1000 ppm group. In the fetuses,, there was a
significant increase in i.ie incidence of extra ribs at both exposure levels.

Ungvary and Tatrai (3753) used rats, mice, and rabbits to test the emhryotoxicity
of ethyl benzene by inhalation. In rats exposed to 600, 1200 or 2400 mg/m', maternal
toxicity was moderate and &ýse-dependent. There was an increase in postimplanta-
tion loss and skeletal retaidation of the fetuses at all levels. The highest concentra-
tion resulted in an increased incidence of extra ribs, anomalies of the uropoictic
(production of urine) apparatus, malformations of the skeleton, and weight retarda•
tion. Mice eposed at the 500 mg/m' level produced offspring with an increased
incidence of anomalici of the uropoictic apparatus. Ethyl benzene was very toxic to
pregnant rabbits at the 1000 mg/m' level, causing abortion, resorption or death of the
mother in all eight does. At 500 mg/mr, pregnancy was normal except for a slight
decrease in mean weight of femaic fetuses.

203.1.4 Other Toxicologic Effects

20-3.1.4.1 Short-term Toxicty

Acute toxicity data on oral and dermal routes in tooth rats and rabbits indicate a
low toxicity for ethyl benzen'e. An oral LD•, in rats of 3500 mg/kg has been report-
ed; dermal LDw, values in rabbits of 500 mg/kg (59) and 17,800 mg/kg (47) have been
recorded.

Wolf et al. (210) evaluated the ability of ethyl benzene to produce injury to the
eye and skin of rabbits. They found that two drops applied to the eye produced
slight conjunctival irritation but no corneal injury. Ten to twenty applications to the
ear and adomen for 2 to 4 weeks produced moderate redness, swelling, superficial
necrosis and blistering.

S . .. • : i , , i II - - - "" • -...... V..
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233 .*2. Chronic Toxicity

Chronic inhalation exposure of guinea pigs, monkeys, rabbits and rats at con-
centrations ranging from 400 to 2200 ppm for 7 to 8 hours per day, 5 days per week
for 6 months produced no eflccts in guinea pigs, monkeys and rabbits; rats exhibited
a slight increase in liver and kidney weights (210). The same investigators noted
changes in the liver and kidney in rats administered 408 or 680 mg/kg/day ethyl
benzene in olive oil, 5 days per week for 6 months. No effects on the bone marrow
were otbserved (210).

Elovaara et al. (3198) reported on the effects of ethyl benzene on drug-meta-
bolizing enzymes in the liver and kidney of male Wistar rats and also on accompany-
ing ultrastructural changes in the liver. The rats were exposed for 6 hours/day, 5
days/week to 50, 300, or 600 ppm of ethylbenzene vapor, and killed after 2, 5, 9 or
16 weeks of exposure. Microsomal protein content was increased significantly (p
<6.01 at 2 weeks, and p <0.05 at 5 and 9 weeks) in rats exposed to 600 ppm of
ethlbenzene, and also in the I0 ppm and 50 ppm exposure groups at 9 weeks (p
<0.01). NADPH-cytochrome c reductase activity was increased by 30% (<1.3-fold)
after exposure to 300 or 600 ppm of the chemical, but microsomal cytochrome P-450
concentration was only marginally affected. In the kidneys, 7-ethoxycoumarin 0-
deethylase (<3.5-fold) an.! IJDPG-transfcrase (<1.8-fold) showed dose-related
increases. Electron microscopic examination revealed changes in hepatocyte ultra-
structure at all three conceuitratirns of ethyl benzene after 2, 5, and 9 weeks: the
smooth endoplasmic reticulum showed proliferation and the rough endoplasmic
reticulum was partly split and shortened with slight degranulation; some mitochondria
were enlarged and branched. After 16 weeks, these changes were mainly in the 600
ppm group.

20.32 Human and Epidemkoc Effeets

Ethyl benzene is primarily an irrtant to the skin, eyes and upper respiratory
tract. Systemic absorption causes central nervous system depression (38). Inhalation
of ethyl benzene might exacerbate the symptoms of obstructive airway diseases (e.g.,
emphysema) due to its irritant properties or reflex bronchospasm. Aspiration of small
amounts causes extensive edema and hemorrhage ef lung tissue (38).

No human ingestion data are available and inhalation data are limited. At 200
ppm (870 mg/m'), the vapor has a transient irritant effect on the eyes. At 2000 ppm.
eye irritation and lacrimation are immediate and severe and are accompanied by
moderate nasal irritation. Tolerance to these effects develops after several minutes.
Central nervous system effects begin after about 6 minutes at this level. At 5000
ppm, the irritation of the eyes, nose and throat becomes intolerable (19, 2, 211).
Redness and inflammation may result from skin contact with the liquid (51). The
rate of absorption through the skin of the hand and forearm is 22 to 33 mg/cm. per
hour (46). Ethyl tienzene is not known to be toxic to the liver or kidneys; however.

__FlgU
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concern for these organs has been expressed since they ae the primary routes of
metabolism and excretion, respectively (54).

Angerer and Wulf (3029) examined 35 spraymen whc used varnishes dissolved in
solvent mixtures containing mainly o-, m-, p-xylene, and e hylbenzene. The average
concentrations of the solvents in air were 2.1, 7.9, 2.8, and 4.0 ppm respectively. The
spraymen were between 24 and 52 years (average 38.8 years) and had been employed
for between 2 and 24 years (average 8.2 years) at that firm. The concentration of
ethylbenzene found in the blood of the workers was 61.4 :± 62.3 ugIL. Alterations of
blood counts were observed in the workers exposed to the various solvent mixtures.
(They were also exposed to n-butanol, 1,1,1-trichloroethane, some C9-aromatic
hydrocarbons, and lead pigments). On the average, the number of lymphocytes was
higher than that of segmented granulocytes. Erythrocytes! and hemoglobin levels of
the spraymen were lower than those of controls.

2.33.3 LcViekOo Concern

The USEPA (355) has established an ambient water quality criterion for the
protection of human health for ethyl benzene of 1.4 mg/LJ This criterion is based on
the threshold limit value (100 ppm) for occupational exposure to vapors, which was
set to prevent irritaticn rather than chronic effects. An uncertainty factor of 1000,
50% absorption (assumed), a bioconcentration factor of 3ý.5 for fish and consumption
of two liters of water and 6.5 g of contaminated fish per 'iay were also utilized to
calculate the criterion. A MCL for ethyl benzene in drinýing water of 700 M4g/L has
been proposed by the USEPA (3883).

Both OSHA (3539) and the ACGIH (3005) have set lan occupational exposure
limit (8-hr TWA) of 100 ppm (435 mg/m') for ethyl benz ne, based on preventing
eye irritation.

20.3.3.4 Hazard Assesament

The extent and quality of health effects data Pvailable for ethyl benzene &re
inadequate. Available data deal primarily with the irritantý properties of ethyl
benzene. The limited nature of these studies, linked with the sparse information on
chronic and subchronic toxicity, 3nd carcinogenic activity, make estimation of the
hazards of long-term low-level human exposure to this comnpoutid difficult to define.
Almost all short-term tests for genotoxicity have found ethyl benzene to be negative.
In the only carcinogenic study iound in the literature, there was an increase in
malignant tumors in rats treattd with high concentrations of ethyl benzene.

20.4 SAMPLING AND ANALYSIS CONSIDERATIONS
I

Determination of ethyl benzene concentrations in soil! and water requires
collection of a representative field sample and laboratory analysis. Due to the
volatility of ethyl benzene, care is required to prevent losses during sample collection
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and storage. Soil and water samples should be collected in airtight containers with no
headspace; analysis should be completed within 14 days of sampling. However., recent
studies (3430) show large losses of volatiles from soil handling. At the present, the
best procedure is to collect the needed sample in an EPA VOA vial, seal with a foil-
lined septum cap, and analyze the entire contents in the vial using a modified purge
and trap apparatus. In addition to the targeted samples, quality control samples such
as field blanks, duplicates, and spiked matrices may be specified in the recommended
methods.

EPA-approved procedures for the analysis of ethyl benzene, one of the EPA
priority pollutants, in aqueous samples include EPA Methods 602, 624, 1624 (65),
8020 and 8240 (63). An iert gas is bubbled through the aqueous sample in a
purging chamber at ambient temperature, transferring the ethyl benzene from the
aqueous pha% to the vapor phav.r and onto a sorbent trap. The trap is then heated
and backflushed to desorb the ethyl benzene and transfer it onto a gas chromato-
graphic (GC) column. The GC column is programmed to separate the volatile
organics; ethyl benzene is then detected with a photo-ionization detector (Methods
602 and 8020) or a mass spectrometer (Methods 624, 1624, and 8240). Direct
injection may also be used for samples containing elevated concentrations.

The EPA procedures recommended for ethyl benzene analysis in soil and waste
samples, Methods 8020 and 8240 (63), differ from the aqueous procedures primarily
in the method by which the analyte is introduced into the GC. The recommended
method for low level samples (<1 mg/kg) (Method 5030) involves dispersing the soil
or waste sample in water and purging in a heated purge and trap device. Other'
sample introduction techniques include direct injection and a headspace method.

Typical ethyl benzene detection limits that can be obtained in wastewaters and
non-aqueous samples (wastes, soils, etc.) are shown below. The actual detection limit
achieved in a given analysis will vary with inftrument sensitivity and matrix effects.

Aqueous Detection Limit Non-Aaueous Detection Limit

0.2 ug/L (Method 602) 2 ug/kg (Method 8020)
7.2 Mug/L (Method 624) 5 ug/kg (Method 8240)

10 Mg/l. (Method 1624)
5 ug/i. (Method 8240)
2 Ag/L (Method 8020)
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COMMON CAS REG NO: FORMULA: AIR W/V CONVERSION
SYNONYMS: 1330-.207 COH6 FACTORS at 250C (12)
Dimethylbenzene NIOSH NO:
Xylene ZE2190000 4.34 mg/M3 w I ppmXylcl STRUCTURE: 0.2304 ppm a I mgg/n

C.--, MOLECULAR WEIGHT:
106.17

0 Isomer, grade, or form: Mixed
* Physical State: Liquid (at 20*C) (23)
* Color: Colorless (23)
0 Odor: Aromatic (2)
* Odor Threshold: 1.100 ppm (384)
0 Density: No data
* Freeze/Melt Point: No data
* Boiling Point: No data
* Flash Point: No data
* Flammable Limits: No data

PHYSICO. 6 Autoignition Temp.: No data
CHEMICAL ', Vapor Pressure: No data

DATA 0 Satd. Conc. in Air: No data
(mix) 0 Solubility in Water: No data

* Viscosity: No data
* Surface Tension: No data
* Log (Octanol-Water Partition Coeff.):

3.16 (avg) (29)
• Soil Adsorp. Coeff.: No data (652)
* Henry's Law Const.: No data (74)
0 Bioconc. Factor: 7.OOE+01 (average (659)

estim; o-,m-,p-)

Note: Throughout this chapter, the term xylene refers to the mixed isomers unless
otherwise specified. Where appropriate, the isomers are identified by the prefixes o-
(ortho), m-(meta) or p-(para).
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COMMON CAS REG NO.. FORMULA AIR W/V CONVERSJON
SYNONYMS: 95-47.6 C,, FACTORS at 25"C (12)
o-D-netbybenzene NIOSH NO:
o.Xyiene MUM = 4.34 mg/m' 0 1 ppm
O-XykoA STRUCTURE. CH, 0.2304 ppm s I mg/m

MOLECULAR WEIGHT:
106.17

* Isomer, grade, or form: 0
e Physical State: Liquid (at 20C) (23)
* Color: Colcrless (23)
* Odor: Aromatic (2)
9 Odor Threshold: 1.100 ppm (384)
* Density- 0.8802 g/mL

(at 250C) (21)
e Freeze/Melt Point: -25.20C (21)
* Boiling Point: 144.40•C (21)
* Flash Point: 31.00,C (21)
9 Flammable Limits: 1.00 to 7.00%

by volume (504,12)
# Autoignition Temp.: 464.0"C (51.506)
* Vapor Pressure: 7.00 mm Hg

PffYSICO- (at 200C) (38)
CHEMICAL * Satd. Coic. in Air: 4.0750E+04

DATA mg'm' (at 20"C) (ADL est.)
(ortho). * Solubility in Water: 3.OOE-01

mg/L (at 2f'C) (38)
* Visco:ity: 0.802 cp (at 20•C) (48)
* Surface Tension: 3.2500E+01

dyne/cm (at 20"C) (21)
* Log (Octanol-Water Partition

Coeff.): 3.12 (29)
9 Soil Adsorp. CoefT.: 6.91E+02 (652)
e Henry's Law Corst.: 4.94E-03

aim -m'!mol (at 25-) (74)
e Bioconc. Factor: 7.OOE+01 (average

estim; o-,m-.,p-) (659)

Note: Throughout thi.s chapter, the term xylene refers to the mixed Lsomers unless
otherwise specified. Where appropriate, the isomers are identified by the prefixes o-
(ortho), m-(meta) or p-(para).
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COMMON CAS REG NO, FORMULA- AIR W/V CONVERSION
SYNONYMS: 106-42-3 CHjc FACTORS at 250C (12)
p-Diet hylbetizene NIOSH NO.
P-Xylre 5C03 4.34 mg/in' : I ppm
P-XyIH 0.2304 ppm 1 mg/mr

STRUCTURE: M L G
106.17

CH,

* Isomer, grade, or form: p
* Physical State: Liquid (at 20*C) (23)
0 Color: Colorless (23)
0 Odor: Aromatic (2)
0 Odor Threshold: 1.100 (384)
0 Density: 0.8610 g/mL (at 250C) (21)
* Freeze/Melt Point: 13.30"C (21)
• Boiling Poiit: 138.70"C (21)
* Flash Point: 27.00"C (21)
• Flammable Limits: 1.00 to 7.00%

by volume (504,12)
* Autoignition Temp-: 529.0"C (513)
0 Vapor Pressure: 9.00 mm

PHYSICO- Hg (at 20"C) (38)
CHEMICAL * Satd. Conc. in Air: 5.2400E+04

DATA mg./r' (at 20"C) (ADL est.)
(para) * Solubility in Water: 3.00E-01

mg/L (at 20"C) (38)
0 Viscosity: 0.635 cp (at 20MC) (48)
* Surface Tension: 2.8300E401

dyne/cm (at 20"C) (21)
* Log (Octanol-Water Partition

Cocft.): 3.15 (29)
* Soil Adsorp. Coeff.: 6.91E+02 (652)
* Henry's Law Const.: 7.01E-03

atm m'/mol (at 25'C) (74)
* Bioconc. Factor: 7.OOE+01 (average

estim; o-,m.,p-) (659)

Note: Throughout this chapter, the term xylene refers to the mixed isomers unless
otherwise specified. Where appropriate, the isomers are identified by the prefixes o-
(ortho), in-(meta) or p-(para).
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COMMON CAS REG NO. FORMULA. AIR W/V CONVERSION
SYNONYMS: 108-38-3 C1HI• FACTORS at 25°C (12)
Dmiretb~benzene NIOSH NO:
m-XyIene ZE2275000 4.34 mg/hn' 1 ppm
m-XyIo STUCrUR 0.2304 ppm I 1 mg/mr

MOLECULAR WEIGHT:
Q 106.17

* Isomer, grade, or form: m
* Physical State: Liquid (at 20"C) (23)
* Color: Colorless (23)
* Odor: Aromatic (2)
* Odor Threshold: 1.100 ppm (384)
* Density: 0.8642 g/mL (at 250C) (21)
* Freeze/Melt Point: -47.90"C (21)
* Boiling Point: 139.10"C (21)
* Flash Point: 29.00'C (21)
* Flammable Limits: 1.00 to 7.00% by volume (504,12)
* Autoignition Temp.: 528.0 to 530.(0C (506,60)

PHYSICO- * Vapor Pressure: 9.00 mm Hg (at 20"C) (38)
CHEMICAL * Satd. Conc. in Air: 5.2400E+04 mg/m'

DATA (at 20"C) (ADL est)
(meta) 0 Solubility in Water: 3.OOE-01 mgiL

(at 200C) (32)
* Viscosity: 0..)61 cp (at 200C) (48)
* Surface Tension: 3.1200E+01 dyne/cm
I (at 200C) (21)
* Log (Octanol-Water Prtition Coeff.): 3.20 (29)
0 Soil Adsorp. Coeff.: 6.91E+02 (652)
* Henry's Law Const.: 6.91E-03

atm m'/mol (at 250C)' (74)
0 Bioconc. Factor: 7.OOE+01 (average

estim: o.,m-,p-) (659)

Note: Throughout this chapter, the term xyletie refer to the mixed isomers unless
otherwise specificd. Where appropriate, the isomers are identified by the prefixes o-
(ortho), rm-(meta) or p-(para).
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Xylenes may generate heat, react vigorously, and possibly 1
REACTIVITY ignite or explode in contact with oxidizing mineral acids

or other strong oxidizing agents (512, 507, 38, 511).

Relatively mobile in soil-water systems, especially ;n
PERSISTENCE aqueous phase. Volatilization through air-filled pores is
IN THE SOIL- also possible. Chemical is resistant to hydrolysis but is

WATER probably biodegradable. Should assume chemical could
SYSTEM persist for months to years (or longer).

The primary pathway of concern from soil-water systems
PATHWAYS is the migration of xylene to groundwater drinking water

OF supplies. Data from NPL sites indicate that migration of
EXPOSURE this compound has occurred in the past. Inhalation

resulting from volatilization from surface soils may also
be important.

Signs and Symptoms of Short-term Human Exposui-e:
(544)
Acute exposure to high concentrations of xylene vapors
in air may cause CNS depression with symptoms

HEALTH including dizziness, drowsiness, nausea, vomiting,
HAZARD abdominal pain, loss of appetite, pulmonary edema, and

DATA unconsciousness, as well as reversible effects on the liver
(Cont.) and kidneys. Liquid xylene and high vapor concentra-

tions are irritating to the eyes and the vapor may cause
transient, reversible damage to the cornea. Aspiration
of liquid into ihe lungs may cause chemical pneumonitis,
pulmonary edema and hemorrhage.
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Acute Toxicity Studies: (47)

INHALATION:
LC5 5000 ppm 4hr Rat

ORAL-
LDn, 4300 mg/kg Rat

HEALTH
HAZARD Long-Te-rw Effects: Possible damage to liver and

DATA kidneys, but such effects have not been demonstrated
with sertainty
Pregancy/Neonate Data: Negative in rats; cleft palates
in mice but only at near lethal levels
Genotoxicity Date: Negative
Carcinogenicity Classification:
IARC. No data
NTP - No evidence in mice and rats
EPA - Group D (not classifiable as to human

carcinogenicity)

Handle xylene only with adequate ventilation 0 Vapor
concentrations of 100-1000 ppm: chemical cartridge
respirator with full facepiece and organic vapor cartridge
* 1000-5000 ppm: any supplied-air respirator or self-

HANDLING contained breathing apparatus with full facepiece or
PRECAUTIONS NIOSH-approved respirator with organic vapor canister

(38, 52) * Chemical goggles if there is probability of eye contact
* Natural rubber, neoprene, PVA, PVC, gloves/apron/
boots and protective clothing to prevent prolonged or
repeated skin contact with liquid.



XYLENE 21-7

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMTTS:

Standards
* OSHA TWA (8-hr): 100 ppm; STEL (15-min): 150 ppm
* AFOSH PEL (8-hr TWA): 100 ppm; STEL (15-min): 150 ppm

Criteria
0 NIOSH IDLH (30-min): 1000 ppm
0 NIOSH REL (10-hr TWA): 100 ppm; ceiling (10-min): 200 ppm
* ACGIH TLV® (8-hr TWA): 100 ppm
0 ACGIH STEL (15-min): 150 ppm

WATER EXPOSURE LIMITS:

Drinldng Water Standards (3742)
MCLG: 10,000 jug/L (proposed)
MCL : 10,000 gg/L (proposed)

EPA Health Advisories and Cancer Risk Levels (3977)
The EPA has developed the following Health Advisories which provide specific
advice on the levels of contaminants in drinking water at which adverse health
effects would not be anticipated.

- 1-day (child): 40 mg/L
- 10-day (child): 40 mg/L
- longer-term (child): 40 mg/L
. longer-term (adult): 10 mg/L
. lifetime (adult): 10 mg/L

WHO Drinking Water Guideline
No information available.

EPA Ambient Water Quality Criteria
"* Human Health (355)

No criterion established; xylene is not a priority pollutant.

"* Aquatic Life (355)
No criterion established; xylene is not a priority pollutant.

REFERENCE DOSES:
ORAL: 2.OOOE+03 lg/kg/day (3744)
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REGULATORY STATUS (as of 01-MAR-89)

Promulgated Regulations
S Federal Programs

Clean Water Act (CWA)
Dimethylphenol (Xylenol) is designated a hazardous substance under
the CWA. It has a reportable quantity (RQ) of 454 kg (347, 3764)
2,4-Dimeth;1 phenol is listed as a toxic pollutant, subject to general
pretreatment regulations for new and existing sources, and effluent
standards and guidelines (351, 3763). Effluent limitations specific to
this chemical have been set in the following point source categories:
electroplating (3767), organic chemicals, plastics, and synthetic fibers
(3777), steam electric power generating (3802), metal finishing (3768),
and metal molding and casting (892). Limitations vary depending on
the type of plant and industry.

S-fe Drinking Water Act (SDWA)
In states with an approved Underground Injection Control program, a
permit is required for the injection of 2,4-dimethylphenoi-contairing
wastes designated as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRA)
2,4-Dimethylphenol is identified as a toxic hazardous waste (UlOl) and
listed as a hazardous waste constituent (3783, 3784). Waste streams
from the following industries contain 2,4-dimethylphenol and are listed
as specific sources of hazardous waste: wood preservation (creosote
and/or penta- chlorophenol preserving processes), coking operations,
and petroleum refining (3774, 3765). 2,4-Dimethylphenol is subject to
land disposal restrictions when its concentration as a hazardous
constituent of certain wastewaters exceeds designated levels (3785).
Effective November 8, 1988, the land disposal of certain untreated
2,4-dimethylphenol-containing hazardous wastes is prohibited. These
wastes must be treated according to Best Demonstrated Available
Technology (BDAT) treatment standards before being disposed.
Certain variances exist until May, 1990 for other hazardous wastes for
which BDAT treatment standards have not been promulgated by EPA
(3786). 2,4-Dimethyl-phenol is on EPA's ground-water monitoring list.
EPA requires that all hazardous waste treatment, storage, and disposal
facilities monitor their ground-water for chemicals on this list when
euspected contamination is first detected and annually thereafter
(3775).
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Comprehensive Environmental Response. Compensation and Liability
Aqt (CERCLA)
2,4-Dimethylphenol is designated a hazardous substance under
CERCLA. It has a reportable quantity (RQ) limit of 45.4 kg.
Reportable quantities have also been issued for RCRA hazardous
waste streams containing 2,4-dimethylphenol but these depend upon
the concentration of the chemicals present in the waste stream (3766).
Under SARA Title 1II Section 313, manufacturers, processors,
importers, and users of 2,4-dimethylphenol must report annually to
EPA and state officials their releases of this chemical to the
environment (3787).

Food, Drug and Cosmetic Act (FDCA)
The level for phenols in bottled drinking water is 0.001 mg/L (365).

Occupational Safety and Health Act (OSHA)
Employee exposure to xylene in any 8-hour work-shift of a 40-hour
work-week shall not exceed an 8-hour time-weighted average (TWA)'
of 100 ppm in any 8-hour work-day or a short-term-exposure limit of'
150 ppm for 15 minutes (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated 2,4-dimethylphenol
as a hazardous material with a reportable quantity of 45.4 kg. subject
to requirements for packaging, labeling and transportation (3180).

0 State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria.

ARIZONA
Arizona has a water quality criterion of 5 pg/L for phenolics in all
public waters (3827).

DISTRICT OF COLUMBIA
The District of Columbia has a human health criterion of 400 /g/L for
public water supply (class D) surface waters and 200 pg/L for class C
sIwface waters (3828, 3827).

FLORIDA
Florida has water quality criterion for phenolic compounds of I gg/L
for general use surface waters, and 0.2 mg/L for Class V (navigation,
industrial use) surface waters (3220).
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ILLINOIS
Illinois has a water quality standard for phenols of 100 Ag/L for
general use waters, I Atg/L for public and food processing water
supplies, and 300 Ag/L for aquatic life waters (3371, 3827).

INDIANA
Indiana has set the following surface water quality criteria for phenols
and phenolic compounds: 10 1.g/L for the Ohio River and Wabash
River, 300 /&g/L (daily maximum) for Lake Michigan and contiguous
harbor areas, and 10 ug/L for the Grand Calumet River and Indiana
Harbor (3827).

IOWA
Iowa has a surface water quality standard of 50 gg/L for phenolic
compounds in Class B and C surface waters (3327).

KANSAS
Kansas has an action level for 2,4-dimethylphenol of 400 /ig/L for
ground-water (3213).

KENTUCKY
Kentucky has a surface water quality criterion of 5 ;Ag/L for phenolic
compounds in warm and coldwater aquatic habitats (3827).

LOUIS ANA
Louisiana has water quality criteria for phenols of 5 Asg/L for drink
water supply waters, 440 j•g/L for marine surface waters, and 50 ug/L
for fresh surface waters (3406).

MINNESOTA
Minnesota has surface water quality criterion of 10 Ihg/L for phenols in
Fisheries and Recreation waters (3827).

MISSISSIPPI
Mississippi requires that the level of phenolic compounds in the public
water supply not exceed 1 14g/L (3684). Mississippi also has a surface
water quality standard of 50 ugiL for phenolic compounds for fish and
wildlife protection (3684).

NEVADA
Nevada has a water quality criterion for phenolics of 1 ;Mg/L for all
surface waters (3827).
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NEW HAMPSHIRE
New Hampshire has a drinking water standard of 1 /g/L for phenols
(3710), New Hampshire also has a surface water quality standard of 1
pg/L for Class A and B waters and 2 sg/,t for Class C waters (3684).

NEW JERSEY

New Jersey sets the maximum concentration levels for phenols in the
Delaware River and Bay at the following levels: 5 jsg/L for Zones 1, 2
,and 3, 20 pg/L for Zone 4, and 10 Msg/L for Zones 5 and 6. These
are maximum levels that apply unless exceeded due to natural
conditions (3498).

NEW YORK
New York has an ambient water quality standard for aquatic life of 5
pg/L for total unchlorinated phenols for all freshwater classes of
surface waters (3500). New York has also set an MCL of 5 tg/L for
2,4-dimethylphenol in drinking water and a water quality standard of 1
pg/-L for phenol and phenolic compounds in ground-water and surface
water classed for drinking water supply (3501).

NORTH CAROLINA
North Carolina has a water quality standard of I gg/L for phenolic
compounds in Class WS-I, WS-II, and WS-III surface waters (3681).

OHIO
Ohio has a surface water quality standard for phenolic compounds of I
p4g/L for Lake Erie use waters, public water supply waters, aquatic life
habitat coldwaters and exceptional warmwaters, and 10 jg/L for aquatic
life habitat warmwaters (3827).

OKLAHOMA
Oklahoma has set an unenforceable Toxic Substance Goal of 55.5 pg/L
for public and private water supply surface waters (3534).

OREGON
Oregon has a surface water quality criterion of 1 pg/L for phenols in
all surface waters '3827).

PENNSYLVANIA
Pennsylvania has a human health criterion for total phenolics of 5 ug/L
measured in surface waters at the point of water supply intake (3561).
Pennsylvania also has a human health criterion of 400 pg/L for
2,4-dimethylphenol in surface water (3561).



21-12 XYLENE

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 106 14g/L
and a chronic guideline of 2.4 Ag/L for surface waters for the
protection of aquatic life. These guidelines are enforceable under
Rhode Island state law (3590).

TENNESSEE

Tennessee sets an effluent limitation of 1.0 mg/L for phenols in
effluent from industrial wastewater treat'nent plants (3827).

VIGINR A
Virginia has a water quality criterion for phenols of I jg/L for ground-
water and public water supply surface waters, and a chronic criterion
for the protection of aquatic life of I jhg/L for phenol in surface water
(3135, 3827).

WEST VIRGINIA
West Virginia sets 0.001 mg/L as the maximum concentration secondary
contaminant level for phenols in drinking water in the community
public water systems (3576).

WISCONSIN
Wisconsin has a taste and odor criterion threshold concentration of 400
Mg/L for 2,4-dimethylphenol in surface waters (3841).

Proposed Regulations
• Federal Programs

No proposed federal regulations are pending.

* State Water Programs
MOST STATES
Most states are in the process of revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with state officers is advised.
Changes are projected for 1989-90 (3683).

IOWA
Iowa has proposed acute criteria for phenols of 50 lig/L for Class C
"surface waters, 1000 lig/L for Class B cold surfpce waters, and 2500
lg/L for Class B warm surface waters, and a chronic criterion of 50
Lg/L for all Class B surface waters. These criteria are for the
protection of aquatic life (3326).
MINNESOTA
Minnesota has proposed a Sensitive Acute Limit (SAL) of 530 Mg,/L
and a chronic criterion of 12 Ag/L for 2,4-dimethylphenol in designated
surface waters for the protection of human health (3452).

." ...- ',

'.-
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EEC Directives
Directive on Ground-Water (538)
Direct discharge into ground-water (Le., without percolation
through the ground or subsoil) of organohalogen compounds
and substances which may form such compounds in the aquatic
environment, substances which possess carcinogenic, mutagenic
or teratogenic properties in or via the aquatic environment, and
mineral oils and hydrocarbons is prohibited. Appropriate
measures deemed necessary to prevent indirect discharge into
ground-water (i.e., via percolation through ground or subsoil) of
these substances shall be taker by member countries.

Directive Relating to the Classification. Pa;kaang and Labeling
of Dangerous Preparations (Solvents) (544)
Xylene is listed as a Class 11/c harmful substance and is subject
to packaging and labeling regulations.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which, produces,
holds and/or disposes of certain toxic and dangerous wastes
including phenols and phenol compounds; organic-halogen
compounds, excluding mert poly-meric materials and other
substances referred to in this list or covered by other Directives
concerning the disposal of toxic and dangerous waste;
ch!orinated solvents; organic solvents; biocides and
phyto-pharmac!utical substances; ethers and aromatic pcly yclic
compound: (with carcinogenic effects) shall keep a record of
the quantity, nature, physical and chemical characteristics and
origin of such waste, and of the methods and sites used for
disposing of such waste.

Directive on the Classification, Packaging and Labe'ing of
Dangerous Substances (787)
Xylene is classified as a harmful substance and is subject to
packaging and labeling regulations. Xylene may contain a
stablizer. If the stablizer changes the dangerous properties, this
substance should be labeled in accordance with rules in Annex
I and EEC,'8490, 22 July 1988.

EEC Dire 7tive-Proposed Resolution
Resolutior on a Revised List of Second-Category Pollutants
(545)
Xylene is one of the second-category pollutants to be studied
by the Commission in the programme of action of the
European Communities on Environment in order to reduce
pollution and nuisances in the air and water. Risk to human
health and the environment, limits of pollutant levels in the
environment, and determination of quality standards to be
applied will be assessed.

111 I M Iowa=
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21.1 MAJOR USES

Commercial xylene is a mixture of the ortho, meta and para isomers, with the
meta form usually the principal component (60-70%). Xylene may also contain 6 to
10% impurities such as benzene, ethyl benzene, trimethylbenzene, toluene, phcn,'i.
thiophene, pyridene and nonaromatic hydrocarbons. The xylenes are widely used as
fuel components and as solvents for inks, rubbers, gums, resins, adhesives, lacquers,
paints and insecticides. Xylenes are commonly used in the chemical industry as
intermediates. Specifically, o-xylene is used in the manufacture of phthalic anhydride
which is a basic building block for plasticizers. Meta-xylene is an int-rmediate in the
preparation of isophthalic acid which is the base of unsaturated polyester resins.
Commercially, para-xylene is the most important isomer. Almost a!l is converted to
terephthalic acid or dimethylterephthalate and used to make fibers, films and resins
(2, 12, 21).

21.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

21.1 Transport in SolIGround-wates Systems

21.2.1.1 Overview

Xylene may move through the soil/ground-water system when present at low
concentrations (dissolved in water and sorbed on soil) or as a separate organic phase
(resulting from a spill of significant quantities of the chemical). In general, transport
pathways of low soil concentrations can be assessed by using an equilibrium
partitioning model as shown in Table 21-1. These calculations predict the partitioning
of xylene among soil particles, soil water and soil air. The portions of xylene
associated with the water and air phases of the soil are more mobile than the
adsorbed portion.

The estimates for the urnsaturated topsoil model indicate that nearly all of the
xylene (98.8%) is expected to be sorbed to the soil. A much smaller amount (0.7%)
is expected to be present in the soil-water phase and thus available to migrate by
bulk transport (e.g., the downward movement of infiltrating water), dispersion and
diffusion. For the portion of xylene in the gaseous phase of the soil (0.5%), diffusion
through the soil-air pores up to the ground surface, and subsequent removal by wind,
will be a significant loss pathway.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of the xylene (26%) is likely to be present in the soil-water
phase (Table 21-1) and transported with flowing ground water.

.4A
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TABLE 21-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR XYLENE

IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Cemical ijr Each Ccmpartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoil
at 250C11 98.8 0.7 0.5

Saturated
deep soil' 74.4 25.6

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for de-criptiun of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.,

b) Utilized estimated soil sorption coefficient: K.,. = 691. (Estimated by Arthur D.
Little, Inc.)

c) Henry's law constant taken as 0.007 atm. im'/mol at 25*C.
d) Used sorption coefficient (K,) calculated as a function of K., assuming 0.1%

organic carbon: K, - 0.001 x

Laboratory batch and column experiments by Schwarzenbach and Westall (228)
showed that p-xylene could hc. fairly mobile in soil/grourid-water systems. The relative
velocity (velocity of xylene/velocity of water) was 0.05 in a ri.,er sediment and 0.45 in
aquifer material. Demidjian et al. (522) found that xylene applied (at 0.13 1;g/ha) in a
sludge land-treatmen! study was not detectable in the soil at the end of the study
period. Volatilization losses may have been an important transport pathway.

In a field study on the removal of organics in water by dune-infiltration (using
water from the Rhine River), Pi.:t et al. (226) actually found increases in the
concentration of o-xylene after infiltraton. While the reason for this increase is not
known, and may have been due to some artif-ict of t;•e study, the results do indicate
that xylene is easily transported by infiltrating water.

NMM[
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2121.2 SorpiononSoik

The mobility of xylene in the soil/ground-water system (and its eventual migration
into aquifers) is strongly affected by the extent of its sorption on soil particles. In
general, sorption on soils is expected to:

increase with increasing soil organic matter content;
increase slightly with decreasing temperature;
increase moderately with increasing salinity of the soil water; and
decrease moderately with increasing dissolved organic matter content of
the soil water.

Based -upon its octanol-water partition coefficient of 1450 (average for the 3
isomers), the soil sorption coefficient (K.,) is estimated to be 691. Tfhis number is
indicative of moderate sorption potential.

212.1.3 Volatilization from Sols

Transport of xylene vapors through the air-filled pores of unsaturated soils is an
important transport mechanism for near-surface soils. In general, important soil and
environmental properties influencing the rate of volatilization include soil porosity,
temperature, corvection currents and barometric pressure changes; important
physicochemical properties include the Henry's law constant, the vapor-soil sorption
coefficient, and, to a lesser extent, the vapor phase diffusion coefficient (31).

21.272 Tramformation Processes in SoiLWround-water System

,The persistence of xylene in soil/ground-water systems has not been studied. In
most cases, it should be assumed that the chemical will persist for months to years
(or more).

Xylene under normal environmental conditions is not expected to undergo
hydrolysis since it contains no hydrolyzable functional groups (529).

No information on the biodegradability of xylene in the soil/ground-water
environment is available. However based .upon data for other structurally-similAr
chemicals (e.g., toluene, ethyl benzene), it is expected that xylene would be
biodegradable. The importance of biodegradation as a fate pathway would, of course,
depend upon the type and concentration of microorganisms present as well as many
other environmental factors.

S
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21.2.3 Primary Routes of Exzpurce From SoiWLround-water Systems

The above discuasion of fate pathways suggests that the xylene isomers are highly
volatile from aqueous solutions, moderately adsorbed by soil and have a moderate
potential for bioaccumulation. The xylene isomers may volatilize from soil surfaces.
The portion not removed by volatilization may eventually migrate to groundwater.
These fate characteristics suggest several potential exposure pathways.

Volatilization of xylenes trota a disposal site, particularly during drilling or
restoration activities, could result in inhalation exposures. In addition, there is a
potential for ground water contamination, particularly in sandy soil. Mitre (83)
reported that xylene has been found at 40 of the 546 National Priority List (NPL)
sites. It was detected at 30 sites in ground water, 8 sites in surface water and 8 sites
in air.

This compound was reported in the USEPA (531) Ground W3ter Supply Survey
(GWSS). This survey examined 945 finished water supplies that use ground-water
sources. The results for the xylene isomers are summarized Table 21-2.

The random results are intended to statistically represent the U.S. ground-water
drinking water supplies. The non-random samples were chosen by the states as being
potentially rontaminated. Xylenes have also been detected in the National Organic
Monitoring Survey (NOMS) (90).

The properties and the survcy results described above indicate that xvlcnes have
the potential for movement in soil/ground-water systems. These compounds may
eventually reach surface waters by this n'echanism, suggesting several other exposure
pathways:

0 Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposure.

0 Aquatic organisms residing in these waters may be consumed, also
resulting in ingestion exposures.

4 Recreational use of these waters may result in dermal exposures.

0 Domestic animals may consume or be dermally exposed to contaminated
ground cr surface waters; the consumption of meats and poultry could
then result in ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower then exposure from drinking contaminated ground water for two
reasons. First, the Henry's law constants for xylenes suggest that volatilization will
occur upon reaching surface waters. Secondly, the BCF for xylene is riot high
enough to suggest consumption of aquatic organisms or domestic animals as a
significant source of exposure compared to drinking %ýater.
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TABLE 21-2
XYLENE ISOMERS IN GROUND-WATER

Median of
Positives Maximum

Sample Type No. % (Sg/L) (Og/L)

Random
Supplies serving
<10,000 people (280 samples) 6 2.1 0.32 1.5

Supples serving
>10,000 people (186 samples) 2 1.1 0.59 0.91

Non-Random
Supplies serving
<10,000 people (321 samples) 8 2.5 0.38 0.83

Supplies serving
>10,000 people (158 samples) 0 0

o- anid 2-Xylene

Random
Supplies serving
<10,000 people (280 samples) 6 2.1 0.34 0.59

Supplies serving
> 10,000 people (186 samples) 2 1.1 0.59 0.91

Non-Random
Supplies serving
<10,000 people (321 samples) 10 3.1 0.44 2.5

Supplies serving
>10,000 people (158 samples) 0 0

*Samples having levels over quantification limit of 0.2 /g/L.

21.2.4 Other Soures of Eposue

The volatility of xylcnes suggest toat they may be found in air. Brodzinsky and
Singh (84) compiled all available atmospheric data for a number of volatile organics.
For xylenes, they had data for o-xylene and mlp-xylene. For o-xylene, they had data
for 2182 locations. For rural and remote areas, the median concentration of o-xvlcne
was 0.4 usg/m'. In urban and suburban areas, the median was 5.2 ug/m', and in
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source-dominated areas, the median was 3.5 pg/lm. For m/p-xylen., the median
concentration for rural and remote areas was 0.38 ug/m'. In urban and suburban
areas, the median was 12 g/rm', and in source-dominated areas, the iedian was 7.4
pg/mr. These results suggest inhalation exposures even in rural and remote areas

Xylene is found in drinking water obtained from ground water. There is a lack
of data on the occurrence of xylenes in finished surface water supplies. Discharge of
effluents contaminated with xylenes near water intakes in surface water could
potentially result in ingestion exposures from drnking water. The use of this
compound as a solvent in a variety of consumer products suggest that direct dermal
and inhalation exposures may occur during consumer use.

21.3 HUMAN HEALTH CONSIDERATIONS

21.3.1 Animal Studies

21.3.1.1 Curcinogenicity

Xylene (commercial mixture), administered to rats and mice by gavage, was tested
for carcinogenicity by NTP (3484). No evidence of 500 carcinogenicity was seen for
male or female F344/N rats given 250 or 500 mg/kg or for male or female B6C3F,
mice given 500 or 1,000 mg/kg by gavage for 2 years.

213.1.2 Genotoxidty

Xylenes have been ts'tci for mutagenicity in both bacterial and mammalian
systems and have shown fairly conclusive evidence for the absence of mutagenic
activity. Xylene failed to induce sister chromatid exchange in cultured human
lymphocytes (798) and prodiced no evidence of bone marrow chromosome damage in
rats exposed to technical-grade xylene (which contains 18.3% v/v ethyl benzene) by
inhalation at 300 ppm, 6 hours per day, 5 days per week for up to 18 weeks (799).
The ortho-, meta- and para-isomers of xylene gave negative results with and without
metabolic activation in the Salmonella microsome assay (795, 3276) as did
technical-grade xylene (3859). Only the pars-isomer was tested by Shimizu et al.
(3645) in the five standard strains of Salmonella and in E__herichia gi, and it was
found :egative at all concentrations tested. It was toxic at 500 and 1000 Mig/plate.
Technical-grade xylene was also inactive in DNA repair assays with F, sJj and f!.
subtifis (796, 797). Technical-grade xylene did induce a low frequency of iecesive
lethals in Drophitla, the ortho- and meta-isomers of xylene alone, a wel as ethyl
benzene alone, were negative in this assay (799). All three isomers of xylene were
tested by intraperitoneal injection in male mice and their bone marrow cells examined
for the presence of micronuclei; all were negative (3462, 3463).
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213,13 Tcas" icity, Embi dty and Repdc Effe

A study assessing the teratogenicity of the xylene isomers was conducted by
Ungvary et aL (212). Rats were exposed by inhalation to 35, 350 or 700 ppm of

'ortho-., meta-, or para-rilene continuously on days 7 through 14 of gestation. The
incidence of visceral, skeletal and external abnormalities was not affected by
any of the isomers, leading the authors to conclude that xylene was not a teratogen.
Decreased fetal development was observed at the highest exposure level for all 3
isomers. This was attributed to the decrease in maternal food intake at that level.
Additional groups of rats were exposed to the same vapor concentrations but on!y to
o-xylene for 2 hours on the 18th day of gestation. The o-xylene was found to cross
the placenta and was present in the fetal blood and amniotic fluid. The same
research group (Ungvary and Tatrai, 3753) later exposed rats, mice, and rabbits to
xylene mixtures by inhalation (3753). Skeletal and weight retardation of fetuses was
significant in mice at 1M00 mg/m'. The same level was toxic to pregnant rabbits,
causing death, abortion, or total resorption. In rats, significant skeletal retardation
was found at 250 mg/m', while 3400 mg/m' greatly increased weight retardation,
skeletal retardation, minor anomIcb-, a,-nd ud or .r--erb.e embryns. Ortho-xylenc,
meta.xylenr:, and para-xylene used individually with mice resulted in weight and
skeletal retardation at the 500 mg/m' level in all three groups. Mirkova et al. (3453)
exposed pregnant rats to xylene concentrations of approximately 0, 14, 53, or 468
mg/mr for 6 hr/da, 5 da/wk from gestation days 1-21. Their results differed from
ihose in previous studies, as they reported a simnificant increase in postimplantation
loss and delayed ossification along with inhibition of fetal weight gain at the relativcly
low dose of 53 mg/m'. Hood and Ottley (3296), in an extensive review, expressed
reservations about the health of the test rpts and
about other aspectu of this study. When riale rats were exposed to mixed xylenes at
2,175 mg/m' for at least 131 days premating, no adverse :ffects were rioted in thcir
offspring (3808, as reported in 3296).

A commercial mixture of the xylene isomers was administered by gavage to mice
at dosages of 0, 520, 1030, 2060, 2580, 3100 or 4130 mg/kg/day on days 6-15 of
gestation (794). No effects were observed in either the dams or fetuses exposed to a
level of 1030 mg/kg/day or kles. At exposures of 2060 mg/kg/day and higher, doses
approaching lethal levels in the dams, fetal weight was significantly decreased and the
average peicentage of malform.ed fetuse: was increased; cleft palate was the major
malformation noted (794). In a study by Nawrot and Staples (3488), CD-1 mice were
adminisered by gavage meta-, ortho-, or para-xylene at doses of 0.3, 0.75, or 1.00
mg/kg three times a day for days 6-15 of gestation. Meta-xylene caused overt
maternal tcxicity and a significantiy increased number of resorptions, but only at the
high dose. These effects and an increased incidence of cleft palate in the uffspring
were noted at the middle and high dose of ortho- arnd para.xylene. In this same
paper the authors report of subsequent studies in which CD-1 mice were given by
gavage 0.75 or 1.00 mg/kg meta.xylene three times a day for days 6-15 of gestation.
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No overt maternal toxicity was observed and a low (4.4% vs. 0.0% in vehicle
controls) but statistically significant increase in cleft palates was seen in the
h-Ph A-~•- '.- T l.%= %tat,- that this is an indication of a weak teratogenic

response.

21.3.1.4 Other Toxicolic Effecs

Early animal experiments indicated xylene induced changes in the blood and
bone marrow. These older findings have little significance, and have not been
reported here, because the xylene used at that time was contaminated with benzene
and other hydrocarbons. Recent studies strongly support the conclusion that
uncontaminated xylene does not have myclotoxic effects (599).

21.3.1.4.1 Short-texm Toxicity

Acute exposure to xylene primarily affects the central nervous system. No signs
of CNS impairment were observed in rats and mice after a 4-hour exposure to vapor
concentrations ranging from 510 to 800 ppm. Animals exposed to 1350 ppm for 2
hours exhibited poor coordination which disappeared shortly after exposure ceased.
Higher concentrations of xylene (7000 ppm), cause initial symptoms of excitement
which are followed by depression and death due to respiratory paralysis (70). An
LC, value of 500 ppm . 4 hr and an oral LD, value of 4300 mgikg have been
reported for rats (47).

Acute liver injury was found in guinea pigs who were administered I to 2 g
xylene/kg body weight intraperitoneally while rats exposed to vapor concentrations
rangiDg from 1000 to 2000 ppm for 4 hours exhibited hepatotoxic effects which were
inferred from increased serum enzyme activities (70).

Corneal vacuoles were observed in cats exposed for several hours to xylene vapor
concentrations that were just sublethal. The vacuoles disappeared when xylene
exposure was discontinued (599, 19). Two drops of xylene instilled into rabbits' eyes
produced sMight conjunctival irritation with very slight but transient, corneal injury (19,
599).

kepeated applic3tion of undiluted xylene to rabbit skin produced moderate
irritation and necrosis (12).

21.3.1.412 Coic: Tomcity

Studies in animals indicate that xylene has a relatively low toxicity over the
long-terin. No changes were found in rats, guinea pigs, dogs and monkeys
continuously exposed to 80 ppm for 127 days, nor in rats exposed to 700 ppm for 130
days (70). Another investigator reported behaviora! changes in rats exposed by
inhalation to 300 ppm, 6 hours a day for 5 to 18 weeks (70). Slight inflammation,,
congestion and necrosis of the kidney tubules were found in rabbits exposed by
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inhalation to 700 ppm, 8 hours daily, 6 days per week for 130 days (70). Repeated
exposure of rabbits to 1150 ppm for 40 to 55 days caused a reversible decrease in red
and white blood cell count and an increase in platelets (70).

21.32 Human and Epciologic Studies

21-321 Sbortmwm T ilogic .. ..cs

Xylene has narcotic effects on the central nervous system, variable effects on the'
liver and kidneys and irritant effects on the gastrointestinal tract (599).

NIOSH reports one incident of &n accidental ingestion of a 'small amount" of
paint thinner composed of xylenc (90%) and toluene. Several acetate impurities were
also present. There was serological evidence of toxic hepatitis but the victim
recovered within 20 days (599).

"One fatality has been attributed to the inhalation of xylene vapors. Murley et al.
(617) described an incident in which 3 painters were overcome by xylene vapors, the
concentration was estimated to be 10,000 ppm. It is not known how long it took the
men to lose consciousness because they were not found until 18.5 hours later. An
autopsy conducted on one worker who was found dead revealed pulmonary edema,
liver congestion and brain hemorrhages. The two surviving workers suffered from
amnesia and hepatic impairment; one had evidence of temporary renal impairment.
Both recovered within 2 days.

Exposure of human subjects to 90 ppm of m-xylene produced impairment of
reaction time, manual coordination and body balance. Although tolerance to these
effects developed over one work-week, it was largely lost over a weekend (17).

Brief exposure to 200 ppm causes irritation of the eyes, nose arc throat (38).
Workers exposed to concentrations above 200 ppm complained of nausea, vomiting,
abdominal pain and loss of appetite (9). A recent report noted that artists as well as
others who employ felt-tip-marker pens for extended periods cf time in enclosed
rooms may develop symptoms of nausea, dizziness and headache which can be
attributed to xylene exposure; xykene is used as an ink solvent in these products
(618).

Xylenes have been reported to cross the human placenta (43). Incomplete brain
development has been ieported in children whose mothers had been exposed to
xylene, toluene and white spirit (59).

Xylene is a skin irritant and causes redness, dryness and defatting. Prolonged
skin contact may cause the formation of vesicles (46). Absorption of liquid xylene
through intact skin occurs readily and has been estimated to occur at a rate of 4.5-9.6
mg/sq.cin 2 1"r (599).
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An accidental splzsh of zylene into the eye causes only transient superficial
damage with rapid recovery (19). Corneal vacuoles were reported in workers exposed
to *pr"ctically pure* xylene vapors (cincentration unspecified) for 2-3 days. Recovery
occurred 8 to 11 days after exposure ceased. Is not known whether this effect is
totally reversible on intermittent exposure or whether it may lead to permanent
damage (19, 599).

21.3.22 Chronic Toxiokgic Effects

The effects of long-term xylene exposure resemble those from acute exposure,
but are more severe. Headache, irritability, fatigue, digestive disorders and sleep
disorders have been reported (70). Inhilation of high concentrations of xylene vapors
may produce CNS excitation, followed by depression and characterized by paresthesia,
tremors, apprehe:zsion, impaired memory, weakness, vertigo, headache and anorexia
(12). No bone mar:ow aplasia, but hyperplasia, moderate liver enlargement, necrosis
and nephrosi& may occur (12).

21.33 Level of Concern

EPA Health Advisories have been proposed for xylene and are as follows: child,
I day, 10 day, and longer term, all 40 mg/L; adult, longer-term and lifetime, 10 mg/L
(3805). An Oral Reference Dose of 2000 vg/kg/day has also been proposed by the
EPA (3277, 3879).

Both OSHA (3539) and the ACGIH (3005) have set an occupational exposure 8
hr - TWA of 100 ppm (435 mg/m') for xylene.

21-3.4 Hazard Assessment

Data on the effects of long-term human exposure to xylene arc primarily
high-level occupational inhalation .ex"osures which have resulted in CNS effects,
incoordination, nausea, vomiting and abdominal pain. Short-term inhalation exposure.s
are associated with narcotic effects on the central nervous sytem. Ingestion data are
almost completely lacking.

Studies in laboratory animals suggest xylene has a relatively low chronic toxicity.
Some data suggest possible kUdney and liver impairment with high level (>1000 ppm)
inhalation exposures. An NTP bioassay for xylene using rats and mice showed no
evidence of carcinogenicity. Availab!e evidence ind'cates an absence of mutagenic
activity for xylene. Teratogenicity and fetotoxicizy have been observed in laboratory
animals, frequently these effects were accompanied by maternal toxicity.

Although human experience with xylene in the industrial sector provides no
indications of major health concerns associated with xylene expesure, the reported
developmental toxicity seen in animals and the knowledge that xylenes can cross the
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human placenta is sufficient reason for concern for pregnant women who are exposed
to xylenes.'

21.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of the concentrations of xylenes in sodl and water requires
collection of & representative field sample and laboratory analysis. Due to the
vohtility of xylenes, care is required Lt prevent losses during sample collection and
storage. Soil and water samples should be collected in airtight containers with no
headspace; analysis should be completed within 14 days of sampling. However, recent
studies (3430) show large losses of volatiles from soil handling. At the present, the
best proceaure is to collect the needed sample in an EPA VOA vial, seal with a foil.
lined septum cap, and analyze the entire contents in the vial using a modified purge
and trap apparatus. In addition to the targeted samples, quality assurance samples
such as 'field blanks, duplicates, and spiked matrices should be included in the
analytical program.

Xylenrs are not included among the EPA-designated priority pollutants.
However, EPA Methods 602, 624, 1624 (65), 8020 and 8240 (63) would be
appropriate methods of choice for the analysis of xylenes in aqueous samples. An
inert gas is bubbled through the aqLeous sample in a purging chamber at ambient,
temperature, transferring the xylenes from the aqueous phase to the vapor phase and
onto a sorbent trap. The trap is then heated and backflushed to dcsorb the xylenes
and transfer them onto a gas chromatographic (GC) column. The GC column is
programmed to separate the volatile organics; xylenes are then detected with a photo-
ionization dc.tector (Method 602 and 8020) or a mass spectrometer (Methods 624,
1624, and 8240). Direct injection may also be used for samples containing elevated
concentrations.

The EPA procedures recommended for xylene analysis in soil and waste samples.
Methods 8020 and 8240 (63), differ from the aqueous procedures primarily in the
method by which the analyte is introduced into the SC. The recommended method
for low level soils (<1 mg/kg) involves dispersing the soil or waste sample in water
and purging in a heated purge and trap device. Other sample introduction
techniques include direct injection and a headspace method.

Xylene detection limits for most methods were not determined but would be in
the range of 1-10 ug/L for aqueous samples and 1-10 ;g/kg for non-aqueous samples.

Agueous Detection Limits Non-Aqueous Detection Limits

5 jg/L (Method 8240) 5 Mg/kg (Method 8240)
Total Xylene Total Xylene
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COMMON CAS REG.NO.: FORMULA AIR WA' CONVERSION
SYNONYMS: 105-67-9 CH0-,O FACTOR at 25°C

1-Hydroxy-Z NIOSH NO. 4.99 mg/mý u 1 ppm;
4-dimethylbenzene Z 0.201 prm P I mg/mr

2,4-Dimcthytplrnoi
Z4-Xylcnoi STRUCTURE: MOLECULAR WEIGHT:
4,6.Dimethylphenol H,C CH 122.16
M-Xyleaio

HO

Reactions of phenols with organic peroxides or
hydroperoxide stypically generate heat. Those with alkali or
alkaline earth metals or nitrides nay produce heat and
flammable gases while reactions with azoor diazo
compounds, or hydrazines may evolve heat and other gases.

REACTIVITY Reactions with oxidizing mineral acids or other strong
oxidizers may result in heat generation and fire, while those
with isocyanates, epoxides, or polymerizable compounds
may result in evolution of heatand violent polymerization
reactions. Contact with explosive materials may case an
explosion (511).

0 Physical State: Solid, crystalline (at 20'C) (23)
* Color: White (23)
* Odor: No DatL
* Odor Threshold: 0.400 mg/L (67)
0 Density: 0.9650 g/mL (at 20') (68)
• Freeze/Melt Point: 27.00WC ((8)
0 Boiling Pc:.: 210.00.C (68)
0 Flash Point: No Data
0 Flammable Limits: No Data

PHYSICO- 0 Autoignition Temp.: No Data
CHEMICAL 0 Vapor Pressure: 6.70E-02 mm Hg (at 20'C) (1219)

DATA 0 Satd. Conc. it, Air: 4.5000E+02 mg/Mr (1219)
(at 200C)

* Solubility in Water: 1.48E+03 mg/L (at 20"C) (1219)
* Viscosity: No Data
* Surface Tension: No Data
0 Log (Octanol.Water Partition Coeff.): 2.30 (29)
* Soil Adsorp. Coeff.: 9.60E+01 (652)
0 Henry's Law Const.: 6.70E-06 atm m'/mol (1219)

(at 20-C)
• Bioconc. Factor: 9.5 (estim), 150 (bluegill) (659,214)
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Fairly mobile in soil-water systems, especially in aqueous
phase. Volatilization throuh air-filled pores is not

PERSISTENCE significant. Chemical is resistant to hydrolysis; it may be
IN THE SOIL- easily biodegraded in wastewater !reatment plants, but

WATER biodeeradation in natural environments may be
SYSTEM iasignificant. Chemical may thus persist for months to

years.

PATHWAYS The primary pathway of concern from a soil-water
OF system is the migration of 2,4-dimethylphenol to

EXPOSURE groundwater drinking water supplies. Inhalation is not
expected to be a pathway of concern for this compound.

Signs and Symptoms of Short-term Human Exposure:
(45)

No reports of human exposure and associated effects
were found.

Acute Toxicity Studies; (3504)

OR'AL:
HEALTH LD, 3200 mg/kg Rat
HAZARDDATA LD 809 mg/kg Mouse

SKIN:
LD5, 1040 nr-jkg Rat

Long-Term Effects: No data
Pregnancy/Neonate Data: No mammalian data
Genotoxicity Data: Limited data are negative
Carcinogenicity Classification:
IARC - No data
NTF - No data
EPA - No data

Handle chemical only with adequate ventilation 0 There
are no formal guidelines available for this chemical with
respect to respirator use. If necessary, wear appropriate

HANDLING NIOSH/MSHA-approved respirator 0 Chemical goggles
PRECAUTIONS if there is a probability of eye contact 0 Appropriate

(507) clothing and chemical resistant gloves to prevent
repeated or prolonged skin contact.

I.
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standards
0 OSHA TWA (8-hr): none established
0 AFOSH PEL (8-hr TWA): none established

Criteria
0 NIOSH IDLH (30-min): none established
* ACGIH TLV® (8-hr TWA): none established
• ACGIH STEL (15 min): none established

WATER EXPOSURE LIMITS:

Drinkin2 Water Standards
None Established

EPA Health Advisories and Cancer Risk Lev,41s
None established

WHO Drinking Water Guideline
None established

EPA Ambient Watcr Quality Criteria
t Human Health (353)

Based on ingestion of Lzrtaminated water and aquztic organisms, no
criterion established due to insufficient data. Based on ingestion of
contaminated aquatic organisms only, no criterion established due to
insufficient data. Based on organoleptic data only, 400 /g/L

• Aquatic Life (355)
Freshwater species
acute toxicity:
no criterion, but lowest effect level occurs at 2120 .ug/L

chronic toxicity:
no criterion established due to insufficient data.

Saltwater species
acute tox~city:
no criterion established due to insufficient data.

chronic toxicity:
no criterion established due to insufficient data.

REFERENCE DOSES:
No reference dose available
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S REGULATORY STATUS (as of 01-MAR-89)

Promuly ted REGuLations

0 Federal ProgramsdaWaeAc (CWA)
Dimethylpbenol (Xylenol) is des•gnated a hazardous substance under
the CWA. It has a reportable quantity (RQ) of 454 kg (347, 3764)
Z,•-Dimethylpheuol is listed as a toxic pollutant, subject to general
pietreatment regulations for new and existing sources, and effluen
stuaxrds and guidelines (351, 3763). Efiluent limitations specific to
tlis chemical have been set in the following point source categories:
el-ctroplating (3767), organic chemicals, pinstics, and synthetic fibers
(3777), steam electric power generating (3802), metal finishing (3768),
a id metal molding and casting (892). Limitations vary depending on
tde type of plant and industry.

Sfe Drinking Water Act (SDWA)
Iz states with an approved Underground Injection Control program, a
permit is required for the injecuin of 2,4-dimethylphenol-containing
wistes designated as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRA)
2,4-Dimethylphenol is identified as a toxic hazardous waste (U101) and
li*ted as a hazardous waste constituent (3783, 3784). Waste streams
frbm the following industries contain 2,4-dimethylphenol and are listed
a specific sources of hazardous waste: wood preservation (creosote
aid/or pentachlorophenol preserving processes), coking operations, and
pjtroleum refining (3774, 3765). 2,4-Dimethylphenol is subject to land
d'sposal restrictions when its concentration as a hazardous constituent
of certain wastewaters exceeds designated ]lve!s (3785). Effective
November 8, 1988, the land disposal of certain untreated 2,4-dimethyl-
phenol-containing hazardous wastes is prohibited. 'hese wastes must
be treated according to Best Demonstrated Available Technology
(tDAT) treatment standards before being disposed. Certain variances
edst until May, 1990 for other hazardous wastes for which BDAT
tneatment standards have not been promulgated by EPA (3786).
24-Dimethylphenoi is on EPA's ground-water monitoring list. EPA
requires that all hazardous waste treatment, storage. and disposal
fýcilities monitor thcir ground-water for chemicals on this list when
suspected contamination is first detected and annually thereafter
(1775).
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Comnrehensive Environmental Response. Corr.ensation and Liabiiity
A9 (CERCLA)
2,4-Dimcthylphenol is designated a hazardous substance under
CERCLA. It has a reportable quantity (RQ) limit of 45.4 kg.
Reportable quantities have also been issued for RCRA hazardous
waste stre&ms containing 2,4-dimethylphenol but these depend upon,
the concentration of the chemicals present in the waste stream (3766).
Under SARA Title MI Scctiotu 313, manufacturers, ;rocessors,
importers, and users of 2,4-dimethyl- phenol must report annually to
EPA and state officials their releases of this chemical to the
environment (3787).

Food. Druf and Cos=6eti Act (FDCA)
The level for phenols in bottled drinking water is 0.001 mg/L (365).

Hazardous Materials Trans2ortation Act (HMTA)
The Department of Transportation has designated 2,4-dimethylphenol
as a hazardous material with a reportable quantity of 45.4 kg. subject
to requirement; for p.ackaging, labeling and transportation (3180).

0 State Water Prograirs
ALLSTATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by reisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria.

ARIZONA
Arizona has a water quality criterion of 5 gg/L for phenolics in all
public waters (3827).

DISTRICT OF COLUMBIA
The District of Columbia has a human health criterion of 4(k) g/iL
for public water supply (class, D) surface waters and 200 ag/L for class
C surface waters (3828, 3827).

FLORIDA
Florida has water quality criterion for phenol~c compounds of I vg/L
for general ut-e surface waters, and 0.2 mg/L for Class V (navigation,
industrial use) surface waters (3220).

ILLINOIS
Illinois has a water quality standard for phenols of 100 ug/L for
general use waters, I pg/I. for public and food .:-essing water
supplies, and 300 jug/L for aquatic life waters (3371, 3827).

M~r "
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Indiana has set the following surface water quality criteria for phenols
and phenolic compounds: 10 jg/L for the Ohio River and Wabash
River, 300 jsg/L (daily maximum) for Lake Michigan and contiguous
harbor areas, and 10 Ag/L for the Grand Calumet River and Indiana
Harbor (3827).

Iowa has a surface water quality standard of 50 jug/L for phenolic
compounds in Class B and C surface waters (3327).

Kansas has an action level for 24-dimethylphenol of 400 Mg/L for
ground-water (3213).

.Kentucky has a surface water quality criterion of 5 Ug/L for phenol-c
compounds in warm and coldwater aquatic habitats (3827).

LQUISANA
Louisiana has water quality criteria for phenols of 5 4g/L for drinking
water supply waters, 440 gg/L for marine surface waters, and 50 j1g/L
for fresh surface waters (3406).

MIEOTA
Minnesota hqs surface water quality criterion of 10 ,g/L for phenols in
Fisheries and Recreation waters (3827).

MISSISSIPPI
Mississippi requires that the level of phenolic compounds in the public
water supply not exceed 1 14g/L (3684). Mississippi also has a surface
water quality standard of 50 sg/L for phenolic compounds for fish and
wildlife protection (3684).

NEVADA
Nevada has a water quality criterion for phenolics of 1 ug/L for all
surface waters (3827).

NEW HAMPSHIRE
New Hampshire has a driniking water standard of 1 Vg/L for phenols
(3710). New Hampshire also has a surface water quality standard of 1
pg/L for Class A and B waters and 2 gg/L for Class C waters (3684).

NEW JERSEY
New Jersey scts the maximum concentration levels for phenols in the
Delaware River and Bay at the following levels: 5 usg/L for Zones 1, 2
and 3, 20 j4g/L for Zone 4, and 10 g/gL for Zones 5 and 6. These
are maximum levels that Rpply unless exceeded due to natural
conditions (3498).
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NEW YORK
New York has an ambient water quality standard for aquatic life of 5
jug/L for total unchlorinated phenols for all freshwater classes of
surface waters (3500). New York has also set an MCL of 5 Mg/L for
2,4-dimethyiphenol in drinking water and a water quality standard of 1
Ag/L for phenol and phenolic compounds in ground-water and surface
water classed for drinking water supply (3501).

NORTH CAROLINA
North Carolina has a water quality standard of I u.g/L for phenolic
compounds in Class WS-I, WS-IH, and WS-III surface waters (3681).

OHIO
Ohio ha, a surface water quality standard for phenolic compounds of
I jug/L for Lake Erie Use waters, public water supply waters, aquatic
life habitat coldwaters and exceptional warmwaters, and 10 ,Mg/L for
aquatic life habitat warmwaters (3827).

OKLAHOMA
Oklahoma has set an unenforceable Toxic Substance Goal of 55.5. t~g/L
for public and private water supply surface waters (3534).

OREGON
Oregon has a surface water qialiLy criterion of 1 Ag/L for phenols in
all surface waters (3827).

PENNSYLVANIA
Pennsylvania has a human health criterion for total phenolics of 5 jg'L
measured in surface waters at the point of water supply intake (3561).
Pennsylvania also has a human health criterion of 400 /g/L for
2,4-dimethylphenol in surface water (3561).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 106 Ag/L
and a chronic guideline of 2.4 Azg/L for surface waters for the pro-
tection of aquatic life. These guidelinet, are enforceable under Rhode
Island state law (3590).

TENNESSEE
Tennessee sets an effluent limitation of 1.0 mi, for phenols in
effluent from industrial wasvewater trcatment plants (3827).
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VIRG•
Virginia has a water quality criterion for phenols of I sg/L for
gro,,d-water and Public Water Supply surf-ce waters, and a chronic
citerion for the protection of aquriic Ufc of I ug/L for phenol in
surface water (3135, 3827).

LYITM VIR
West Virginia sets 0.001 mg/L'as the maximum concentration secondary
contaminant level for phenols in drir~king water in the community
public water systems (3576).

WISCONSIN
Wisconsin has a taste and odor criterion threshold concentration of 400
ug/L for 2,4-dimethylphenol in surface waters (3841).

Pro2osed Regulations
0 Federal Programs

No proposed federal regulations are pending.

• State Water Programs
MOST STATES
Most states are in the process of revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with state officers is advised.
Changes are projected for 1989-90 (3683).

LOW-A
Iowa has proposed acute criteria for phenols of 50 ug/L for Class C
surface waters, 1000 gg/L for Class B cold surface waters, and 2500
Ag/L for Class B warm. surface waters, and a chronic criterion of 50
pg/I. for all Class B surface waters. These criteria are for the
protection of aquatic life (3326).

MINNESOTA
Minnescta has proposed a Sensitive Acute Limit (SAL) of 530 jug/L
and a chronic criterion of 12 jg/L for 2,4-dimethylphenol in
designated surface waters for the protection of human health (3452).
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EEC Directives
Directive on Drinking Water (533)
The mandatory values for phenols in surface water treatment categories
Al, A2 and A3 used or intended for abstraction of drinking water are
0.001, and 0.005, and 0.1 mg/L, respectively. Guideline values for
phenols under treatment categories A2 and A3 are 0.001 and 0.01
mg/L, respectively. No guideline value is given for treatment category
Al.

Directive Relating to the Quality of Water Intended for Human
Consumption (540)
The maximum admissible concentration for phenols (phenol index) is
0.5 ligiL. Excluded from this category are natural phenols which do
not react to chlorine. No guideline levels for phenols are given.

Directive on Ground-Water (538)
Direct and indirect discharge into ground-water of substances which
have a deleterious effect on the taste and/or odor of ground-water, and
corn-pounds liable to cause the formation of such substances in ground-
water and to render it unfit for human consumption shall be subject to
prior review so as to limit such discharges.

Directive on Bathing Water Quality (534)
Mandatory values for phenols (phenol indices) in bathing water are:
(1) no specific odor and (2) concentrations 50.05 mg/L. Guideline
values for phenols suggest concentrations _50.005 mg/L

Directive on Fishing Water Oualit' (5-6)
Phenolic compounds in both salmonid and cyprinid waters must not be
present in such concentrations that they adversely affect fish flavor.

Directive on the Quality Required of Shellfish Waters (537)
The mandatory specifications for substances affecting the taste of
shellfish require that their concentrations be lower than that liable to
impair the taste ot the shellfish.

Directive on the Discharee of Dangerous Substances (535)
Organohalogens, carcinogens or substances which have a deieterious
effect on the taste and/or odor of human food derived from aquatic
environments cannot be discharged into inland surface waters,
territorial waters or internal coastal waters without prior authorization
from member countries which issue emission standards. A system of
zero-emission applies to discharge of these substances into ground-
water.
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Directive on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogcnic
properties in or via the aquatic environment, and minerai oils and
hydrocarbons is prohibited. Appropriate measures deemed necessary to
prevent indirect discharge into ground-water (i.e, via percolation
through ground or subsoil) of these substances shall be taken by
member countries.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds, excluding inert
poly-meric materials and other substances referred to in this list or
covered by other Directives concerning the disposal of toxic and
dangerous waste; chlorinated solvents; organic solvents; biocides and
phyto- pharmaceutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a r-cord of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directive on the Classification. Packaging and Labeling of Dangerous
Subtances (787)
2,4-Dimethylphenol is classified as a toxic substance and is subject to
packaging and labeling regulations.
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22.1 MAJOR USES

The compound, 2,4-ceimethylphenol, is a naturally-occurring, substituted phenol
derived from the cresol fraction of petroleum or coal tars. It is one of 5 isomers of
dimethylphenol. No direct cormercial applications presently exist for 2,4-dimethyl-
phenol, but it is used commercially in the manufacture of a wide range of products
for industry and agriculture. These include phenolic antioxidants, disinfectants,
solvents, pharmaceuticals, insecticides, plasticizers, rubber chemicals, polyphenylene
oxide, wetting agents and dyestuffs (214).

222 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

222.1 Transport in Soil/C-round-water Systems

22.2-1.1 Ovcrview

The 2,4-isomer of dimethylphenol may move through the soil/ground-water
system when present at low concentrations (dissolved in water and sorbed on soil) or
as a separate organic phase (resulting from a spill of significant quantities of the
chemical). In general, transport pathways of low soil concentrations can be assessed
by estimating equilibrium partitioning as shown in Table 22-1. These calculations
predict partitioning of 2,4-dimethylphenol among soil particles, soil water and soil air.
The 2,4-dimethylphenol associated with the water and air phases of the soil is more
mobile than the adsorbed portion.

The estimat,.s for the unsaturated topsoil model indicate that nearly all of the
chemical (95%) would be associated with the soil particles. Most of the remainder
(5%) is predicted to be present in the soil-water phase and can thus migrate by bulk
transport (e.g., the downward movement of infiltrating water), dispersion and dif-
fusion. FoF the small portion of 2,4-dimethylphenol in the gaseous phase of the soil
(0.000,4%), diffusion through the soil-air pores up to the ground surface, and sub-
sequent removal by wind, will be possible.

I.n saturated, deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of the 2,4-dimethylphenol (71%) is likely to be present in the
soil-water phase (Table 22-1) and transported with flowing ground water.

The 2,4-isomer of dimethylphenol is a weak acid (pK, = 10.6) which will
dissociate slightly in natural waters with elevated p1Is (e.g., 7-9). Under most
conditions, however, the chemical will be in its neutral, non-ionized form. The
phenolic group can form complexes with dissolved metal cations, and this may
influence environmental fate and transport in ways not applicable to other
non-reacting organic compounds.
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TABLE 22-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR 2,4-DIMETHYLPHENOL

IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topoirc
at 20C 94.8 5.1 0.0004

Saturated
deep soil' 28.7 71.3

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: K, - 96. (Estimated by Arthur D.
Little, Inc.)

c) Henry's law constant taken as 6.7E-06 atm. m'/mol at 20'C. (Estimated by Arthur
D. Little, I ic.)

d) Used sorption coefficient (K,) calculated as a function of K= assuming 0.1%
organic carbon: K, = 0.001 x K,

22.2-1.2 Sorption on Soils

The mobility of 2,4-dimethylphenol in the soil/ground-water system (and its
eventual migration into aquifers) is strongly affected by the extent of its sorption on
soil particles. In general, sorption on soils is expected to:

increase with increasing soil organic matter content;
- increase slightly with decreasing tempe2rature;

increase moderately with increasing salinity of the soil water; and
decrease moderately with increasing dissolved organic matter content of
the soil water.

Based upon its octanol-water partition coefficient of 200, the soil sorption
coefficient (K,) is estimated to be 96. This is a relatively low number indicative of
weak sorption to soils. However, this conclusion is based upon the assumption that
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the chemical acts as a neutral species. As mentioned above, the phenolic group can
complex with other cations and any such complexation could significantly alter the
sorption properties of the chemical in unpredictable ways.

222.1.3 Volatilization from Sols

Transport of 2,4-dimethylphenol vwpors through the air-filled pores of unsatu-
rated soils is not expected to be an important transport mechanism because of the
chemical's low vapor pressure and relatively high water solubility (which allows it to
be carried down with infidtrating water).

77 7 Transformation Processes in SoilGround-water Systems

The persistence of 2,4-dimethylphenol in soil/ground-water systems has not been
studied. In most cases, it should be assumed that the chemical will persist for months
to years.

2,4-Dimethylphenol under normal environmental conditions is not expected to
undergo hydrolysis (10,33). The possibility of aqueous phse Gxidation, catalyzed by
certain dissolved metals such as copper or iron, has been raised, but there is no
evidence that such reactions occur under --3rmal environmental conditions (10).

2,4-Dimethylphenol is likely to be easily biodegraded in biological wastewater
treatment plants based on data reported by Callahan et al. (10) and Takak et ai. (55).
However, other data indicate that biodegradation in natural environments (e.g.. rivers,
soil/ground-water systems) may not occur at environmentally-significant rates (10). In
most ,oil/ground-water systems, the concentration of microorganisms capable of
biodegrading chemicals such as 2,4-dimethylphenol is very low and drops off sharply
with increasing depth. Thus, biodegradation in the soil/ground-water system should
be assumed to be of minimal importance except, perhaps, in landfills with active
microbiological populations.

22.23 Primary Routes of Expsure From Soil/Ground-water Systen

The above discussion of fate pathways suggests that the volatility of 2,4.-dimethyl-
phenol from aqueou.s solutions is low, it is weakly adsorbhd by soil and has a low
pot :ntial for bioaccumulation. The portion of the compound not adsorbed will be
mooile in ground water.

The potential for ground water contamination is high, patuicularly in sandy soil.
Mi-ýre (83) reported that 2,4-dimethylphenol was found at 3 of the 546 National
Priority List (NPL) sites It was detected at one site in ground water and 3 sites in
surface water. There was no available monitoring data for 2,4-dimethylphenol in
drinking water supplies. There is, however, a potential for exposure through drinking
water ingestion from grc,,nd water if supplies are contaminated.
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Because 2,4-dimethylphertol has the potential for movement in soil/ground-water
systems, this compound may eventually reach surface waters by this mechanism,
suggesting several other exposure pathways:

* Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposure;

0 Aquatic organisms residing in these waters may be consumed, also
resulting in ingestion exposures through bioaccumulation;

• Recreational use of these waters may result in dermal exposures;

* Domestic animals may consume or be dermally exposed to contaminated
ground or surface waters; the consumption of meats and poultry could
then result in ingestion exposures.

In gencral, exposures associated with surface water contamination can be ex-
pected to be lower than exposure from drinking contaminated ground water for two
reasons. Frst, surface waters can provide a greater dilution volume. Secondly, the
bioconcentration factor for this compound is expected to be low, suggesting limited
bioaccumulation in aquatic organisms or domestic animals.

v.2.4 Other Sources of Exposure

There is a lack of data on the occurrence of 2,4-dimethylphenol in finished water
supplies or in ambient air. 2,4-Dimethylphenol has been detected in industrial
effluents (587). Discharge of contaminated effluents near drinking water intakes in
surface water could potentially result in ingestion exposure.

22.3 HUMAN HEALTH CONSIDERATJONS

223.1 Animl Studies

22.3.1.1 Carcinogenicity

Boutwell and Bosch (588) reported that 2,4-dimethylphenol produced papillomas
and carcinomas on the skin of tumor-susceptible female Sutter mice. It should be
noted, however, that the 2,4-dimethylphenol was applied as a 10% solution in
benzene and that the mice were housed in cages treated with creosote, both known
carcinogens. These investigators (388) also evaluated the rbility of 2,4-dimethyl-
phenol to promote the appearance of tumors after a single application of the carcino-
gen, dimethylbenzanthracene. Five milligrams of 2,4-dimethylphenol in benzene
applied twice a week elicited a carcinogenic response in 18% of the mice at 23
weeks. Again, the use of benzene as the solvent confounds interpretation of this
study.
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22.3.1.2 Genotoxicty

2,4-Dii•,ethylphenol was observed to have no effect in the Sarnonella/micresome
assay (3469, 3569) and did not induce sister chromatid exchanges above control levels
in human lymphocytes treated in vitro (3336).

22.3.1-3 Teratogenicity, Embryotoxicity and Repfducdvi Effects

The only study relating to the teratogenicity of the agent is provided by Hol-
combe et al. (2295) in an investigation on the effects of 2,4-dichlorophenol on
embryonic, larval, and early juvenile fathead minnows. Embryos less than 24 hours
old were exposed to 900, 1,360, 1,970, 3,110, or 5,130 p4g/L of this chemical with
exposure continuing through the 4th week after hatching. Survival was significantly
reduced by exposure to 5,130 g/'L, but growth, a more sensitive indicator of effect,
was significantly reduced at both 3,110 and 5,130 ug/L.

22.3.1.4 Other Toxicologic Effects

22.3.1.4.1 Short-term Toxicity

The effects of acute admninistration of 2,4-dimethylphenol have been examined in
mice, rats and rabbits. Ten percent solutions in oil (unspecified) were administered
by intubation to rats and inice. In general, dimethylphenols were less toxic than
phenol ,nd methyiphenols in mice; 2,4-dimethylphenol was less toxic to rats. The
oral LD, values for 2,4-dimethylphenol were 809 mg/kg in mice and 3200 mg/kg in
rats (214). *No appreciable toxic effects were seen in rabbits following doses of
273-425 mg/kg: the route of administration was not specified (213). Topical ad-
ministration has been shown to be lethal to mice at 5600 mg/kg; an LD3, value of
1040 mg/kg was recorded for rats (47, 213). Tested by application of a drop into
rabbit eyes, the 3.5-isomer caused severe and presumably permanent injury (19).
Bruze (3088) demnonstrated that 2.4-dimethylphenol, when used as a rechallenge agent
in the guinea pig maximization test, was able to elicit a response in animals sensitized
to 2-methylol phenol, thus showing cross-reactivity. No inhalation studies of
2,4-dimethylphenol have been conducted. Other dimethylphenol isomers produce
difficult respiration, disturbance of motor coordination and development of spasms
with acute inhalation exposures (214).

22.3.1.4.2 C•ronic Toxicity

No long-term toxicity studies of 2.4-dimethylphenol have been conducted.
However, the 2.6- and 3,4-isomers of dimethylphenol were evaluated in a 10-week
study with male rats giveo oral doses of 29.5 mg/kg 2,6-dimethyphenol or 72.5 mg/kg
of 3.4-dimethylphenol. The dosing regimen was not indicated. Animals treated with
the 2,6-isomer exhibited a depressed body weight gain and increased organ to body
weight ratios for the liver and spleen. Rats treated with the 3,4-isomer exhibited the



22-!6 2,4-DIMETHYLPHENOL

same effects plus an increase in the organ to body weight ratios for the heart and
lungs. Cellular changes in the liver were observed in both groups. No hematological
changes were observed (589).

fl.3.2 Human and Epidemiologic Studies

No reports of human toxicity were found in the literature. It is unlikely that any
segment of the population is exposed to this compound alone. Many workers are
exposed by inhalation to commercial degreasing agents which contain methylphenols
and dimethylphenols; however, no adverse effects have been reported. Since
Z4-dimethylphenol has been identified in cigarette and marijuana smoke, smokers and
those exposed to smoke may be at risk (214).

22.3.3.3 Levels of Concern

The USEPA (355) has not established an ambient water quality criterion for the
protection of himan health for 2,4-dimethylphenol due to the insufficiency of
available data; a criterion of 400 Ag/L is suggested by the USEPA on an organoleptic
basis (355).

22.3.3.4 Hazard Assessment

Nominally, 2,4-dimethylphenol is a cocarcinogen. Assessment of positive findings
in skin-painting and tumor-promotion studies conducted with 2,,-dimethylphenol,
however, are confounded by the use of benzene as the vehicle for compound admin-
istration and concomitant exposure to creosote. The impact, if any, that these two
carcinogens exerted on the test results for 2,4-dimethylphenol is uncertain. Th'! lack
of sufficient genotoxic, reproductive and long-term exposure data for this :Zmpound
further complicates an assessment of the human health hazards associated with ex-
posure to 2,4-dimethyiphenol. In view of the paucity of available health effects data,
an assessment of hazard associated with exposure to 24-dimethylphenol cannot be
made with any degree of confidence at this time.

22.4 SAMPING AND ANALYSIS CONSIDERATIONS

Determination of 2-4-dimethylphenol concentrations in soil and water requires
collection of a representative field sample and laboratory analysis. Care is required to
prevent losses during sample collection and storage. Soil and water samples should
be collected in glass containers; extraction of samples should be completed within 7
days of sample and analysis completed within 40 days. In addition to the targeted
samples, quality control samples such as field blanks, duplicates, and spiked matrices
may be specif-ed in the recommended methods.

EPA-approved procedures for the analysis of 2,4-dimethylphenol, one of the
EPA priority pollutants, in aqueous samples include EPA Methods 604, o25, and 1625
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(65), 8040 and 8250 (63). Prior to analysis, samples are extracted with methylene
chloride as a solvent using a separatory funnel or a continuous liquid-liquid extractor.
Methods 604 and 8040 also describe perfluorobenzylbromide (PFB) derivatization of
the sample extract and additional clean-up procedures if interferences are presem in
the sample matrix. An aliquot of the concentrated sample extract or derivative is
then injected onto a gas chromatographic (GC) column using a solvent flush tech-
nique. The GC column is programmed to separate the semi-volatile organics; 2,4-
dimethylphenol is then detected with a flame ionization detector (Methods 604 and
8040 without derivatization), as its PFB derivative with an electron capture detector
(Methods 604 and 8040 with derivatization) or a mass spectrometer (Methods 625
and 1625).

The EPA procedures recommended for 2,4-dimethylphenol analysis in soil and
waste samples, Methods 8040 and 8250 (63), differ from the aqueous procedures
primarily in the preparation of the sample extract. Solid samples are extracted using
either soxhlet extraction or sonication methods. Neat and diluted organic liquids may
be analyzed by direct injection.

Typical 2,4-dimethylphenol detection limits that can be obtained in wastewaters
and non-aqueous samples (wastes, soils, etc.) are shown below. The actual detection
limit achieved in a given analysis will vary with instrument sensitivity and matrix
effects.

Aqueous Detection Limit Non-Aqueous Detection Limit

0.32 pg'L (Method 604) 1 ug/g (Method 8250)
2.7 ug/L (Method 625) 0.2 ug/g (Method 8040 without
10 ug/L (Method 1625) derivatization)
3.2 ug/L (Method 8040 without 0.4 Ag/g (Method 8040 Aith

derivatization) derivatization)
6.3 ug,/ (Method 8040 with 1.8 ug/g (Method 8250)

derivatization)
27 ,g/L (Method 8250)
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COMMON CAS REG.NO: FORMULA. AIR WV CONVERSION
SYNONYMS: 606-20-2i CHN204 FACTOR at 25 ° C (12)

2,6Dinitrololuene NIOSH NO.
26-DN-f XT1921" 7.43 mg/ X ppm;
2SMethl1I3itro_ C 0.1346 ppm U I mg/m3
benizenie STRUC RE: CH3

ON NO, MOLECULAR WEIGHT:

Reactions bf phenols with organic peroxides or
hydroperoxide stypically generate heat. Those with alkali or
alkaline earth metals or nitrides may produce heat and
flammable gases while reactions w-ith azoor diazo
compounds, or hydrazines may evolve heat and other gases.
Reactions with oxidizing mi~neral acids or other strong

REACTIVITY oxidizers may result in heat generation and fire, while those
with isocyanates, epoxides, or polymerizable compoundis
may result in evolution of heatand violent polymerization
reactions. Contact with explosive materials may cause an
explosion (11).

* PhysicaliState: Solid, cryst3lline
(at 200C) (25)

* Color: yellow (3)
* Odor: Slight (3429)
* Odor rhreshold: No data

PHYSICO- * Density: 1.2833 g/mL (at 111°C) (59)
CHEMICAL 0 Freeze/Melt Point: 66.00"C (222)

DATA 0 Boiling Point: 285.00*C;
Decomposes at 2600C (222,790)

* Flash Point: 207.00"C
(closed cup) (342))

* Flammable Limits: No data
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0 Autoignition Temp.: No data
* Vapor Pressure: 1.80E-02 mnn Hg

(at 20*C) (33)

0 Satd. Conc. in Air:
1.8000E+02 mg/m' (at 20*C) (1219)

PHYSICO- * Solubility in Water: 2.12E+03
CHEMICAL ing/L (at 250C) (1219)

DATA' * Viscosity. No Data
(Cont.) * 3urface Tension: No data

9 Log (Octanol-Water Partition
Coeff.): 1.98 (29)

0 Soil Adsorp. Coeff.: 4.60E+01 (652)
0 Henry's Law Const.: 7.90E-06

atm. m'/mol (33)
* Bioconc. Factor: 4.60 (estim) (659)

2,6-Dinitrotoluene is expected to be mobile in the soil/
PERSISTENCE ground-water system. Volatilization is not expected to
IN THE SOIL- be a significant removal mechanism. Transformation
WATER, processes such as hydrolysis and biodegradation are also
SYSTEM not expected to be significant in natural soils. Photolysis

faster in natural waters at higher pH.

The primary pathway of concern from a soil-water
PATHWAYS system is the migration of 2,6-dinitrotoluene to

OF groundwater drinking water supplies. There is some
EXPOSURE evidence that such migration has occurred in the past.
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Signs and Symptoms of Short-term Human Exposure:
(3Q 54. 59)
Dinitrotoluene affects the ability of blood to carry
oxygen; a bluish discoloration of the skin may occur.
inhalation can result in symptoms resembling ethanol
intoxication including headache, irritabiEty, dizziness,
weakness, nai.ea, vomiting, shortness of breath,
drcwsiness and unconsciousness. The onset of symptoms
may be delayed. Death may occur if treatment is not
given promptly. Alcohol ingestion may cause increased
suscepibility to the toxic effects of dinitrotoluene. There
may be a correlation between dinitrotoluene exposure
and ischemic heart disease.

Acute Toxicity Studies: (3504)
HEALTH
HAZARD ORAL:

DATA LD5, 177 mg/kg Rat
LD, 621 mg/kg Mouse

Lone-Term Effects: Anemia. methemozlobinemia
Pregnancy/Neonate Data: No terata (technical);
testicular damage (2.6-isomer)
Genotoxicity Data: Limited evidence of genotoxic
potential
Carcinogenicity Classification:
IARC - None assigned
NTP - No evidence in female rats
EPA - Group B2 (probable human carcinogen;

sufficient evidence in animals and insufficient
evidence in humans)

Handle chemical only with adequate ventilation 0 Vapor
concentrations of 1.5-15 mg/m' 2,4Adinitrotoluene: any
supplied-air respirator or self-contained breathing
apparatus 0 15-75 mg/rmn: any supplied-air respirator or

HANDLING self-contained breathing apparatus with full facepiece
PRECAUTIONS 0 75-200 mg/mr: Type C supplied-air respirator with full

(38) facepiece operated in positive-pressure mode 0 Chemical
goggles if there is probability of eye contact 0 Imper-
vious clothing and gloves should be used to prevent
repeated or prolonged skin contact with liquid.
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRrIERIA

AIR EXPOSURE LIMITS:

Standards
"* OSHA TWA (8-hr): 1.5 mg/m' (skin) for commercial-grade dinitrotoluene
"* AFOSH PEL (8-hr TWA): 1.5 mg/m' (skin) for commercial-grade

dinitrotoluene;
STEL (15-riin): 4.5 mg/m'

Criteria
"* NIOSH IDLH (30-min): NIOSH has recommended that commercial-grade

dinitrotoluene be treated as a potential human ca:cinogen
"* ACGIH REL (8-hr TWA): 1.5 mg/rn3 (skin) for commercial-grade

dinitrotoluene

WATER EXPOSURE LIMITS:

Drinking Water Standards
None Established

EPA Health Advisories and Cancer Risk Levels
None est?'lished

WHO Dr'nking Water Guideline
None established

EPA Ambient Water Oualitv Criteria
* Human Health (355)

No criteria have been set for the 2,6-isomer.

• Aquatic Life (355)
. Freshwater species

acute toxicity: no criterion.
chronic toxicity: no criterion

. Saltwater species
acute toxicity: no criterion established due to insufficient data.
chronic toxicity: no criterion.

REFERENCE DOSES:
No reference dose available
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REGULATORY STATUS (as of 01-MAR-89)

Promulgated Regulations
S Federal Programs

Clean Water Act (CWA)
2,6-Dinitrotoluene is dcsignrited a hazardous substance under the CWA. It
has a reportable quantity (RQ) limit of 454 kg (347, 3764). It is also listed as
a toxic pollutant, subject to general pretreatment standards for new and
existing sources, and effluent guidelines and standards.(351, 3763). Effluent
limitations exist for 2,6-dinitrotoluene effluent in the electroplating, the steam
electric power generating, and the metal finishing point source categories
(3767, 3802, 3768). Limitations vary depending on the type of plant and
industry.

Safe Drinkin2 Water Act (SDWA)
The isomer 2,4-dinitrotoluene is included on the first drinking water priority
list for which NPDWRs and MCLGs will be developed by January, 1991
(3781). The 2,6-isomer of dinitrotoluene is not regulated at this time under
the Safe Drinking Water Act. In states with an approved Underground
Injection Control program, a permit is required for the injection of
2,6-dinitrotoluene-containing wastes designated as hazardous under RCRA
(295).

Resource Conservation and Recovery Act (RCRA)
2,6-Dinitrotoluene is identified as a toxic hazardous waste (U106) and listed as
a hazardous waste constituent (37r-, 3784). 2,6-Dinitrotoluene is subject to
land disposal restrictions when its concentration as a hazardous constituent of
certain wastewaters exceeds designated levels (3785). 2,6-Dinitrotoluene is
included on EPA's ground-water monitoring list. EPA requires that all
hazardous waste treatment, storageand disposal facilities monitor their ground-
water for chemicals on this list when suspected contamination is first detected
and annually thereafter (3775).

Ioxic Substances Control Act (TSCA)
Under TSCA Section 4, EPA recommend& that manufacturers and processors
of 2,6-dinitrotoluene perform human health effects studies and chemical fate
testing in support cr the RCRA program (3792).

Comprehensive Environmental Response Compensation and Liability
Act (CERCLA)
2,6-Dinitrotoluene is designated a hazardous substance under CERCLA It
has a reportable quantity (RQ) limit of 454 kg (3766). Reportable quantities
have also been issued for RCRA hazardous waste streams containing
dinitrotoluene, but these depend upon the concentrations of the chemical in
the waste stream (3766). Under SARA Title III, manufacturers, processors,
importers, and users of 2,6.-4initrotoluene must report annually to EPA and
state officials their relea.ses of this chemical to the environment (3787).
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Occunational Safety and Health Act (OSHA)

Employee exposure to dinitrotoluene in any 8-hour work-shift of a
40-hour work-week shall not exceed an 8-hour ti•ne-weighted average
(TWA) of 1.5 mg/ms. Employee skin exposure shall be
pre.ented/reduced through the use of protective clothing and practices
(3539).

Hazardous Materials Transportation Act (HMTA)
The Deparament of Transportation has designated 2,6-dinitrotoluene as
a hazardous material with a reportable quantity limit of 454 kg. subject
to requirements for packaging, labeling and transportation (3180).

* State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

NEW YORK
New York has set an MCL of 5 pg/L for 2,6..dinitrotoluene in drinking
water, and a nonenforceable guideline value of 0.07 ug/L for
2,6-dinitrotoluene in ground and surface waters (3501, 3500).

KANSAS
Kansas has an action level of 0.04 gg/L for 2,6-dinitrotoluene in
ground-water (3213).

Proposed Regulations
* Federal Programs

No proposed federal regulations are pending.

* State Water Programs

MOST STATES
Most states are in the process of revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with the state officers is adviscd.
Changes are projected for 1989-90 (3683).

MIOTA
Minnesota has proposed a Sensitive Acute Limit (SAL) of 7750 g/IL
for dinitrotoluene (isomer not indicated) in designated surface waters,
and chronic criteria of I ug/!L for designatee. surface waters and 1.1
M•g/L for designated ground-waters for the protection of human health
(3452).
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Directive on Ground-Water (538)
Direct discharge into ground-water (ie., without percolation through
the ground or subsoil) of organobalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic
properties in or via the aquatic environrient, and mineral oils and
hydrozarbons is prohibited. Appropriatc measures deemed necessary to
prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shall be takcn by
member countries.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic an dangerous wastes including phenols
and phenol compounds; organic-halogen compounds, excluding inert
poly-meric materials and otner substances referred to in this list or
covered by other Directives concerning the disposal of toxic and
dangerous waste; chlorinated solvents; organic solvents; biocides and
phyto- pharmaceutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Pirective on the Classification, Packaging and Labeling of Dangerous
Substances (787)
2,6-Dinitrotoluene is classified as a toxic substance and is subject to
packaging and labeling regulations.

Directive on the Approximation of the Laws. Regiulations and
Administrative Provisions Relating to the Classification, Packaging and
Labeling of Dangerous Preparations (3980)
The labels on packages containing preparations classified as very toxic,
toxic or corrosive must bear the safety advice S1/S2 and S46 in
addition to the specific safety advice. It is physically impossible to give
such information, the package must be accompanied by precise and
easily understood instructions.

'M
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23.1 MAJOR USES

Six isomers of dinitrotoluene exist; the commercial-grade is pydominantly a
mixture of the 2,4-, 2,6-, and 3,4-isomers (2). Dinitrotoluene compounds are
intermediates in the production of toluene diisocyanate which is used in the
manufacture of polyurethane foams, coatings, and elastomers. Dinitrotoluenes are
also used to a limited extent as gelatinzing and waterproofing agents in military and
commercial explosives (222, 59).

23.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

2321 Transport in So ,round-water Systems

2321.1 Overview

The 2,6-isomer of dinitrotoluene may move through the soil/ground-water system
when present at low concentrations (dissolved in water and sorbed on soil). Because
the pure compound is a solid at ambient temperatures (melting point = 66°C), spills
of bulk quantities of the chemical are unlikely to result in any significant penetration
of the pure chemical into the soil/ground-water system. In general, transport
pathways for low concentrations can be assessed by using an equilbrium partitioning
model as shown in Table 23-1. These calculations predict the partitioning of low soil
concentrations of 2,6-dinitrotoluene among soil particle-, soil water and soil air. The
portions of 2,6-dinitrotoluene associated with the water and air phases of the s3ii are
more mobile than the adsorbed portion.

The estimates for the unsaturated topsoil model indicate that most of the
chemical (90%) will be sorbed to the soil; however, a significant fraction (10%) will
be present in the soil-water phase and can thus migrate by bulk transport (e.g., the
downward movement of infiltrating water), dispersion, and diffusion. For the portion
of 2,6-dinitrotoluene in the gaseous phase of the soil (0.01%), diffusion through the
soil-air pores up to the ground surface, and subsequent removal by wind, will be a
loss pathway.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of the 2,6-dinitrotoluene (84%) is likely to be present in the
soil-water phase (Table 23-1) and transported with flowing ground-water.

Piet et al. (226) found that dune-infiltration treatment of Rhine River water
reduced aqueous concentrations of dinitrotoluene (isomer unspecified) by 95% from
the original values in the river water. The study showed that the chemical is
somewhat mobile in the soil/ground-water environment.
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TABLE 23-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR
Z6-DINITROTOLUENE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoilLc

at 20"C 89.8 10.2 0.01

Saturated
deep soil' 16.2 83.8

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for description of model and environmental coaditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: K., = 46 (Estimated by Arthur D.
Little, Inc.).

C) Henry's law constant taken as 7.9E-06 atm. m'/mol at 200C (33).
d) Used sorption coefficient K, calculated as a function of K.,. assuming 0.1%

organic carbon: K, = 0.001 x K,

73.2.1.2 Sorption on Soils

The mobility of 2,6-dinitrotoluene in the soiL/ground-water system (and its
eventual migration into aquifers) is strongly affected by the extent of its sorption on
soil particles. In general, sorption on soils is expected to:

increase with increasing soil organic matter content;
increase slightly with decreasing temperatire;
increase moderate!y with increasing salinity of the soil water; and
decrease moderately with increasing dissolved organic matter content of
the soil water.

Based apon its octanol water partition coefficient of 95, the soil sorption
coefficient (Kj) is estimated to be 46. This is a relatively low number indicative of
weak sorption to soils. However, this conclusion is based upon the assumption that
the chemical acts as a neutrr-i species in solution. Callahan et al. (10) point out that
polynitroaromatic compounds are able to form very stable charge-transfer complexes
with more highly electro-negative aromatic compounds. This implies that
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2,6-dinitrotoluene should be strongly adsorbed by both humus and clay. In addition,
Callahan et al. (10) point out that basic sites on clay surfaces may form addition-type
complexes with the chemical.

23.21.3 Volatilzaton fom Soas

Transport of 7,6-dinitrotoluene vapors through the Air-filled pores of unsaturated
soils is not expected to be an important transport mechanism because of the
chemical's low vapor pressure and relatively high water solubility (which allows it to
be carried down with infiltrating water).

23.22 Transfomation Procemes in SoiUrodun-water Systems

The persistence of 2,6-dinitrotoluene in soil/ground-water systems has not been
studied. In most cases, it should be assumed that the chemical will persist for months
to years (or more).

Degradation via hydrolysis is not expected to be environmentally significant (10,
33, 3874). Photolysis of 2.6-dinitrotoluene appears to be dependent on pH, with
more rapid hydrolysis occurring at higher pH (3307). Photolysis rates of the 2,4-
isomer were found to be faster in natural waters than in distilled water, with the
photolysis half-life in natural water estimated to be 2.7 to 9.6 hr compared to 43 hr
in distilled water (3874).

In a shake-flask test simulating wastewater treatment plant conditions, Tabak et
al. (55) found that 2,6-dinitrotoluene underwent significant degradation with gradual
adaptation followed by a deadaptive process (toxicity) in subsequent subcultures.
Thus biodegradation in wastewater treatment plants appears likely. Additional studies
described by Callahan et al. (10) indicate that 2,6-dinitrotoluene is resistant to
biodegradation in the natural environment.

In most soil/ground-water systems, the concentration of microorganisms capable
of biodegrading chemicals such as 2,6-dinitrotoluene is very low and drops off sharply
with increasing depth. Thus, biodegradation in the soil/ground-water system should
be assumed to be of minimal importance except, perhaps, in landfills with active
microbiological populations.

23.2.3 Primary Routes of Exposure From SoOlAround-water Systems

The above discussion of fate pathways suggests that the volatility of
2,6-dinitrotoluene is low, that it is weakly adsorbed by soil and has no significant
potential for bioaccumulation. The portion of the compound not adsorbed will be
mobile in ground-water.

Based on its properties, the potential for ground-water contamination is high,
particularly in sandy soil. Mitre (83) reported that 2,6-dinitrotoluz.ne has been found
at 2 of the 546 National Priority List (NPL) sites. It was detected at I site in
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ground-water and 1 site in surface water. There were no available monitoring data
for 2,6-dinitrotoluene in drinking water supplies.

Because 2,6-dinitrotoluene has the potential for movement in soil/ground-water
systems, this compound may eventually reach surface waters by this mechanism,
suggesting several other exposure pathways:

* Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposure-,

0 Aquatic organisms residing in these waters may be consumed, also
resulting in ingestion exposures through bioaccumulation;

• Recreational use of these waters may result in dermal exposures;

0 Domestic animals may consume or be dermally exposed to contaminated
ground or surface waters; the consumption of meats and poultry could
then result in ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower than exposure from drinking contaminated ground-water,
partially due to the greater dilution volumes generally associated with surface water.
In addition, the bioconcv:ntration factor for this compound is very low, suggesting no
significant bioaccumulation in aquatic organisms or domestic animals.

23.2.4 Other Sources of Exposure

There is a lack of data on the occurrence of 2,6-dinitrotoluene in finished
surface water supplies or in ambient air. As discussed under fate pathways, this
compound has a very low vapor pressure and low volatility from aqueous solutions.
Potential exposure through inhalation is low. However, 2.6-dinitrotoluene has been
detected in industrial effluents (587). Discharge of contaminated effluents near
drinking water intakes in surface water could potentially result in ingestion exposures.

23.3 HUMAN HEALTH CONSIDERATIONS

23.3.1 Animal Studies

233.1.1 Carcnogenicity

There are indications that the 2.6-isomer may be the major tumor-initiating
component of dinitrotoluene. In a two-year feeding study with CD rats administered
a dinitrotoluene mixture (98% 2,4-dinitrotoluene and 2% 2,6-dinitrotoluene) in the
diet, 21% of the male rats fed at a level of 34 mg/kg/day (0.7 mg/kg/day
2,6-dinitrotoluene) developed hepatocellular carcinomas after 24 months (592). In
another study, F344 rats were administered technical-grade dinitrotoluene (76%
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2,4-dinitrotoluene, 19% 2,6-dinitrotoluene and 5% other isomers) in the diet at
dosages of 35 mg/kg bw/day (6.6 mg/kg/day 2,6-dinitrotolueue), 14 or 3.5 mg/kg
bw/day. After 12 months, 100% of the males and 50% of the females in the 35
mg/kg group were found to have hepatocellular carcinomas. Bile duct (cholangio)
carcinomas were also observed in 25% of the males but none of the females in this
group. At the end of zwo years, both sxes of rats in the 14 mg/kg group had an
increased incidence of hepatocenular carcinomas, cholangiocarcinomas, mammary
fibroadenomas and subcutaneous fibrosarcomas. An increased incidence of
hepatocellular carcinomas was also noted in males in the lowest treatment group (3.5
mg/kg/day) at 24 months (591). The difference in tumor incidences in these two
studies may be attnlbutable to the larger dose of 2,6-dinitrotoluene received by the
high-dose animals in the latter study. The higher incidence of tumors in males is
consistent with the finding that male rat:- also experience a higher rate of
unscheduled hepatic DNA synthesis after 2,6-dinitrotoluene administration than do
female rats (218).

A one-year ingestion study appears to confirm the hepatocarcinogenicity of
2,6-dinitrotoluene. Feeding of 99.9% pure 2,6-dinitrotoluene to groups of 28 male
F344 rats for 1 year resulted in a 100% incidence of hepatocellular carcinomas when
dosed at 14 mg/kg/day and an 85% incidence when dosed at 7 mg/kg/day (3876). No
hepatocarcinomas were seen in rats fed 27 mg/kg/day pure 2,4-dinitrotoluene for 1
year, while hcpatocarcinomas were exhibited in 47% of those rats fed 35 mg/kg/day
technical grade dinitrotoluene (21% 2,4-dinitrotoluene and 19% 2,6-dinitrotoluene)
for 1 year (3876).

A study with male mice fed dinitrotoluene (98% 2,4-dinitrotoluene and 2% 2,6-
dinitrotoluene) at dosages of 96.9 or 13.3 mg/kg/day for two years revealed the
development of papillary and cortical carcinomas of the kidney and nonmalignant
kidney tumors (592).

Using in vivo hepatic tumor initiation-promotion studies, technical-grade
dinitrotoluene and 2,6-dinitrotoluene were shown to be weak initiators whereas 2,4-
dinitrotoluene had no initiating activity (3878). In an effort to further determine the
relative hepatocyte foci promoting activity of technical-grade dinitrotoluene, 2,4-
dinitrotoluene, and 2,6-dinitrotoluene, a later study established that technical-grade
dinitrotoluene, 2,4-dinitrotoluene, and 2,6-dinitrotoluene have hcpatocyte promoting
activity, with the 2.6-isomer ten times more potent than the 2,4-isomer (3880). Based
on these two studies, the authors concluded that 2,6-dinitrotoluene could be
considerM a complete carcinogen, and suggest that the in;,iating capacity of technical-
wrade dinitrotoluene was due to the presence of the 2,6-isomer (3878, 3880).

Negative results were obtained in the lung-tumor bioassay in Strain A and A/J
mice after administrat~on of 2,6-dinitrotoluene for 30 weeks. Total doses ranged from
1200 to 6000 mg/kg orally and 600 to 3000 mg/kg intraperitoneally (220, 221). These
negative results are not surprising in light of the fact that many hepatocarcinogens
are either inactive or weakly active for iung-tumor induction in strain A mice (221).
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23.3.12 Genotaxiaty

No increase in genotoxicity was observed for 2,6-dinitrotoluene in Chinese
hamster ovary cells (217) or in ?388 mouse lymphoma cells (3866) with or without
metabolic activation. 2,6-Dinitrotoluene was weakly mnutagenic in the Salmonella'
microsome test (216, 3653, 3884). It induced increased unscheduled DNA synthesis.
in rat hepatocytes after in vivo administration (3455). Female rats experienced a
much lower level of unscheduled DNA synthesis than did males (218). Concen-
trations of 2,6-dinitrotoluene covalently bound to liver cells are much higher than
after an equivalent dose of 2,4-dinitrotoluene, indicating the greater toxicity of the
2,6-isomer (219).

233.1.3 Tatogenicity, Embratoicity and Rc-roductiv Effecti

No embryotoxic or teratogenic effects were observed in the off-spring of
pregnant rats given doses of 100 mg/kg of technical grade dinitrotoluene (a mixture
of 76% 2,4-dinitrotoluene, 19% 2,6-dinitrotoluene) by gavage on days 7 through 20 of
gestation (791).

In a series of studies, male rats, mice, and dogs fed or orally ,dministered
2,6-dinitrotoluene (purity >99%) developed tezticular atrophy, decreased
spermatogenesis and aspermatogenesis (absence of development of sperm) (792).
Rats were given 2,6-dinitrotoluene at a dose of 144.7 mg/kg/day for 4 or 13 weeks;
mice were fed 2,6-dinitrotoluene at a level of 288.8 mg/kg/day for 4 weeks while dogs
were orally administ,-red 100 mg/kg/day for 8 weeks (792). Similar effects were
observed in male raL; and mice fed technical grade dinitrotoluene for 2 years at a
dosage of 34.5 mg/kg/day (rats) and 96.9 mg/kg/day (mice) (592). Nonfunctioning
ovaries were also noted in female mice fed 911 mg/kg/day technical grade
dinitrotoluene for 2 years (592).

23.3.1.4 Other Toxicologic Effects

23.3.1.4.1 Short-term Toxicity

Toxicity data on 2,6-dinitrotoluene are liwited. In general, the isomers of
dinitrotoluene are more toxic to the rat than to the mouse. The oral LD, value for
the 2,6-isomer is 177 (47) to 795 mg/kg in the ý,At (3875) and between 621 mg/kg (47)
and 1000 mg/kg in the mouse (59).

Early animal experiments conducted in cats found that oral administration of 24
mL of a 1% solution of the 2,A-isomer of dinitrotoluene in cod liver oil, given in 2 or
4 mL increments, produced no toxic effects. Similarly, no toxic effects were observed
after cutaneous application of 0.3 g/kg (2).

Both the 2,4- and the 2,6-isomers were found to be nonirritating to the eyes and
mildly irritating to the skin of rabbits (3875).

y
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Since dinitrotoluene is a solid at room temperature, splashes in the eye will not
occur unless the substance is hot and then severe burns can be expected (46). A
severe burn of the skin, eyelids and cornea, with permanent scarring, has been
attributed to hot fumes of dinitrotoluene (15). Exposure to dinitrotoluene may also
result in temporary visual disturbances (222).

23.3.1.4.2 Chronic Tbdty

A 13-week toxicity study of 2,6-dinitrotoluene Was carried out in dogs, rats and
mice. Dogs were Administered 4, 20 or 100 mg/kg/day orally. Rats and mice were
dosed in theii feed at rates of 0.01, 0.05 and 0.25% per day. Toxic effects in dogs
and rats included inhibition of muscular coordination and muscular rigidity of the hind
legs, decreased appetite and weight loss. Only the latter 2 effects were observed in
mice. The highest doses were lethal to some animals in all species, while the lowest
doses produced no toxic effects. All species exhibited anemia and methemo-
globinemia, a loss of the oxygen-carrying capacity of the blood. Also seen were
testicular atrophy with aspermatogenesis and demyelination in the brain (593).

23.32 Human and Epidemiooi Studies,

233.2.1 Short-term Toxicologic Effects

The toxic effects of the dinitrotolueie isomers are similar to those of other
aromatic nitrocompounds (2) The primary toxic sign is methemoglobinemia. This
effect can be caused by inhalation, ingestion or dermal absorption of dinitrotoluene
(222). The symptoms often develop gradually but may be delayed up to 4 hours.
Headache is commonly the first symptom and its intensity may increase as the
methemoglobinemia progresses. Fatigue, nausea, vomiting and chest pain have also
been reported (46). Cyanosis develops early in the intoxication when the methemo-
globin concentration is 15% or more. It is noted as a blueness in the lips, nose and
earlobes. At this early stage, the individual may feel well and have no complaints.
When the methenioglobin concentration reaches 40%, there is usually weakness and
dizziness. At 70%, there may be incoordination, increased heart rate, drowsiness,
joint pain and muscular tremors (45, 46, 222). If treatment is not given promptly,
death may occur (54).

In a severe case of poisoning with the 2,4-isomer, the individual was reported to
have suffered from severe cyanosis and later complained of headache, palpitations,
tightness in the chest, insomnia and lack of appetite. Other medical findings included
tremors and impaired reflexes. The dose and route of exposure were not indicated
(595).

Data on human reproductive effects are equivocal. One study of 9 workers
exposed to concentrations of technical grade dinitrotoluene ranging from
nondetectable to a maximum of 0.42 mg/m' found decreased sperm counts and a
reduction in the number of large morphologic sperm forms. A nonsignificant increase
in spontaneous abortions was also reported for the wives of the exposed workers
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(3521). In contrast, another study of males exposed to 0.026 to 0.89 mg/m' technical
grade dinitrotoluene in the workplace found no statistically significant differences
between exposed and unexposed workers in sperm counts, sperm morphology, fertility
or the rate of spontaneous abortions in their wives (790). Negative results were also
obtained in a sample of 84 exposed and 119 unexposed workers evaluated against the
same reproductive parameters. The level of exposure in this study was not reported
(790).

In a study of 154 workmen exposed to 2,4-dinitrotoluene, the chief symptoms
were an unpleasant metallic taste, weakness, headache, loss of appetite and dizziness.
Fifty percent developed cyanosis and anemia. Jaundice was observed in 2 individuals.
No permanent physical impairment was found. Fifteen percent showed a reduced
tolerance to alcohol while 20% stated that their symptoms had been aggravated by
alcohol ingestion. Some workers reported the inability to I..Jnsume alcoholic
beverages within 2 to 3 hours of finishing a shift without experiencing symptoms of
acute illness (596). The ingestion of alcohol normally causes increased susceptibility
to cyanosis and will therefore aggravate the toxic effects of dinitrotoluene. Aiso,
since the body eliminates dinitrotoluene slowly, abstention from alcoholic beverages
should be practiced for several days after exposure. Alcohol in any form should
never be administered to a victim of dinitrotoluene poisoning (222).

A study of cohorts of workers exposed to technical-grade dinitrotoluene (19%
2,6-dinitrotoluene) and 2,4-dinitrotoluene (1% 2,6-dinitrotoluene) in two munitions
plants operating during the 1940s and 1950s indicated an increase in ischemic heart
disease over that seen in white males in the United States and in persons living in
the vicinity of the two plants. Median exposure times to technical-grade dinitro-
toluene and the 2,4-isomer were for 0.4 yr and 1.2 yr, respectively. The data
suggest a correlation between mortality and length and intensity of exposure to
dinitrotoluene (3524).

233.22 Qironic Toxicologic Effects

There are no reports in the literature on long-term human exposure to
dinitrotoluene isomers. Mackison (38) states that repeated or prolonged exposure
may cause anemia or jaundice.

23-3.3 Levels of Concern

No standards or criteria have been set specifically for the 2,6-isomer of
dinitrotoluene. OSHA (3539) has set a standard for exposure to 1.5 mg/m' of
dinitrotoluene (commercial mixture of isomers) averaged over an 8-hour work-shift;
the ACGIH (3005) has set a similar standard for the commercial grade dinitrotoluene.
The TLV was set by analogy with chemically-similar substances.

The USEPA (355) has established a zero ambient water quality criterion for the
protection of human health from ingestion of the 2,4-isomer of dinitrotoluene;
concentrations in water of 1.1. 0.11 and 0.011 /pgfL 2,4-dinitrotoluene were estimated
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to result in incremental lifetime cancer risks of IE-05, 1E-06, and IE-07, respectively,
for individuals who consumed 2 liters of drinking water and 6.5 g of contaminated
fish daily for a lifetime at the criterion level.

IARC does not list Z6-dinitrotoluene in its weight-of- evidence ranking of
potential carcinogens. However, based on the recent studies of Leonard et al. (3876,
3S80, 3878), evidence of carcinogenicity in animals is available, and 2,6-dinitrotoluene
is classified as an EPA Class B2 carcinogen (3879). In addition, NIOSH has
recommended that 2,6-dinitrotoluene be considered a potential carcinogen.

23-3.4 Hazard Assessment

Th7 notable lack of quantitative data available for either humans or experimental
animals makes estimates of dose-responst relationships uncertain, particularly with
regard to long-term, low-level oral exposure.

Oral administration of commercial mixtures of dinitrotoluene have induced liver
carcinomas in rats (591, 592) and studies with the 2,6-isomer alone indicate it to be a
liver carcinogen (3876). There is limited evidence of genotoxic activity. There were
no indications of teratogenic effects in rats given a technical grade dinitrotoluene,
mixture containing 19% 2,6-dinitrotoluene (791). However, testicular atrophy,
decreased spermatogenesis and aspermatogenesis have been reported in three species
orally administered 2,6-dinitrotoluene for 4-13 weeks (792). Similar findings were
reported in one group of occupationally exposed workers but not for another (790).

Data on other toxic effects associated with exposure to dinitrotoluene are sparse.
Anoxia due to the formation of methemoglobin is the most common sign of exposure
in humans, but may be delayed for up to 4 hours after exposure. Ingestion of
alcohol is reported to aggravate the toxic effects of dinitrotoluenes. A study of
cohorts of workers exposed to technical-grade dinitrotoluene and 2,4-dinitrotoluene
indicate an association between exposure time and amount and an increased incidence
of Jschemic heart disease (3524).

23.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of 2,6-dinitrotoluene concentrations in soil and water requires
collection of a representative field sample and laboratory analysis. Care is required to
prevent kozses during sample collection and storage. Soil and water samples should'
be collected2 in glass containers; extraction of samples should be completed within 7
days of sampling and analysis completed within 40 days. In addition to the targeted
samples, qualily control samples such as field blanks, duplicates, and spiked matrices
may be specified in the recommended methods.

EPA-approved procedures for the analysis of 2,6-dinitrotoluene, one of the EPA
priority pollutants, in aqueous samples include EPA Methcds 609, 625, and 1625 (65).
Prior to analysis, samples are extracted with methylene chloride as a solvent using a
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separatory funnel or a continuous liquid-liquid extractor. An aliquot of the
concentrated sample extract is injected onto a gas chromatographic (GC) column
using a solvent flush technique. The GC column is programmed to separate the
semi-volatile organics; 2,6-dinitrotoluene is then detected with an electron capture,
detector (Methods 609 and 8090) or a mass spectrometer (Methods 625, 1625, and
8&50). Toluene as well as methylene chloride have been used as the extraction
so vent (3057). A method which uses macroreticiiar resins to concentrate the sample
rather than liquid-liquid extraction has also been described (3592).

The EPA procedures recommended for 2,6-dinitrotoluene analysis in soil and
waste samples, Methods 8090 and 8250 (63), differ from the aqueous procedures
primarily in the preparation of the sample extract. Solid samples are extracted using
either soxhiet extraction or sonication methods. Neat and diluted organic liquids may
be analyzed by direct injection. Determinations are made with the electron capture
detector.

Typical' 2,6-dinitrotoluene detection limits that can be obtained in wastewaters
and nonaqueous samples (wastes, soils, etc.) are shown below. The actual detection
limit achieved in a given analysis will vary wit' instrument sensitivity and matrix
effects.

Aqueous Detection Limit Nonaaueous Detection Limit

0.01 jug/L (Method 609) 6.7 og/kg (Method 8090)
1.9 pg/L (Methud 625) 1.2 usg/g (Method 8250)

10 pg/L (Method 1625)
0.1 4g/L (3592)
0.1 jsg/L (Method 8090)

19 Mg/L (Method 8250)
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COMMON CAS REG.NO.: FORMULA. AIR W/V CONVERSION
SYNONYMS: 10-90-7 CiHsQ FACTOR ai 25 "C (12)

Moooacbhkrobenzene NIOSH NO:
Qd~mbenzol CZ0175000 4.60 mng/m3 f 1 ppm;
McBP d-ueCTUR 0.217 ppm _, 1 mg/mr3

CP27 CC MOLECULAR WEIGHT:
112.56

Reactions of halogenated organic materials such as chloro-
benzene with cyanides, mercaptans or other organic sulfides
typically generate heat, while those with amines, azo com-
pounds, hydrazines, caustics or nitrides commonly evolve
heat and toxic of flammable gases. Reactions with oxidiz-
ing mineral acids may generate h.eat, toxic gases and fires.
Those with alkali or alkaline earth metals certain other

REACTIVITY chemically active elemental metals like aluminum, zinc or
magnesium, organic peroxides or hydroperoxides, strong
oxidizing agents, or strong reducing agents typically result
in heat generation and explosions and/or fires (511,505).
Chlorobenzene is also known to form shock-sensitive
solvated salts that are liable to explode when mixed with
silver perchlorate, and to react violently with dimethyl
sulfoxide (505).

* Physical State: Liquid
(at 2WC) (23)

* Color: Clear (23)
0 Odor: Almond-like (23)
* Odor Threshold: 0.21 ppm (263)

PHYSICO- 0 Density: (g/mL at 20*C): 1.106 (14)
CHEMICAL 0 Freeze/Melt Point: -55/-45°C (69)

DATA 0 Boiiing Point: 132°C (14)
0 Flash Point: 280 (closed cup) (69)
0 Flammable Limits: ,.3-7.1% by volume (60,513,504)
0 Autoignition Temp.: 593-640rC (60,38,506)
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"* Vapor Pressure: &8 mm Hg
(at 20*C) (38)

"* Satd. Conc. in Air: 54,000 mg/m'
(at 20fC) (67)

"• Solubility in Water: 490 mg/L
(at 250C) (1219)

* Viyroity: 0.765 cp (at 20*C) (21)
PHYSICO- 0 Surface Tension: 32.65 dyne/cm

CHEMICAL (at 20*C) (21)
DATA * Log (Octanol-Water Partition
(ConL) Coeff.): 2.84 (29)

* 'Soil Adsorp. Coeff.: 333 (652)
*!Henry's Law Const.: 0.00346

atm. m'/mol (at 25°C) (74)
* IBioconcentrationFactor: 10.3

'(estim for edible aquatic
organisms), 33 (estim) (262,659)

ClýIorobenzene is expected to be fairly mobile in soil/
ground-water systems, partitularly in deep soils of low

PERSISTENCE organic content. IL general, chlorobenzene will persist
IN THE SOIL- in the soil/ground-water environment. However,

WATER volatilization from surface soils may be important and
SYSTEM biodegradation by acclimated microbial populations has

been observed.

The primary pathway of concern from a soil-water
PATHWAYS system is probably the migration of chlorobenzene to

OF groundwater drinking water supplies, although it is
EXPOSURE moderately adsorbed and may be biodegraded.

Inhalation resulting from volatilization from surface soils
may also be important under some conditions.
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Signs and Symptoms of Short-term Human Exposure:
(38.45.51)
The symptoms of inhalation and ingestion include
dizziness, drowsiness, headache, nausea and vomiting.
The urine may be colored burgundy-red. Chlorobenzene
will cause irritation of the eyes, nose and skin.

Acute Todcitv Studies:

ORAL:
LDs, 2910 mg/kg Rat (47)

SKIN:
HEALTH No data
HAZARD

DATA INHALATION:
LC., 15,000 mg/m' Mouse (51)

Long-term Effects: Liver and kidney damage
Pregnacy/Neonate Data: Negative teratogen; near-lethal
levels linked to decteased spermatogenesis in dogs
Mutation Data: Limited evidence is negative
Carcinogenicity Classification:
IARC - No data
NTP - Some evidence
EPA - Group D (not classifiable as to human

carcinogenicity)

Handle chemical only with adequate ventilation * Vapor
concentrations of 75-1000 ppm: chemical, cartridge
respirator with full facepiece and organic vapor cartridge

HANDLING 0 IGO0- 2400 ppm: any supplied-air respirator or self-
PRECAUTIONS contained breathing apparatus with full facepiece, or gas

(38) mask with organic vapor canister 0 Chemical goggles if
there is probability of eye contact 0 Protective clothing
to prevent repeated or prolonged skin contact.

A
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AMR EXPOSURE LIMITS:

Standards
"* OSHA TWA (8-hr): 75 ppm
"* AFOSH PEL (8-hr TWA): 75 ppm; STEL (15-min): 112.5 ppm

Criteria
* NIOSH IDLH (30 min): 2400 ppm
* NIOSH REL: None established
* ACGIH TLV® (8-hr TWA): 75 ppm
* ACGIH STEL (15 min): None established

WATER EXPOSURE LIMITS:

Drinking Water Standards (3883)
MCLG: 100 /zg/L (proposed)
MCL: 100 jig/L (proposed)

EPA Health Advisories and Cancer Risk Levels (3977)
The EPA has developed the following Health Advisories which provide specific
advice on the levels of contaminants in drinking water at which adverse health
effects would not be anticipated.

1-day (child): 2000 /g/L
10-day (child): 2000 1Ag/L
longer-term (child): 2000 Ag/L
longer-term (adult): 7000 ug/L
lifetime (adult): 100 j/g/L

WHO Drinking Water Guideline
No information available.

EPA Ambient Water Ouality Criteria
• Human Health (355)

- Based on ingestion of contaminated water and aquatic organisms, 488 ug/L
chlorobenzene. Adjusted for drinking water only, 488 jug/L Based on
adverse organoleptic effects, 20 ug/L chlorobenzene.

* Aquatic Life (355)
Freshwater species
acute toxicity:
no criterion, but lowest effect level occurs at 250 /g/L of chlorinz'ed
benzenes.
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ENVIRONMENTAL AN) OCCUPATIONAL STANDARDS AND
CRITERIA (ConL)

chrcnic toxicity:
no criterion established due to insufficient data, but toxicity occurs at
concentrations as low as 50 uF,/L for 7.5 days exposure.

Saltwater species
acute toxicity:.
no criterion, but lowest effect level occurs at 160 ptg/L of chlorinated
benzenes.

chronic toxicity:
no criterion, but lowest effect level occurs at 129 ug/L of chlorinated
benzenes.

REFERENCE DOSES:
2.OOOE+01 pg/kg/day (3744)

REGULATORY STATUS (as of 01-MAR-89)

Promulgated Regulations
'e Federal Programs

Clean Water Act (CWA)
Chlorobenzene is designated a hazardous substance under CWA. It
has a reportable quantity (RQ) limit of 45.4 kg (347, 3764). It is also
listed as a toxic pollutant, subject to general pretreatment regulations
for new and existing sources, and effluent standards and guidelines
(351, 3763). Effluent limitations specific to this chemical have been set
in the following point source categories: electroplating (3767), organic
chemicals, plastics, and synthetic fibers (3777), steam electric power
generating (3802), metal finishing (3768), and metal molding and
casting (892). Limitations vary depending on the type of industry and
plant.

Safe Drinking Water Act (SDWA)
Chlorobenzene is on the list of 83 contaminants required to be
regulated under the SDWA of 1974 as amended in 1986 by January,
1991 (3781). EPA list it as an unregulated contaminant requiring
monitoring in all community water systems and non-community
non-transient water systems (3771). In states with an approved
Underground Injection Control program, a permit is required for the
injection of chlorobenzene-containing wastes designated as hazardous
under RCRA (295).
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Toxic Substances Control Act (TSCA)
Manufacturers, processors or distributors of chlorobenzene must report
production usage and disposal information to EPA. They, as well as
others who possess health and safety studies on chlorobenzene, must
submit them to EPA (334, 3789). EPA requires that manufacturers
and importers of chemical substances made from chlorobenzene submit
production, use, exposure, and disposal data in order to determine
whether there is further need for dioxin and furan testing of the
chemical products for which chlorobeazene is a precursor (3780). EPA
requires that manufacturers, importers, and processors of
chlorobenzene conduct reproductive and fertility effects testing (340).

Resource Conservation and Recovery Act (RCRA)
Chlorobenzene is identified as a toxic hazardous waste (U037) and
listed as a hazardous waste constituent (3783, 3784). Non-specific
sources of chlorobenzene-containing waste are solvent use (or
recovery) activities, spent solvent mixtures containing 10% or more
chlorobenzene, and chlorinated aliphatic hydrocarbon production
(325). Waste streams from the organic chemicals industry (production
of benzyl chloride, 1,2-dichloroethane, and chlorobenzene) contain
chlorobenzene and are listed as specific sources of hazardous waste
(3774, 3765). Chlorobenzene is subject to land disposal restrictions
when its concentration as a hazardous constituent of certain
wastewaters exceeds designated levels (3785). Effective July 8, 1987,
the land disposal of untreated hazardous wastes which contain
halogenated organic compounds in totaJ concentrations greater than or
equal to 1000 mg/kg is prohibited. Effective August 8, 1988, the
underground injection into deep wells of these wastes is prohibited.
Certain variances exist until May, 1990 foi some wastewaters and
contaminated soils for which Best Demonstrated Available Technology
(BDAT) treatment standards have not been promulgated by EPA
(3786). Chlorobenzene is included on EPA's ground-water monitoring
list. EPA requires that all hazardous waste treatment, storage, and
disposal facilities monitor their ground-water for chemicals on this list
when susperted contamination is first detected and annually thereafter
(3775).

Hazardous Materials Transportation Act (HMMTA)
The Department of Transportation has designated chlorobenzene as a
hazardous material with a reportable quantity of 45.4 kg, subject to
requirements for packaging, labeling and transportation (3180).
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Food. Drug and Cosmetic Act (FDCA)
Chlorobenzene is approved for use as an indirect food additive as a
component of adhesives (3209).

Comprehensive Environmental Responsc Compensation and Liability
Act (CERCLA)
Chlorobenzene is designated a hazardous substance under CERCLA
It has a reportable quantity (RQ) limit of 45.4 kg. Reportable
quantities have also been issued for RCRA hazardous waste streams
containing chlorobenzene from non-specific but these depend upon the
concentration of the chemicals in the waste stream (3766). Under
SARA Title IM Section 313, manufacturers, processors, importers, and
users of chlorobenzene must report annually to EPA and state officials
their releases of this chemical to the environment (3787).

Federal Insectide, Fungicide and Rodentcide Act (FIFRA)
Chlorobenzere is exempt from a tolerance requirement when used as a
solvent in pesticide fcrmulations applied to growing crops. It must not
contain more than 1% impurities, nor should it be used after the
edible parts of the plant begin to form. Livestock should not be
grazed in treated areas within 48 hours after application (315).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogers is
prohibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemicals constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to chlorobeuzene in any 8-hour work-shift of a
40-hour work-week shall not exceed an 8-hour time-weighted average
(TWA) of 75 ppm (3539).

Clean Air Act (CAA)
After consideration of data regarding serious health effects from
ambient air exposure to chlorobenzene, EPA has decided not to list
this chemical as a hazardous air pollutant (3685).

0 State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:
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CALIEQBO
California has !et an MCL and an action level of 30 pg/L for
chlorobenzene in drinking water (3096, M'98).

Connecticut has a quantification limit of 2 gg/L for drinking water
(3137).

DISTRICT OF COLUMBIA
The District of Columbia has a human health criterion of 20 /Ag/L for
all chlorinated benzenes in public water supply waters (3828).

MISS12M
Missouri nas a water quality criterion of 20 pg/L for drinking water
supply waters (3457).

NEW JERSEY
New Jersey has set an MCL of 4 ug/L for drinking water (3497).

NEW YORK
New York has set an MCL of 5 j.g/L for drinking water, and has a
nonenforceable water quality guideline of 20 MgiL for ground-water.
New York has also set ambient water quality standards for surface
waters: 20 gg/L for drinking water suppiies, 5 Mg/L for fresh water
classed A, A-S, AA, AA-S, B, and C for fishing and fish propagation
(3501, 3500).

OKLAHOMA
Oklahoma has a water quality standard of 0.7 ug/L for ground-water
(3534).

PENNSYLVANIA
Pennsylvania has a human health criterion of 20 A.g/L for surface
waters (3561).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 795 ug/L
and a chronic guideline of 18 ug/L for the protection of aquatic life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

SOUTH DAKOTA
South Dakota requires chlorobenzene and monochlorobenzene to be
nondetectable, using designated test methods, in ground-water (3671).

VERMONT
Vermont has a preventive action limit of 50 gg/L and an enforcement
standard of 100 jsg/L for ground-water (3682).
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Wisconsin has a human threshold criterion of 0.94 mg/L for Public
Water Supply surface waters (3842). Wisconsin has also set a taste
and odor criterion ihresbold concentration of 20 1Lg/L for surface
waters (3841).

Fronosed egulations
* Federal ?rograms

Safe Drinkinf Water Act (SDWA)
In November, 1985 EPA proposed an RMCL of 0.06 mg/L for
chlorobenzene. In May, 1989, EPA will propose a maximum
contaminant level (MCL) and maximum contaminant level goal
(MCLG) of 0.1 mgIL, with final action scheduled for May, 1990
(3759).

Resource Conservation and Recovery Act (RCRA)
EPA has proposed that solid wastes be listed as hazardous in that theY
exhibit the characteristic defined as EP toxicity when the TCLP extract
concentration is equal to or greater than 1.4 mg/L chlorobenzene.
Final promulgation of this Toxicity Characteristic Rule is exp•cted in
June, 1989 (1565).

0 State Water Programs
MOST STATES
Most states are in the process of revising their water programs and
proposing changes to their regulations which will follow EPA's changes
when they become final. Contact with state officers is advised.
Changes are projected for 1989-90 (3663).

KAN•SAS
Kansas has proposed a water quality standard of 60 jug/L for ground-
water (3213).

M•INNESOTA

Minnesota has proposed a Recommended Allowable Limit (RAL) of
300 jtg/L for drinking water (3451). Minnesota has also proposed a
Sensitive Acute Limit (SAL) of 4884 tjg/L for surface waters, and
chronic criteria of 300 gg/L for ground-water and 109 ug/L for surface
water. These criteria are for the protection of human health (3452).

NEW JERSEY
New Jersey has proposed a watcr quality standard of 4 Ag/L for class
FW2 surface watt.rs (3496).
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EEC Directives /

Dirctivep Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through the
ground or subsoil) of organohalogen compounds and substances which
may form such compounds in the aquatic environment, substances which
possess carcinogenic, mutagenic or teratogenic properties in or via the
aquatic environment, and mineral oils and hydrocarbons is prohibited.
Appropriate measures deemed necessary to prevent indirect discharge
into ground-water (i.e., via percolation through ground or subsoil) of
these substances shall be taken by member countries.

Directive on the Quality R•euired of Shellfish Watcr5 (537)
The mandatory specifications for organohalogenated substances specify
that the concentration of each substance in the shelfish water or in
shellfish flesh must not reach or exceed a level which has harmful
cffects on the shellfish and larvae. The specifications for
organohalogenated substances state that the concentration of each
substance in shellfish flesh must be so limited that it contributes to the
high quality of the shellfish product.

Directive Relating to the Classification, Packaging and Labeling of
Dangerous Preparations (Solvents) (544)
Chlorobenzene is listed as a Class I/a harmful substance and is subject
to packaging and labeling regulations.

Directive on the Discharge of Dangerous Substances (535)
Organohalogens, carcinogens or substances which have a deleterious
effect on the taste and/or odor of human food derived from aquatic
environments cannot be discharged into inland surface waters, territcrial
waters or interal coastal waters without prior authorization from
member countries which issue emission standards. A system of
zero-emission applies to discharge of these substances into ground-water.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or under taking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and ph,:rol compounds; organic-halogen compounds, excluding inert
poly-meric materials and other substances referred to in this list or
covered by other Directives concerning the disposal of toxic and
dangerous waste; chlorinated solvents; organic solvents; biocides and
phyto- pharmaceutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of such
waste, and of the methods and sites used for disposing of such waste.

I , i I i i I I I I I I I
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Directive on the Cla.ssification. Packazin2 and .Labeing of Dangerous
Substance (787)
Chiorobeazene is classified as a harmful substance and is subject to
packaging and labeling regulations.

EEC Directive-Pronosed Resolution
Resolution on a Revised List of Second-Category Pollutants (545)
Chlorobenzene is one of the second-category pollutants to be studied
by the Commission in the programme of action of the European
Communities on Environment in order to reduce pollution and
nuisances in the air and water. Risk to human health and the
environment, limits of pollutant levels in the environment, and
determination of quality standards to be applied will be assessed.
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24.1 MAJOR USES

Chlorobenzene is used mainly as a solvent and degreasing agent. Chlorobenzene
has been used as a feedstock in the production of phenol, nitrobenzenes, DDT and
aniline, but its use in this area has declined due to restrictions on the use of DDT
and replacement of chlorobenzene by cumene in the manufacturc of phenol (3&,
250).

24.2 ENVIImONMENTAL FATE AND EXPOSURE PATHWAYS

24.21 Transport in Soi/Ground-water Systems

2421.1 Overview

Chlorobenzene may move through the soil/ground-water system when pr'z.sent at
low conr-entratiom (dissolved in water and sorbed on soil) or as a separate organic
phase (resulting from a spill of significant quantities of the chemical). In general,
trawsport pathways of low soil concentrations can be assessed by estimating
equilibrium partitioning as shown in rable 24-1.

These calculations predict the partitioning of chlo-obenzene among soil particles,
soil water and soil air. Portions of chlorobenzene associated with the water and air
phases of the soil have higher mobility than the adsorbed portion.

Estimates for the urnzaturated topsoil model indicate that almost 98% of the
chlorobenzene is expected to be sorbed onto boil particles. Approximately 1.5% is
expected to partition to the soil-water phase, and is thus available to migrate by bulk
transport (e.g., the downward movement of infiltrating water), dispersion and
diffusion. For the small portion of chlorobenzene in the gaseous phase of the soil
(approximately 0.7%), diffusion through the soil-air pores up to the ground surface,
anti subsequent removal by wind, may be a significant loss pathway.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of the chlorobenzene (41.7%) is likely to be present in the
soil-water phase (Table 24-1) and available for transport with flowing groundwater.
Sorption onto deep soils is expected to be less than on to top soils, but may have
some effect on mobility. Overall, groundwater underlying chlorobenzcne-
contaminated soils with low organic content is expected to be vulnerable to
contamination.

I
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TABLE 24-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR

CHLOROBENZENE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoila
at 250C 97.8 1.5 0.7

Saturated
deep soil' 5&3 41.7

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep sofl. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized soil sorption coefficient estimated with equations of
Means et al. (611): K, = 333.

c) Henry's law constant taken as 3.46E-03 atm. m3/mol at 25°C (74).
d) Used sorption coefficient (K,) calculated as a function of K., assuming 0.1%

organic carbon: K, = 0.001 x K,

24.2.1.2 Sorption on Soils

The mobility of chlorobenzene in the soil/ground-water system (and its eventual
migration into aquifers) is strungly affected by the extent of its sorption-on soil
particles. In general, sorption on soils is expected to:

- increase with increasing soil organic matter content;
- increase slightiy with decreasing temperature;
- increase moderately with increasing salinity of the soil water;

and
- decrease moderately with increasing dissolved organic -matter

content of the soil water.

Wilson et al. (82) investigated the transport and fate of 1.L4 mg/L and 0.18 mg!L
chlorobenzene solutions applied to sandy soils. Chlorobenzene was found to be
relatively mobile. In a soil column receiving 1.04 mg/L chiorobenzene, approximately
27% was volatilized, 23-33% percolated through the soil column with minimal
retardation, and 40-.50% was degraded or not accounted for; for the 0.18 mg.'L
solution. 54% was lost due to volatilization, 26-34% percolated through the soil
column, and 12-20% was degraded or not accounted for.
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Laboratory sorption studies (608) indicate that sorption of chlorobenzene (20
jsg/L) by sediments and aquifer material is a reversible process. Retardation rates,
which represent the inmerstitial water velocity/pollutant velocity in the soil, were
reported by Wilson et al. (82) to be a function of K, the ratio of soil density (a) to
soil water content (b), and the organic content of the soil according to the following
equation:

R- 1 + (aAb)K,(oc)

The following retardation factors have been calculated for chlorobenzene: 10 in
river sediments (228), 1.7 in aquifer materials (228), and 1.9 in sandy soils (82). The
data indicate some retardation (Le., adsorption) in soils having 1-2% organic carbon
and little or no retardation in deep soils having less than 0.1% organic carbon.

2421.3 Volatiization from Sois

Transport of chlorobenzene vapors through the air-filled pores of unsaturated
soils may occur in near-surface soils. However, only a small portion of the
chlorobenzene loading is expected to be in the soil-air compartment. In general,
important sil and environmental properties influencing the rate of volatilization
include soil porosity, temperature, convection currents and barometric pressure
changes; important physicochemical properties include the Henry's law constant, the
vapor-soil sorption coefficient, and, to a lesser extent, the vapor phasediffusion
coefficient (31).

The Henry's law constant (H), which provides an indication of a chemical's
tendency to volatilize from solution, is expected to increase significantly with
increasing temperature. Moderate increases in H have also been observed with
increasing salinity and the presence of other organic compeunds (18). These results
suggest that the presence of other materials may significantly affect the volatilization
of chlorobenzene from surface soils.

No information was available for the two other physicochemnical propertiet
influencing chlorobenzene volatilization, i.e., the vapor-soil sorption coefficient and
the vapor phase diffusion coefficient.

Half-lives for the volatilization of chlorobenzene from aerated and unaerated
aqu-eolis solutions in the laboratory were calculated to be about 0.5 hours and 9
hours, respectively (10). Compared to volatilization from well-stirred aque/ous
solutions, volatilization from surface soil was shown to be approximately one order of
magnitude slower for some chlorinated organics (82).

Wakeham et al. (527) examined the fate an6 persisterce of chloro'enzene in
coastal seawater. Half-lives obtained for chlorobeozene in the water column were 21
days under sp.ring conditions, 4.6 days under summer conditions, and 13 days under
winter conditions. Volatilization was identified as !he major removai process although
biodegradation of chlorobenzene was also important in summer.
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24.22 Transformation Processes i b & od-watcr System

The persistence of chlorobenzene in soil/ground-water systems is not well
documented. In most cases, it should be assumed that chlorobenzene will persist for
months to years (or more). Chlorohenzene that has been released from the soil into
the air will eventually undergo photo,.hemical oxidation; an Atmospheric residence
time of 13 days ha- been reported for chlorobenzene (601).

No information on the hydrolysis of chlorobenzene was available; under normal
environmental conditions, hydrolysis is not .-xpected to occur at i rate competitive
with volatilization or biodegradation.

Several authors have reported the biodegradation of chlorobenzene parti-ularly
"by acclimated microbial populations. Chlorobenzene has been rnported to be
metabolized by benzene-acclimated' sludge (603) and by phenol-acclimated sludge
(604). Gibson et al. (602) indicated that a soil microbe, Oseudomonas putida, could
degrade chlorobenzerie if initially grown on an aromatic hydrocarbot. source such as
toluene. Wilson et al. (82) reported that ch!orobenzene applied to soil at 0.18 mg/L
was not degraded while a major fraction of the chlorobenzene applied al 1.04 mg/L
may have degraded.

The biodegradation of chlorobenzene in coastal waters has been reported (605,
527). Pfaender and Bartholomew (605) indicate that the rate of biodegradation in a
marine water sample was significantly lower than that in estuarine or upstream
samples. Lee and Ryan (606) examined chlorobenzene biodegradation it, river water
and sediments. The degradation in water was slow, and in the sediment samples
chlorobenzene was found to have a half-life of 75 dz.s.

Wilson et al. (236) studied chlorolenzene biodegradation in samples of two
aquifer materials; chlorobenzene degraded slowly in material from one site, while no
degradation was detected in material from the second site. No degradation of
chlorobenzene was observed after injectior. into ground water (597).

In most soil/grcund-water systems, the conentration of microorganisms capable
of biodegrading chemicals such as chlorobenzerne is expected to be low and to drop
off sharply with increasing depth. Thus, bioderadation in the deep soil/ground-water
system should be assumed to be of mirnimal importance except, perhaps, near landfills
with active microbiological populations.

24.2.3 Primary Routes of Ezxposure From SoiJroumd-water Systems

The above discussion of fate pathways suggests that chloroberizene is highly
volatile from aqueous solutions, moderately adsorbed by soil, and has a low potential
for bioaccumulation. This compound may volatilize from soil surfaces. Through time,
the portion not subject to volatilization is likely to be mobile in ground water. These
fate characteristics suggest several potential exposure pathways.

V
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Volatilization of chlorobenzene from a disposal site, particularly during drilling or
restoration activities could result in inhalation exposures. There is a potential for
ground water contamination, particularly in sandy soil. Mitre (83) reported that
chlorobenzene has been found at 20 of the 546 National Priority List (NPL) sites. It
was detected at 17 sites in groundwater and 7 sites in surface water.

This compound was reported in the Groundwater Supply Survey (GWSS) as
shown below (531):

Median of
Occurrences* Positives Maximum

Samvle Type No. % (iLP'L) (_/l)

Random
Supplies serving <10,000 people

(280 samples) 0 0
Supplies serving >10,000 people

(186 samples) 0 0

Non-Random
Supplies serving <.10,000 people

(321 samples) 1 0.3 2.7 2.7
Supplies serving >10,000 people

(158 samples) 0 0

*Samples having levels over quantification limit of 0.5 ug/I.

The random results are intended to statistically represent the U.S. ground-water
drinking water supplies. The non-random samples were chosen by the states as being
potentially contaminated. Chlorobenzene has also been detected in the National
Organic Monitoring Survey (NOMS) (90). Coniglio et al. (223) in a summary of data
from SRI, NOMS and NORS, found that chlorobenzene was found at a frequency of
7.1% in finished ground water.

The properties of chlorobenzcne and the survey results above indicate that this
compound has a potential for movement in soil/groundwater systems close to the
source (83). The lack of detection in the GWSS (531) suggests adsorption or
biodegradation is ccurring as the compound moves from the source. If this
compound reaches surface waters in ground water. several other exposure pathways
are possible:

0 Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposures;

* Aquatic organisms residing in these waters may be -onsumed, also
resulting in ingestion exposures;
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0 Recreational use of these waters may result in dermal exposures;

* Domestic animals may consume or be dermally exposed to contaminated
ground or surface waters; the consumption of meats and poultry could
then result in ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower than exposures from drinking contaminated ground water for
several reasons. First, the Henry's law constant for chlorobenzene suggests that it
will volatilize upon reaching surface waters. Secoadly, because chlombenzene is
moderately adsorbed, the concentration reaching surface waters will be attenuated
through adsorption to sediments. In addition, the BCF for this compound is low,
suggesting that accumulation by aquatic organisms and domestic animals is not
expected to be a primary exposure pathway.

24.2.4 Other Sources of Exposure

The volatility of chlorobenzene suggests that it may be found in air. Brodzinsky
and Singh (84) compiled all available atmospheric data for a number of volatile
organics. For chlorob'~nzene they had data for 1192 locations. For urban and
suburban areas, the median concentration was 1.5 pg/m3. In source.dominated
locations, the median concentration was 0.14 Mg/m 3. The lower median concentration
in source-dominated areas was not explained by the authors but is probably an
artifact of the sampling locations included in each category. These results suggest the
possibility of inhalation exposure to chlorobenzene.

The result of the GWSS study (531) reported above suggest that chlorobenzene
is not commonly found in drinking water, particularly that obtained from ground
water. There is a lack of data on the occurrence of chlorobenzene in finished
surface water supplies. There has been concern regarding the inadvertent production
of chioroberizenes through chlorination of effluents containing benzen•e. The data
that exist seem to indicate that chlorination is not a significant inadvertent source
(265).

24.3 HUMAN HEALTH CONSIDERATIONS

24.3.1 Animal Studies

243.1.1 Carcinogenicty

A 103 week carcinogenicity study was carried out by the NTP in F344/N rats and
B6C3F, mice (3922). Rats of both sexes and female mice were given doses of 60 or
120 mg/kg. Male mice received doses of 30 or 60 mg/kg. Chlorobenzene was
administered in corn oil by gavage 5 days per week. Additional groups of anima!s
served as vehicles or untreated controls. Carcinogenic effects were not observed in
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either sex of mice or in female, rats. However, the frequency of high-dose male rats
with neoplastic nodules of the liver was slightly increased (p<0.05), providing some,
but not definitive, evidence of carcinogenic activity.

24.3.12 Genotadidty

In an in vivo micronucleus test, Mohtashamipur et al. (3464) injected 8-week old
male NMRI mice intraperitoneally with 225, 450, 675, or 900 mg of chlorobenzene/kg
body weight. Each dose was administered in two injections, 24 hours apart, and the
animals were sacrificed 6 hours after the last injection. Statistically significant, dose-
related increases in micronuclci were observed in the bone marrow cells (3464). In
an in vitro human lymphoid cell culture study, no increase in sister chromatid
exchanges or chromosome aberrations was observed when 4Mug/mL chlorobcnzene was
added to the cultures (3667).

Although positive mutagenic findings were reported in tests with Streptomyces
and Saccharomyces, several other bacterial and mammalian tissue culture systems were
negative (597). Three publications reported negative effects in the Salmonella!
microsome assay (3646, 3276, 3508).

243.13 Teratoge.icity, Embryotoxicity and Reproductive Effects

The teratogenicity of chlorobenzene was evaluated in rats and rabbits that were
exposed to vapor concentrations of 75, 210 or 590 ppm (345, 966 or 2714 mg/rm) 6
hours per day on gestational days 6 through 15 for rats and days 6 through 18 for
rabbits (256). In rats, maternal liver weights were elevated and maternal bodyweights
and feed consumption were decreased at the highest concentration, but in the
offspring, there was no evidence of teratogenicity or embryotoxicity. In the rabbits,
maternal liverweights were elevated at the highest concentration and the offspring
exhibited a variety of malformations at all concentrations. However, these effects
were not dose related and were present in the controls, as well. To ascertain
whether the anomalies were a true effect of treatment, additional groups of rabbits
were exposed to 10, 30, 75 or 590 ppm (46, 138, 345 or 2714 mg/m') within the same
parameters. The incidences of malformations in these groups were not significant in
comparison to the controls, leading the investigators to conclude that chlorobenzene
was not embryotoxic or teratogenic in rabbits.

In a two-generation reproductive toxicity study, male and female rats were

exposed by inhalation to vapors of chlorobenzene at concentrations of 50, 150, or 450
ppm (3478). No adverse effects on reproductive performance or fertility of the males
or females were observed; however, the incidence of bilateral degeneration of the
testicular germinal epithelium was increased among F, adults in the 450 ppm group
and in the F, males of the 150 and 450 ppm groups. In addition, hepato- cellular
hypertrophy and renal changes were observed in the F0 and F, male rats exposed to

150 and 450 ppm of chlorobenzene.
Decreased spermatogenesis (sperm formation) and tubular atrophy were noted in

three of four dogs given 272.5 mg/kg/day of chlorobenzene orally for 13 weeks.
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however, this dose was sufficiently toxic that dogs died or were moribund (615). A
subsequent inhalation study indicated bilateral atrophy of the epithelial tissue in the
seminiferous tubules (major mass of the testis) in two of four dogs exposed to 2 mg/L
chlorobenzene vapor (434 ppm) for 6 hours/day, 5 days a week for a total of 62
exposures. This effect was not seen in similarly exposed dogs at the concentration of
1.47 mg/L (319 ppm) (252).

24.3.1.4 Other Tozicologic Effects

24.3.1.4.1 Sor-term Toxicity

The acute toxic effects of chlorobenzene are similar to those of the chlorinated
hydrocarbons. In particular, the chemical is a CNS depressant (3906). Single oral
doses of chlorobenzene were lethal at levels of 4000 mg/kg in male and female rats,
1000 mg/kg and greater in male mice, and 2000 mg/kg and greater in female mice
(3922). Most deaths occurred within a few days of administration. In the rats,
symptoms of toxicity that included transient ataxia, labored breathing, and prostration,
were dose-related at 2000 and 4000mg/kg. Hyperpnea was frequently observed in all
treated rats.

Cats exposed to a vapor concentration of 8000 ppm experienced severe narcosis
after 30 minutes and died 2 hours after removal from exposure (3910). Levels of 660
ppm were tolerated for hours without significant effects (3918). No effects were
observed in rats, rabbits and guinea pigs exposed to 200 ppm (vapor), 7 hours per
day 5 days per week for a total of 32 exposures (3918). At 475 ppm, there was a
slight increase in liver weight as well as minor pathological liver changes. At a
concentration of 1000 ppm, there were lesions in the livers, kidneys and lungs of all
species as well as a slight depression in growth. Guinea pigs showed a higher than
average mortality- there was no mortality in rats or rabbits. Blood was normal in all
animals.

To test the effects of inhaled chlorobenzene on the mouse lung host defenses,
CDI mice were exposed to 75 ppm [the threshold limit value (TLV'] of the chemical
in a single 3-hour or five daily 3 h hour exposures, infected with Streptococcus
zooepidemicus (Group C), and monitored for ensuing deaths from respiratory
infection over 14 days (3893). Chlorobenzene, at the TLV in single or multiple cx-
posures, did not produce significant changes in mortality, indicating that the chemical
did not alter the susceptibility of the mouse to respiratory infection.

Eye contact with chlorobenzene may result in pain and transient conjunctival
irritation (3917). No corneal injury has been observed (3918). Prolonged skin
contact with chlorobenzene may als.o be painful (3917) and moderately irritating
(3918).
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243.1.4.2 Chronic Tozcity

Chronic administration of chlorobenzene produces pathological changes of the
liver and kidneys. F-344/N rats and B6C3F, mice (10/sex/dose) received
chlorobenzene doses of 0, 60, 125, 250, 500, or 750 mg/kg by gavage 5 d/wk for 13
wk (3922). The animals were closely observed throughout the treatment period for
signs of ioxicity, and at the end of treatment urine samples were obtained and
subjected to various chemical analyses. Blood samples were assayed for various
hematological and chemical constituents, and several tis-sues and all gross lesions were
examined microscopically. Survival was reduced by doses of 500 irg/kg and higher in
rats, and by doses of 250 mg/kg and higher in mice. Dose-dependent necrosis of the
liver, degeneration or focal necrosis of the renal proximal tubules, and lymphoid
depletion of the spleen, bone marrow, and thymus were produced by chlorobenzene
doses of 250 mg/kg or greater in both sexes of rats and mice. However, the
incidences of these lesions varied considerably according to sex and species. A mild
porphyrinuria was detected at the higher doses, but there were no consistent changes
in the elements of the circulating blood. Toxic effects were not observed at doses of
125 mg/kg or less.

Dogs administered chlorobenzene capsules in doses of 27.25 or 54.5 mg/kg/day, 5
days per week for 93 days exhibited no effect. At a dosage of 272.5 mg/kg/day,
howeer, 50% of the animals died after 14 to 21 doses. Pathological changes in the
liver, kidney and bone marrow were evident. This dosage also produced a reduction
in blood sbgar, an increase in immature white blood cells and elevated serum liver
enzymes (253, 615).

A dosage of 376 mg/kg/day, 5 days per week for 192 days caused cirrhosis and
decreased spleen weight in rats. Slight increw.es in liver and kidney weights were
observed at 188 mg/kg/day, with the no-observed-adverse-effect-level being 18.8
mg/kg/day (254). Similar observations were noted in another study in which rats were
administered 14.4, 144 or 288'mg/kg/day, orally, 5 days/week over a 192-day period
(3906). No observable effects were noted for tae 14.4 mg/kg treatment group. A
slight decrease in growth was noted at the intermediate levL, from which the rats
recovered, while significant increases in liver and kidney weights and slight liver
pathology were seen at the top treatment level. Blood and bone marrow were
normal in all rats.

There is limited evidence to indicate that chlorobenzene may affect the
hemopoictic system (3956). Male albino rats were treated with chlorobenzene doses
of 0.001, 0.01, or 0.1 mg/kg by gavage for 9 months. Doses of 0.1 mg/kg produced
inhibition of erythropoiesis (statistically significant),inhibition of mitotic activity in the
marrow, thrombocytosis, and eosinophilia. Doses of 0.1 mg/kg also inhibited higher
nervous activity. In addition, alkaline phosphatasc and serum transaminase activities,
and hepatic and renal acid phosphatase activities were increased, but whole blood SH
groups and hepatic and renal alkalinephos phatase, DPN, TPN, succinic
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dehydrogenase, glucose-6-phosphatase, and alphaglycerophosphate were reduced.
Microscopic examination revealed no evidence of carcinognic activity.

243.2 Human and Epidemiologic Studies

24.3.2.1 Short-term Toxicologic Effects

In humans, the most common symptoms of acute expoure to chlorobenzene are
the same as those for the chlorinated hydrocarbons: mainly dizziness, drowsiness,
nausea, vomiting, weakness and headache (2). Irritation of the eyes and mucous
membranes of the respiratory tract occur after a few minutes exposure to 200 ppm of
the vapor (38). Skin contact may result in minor irritation: Prolonged or repeated
contact may result in skin burns (46). c

In one case of accidental poisoning, a two-year-old chid who swallowed 5 to 10
mL of a cleaning agent containing chlorobenzene lost conscliousness within two hours.
The child was cyanotic and had no detectable reflexes, displayed head and neck
twitching and suffered heart failure. He recovered consciousness after approximately
three hours and all signs had returned to normal by eight hours (260).

24.3.2.2 Chronic Toxicologic Effects

There are only a few reports of long-term human exposure to chlorobenzene.
Severe anemia was reported in an elderly woman who had been chronically exposed
to a glue containing 70% chlorobenzene. Early complaints included headache and
irritation of the eyes and upper respiratory tract. Factory workers exposed to
unknown vapor levels of chlorobenzene for I to 2 years suffered from headache,
dizziness, drowsiness and digestive disorders. Eight of the 28 workers had tingling
and numbness of the extremities and eight had hyperesthes a (abnormally increased
sensitivity of the skin) of the hands (259, 261).

24.33 Level of Concern

The U.S. Environmental Protection Agency (355) has established an ambient
water quality criterion of 488 jug/L for the protection of human health from the toxic
properties of chlorobenzene ingested through water and contaminated aquatic
"organisms. This criterion is based on the no-observed-effect level of 14.4 mg/klg/day
reported for rats orally administered chlorobenzene over a period of 6 months (251).
Applying an uncertainty factor of 1000, the acceptable daily intake of chloro-benzene
for a 70-kg man was calc~alated to be 1.008 mg/day. A MCLG and MCL for chloro-
benzene in drinking water of 100 Ag/L has been proposed by the USEPA (3883).

Both OSHA (3539) and the ACGIH (3005) have set an occupational exposure 8-
hr TWA of 75 ppm (350 mg/mi) for chlorobenzene, based on preventing narcosis or
chronic poisoning.
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24.34 Hazard A mnt

The extrnt of available effects data for humans exposed to chlo:.obenzene is
inadequate to determine with any confidence the potcntial health hazards associated
with exposure to this compound. Rather meager data indicate that workers exposed
intermittently to chlorobenzene vapors for up to two years exhibited signs of
neurotoxicity (259, 261). Another report noted head and neck twitching in a child
who accidentally ingested a small volume (5-10mL) of chlorobenzene (260). These
x.-ports are inadequate to establish whether these effects are reversible or if there are
other toxic effects in humans exposed to chlorobenzene.

Animal studies indicate acute exposures to chlorobenzene can induce sensory
irritat;on of the respiratory tract after a few minutes; longer exposures can result in
narvcis and CNS depression.

Chlorobenzene administered to rats, rabbits and dogs' at moderate to high doses
<by ,ihalation or oral routes caused hepatic and renal toxicity manifested by increased

.'':V"r and kidney weights, pathological charges and elevated serum enzymes.

Carcinogenicity was not definitively demonstrated in an NT? study (255)
conducted with rats and mice, but high-dose male rats (120 mg/kg/day orally)
displayzd a marked increase in neoplastic nodules of the liver. Limited mutagenic
evidence is conflicting.

Repeated exposures to chlorobenzene at near-lethal levels of 272.5 mg/kg/day
(oral) or 2 mg/L (-434 ppm vapor) induced atrophy of the epithelial tissue in the
seminiferous tubules and decreased spermatogenesis in dogs (615, 252). No increase
in malformations were noted in rats and rabbits exposed to 590 ppm chlorobenzene
vapor during gestation (256).

24.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of chlorobenzene concentrations in soil and water requires
collection of a representative field sample and laboratory analysis. Due to the
volatility of chlorobenzene, care is required to prevent losses during sample collection
and storage. Soil and water samples should be collected in airtight containers with no
headspace; analysis should be completed within 14 days of sampling. However, recent
studies (3430) show large losses of volatiles from soil handling. At the present, the
best procedure is to collect the needed sample in an EPA VOA vial, seal with a foil-
lined septum cap, and analyze the entire contents in the vial using a modified purge
and trap apparatus. In addition to the targeted samples, quality control samples such
as field blanks, duplicates, and spiked matrices may be specified in the recommended
methods.
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EPA-approved procedures for the analysis of chlorobenzene, one of the EPA
priority pollutants, in aqueous samples include EPA Methods 601, 602, 624, 1624
(65), and 8010, 8020, and 8240 (63). An inert gas is bubbled through the aqueous
sample in a purging chamber at ambient temperature, transferring the chlorobenzene
from the aqueous phla.e to the vapor phase and onto a sorbent trap. The trap is
then heated and backflushed to desorb the chlorobenzene and transfer it onto a gas
chromatographic (GC) column. The GC column is programmed to separate the
volatile organics; chlorobenzene is then detected with a halide specific detector
(Methods 601 and 8010), a photo-ionization detector (Methods 602 and 8020), or a
mass spectrometer (Methods 624, 1624, and 8240).

The EPA procedures recommended for chlorobenzene analysis in soil and waste
samples, Methods 8010, 8020 and 8240 (63), differ from the aqueous procedures
primarily in the method by which the analyte is introduced into the GC. The
recommended method involves dispersing the soil or waste sample in methanol to
dissolve the chlorobenzene. Hexane has also been used to extract chlorobcnzene
(3169) for analysis by capillary GC. A portion of the solution is then combined with
water and purged as described above. Other sample introduction techniques include
direct injection and a headspace method where an aliquot cf the vapor above the
sample in a sealed vial is analyzed. Recoveries for the headspace technique may vary
depending upon the concentration (3355).

Typical chiorobenzene detection limits that can be obtained in wastewaters and
non-aqueous samples (wastes, soils, etc.) are shown below. The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrix effects.

Aqueous Detection Limit Non-Aqueous Detection Limit

0.25 Mg/L (Method 601) 2.5 ug/kg (Method 8010)
0.2 ug/L (Method 602) 2.0 ug/kg (Method 8020)
6.0 Mg/L. (Method 624) 5 Mg/kg (Method 8240)
10 sg/L (Method 1624)
2.0 Mg/L (Method 8020)
5 Mg/L (Method 8240)
2.5 ug/L (Method 8010)
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COMMON CAS REG.NO.: FORMULA- AIR W/V CONVERSION
SYNONYMS: 95-50-1 CH•24  FACTOR at 25 " C (12)

1,2.Dxbkwobenzene NIOSJI NO:
DCB CZ4500000 6.01 nmg/' . 1 ppm;
o-Drcb'obenzenf STRUCTURE 0.1663 ppm ~ I mg/mro-Dichkmf'onzo1 TUTR: C

ODB C1 MOLECULAR WEIGHT:

147.0

Reactions of halogenated organic materials such as
1,2-dichlorobenzene with cyanides, mercaptans or, other
organic sulfides typically generate heat, while those with
amines, azo compounds, hydrazines, caustics or nitrides
commonly evolve beat and toxic or flammable gases. Reac-
tions with oxidizing mineral acids may generate heat, toxic

REACTIVITY gases and fires. Those with alkali or alkaline earth metals,
certain other chemically active elemental metals like
aluminum, zinc or magnesium, organic peroxides or hydro-
peroxides, strong oxidizing agents, or strong reducing agen's
typically result in heat generation and explosions and/or
fires (511,505).

r Physical State: Liquid (23)
(at 20'CC) (23)

0 Color: Colorless (23)
* Odor: Aromatic (54)
* Odor Threshold: 50 ppm (10)

PHYSICO- * Density: 1.3060 g/mL (at 20CC) (14)
CHEMICAL 0 Freeze/Melt Point: ,17.WCC (23)

DATA 0, Boiling Point: 180.40"C (14)
0 Flash Point: 71.00"C closed cup (21)
* Flammable Limits: 2.20 to 9.20%,

by volume (38,60,506)
* Autoignition Temp.: 648.0CC (38,60.506)
* Vapor Pressure: 9.60E-01 mm Hg

(at 200C) (1219)
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0 Satd. Conc. in Air: 8.OOOOE+03
mg/m' (at 200C) (67)

* Solubility in Water: 1.00E+02
mg/L (at 20'*C) (67)

0 Viscosity: 1.302 cp (at 20"C) (67)
PHYSICO- * Surface Tension: 3.6600E+01

CHEMICAL dyne/cm (at 20(C) (21)
DATA • Log (Octanol-Water Partition
(Cont.) Coeff.): 3.38 (29)

* Soil Adsorp. Coeff.: 1.16E+03 (652)
0 Henry's Law Const.: 1.88E-03

atm m'imol (at 25 0C) (74)
0 Bioconc. Factor: 8.90E+01

(bluegills), I.15E+02 (estim) (278,659)

1,2-Dichlorobenzeiie is expezted to have limited mobility
in soils, particularly soils with 1-2% organic carbon
content; some migration witih soil water may be ob-e.ved

PERSISTENCE in deep soils or sandy soils. Persistence of 1,2-dichioro-
IN THE SOIL- benzene is probably high. Only a small fraction is

WATER expected to be available to volatilize, and biodegradation
SYSTEM is not expected to be significant.

1,2-Dichlorobenzene is expected to have' limited mobility
in soils, particularly soils with 1-2% organic carbon

PATHWAYS content; some migration with soil water may be observed
OF in deep soils or sandy soils. ?ersistence of 1,2-dichloro-

EXPOSURE benzene is probably high. Only a small fraction is ex-
pected to be available to volatilize, and biodegradation is
not expected to be significant.
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Signs and Symptoms of Short-term Human Exposure:
(38)
1,2-Dichlorobenzene vapor may cause irritation of the
upper respiratory tract. Drowsiness, headache, nausea
and dizziness may also result. Skin contact with the
liquid causes burning and dermatitis. Both the vapor
and the liquid are irritating to the eyes.

Acute Toxicity Studies (3504)

INHALATION:
LCD. 4808 mg/m'. 24 hr Guinea Pig
LCI,. 4934 mg/m'. 7hr Rat

HEALTH
HAZARD ORAL:

DATA LD•, 500 mg/kg Rat
LD1., 2 g/kg Guinea Pig
LD5, 500 mg/kg Rabbit

Long-Term Effects: Liver and kidney injury
Pregnancy/Neonate Data: Not teratogenic or embryo-
toxic in rats at doses causing slight maternal toxicity(400
22m 6 hr/day(on days 6-15 of gestation).
Genotoxicity Data: Suggestive evidence of genotoxicity
Carcinogenicity Classification:
IARC - Group 3
NTP - No evidence
EPA - Group D (not classifiable as to human

carcinogenicity)

Handle chemical only with adequate ventilation
* Vapor concentrations of 50-1000 ppm: chemical car-
tridge respirator with full facepiece and organic vapor
cartridge 9 1000-1700 ppm: gas mask with organic

HANDLING vapor canister, any supplied-air respirator or self-
PRECAUTIONS contained breathing apparatus with full faccpiece

(38,54) 0 Chemical goggles if there is probability of eye contact
9 Protective clothing and rubber gloves and aprons are
advisab'z to prevent repeated or prolooged contact with
the liquid.
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ENVIRONMENTAL AND OCCUPATh)NAL STAND, S AND
CRrT.RIA

AMEXPOSRELMl:

* OSHA Ceiling Limit: 50 ppm
0 AFOSH r:dinig Limit: 50 ppm

NIOSH IDLH (30 urin): 1700 ppm
• ACGIH CL: 50 ppm
• ACGIH STEL (15 min): None establishcd

Drinking Water Standards (3742)
MCLG: 600/ug/L (proposed)
MCL : 600 jA/L (proposed)

EPA Health Adviorics and Cancer Rik L-4 cb (:.;77)

The EPA has developed the following Health Advisories which p •vide specific
advice on the levels of contaminants in drinking water at which adversc health
effects would not be antic;pated.

1-day (child): 9000 gsg/L
10day (child): 9000 IgAl.:

longer-term (child): 9000 ptgL
longer-term (adult): 3X= pgl-

- lifetime (adult): 600 g/iL

WHO Dnnkin2 Water GOuideh¢n
No informati,.i| wzilablc.

EP A.2.'ent Water Qualitv Critcria i
* Human Heahth (355)

Based in ingestizon of contaminated water and aquatic orginisms, 4X) ugl
dichloroben7ynes (all isomers). Based on ingevsion of contaminated
aquatic organisms only, 2.6 mg/L dichlorobenzencs (all isrmer). Adjusted
for drinking water only, 470 jug/L.
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA (Coat.)

0 Aquatic Life (355)
SFreshwater species

sacute toxicityr
no criterion, but kloest effect level occurs at 1120 jsg/L
dichlorobenzenes.

chronic toxicity:
no criterion, but klwest effect klvel occurs at 763 Ig/L

dichlorobenzenes.

* Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 1970 Mg'L,
dichlorobenzcnes.

chronic toxicity:
no criterion established due to insufficient data.

8.(AX)E+O1 pg/kg/day (3742)

REGULATORY STATUS (as of 01.MAR-89)

0 Federal Programs
CnwL.c_ (CWA)
Dichlor-)henzcne is designated L. hazardou sustance under CWA. It
has a reportable quantity (RO) limit of 45.4 kg (347, 3764). It i~s also
listed as a toxic pollutant, subject to general pretreatment regulations
for new and existing sources, and effluent standard.t and guidelines
(351, 3763). ETnuent limitations specific to this chemical have been set
in the follorwing point source categories: electroplating (3767). organic
chemicals, plastics. and syrthetic fibers (3777), steanm electric power
generating (.1W2), and metal fin-tshin, (1768). Limitations vary
depending on the type of industry end plant.
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SA~ Drinking Water Act (SDWA)
Dichlorobenzene is on th list of 83 contamin1ants required to be
regulated under the SDWA of 1974 as amende4 in 1986 by January,
1991 (3781). EPA lists 1,2-dichlorobetizene as an unregulated
,contaminant requiring monitoring in all community water systems and
non-transient nuo-community water systems (3771). In suites with an
approved Underground Injection Control program, a permit is required
for the injection of 1,2-dchlorobenzene-contair'ing wastes dtaignated as
hazardous under RCRA (295).

Resourc Conxcrvation and ftcovey Act, (RCRA)
1,2-Dchlorobenzene is identified as a toxic hazardous waste (UO O))
and listed as a hazardous waste constituent (3783,3784). Non-s ,-ecific
sources of 1,2-dichlorobenzene. containing waste are solvent use (or
recovery) activities, spent solvent mixtures containing 10% or more
1,2-dichk-orobenzene, and chloraiated aliphatic hydrocarbon productinn
(32!.). Waste streams from the following industries contain
1.2-dichlorobenzetne and are listed as specific sources of hazardous
waste: organic chemicals (production of chloroberizene, and trichloro-
ethykene/perchloroethylenc). pesticides (2,4,S.T production), and ink
formulation (3774, 3765). 1.2-Dichlorobenzeene is subject to land
disposal restrictions when its concentration as a hazardous constituent
exceeds designated Levels (3785). Effective July 8, 1987, the land
disposal of untreated hazardou% wastes which contain halogenated
organic compounds in total concentrations greater than or equal to
1000 mg/kg is prohibited. Effective August 8& 1988, the underground
injection into deepF wclls of these wastes is prohibiicd. Certain
variances exist until May, 1990 for some wastewaters and nonwaste-
%.-aters for which Best Demonstrated Available Technology (BDAT)
treatment standards have not been promulgated by EPA (3786).
1,2-Dicrilorobenzcne is on EPA's ground-water monitoring Ilst. EPA
requires that all hazardous waste treatment. storage, and disposal
facilities monitor their ground-wattr for chemicals on this list %hen
suspeoctd contamination is first detected ind annually thereaftcr
(3775).

xic Su ,ta ,e Control Act (TSCA)
Manufacturcrs, procecssors or distributors of 1.2-dichlorohcnizene must
report production. Liage and disposal information to EPA. They, as~
well as others who possess health and safety studies on 1.2-dichlorO-
benzene, must submit them to EPA (334, 3789). EPA requires that
manufacturers and proccssnri of 1.2-dichlorobenzene condtict
reproductive and fertility effects texting. Previous proposal for
teratogenicity and suhchronic toxicity ttsting have been withdrawn
(340). Under ThCA Section 4, EPA requires that manufacturers and
processors of I,2-dichlorohenzcne'perform human health effects and
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chemical fate testing in support of the RCRA program (3792). EPA
requires that manufacturers and importers of chemical substances made
from 1,2-dichlorobenzene submit production, use, exposure and disposal
data in order te determine whether there 4 further need for dioxin
and furan testing of the chemical products for which 1,2-dichioro-
benzene isa preculsor (3780).

Comprehenive Environmental Res2nse Compsns, an and Liability
&I (CERCLA)
1.2-Dichlorobenzene is designated a hazardous substance under
CERCLA. It has a reportabk quantity (RQ) limit of 45.4 kg.
Reportable quantities have also been issued for RCRA hazardous
waste streams containing 1,2-dichlorobenzene but these depend upon
the concentration of the chemicals in the waste stream (3766). Under
SARA Title III Section 313, manufacturers, processors, importers, and
users of 1.2-dichlorobenzene must report annually to EPA and state
officials their releases of this chemical to the environment (3787).

Clean Air Act (C.&A)
After consideration %. f the data regarding serious hi-1th effects from
ambien, air exposure to chlorinated benzenes. EPA har decided not to
regulate them as nazardous air pollutants (3685).

Marin. Protection Reswarch and Sanctuarics Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or su.pc.cted carcinogens, mutagens or teratogens is
prohibited except wher they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulativc
in thc marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Occupationa; Safety and Health Act (OSHA)
Employee exposure to 1.2-dichiorol-enzcne shall at no time exceed the
eiling level of 50 ppin at any time during an 8-hour work-shift (3539).

HU9rdous Mater.als Trans rtption Act (HM7A)
TPi Department of I ranrportation has designated 1,2-dichorobenzenc
as a hazardous material with a reportable quantity of 45.4 kg, subject
to requirements for packaging, labeling and transportation (3180).

9 State Water Program's
ALUIAMh
Ali statirs have adopted EPA Ambit,.t Water Quality Criteria and
NPDWP.S (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative referenmc or by relisting the
specific numeric criteria. The-se states have promu!"-ted additional or
more stringent criteria:

California has an action level of 130 ug/'L (pph) for drinking water.



25-8 1,2-DICHLOROBENZENE

Connecticut has a quantification limit of 2 jug/L for drinking water
(3137).

DISTRICT OF COLUMBIA
The District of Columbia has a human health criterion of 20 pg/L for
all chlorinated beazeues in public water supply waters (3828).

New Jersey has set an MCL of 600 pg/L for drinking water (3497).

NEWYORK
New York has an MCL of 5 Mg/L for total dichlorobenzenes in
drinking water (3501). New York has a water quality standard of 4.7
M•g/L for the sum cf 1,2- and 1,4-isomers in ground-water classed for
drinking water supply, and an ambient water quality standard for total
dichlorobenzenes of 55 g/L for Class A. A-S, AA, AA.S, B and C
surface waters, and 50 /g/L for fresh surface water classed D (3500).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 79 pg/L and
a chronic guideline of 1.8 ugfL for the protection of aquatic life in
surface waters. These guidelines are enforceab!e under Rhode Island
state law (3590).

SOUTH DAKOTA
South Dakota requires o-dichlorobenzene to be nondetectable, using
designated test methods, in ground-water (3671).

VERMOY
Vermont has a preventive action limit of 310 Mg/L and an enforcement
standard of 620 ug/L for ground-water (3682).

WISCONSIN
Wisconsin has a preventive action limit of 125 jg/L and an
enforcement standard of 1250 pg/L for ground-water (3840).
Wisconsin ha. also set a human threshold criterion of 1.4 mg/I. for
publ;c, water supply waters (3842).

Proro!&A Regulatiors
0 Federal Programs

Safe Drinking Water Act (SDWA)
In November, 1985, EPA proposed a recommended maximum
contaminant level (RMCL) of 0.62 mg/L for 1,2-dichlorobenzene.
EPA will propose a maximum contaminant level (MCL) and maximum
contaminant level goal (MCLG) of 0.6 mg/L for 1,2-dichlorobcnzcne in
May, 10)89, with final action scheduled for May, 1990 (3759).
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Resource Conservation and Recovery Act (RCRA)
EPA has proposed that solid wastes be listed as hazardous in that they
exhibit the characteristic defined as EP toxiciy when the TCLP extract.
concentration is equal to or greater than 4.3 mg/L of
1,2-dichlorobenzene. Final promulgation of this Toxicity Characteristic
Rule is expected in June, 198; (1565).

* State Water Programs
MOSI STATE
Most states are in the process of revising their water programs and
proposing changes to their regulations which will follow EPA's changes
when thcy become final. Contact with state officers is advised.
Changes are projected for 1989-90 (3683).

KANSA
Kansas has proposed a water quality standard of 620 ,g/L for ground-
water (3213).

MTNNEiTQ A
Minnesota has proposed a Recommended Allowable Limit (RAL) of
620a g/L for 1.2-dichlorobenzene in drinking water (3451).' Minnesota
has also proposed a Sensitive Acute limit (SAL) of 632 Mg/L for
s;.;rfýe water, and chronic criteria of 14 pg/L for surface water and
620 sig/L for ground-water. These criteria are for the protection of
human health (3452).

New Jersey has proposed a water quality standard of 600 pg/L for class
FW2 surface waters (3496).

EEC Directives
D~rective on Ground Water (538)
Direct discharge into ground water (i.e., without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic
properties in or via the aquatic environment, and mineral oils and
hydrccarbons is prohibited. Appropriate measures deeme-d necessary to
prevent indire-t discharge into ground water (i.e., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.
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Directive on the Quality Required of Shellfish Waters (537)
The mandatory specifications for organohalogenated substances specify
that the concentration of each substance in the shellfish water or in
shellfish flesh must not reach or exceed a level which has harmful
effects on the shellfish and larvae. The specifications for organohalogenated
substances state that the concentration of each substance in shellfish flesh
must be so limited that it contributes to the high quality of the shellfish
product.

Directive Relatin& to the Classification. Packaging a-,i Labeling of
Dangerous Preparations (Solvents) (544)
1,2-Dichlorobenzere is listed as a Class I1/a harmful substance and is
subject to packaging and labeling regulations.

Directive on the Discharge of Dangerous Substances (535)
Organohalogens, carcinogens or substances which have a deleterious effect
on the taste and/or odor of human food derived from aquatic environments
cannot be discharged into inland surface waters, territorial waters or
internal coastal waters without prior authorization from member countries
which issue emission standards. A system of zero-emission applies to
discharge of these substances into ground water.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halog:n compounds, excluding inert poly-
meric materials bind other substances referred to in this list or covered
by other Directives concerning the disposal of toxic and dangerous waste;
chlorinated solvents; organic solvents; biocides and phyto-pharmaceutical
substances- ethers and aromatic polycylic compounds (with carcinogenic
effects) shall keep a record of tl'e quantity, nature, physical and
chemical characteristics and onrpin of such waste, and of the methods and
sites used for disposing of such waste.

Directive on the Classification. Packaging and Labeling of Dangerous
Substances (787)
1,2-Dichlorobenzene is classified as a harmful substance and is subject
to packaging and laieling regulation.

EEC Directive-proposed Resolution
Resolution on a Revised List of Second-Category Pollutants
(545)
1,2-dichlorobenzene is one of the second-cate;ory pollutatnts to be studied by
the Commission in the programme of action of the European Communities
on Environment in order to reduce pollution and nuisances in the air and
water. Risk to human health and the environment, limits of pollutant levels
in the environment, and determination of quality standards to be applied will
be assesscd.
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25.1 M.4JOR USES

he ajor use of 1,2-dichlorobenzent is in organic synthesis, primarily in the
manufactwe of 3,4-dichloroanilne (23). Approximately 15% is used as a process
solvent, i the manufacture of toluene diisc--yanate. Miscellaneous solvent applica-
tions acc unt for 8% of its use. These application. include cleaning and polishing
formulations, motor oil additive formulations, paints, rust preventatives, degreasing of
leather hides and woolen pelts and use as a carrier solvent fcr wood preservatives
and repellents. Minor uses include the manufacture and application of dyes, odor
control azid pesticide manufacture (202, 265).

25.2 EN{'TRONMENTAL FATE AND EXPOSURE PATHWAYS

25.2.1 Transport in SoW3round-water Systems

25.2.1.1 v'cview

The 1,2-isomer of dichlorobenzene may move through the soil/ground-water
system when present at low concentrations (dissolved in water and sorbed on soil) or
as a separate organic phase (resulting from a spill of significant quantities of the
chemical)ý In general, transport pathways of low soil concentrations can be assessed
by an equilibrium partitioning model, as shown in Table 25-1. Sorption onto deep
soils (83%) is less than onto top soils, but may have some effect on mobility.
Overall, ground water underlying 1,2-dichlorobenzene-contaminated soils with low
organic content is expected to be vulnerable to contamination.

These calculations predict the partitioning of low soil concentrations of
1,2-dichlorobenzene among soil particles, soil water and soi! air. The 1,2-dichloro-
benzene associated with the water and air phases of the soil has higher mobility than
the adsorbed portion.

E.timates for the unsaturated topsoil model indicate that 99.5% of the
1,2-dichlotobenzene is expected to be sorbed onto soil particles. Approximately 0.4%
is expected to partition to the soil-water phase, and is thus available to migrate by
bulk transport (e.g., the downward movement of infiltrating water), dispersion and
diffusion. |For the small portion of !,2-dichlorobenzene in the gaseous phase of the
soil (approximately 0.1%), diffusion through the soil-air pores up to the ground
surface, and subsequent removal by ,ind, may be a significant loss pathway.

In saturated, deep soils (containing no soil air and negligibLAc soil organic carbon),
a higher fraction of the 1,2-dichlorobenzene (17%) is predicted to be present in the
soil-water phase (Table 25-1) and available for transport with flowing ground water.
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TABLE 25-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR

1,2-DICHLOROBENZENE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoialw
at 251C 99.5 0.4 0.1

Saturated
deep soil' 83.0 17.0

a) Calculations based on Mackay's eqh'lIbrium partitioning model (34, 35, 36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized soil sorption coefficient estimated with equations of Means et al. (611):
K. = 1160.

c) Henry's law constant taken as 1.88E-03 atm. m'/mol at 25°C (74).
d) Used sorption coefficient K, calculated as a function of K.

assuming 0.1% organic carbon: K, 0.001 x K,.

252-1.2 Sorption on Soils

The mobility of 1,2-dichlorobenzene in the soil/ground-water system (and its
eventual migration into aquifers) is strongly affected by the extent of its sorption, on
soil particles. In general, sorption on soils is expected to:

increase with increasing soil organic matter content;
. increase slightly with decreasing temperature;
. increase moderately with increasing salinity of the soil water; and
- decrease moderately with increasing dissolved organic matter content of the

soil water.

Wilson et al. (82) investigated the transport and fate of the 1,4-dichlorobenzene
isomer applied to sandy soils. Approximately 37-49% of the 1,4-dichlorobenzene
percolated through the soil column with minimal retardation, and 51-63% was
degraded or not accounted for; the loss due to volatilization was not determined.
The 1,2-dichlorobenzene would be expected to exhibit similar transport properties.

Laboratory sorption studies (609) indicate that sorption of the chlorobenzenes by
sediments and aquifer material is a reversible process. Retardation rates, which
represent the interstitial water velocity/pollutant velocity in the soil, were reported by
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Wilson et al. (82) to be a function of K, the ratio of soil density (a) to soil water
content (b), and the organic content (oc) of the scil according to the following
equation:

= I + (a)K.(oc)

Retardation factors reported for the 1,4-iscmer range from 18-70 for river
sediment to 1-2-7 for an aquifer far from the river bed (77). These data indicate
some retardation (i.e., adsorption) in soils having 1-2% organic carbon and little or
no retardation in deep soiis having less than 0.1% organic carbon. Similar retardation
factors would be exp,-cted for 1,2-dikhlorobenzene.

25.2.1.3 Volatilization from Soil&

Transport of 1,2-dichlorobenzene vapors through the air-filled pores of un-
svturatcd soils may occur in near-surface soils. However, only a small portion of the

1,2-dichlorobenzene loading is expected to be present in soil-air. In general, impor-
tant soil and environmental properties influencing t.ie rate of volatilization include
soil porosity, temperature, convection currents and barometric pressure changes;
important physicochemicai properties include the Henry's law constant, the vapor-soil
sorption coefficier,5 . and, to'a lesser extent, the vapor phase diffusion coefficient (31).

The Henry's law constant (H), which provides an indication of a chemical's
tendency to volatilize from solution, is expected to increase significantly with increas-
ing temperature. The temperature dependence of H for 1.2-dichlorobenzene has
been measured by Gossett and Lincoff (18) and is described by the following
equation:

H(atm. rm-/mol) = exp[15.96-6665/I(*K)]

Gossett and Lincoff (18) have also examine.6 the effect of other dissolved
,materials on volatilization. Moderate increases in H were observed with increasing
salinity and the presence of other organic compounds. These results suggest that the
presence of other materials may significantly affect the volatilization of 1.2-dichloro-
benzene.

No information was available for the two other physicochemical properties
influencing 1.2-dichlorobe'zene volatilization, i.e., the vapor-soil sorotion coefficient
and the vapor phase diffusion coefficient.

Available data indicate that 1,2-dichlcrobeniene probably volatilizes from the
water column at a relatively, rapid rate; the volatilization half-life from a 1 meter thick
water column has been estimated to be approximately 8 or 9 houts (10). Garrison
and Hill (600) reported almost complete volatilization (!o less than I mg/L) of a 100
mg/L concentration of 1.2-dichiorobenzene in less than four hours from aerated'
distilled water and in less than three days from unac:ated distilled water.
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Wakeham et al. (!27) examined the fate and persistence of the 1,4-isomer in
coastal seawater; voladlization was identified as the major removal process. Half-lives
obtained for spring, summer, and winter conditions were 18, 10, and 13 days, respec-
tively- similar rates would be expected for 1,2-dichlorobenzene.

Actual volatilization rates will depend on fpctors such as depth, turbulence and
other environmental conditions. Furthermore, compared to volatilization frcm
well-stirred aqueous sotutions, volatilization from surface soils has been shown to be
slower by approximately one oedec of magnitude for some near-surface chlorinated
organics (82).

In the atmosphere, 1,2-dichlorobcnzcne should exist mainly in the vapor phase
and is expected to reict with photochemically generated hydroxyl radicals (3949).
Using a rate constant of 0.42E-12 cm3/molecule-sec at 22°C and an ambient hydroxyl
radical conLentration of 8.OE+05 molecules/cm1 , the half-life for 1,2-dichlorobencene
in air of 24 days was estimated (3899). The detection of dichlorobenzene isomers in
rain water (3930) suggests that atmospherk. removal through washout is also possible
(3949).

25.-2 Transformation Processes in Soli]Ground-water Systems

The persistence of 1,2-dichlorobenzene in soil/ground-water systems is not well
documented. In most cases, it should be assumed that 1,2-dichlorobenzene will
persist for months to years (or more). The 1,2 dichlorobenzene that has been
released from the s'ii into the air will eventually undergo photochemical oxidation; a
half-life in air of approximately 3 days (609) and an atmospheric residence time of
38.6 days (601) have been reported for 1,2-dichlorobenzene.

No information on the hydrolysiLi of 1,2-dchlorobenzene in the soil/ground-water
system was available; under normal environmental coiditions, hydrolysis is not
expected to occur at a rate competitive with volatilization or biodegradation.

The 1,2-isomer of dichlorobenizene is not expected to be rapidly biodegraded in
the environment. The more halogenated a compound is, the more resistant it is to
biodegradation, implying that 1,2-dichlorobenzene is more persistent than chloro-
benzene, which is significantly degraded only by activated microbial populations.
Furthermore, the presence of a chlorine atom on the benzene ring has been reported
to retard the rate of biodegradation (10). Thom and Agg (80) have listed 1,2-dichlor-
obenzene as a synthetic material which is unlikely to be removed during biological
sewage treatment.

However, several authorF have rep,,xied the biodegradation of 1,2-dichlor-
obenzene by acclimated microbia' popuiations. Davis et al. (612) reported compara-
tively rapid degradation of i,2-dichlorobcnzene using samples of microbial populations
from industrial and municipal wastewater treatment plants; 1,2-dichlorobenzene

4k

/i



1,2-DICHILROBENZENE 25-15

at 50 ng/L was degraded by both systems within 7 days. Kincannon et al. (613)
reported biodegradation of &I mg/L 1,2-dichlorobeazene by activated sludge popula-
tions.

Dichlorobenzenes were only slowly degraded by soil microbes in cultures (610),
and no degradation was noted in studies on the transport and degradation of
dichlorobenzenes injected into ground water (597). In most soil/ground-water
systems, the concentration of microorganisms capable of biodegrading chemicals such
as 1,2-dichlorobenzene is expected to be low, and to drop off sharply with increasing
depth. Thus, biodegradation in the deep soil/ground-water system should be assumed
to be. of minimal importance except, perhaps, near landfills with active microbiological
populations.

25.2.3 Primary Routes of Exposure From Sodl/Ground-water Systems

The above discs.sion of fate pathways suggests that l.2-dichlorobenzene is highly
volatile from aqueous solutions, moderately to strongly adsorbed by soil, and, has a
moderate potential for bioaccumulation. This compound may volatilize (rom soil
surfaces. Through time, the portion not removed by volatilization is likely to be
mobile in ground water. These fate characteristics suggest several potential exposure
pathways.

Volatilization of 1.2-dichlorobenzene from a disposal site, particularly during
drilling or restoration activities could result in inhalation exposures. In addition,
there is a potential for ground water contamination. particulariy in sandy soil.
1,2-Dichlorobenzene has been found in ground water at 3 of the 546 National
Priority List (NPL) sites (83).

This compound was reported in the Ground Water Supply Survey (GWSS)
conducted by USEPA (531) This survey examined 945 finished water supplies that
utilize ground-water sources. The results for 1,2-dichlorobenzene are summarized
below in the following table.

The random samples taken as part of the GWSS are intended to statistically
represent the U.S. ground-water drinking water supplies. The non-random sample
locations were chosen by the states as being potentially contaminated. 1,2-Dichloro-
benzene has also been detected in the National Organic Monitor Survey (NOMS)
(90). In this survey, 1,2-dichlotobenzene was detected .n 4 out of 110 samples with a
mean concentration of the positives of 2.5 g1L.

:" •• • • # y , , , -. ,I
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Median of
Occurrences' Positives Maximum

Sample Type No. % (uz/L.Q (u".L)

Random
Supplies serving <10,000 people

(280 samples) 0 0
Supplies serving >I0,000 people

(186 samples) 0 0
Non-Random

Supplies serving <10,000 people
(321 samples) 1 0.3 2.2 2.2

Supplies serving >10.000 people
(158 samples) 1 0.6 27 2.7

"*Samples having levels over quantification limit of 0.5 pg/L.

The properties of 1,2-dichlorobenzene a:..t! the survey results described above
indicate that this compound has a limited potential for movement in soil/ground-water
systems. If, Lowever, this compound reaches surface waters, several other exposure
pathways are possible:

• Surface waters -fnay be used as drinking water supplies, resulting in direct
ingestion exposures;

a Aqurtic organisms residing in these waters and bioaccumulating this
chemical may be con.,umed, also resulting in ingestion exposures;

* Recreational use of these waters may result in dermal exposures;

9 Domestic animals may consume or be derma!ly exposed to contaminated
ground or surface waters; the consumption of meats and poultry could
then result in ingestion exposures.

In general, exposures associated with contaminated surface water can be expected
to be lower than exposures from drinking contaminated ground water for two reasons.
First, the Henry's law constant for 1,2-dichlorobenzene suggests that it will volatilize
upon reaching surface waters. Secondly, because 1,2-dichlorobenzene is moderately
to strongly adsorbed, the concentration reachirg surface waters will be attenuated
through adsorption to soil and sediments. Although the availability of 1,2-dichloro-
benzene in surface waters is expected to be limited, the bioconcentration factor for
1,2-dichlorobenzene suggests scme potential for bioaccumulation.

252.4 Other Sources of Fxpoure

The volatility of 1,2-dichlorobenzene suggests that it may be found in air.
Brodzinsky and Singh (84) compiled all available atmospheric data for a number of
volatile organics. For 1,2-dichlorobenzene, they had data for 909 locations. This
compound was not found i.' rural and rem)te locations. In urban and suburban
areas, the median 3 concentration was 0.06k ug/m'. In source-dominaied locations.
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the 3 median concentration was 0.35 pg/m' These results suggest that inhalation is a
source of exposure to persons in theso aream, particularly in source-dominated areas.

Based on the survey data above, 1,2-dichlorobenzene does not appear to be a
common contaminant in drinking water. However, discharge of industrial effluentcz
contaminated with 1,2-dichlorobenzene near drinking water intakcs in surface water
could potentially result in ingestion via drinking water. There has been concern
m-garding the inadvertent production of chlorobenzenes through chlorination of
sources or effluents containing benzene. The data that exist seem to indicate that
chlorination is not a significant inadvertent source (265).

25.3 HUMAN HEALTH CONSIDERATIONS

25-3.1 Animal Studies

25.31.1 C.tnogenicity

The carcinogencity of 1,2-dichlorobenzene was recently evaluated in a 103-week
study conducted by the National Toxicology Program (3514). Groups of F344/N rats
and B6C3F, mice were administered 1,2-dichlorobcnzene in corn oil by gavage, 5
times per week in doses of 60 or 120 mg/kg body weight. Malignant histiocytic
lymphomas were observed in male and female mice at both dose levels (males:
control, 0%; low dose, 2%; high dose, 8%, p<0.05) (females: control, 0%; low dose,
0%; high dose, 6%, p<0.05), but the incidences of all types of lymphomas in male or
female mice were not increased. Therefore, the increase in histiocytic lymphomas was
discounted. The inv-ztigators concluded that, under the conditicns of the two-year
gavage studies, the;c %as no evidence of carcinogenicity of 1,2-dichlorobenzene ir'
male or female rat: or mice (3514). However, it sbould be noteJ that there is some
doubt that the maximum tolerated doce was achieved as no significant compound-
related effects were seen (3949).

25.3.12 Genotoxicty

In an in vivo micronucleus assay, 8-wzek-old NMRI male mice were injected
intraperitoneally with 187, 375, 562, or 750 mg of 1,2-dichlorobenzene/kg body weight.
Each dose was administered in two injections, 24 hours apart, and the animals ,were
sacrificed 6 hours after the last injection. Statistically significant, dose-related
increases in micronuclei were observed in the bone marrow cells (3464).

The 1,2-isomer of dichlorobenzene was fotind to be non-genotoxic in three
studies involving 8 strains of histidine-requiring mutants of Salmonella typhimurium
tested with and without metabolic activation (3646, 3508).
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253.13 Terstolen:c-ty, JEA&b.daczity arn Rtproductive Effects

No teratogenic effects were observed in the offspring of Sprague-Dawley rats
that were administered 50, 100 or 200 mg,/kg 1,2-dichlorokenzene by gavage on days 6
through 15 of gestation (269).

In inhalation studies, Hayes et &L (3278) observed neither teratogenic nor
fetotoxic effects in the offspring of rats or rabbits exposed to 1,2-dichlorobanzenc
vapors. Groups of bred female rats were exposed to '00, 200, or 400 ppmn o( 1,2-
dicblorobenzene for 6 hours per day on days 6 through 15 of gestation. The darns
exhibited reduced weight gain at each dose level and increased liver weights ait 400
ppm, indicating maternial t',iicity. Groups of inseminated rabbits were exposed to
100, 200, or 400 ppm of the agent on days 6 through 18 of gestation. Pregnant
rabbits at all concentrations showed a significant wt~ight loss- during the first 3 days of
exposure. No embryotoxic or teratogenic effects were observed in these studies for
rats or rabbits exposed to 1.2-dichlorobenzene, even at concentrations that produced
maternal t'xdcity.

25.3.1.4 Other Toxicologic Effeicts

253.1.4.1 Sbort-term Toxicity

The major targets for 1.2-dichlorobenzene are the liver. kidneys and central
nervous system. Rats exposed to vepor concentrations of 977 ppm (5902 mgým')
survived a two-hour exposure period but succumbed after a seven-hour exposAurc
pe~riod. A single seven-hour exposure to 539 ppm (32.34 mg/in) was survivied. These
animals experienced drowsines~s, unsteadiness and eye irritation. Kidney and liver
injury were also observed (266). Liver dysfunction was noted in rats that were
administered 455, to 1000 mg/'kg 1,2-dichlorobetvene by stomach tube for 5 to 15 day%
(267).

Undiluted 1.2-dichlorobenzene instilled into the eyes of rabbits caused moderate,
pAin and conjunctival irritation which cleared in a few days (19).

In vivo studies with Fischer i.ats, in which the theratotolic effects of three
dichlorobenzcnes were compared. indicated that the isomers tested can he ranked As
follows: 1 .2-dichlorobenzene >1.3-dichloroberizene > I 4-dichtorobcnicrne (1A.4
dichlorobenzene was not hepatotoxic in this study) (3940). The toxicity ranki Lngs vwere
based on plasma glutamic pyruvate transaminase activties 24 hours after the rat were
injected i.p. with doses of tne isomers ranging from 0.9 to 4.5 mmolikg. the ranking%.
were supported by the results of in vitro studies.

253.1.41 Oroaic Toxricity

NTP conducted a 13-wee-k toxicity 'range -finding study in F1.44'N rats and
B36CIF, mice (3514). Groups of 10 rats and 10 mice of each sex were adminisered
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1,2-dichlorobenzenc by gavage, j days/week at doses of 0, 30, 60, 125, 250, or 500
mg/kg!day and were observed for signs of :oxicity. At the end of the treatment
period, hematological and clL-iical chemistry ausa,,i and necropsy and microscopic
examination were performcd. At 500 mg/kogday, in both sexes of rats and mice, 1,2-
dichlorobenzene produced centrolobular necrtmis of the liver, hepatocellular degenera-
tion, and depletion of lymphocytes in the thymus and spleen. In addition, renal
tubular degeneration was observed in male rats and multifocal mincralization of the
myocardial fibers of the heart and skeletal muscle were seen in rnice. At 250
mgkr/day, necrosis of individual bepatocytes wzs observed in male and female rats
and male mice. At 125 mg/kg/day, minimal hepatocellular necrosis was observed in a
few rats, but hepatic alterations were not observed in mice. The results of this study
determined the doses selected for the NTP two-year carcinogenicity/toxicity bioassay.

Rats given 1,2-dichlorobenzene by gavage. 5 days per weck for 28 weeks,
exhibited minimal liver and kidney damage at 188 and 376 mg/kg body weight, but no
adverse effects at 18.8 mg/kg (271). Therefore, thee no effect level in this study was
determined to lie between 18.8 and 188 mg/kg body weight.

In the two-yeat NTP study. 50 F3.44/N rats and 50 B6C3F, mice of each sex were
given 1.2-dichlorobenzcne ir. corn oil by gavage at doses of 0, 60, and 120 n-ig/kg/day
(3514). The only nonneoplastic effect noted in the study was an increase in tubular
regeneration of the kidney ir the high-dosi mah. mice (control, 17%; low doe. 24%;
high dose. 35%).

No adv.rse effects were obse:-ved in mice, guinea pip, rabbits and monke"y after
6 to 7 months of exposure to 93 ppm (558 mg'm') 1.2-dichlorobenzene, 7 hours
per day, 5 days a week; however, rats exp.%ed to 93 ppm had tedoced body weights
(p<0.05) (271).

25.3. Human and Epidemiokogic Studies

25.3.21 Short-tenn Tocologic Efrcts

The 1.2-isomer of dichlorobenzene appears to have a low toxicity to humans.
Short-term inhalation xqposure results in irritation of the eyes and throat. Eye
irrita:ion becomes noticeable at vapor rconcentrations of 25 to 30 ppm (IS.0-1P0
mg/m'). It may become painful at 60 to 100 ppm if the exposures are for more than
a few minutes duration (46).

Chrc.mnosomal alterations consi.sting of single and double beakls were oh-krved in
a group of 26 clinical laboratory workers accidentally exposed to 1.2.dichlorobcnzine
vapors. 8 hours per day for 4 days. No determination of the exposure lcvel was
made: exposure levels were estimted to he above 100 ppm based on observed
symptoms. The chromos)ma! aberrations seemed to be reversible after several months
(273). It should he noted that these indivycluals worked in or around a clinical
pathology laboratory and may have been expoAcd to other chemical,.



25-20 1,2-DICJ{LOROBENZENE

Application of I,2-dichlorobenzene to the skin of human subjects for 15 minutes
produced a burning sensation. This response intensified with continued exposure up
to I hour and abated upon removal. Redness a&d blisters then developed followed
by a brown pigmentatin which persisted for 3 months (275).

Occupational exposure to average air concentrations of 15 ppm (90 mg/rn')
caused no organic injury or adverse hematologic effect; the length of exposure was
not reported (271).

25.3=2. Qir-ok Tacuk~ollo Effect

Most cases of human, poisoning firom 1,2-dichloroberacne have resulted from
chronic inhalation of vapors. Six months of industrial exposure to a product contain-
ing a mixture of 1,2-dichlorobenzene (95%) and the 1,4-isomer (5%) resulted in
pallor, c 0~ austion, vomting. intense abdominal pain, headache and hemolytic anemia
in one worker. Complete recovery followed the cessation of exposure. Thirteen
similarly exposed coworkers were unaffected (272).

Three cases of leukemia have been reported which involve chronic exposure to
dichlorobenzene mixtures. A IS-year-old girl developed a fatal acute mycloblastic
leukemia after using a product containing 37% 1.2-dichlorobenzent for an unspecified
time pc.,iod. A 40-year-old workman developed chronic lymphatic leukemia after 10
years of c'c~cupational exposure to a solvent containing 80% 1.2-, 15% ý1,4-. and 2%
1,3-dichlorobenizene. A 55-ye-ar-old woman' exposed to the same mixture for an
unspecified period of time developed acute mycloblastic leukemia (272. 277). No
conclusions can be drawn as to the causes of these leukemias; no evidence of
benzene exposure was found in any of thewe cases (202).

Chronic skin contact with a 1.2-dichlorobenzene solution has been reported to
cause eczematoid dermatitis (274).

25.3.3 Levels of Concern

The U.S. Environmental Protection Agency (355) has established an ambient
water quality criterion of 400 jig"L. for the protection of human health from the toxic
properties of dichlorohenzenes ingested through water and contaminatcid aquitic
organisms. This criterion is based on the calculated maximum chronic no-observed-
effect-level of 13.42 mg/kg/day for rats orally administered 1.2-dichlorobcnzene over a
period of 5 to 7 n~nrths (254, 271). Applying an uncertainty factor of 1000, the
acceptable daily in~ake of 1,2-dichloroberizen-e for a 70-kg man was calculated to be
0.94 mg/day.

The USEPA (3949) also derived a repoitable quantity (RQ) of P(M. for 1.2-
dicihlorobenzene, based on a LOAEL of 188 mK~kg~day for increased kidney and liver
weights ir. temnale rats from the study of Hollingsworth et &1. (271).



!7

1,2-DICMLROBENZENE 25-21

OSTIA (3539) has established a ceiling limit of 50 ppm (300 mg/m') set to
prevent serious irritation but not all eye and naal irritation. This standard is
identical to that recommended by the ACGIH (3005).

In the absence of chronic inhalation data for 1,2-dichlorobenzene, the USEPA
(3949) estimated inhalation RfDs based on the NOAEL in rats of 44.2 mg/kg/day
associated with 49 ppm (290 mg/ni) 7 hours/day, 5 daysweek, for 7 months (271).
The subchronic RfD, was estimated to be 31 mg/day, and from this the provisional
chronic RfD, of 3.1 mg/day was derived (3949). The oral RID is 89 gkg/day (3742).

25.3.4 Ha=d A ument

A lifetime feeding study conducted with both rats and mice orally administered
up to 120 mg/kgjbw of 1.2-dichlorobenzene gave no evidence of carcinogenicity
(3514). The compound was not teratogenic in rats by oral administration (269, 3278).
Poss'ble evidence of mutagenic activity was reported for a group of workers accident-
ally cexpsed to 1,2-dichlorobenzene (concentration was not determined) for four work
days (273). This study needs to. be substantiated, particularly in light of the fact that
these ndividuals worked in a clinical pathology laboratory and may thus have been
occupationally exposed to a variety of chemicals.

Little specific information is available on human toxicity associated with 1,2-di-
chlorobenzene exposure. Anecdotal reports have linked chronic inhalation exposure
to various forms of lekemia (272, 277) but no quantitative intakc. data are available.
Additional toxicological studies are needed to clarify the mutagenic capability of
1.2-dichlorobenzene before a reliable estimate of risk can be made for humans
chronically exposed to 1,2-dichlorobenzene in their drinking water.

25.4 SAMPLING AND ANU .YSIS OONSIDERATIONS

Determination of 1,2-dichlorobcnzene concentrations in 'soil and water requires
collection of a representative field sample 3nd laboratory analysis. Due to the
volatility of 1,2-dichlorobenzene, care is required to prevent losses during sample
collection and storage. Soil and water %amples should be collected in airtight glass
containers preferably with no headspace; analysis should be completed within 14 days
of sampling. In addition to the targeted samples. qua!ity control samples such as field
blank•. duplicates, and spiked matrices may be specified in the recommended
methods.

EPA-approved procedures for the analysis of 1.2-dichlorobenzene, one of the
EPA priority pollutants, in aqueous samples include EPA Methods 601. 602, 612, 62.1,
625, and 1625 (65) or Methcxs 8010, 8020, 8120, and 8250 (63,). In Methods 601,
602. 624, 8010, and 8020 an inert gas is bubbled through the aqueous sample in a
purging chamber at ambient temperature. transferring the 1.2-dichlorobenzene from
the aqueous phase to the vapor phase and ornto a sorbent trap, The trap is then
heated and backflushed to desorb the 1,2-dichlorobenzcne and transfer it onto a gas'
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chromatographic (GC) column. Methanol extracts of the sample may also be
subjected to this purge and trap procedure (Methods 8010 and 8020). For Methods
612, 625, 1625, 8120, and 8250, samples are extracted with methylene chloride as a
solvent using a separatory funnel or a continuous liquid-liquid extractor. An aliq-Jot
of the concentrated sample extract is iniected onto the GC column using a solvent
flush technique (Methods (25 and 1625) or the extract is concentrated, dried, and
solvent exchanged to hexane prior to analysis (Methods 612, 8120, and 8250). The
GC column is programmed to sepacate the organics; 1,2-dichlorobenzene is then
detected with a halide specific detector (Methods 601 and 8010), a photo-ionization
detector (Methods 602 and 8020), an electron-capture detector (Methods 612 and
8120), or a mass spectrometer (Methods 625, 1625, and 8250).

The EPA procedures recommended for 1,2-dichlorobcnzene analysis in soil and
waste samples, Methods 8010, 8020, 8120, and 8250 (63), differ from the aqueous
procedures primarily in the method by which the analyte is introduced into the GC.
The sample preparation in Methods 8010 and 8020, involves dispersing the soil or
waste sample in water prior to 'purge and trap.' Aiternatively, methanol extracts of
the sediment/soil may be subjected to the purge procedure described above. Hexane
has also been used to extract 1,2-dichlorobenzene from sludge samples (3169). The
extract is 'cleaned-up' on an alumina column, concentrated, and then analyzed by
capillary GC. Other sample introduction techniques include direction injection and a
headspace method where an aliquot of the vapor above the sample in a sealed vial is
analyzed. Recoveries for the headspace technique may vary depending upon the
concentration (3355). In Methods 8120 and 8250, solid samples are extracted using
either soxhiet extraction or sonication methods. Neat and diluted organic liquids may
be analyzed by direct injection.

Typical 1,2-dichlorobenzene detection limits that can be obtained in wastewaters
and non-aqueous samples (wastes, soils, etc.) are shown below. The 1.2-dichloro-
benzene detection limit for Method 624 was not determined. The actual detection
limit achieved in a given analysis will vary with instrument sensitivity and matrix
effects.

Aqueous Detect on imit Non-Aqueous Detection Limit

0.15 ug/L (Method 601) 1.5 j&g/kg (Method 8010)
0.4 ig/L (Method 602) 4.0 Mg/kg (Method 8020)
1.14 jg/L (Method 612) 0.8 Mg/g (Method 8120)
1.9 Mg/L (Method 625) 1.3 Mg/g (Method 8250)
10 sg/L (Method 1625)
1.5 Mg/L (Method 8010)
4.0 Mg/L (Method 8020)
11.4 ug/L (Method 8120)
19 Mg/L (Method 8250)
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COMMON CAS REG.NO.: FORMULA: AIR W/V CONVERSION
SYNONYMS: 541.73-I C4H4C2  FACTOR at 250C (12)

1,3-Dicwibrobonzene NIOSH NO.
m-Dxhobea4 ne CZn990 6.01 mg/m3Z I ppm;
m-Dwchiorobenzol 0.1663 ppmz Img/m'
mi.n)1ene. STRUCTUREg

dwcakxide C1 I C1 MOLECULAR WEIGHT:

__ _ _ _ 147.0

Reactions of halogenated organic materials such as 1,3-di-
chloroberzene with cyanides, mercaptans or other organic
sulfides typically generate heat, while those with amines,
azo compounds, hydrazines, caustics, or nitrides commonly
evolve leat and toxic or flammable gases. Reactions with
oxidizing mineral acids may generate beat, toxic gases, and

REACTIVITY fires. Thosc with alkali or alkaline earth metals, certain
other chemically active elemental metals like aluminum.
calcium, zinc or magnesium, organic peroxides or hydro-
roxides, strong oxidizing agents, or strong reducing agents
typically result in heat generation and explosions and/or
fires (511, 505).

* Physical State: Liquid (at 20'C) (23)
• Color: Colorless (23)
* Odor: No data (23)
0 Odor Threshold: No data

PHYSICO- 0 Density: 1.28PO g/mL (at 20"C) (14)
CHEMICAL 0 Freeze.•'Mcrt Point: .24.8(fC (14)

DATA • Boiling Point: 172.00'C (14)
t Flash Point: No data
* Flammable Limits- No data
* Autoignition Temp.: No data
* Vapor Pressure: 1.60,mm Hg (at 20*C) (1219)
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* Satd. Cone. in Air. 12900E+04
mg/m' (at 2VC) (265)

0 Solubility in Water 1.23E+02
mg/L (at 2M (21)

* Viscosity: 1.025 cp (at 20C)
PHYSICO- * Surface Tension: 3.6200E+01

CHEMICAL dyn/cm (at 20C)
DATA * Log (Octanol-Water Partition
(Cont.) Coef.): 3.60 (29)

* Soil Adsorp. Coeff.: 1.92E+03 (652)
0 Henry's Law ConSL: 3.55E-03

atm. m3/mol (at 20"C) (74)
* Bioconc. Factor 6.60E+01

(bluegills), 1.90E+02 (estim) (278,659)

1,3-Dichlorobenzene is expected to have limited mobility
in soils, particularly in soils with 1-2% organic content;

PERSISTENCE some migration in deep or sandy soils may occur.
IN THE SOIL- Persiste ice in soils is probably high. Volatilization from

WATER aoueous solutions is expected to occur, but volatilization
SYSTEM from soils is less significant. Biodegradation in soil

environments is ,ot expected to be important.

The primary pathway of concern from a soil-water
system is probably the migration of 1,3-dichlorobenzene

PATHWAYS to groundwater drinking water supplies. However, it is
OF moderately to strongly sorbed, and extensive migration,

EXPOSURE under most conditions is not expected. Inhalation could
also be an important route of exposure under certain
conditions.
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Signs and Symptoms of Short-term Human Exposure:
(12)
No reports on the effects of human exposure to 1,3-di-
chlorobenzene were located. Effects are probably
analogous to those noted with the 1,2- and 1,4-isomers
(see Chapters 25 and 27).

HEALTH
HAZARD Acute Toxicity Studies: No data

DATA
Lone.Term Effects: No data
Pregnancy/Neonate Data: Not teratogenic in rats (200
mg sp-/day on gestation days 6-15).
Genotoxicity Data: Conflicting data
Carcinogenicity Ciassification:
IARC - No data
NTP - No data
EPA - Group D (not classifiable as to human

carcinogenicity)

Handle chemical only with adequate ventilation
0 There are no formal guidelines available for this
chemical with respect to respirator use. Use a self-

HANDLING contained breathing apparatus with a full facepiece (or
PRECAUTIONS the equivalent) where there is any doubt as to the

(45,54) efficacy of gas masks or cartridge-type respirators
"* Chemical goggles if there is probability of eye contact
"* Appropriate clothing to prevent repeaeed or pro-
longed skin contact.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standards
• OSHA (8-hr TWA): None established
* AFOSH PEL (8-hr TWA): None established

*Criteria
• NIOSH IDLH (30-min): None established
0 NIOSH REL: None established
0 ACGIH STEL (15-min): None established
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS P )
CRITERIA (Cont.)

WATER EXPOSURE LIMIT:

Drnking Water Standards (3883)
MCLG- 600 ;4_;/L (proposed)
MCI- 600 ;4g/L (proposed)

EPA HalthAdviories and Cancer Risk Levels (397
The EPA has developed the following Health Advisories which provide
specific advice on the levels of contaminants in drinking water at which
adverse health effects would not be anticipated.

- 1-day (child): 9000 pg/L
- 10-day (child:- 9000 Asg/L
. longer-term (child): 9000 14g/i.
. longer-term (adult): 30,000 Mig/I.
. lifetime (adult): 600 ,sg/L

WHO Drinking Water Guideline
No information available

EPA Ambient Water Oualitv Criteria
0 Human Health (355)

-Based on 'ingestion of contaminated water and aquatic organisms,
400,ugVL dichlorobenzenes (all isomers).

-Based on ingestion of all contaminted aquatic' organisms only, 2.6 ing/L
dichlorobenzenes (all isomers). Adjusted for drinking water oniy, 41'0
'Ug/L.

0 Aquatic Life (355)
- Fresh water species

acute toxicity:
no criterion, but lowest effect level occurs at 1120 Mig/L
dichlorobenz~enes.

chronic toxicity:
n~o criterion but lowest effect level occurs at 763 jug/L
dichlorobenzenes.

- Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 19770 Ag/I-
dichlorobenzenes.

chronic toxticity:
No criterion established due to insufficient data

REFERENCEDOýSES- (3742)
ORAL: 8.900E+01 M~g/lg/day
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Promulgated Regulations
0 Federal Programs

Clean Water Act (CWA)
Dichlorobenzenes are designated hazardous substances under CWA.
They have a reportable quantity limit of 45.4 kg (347, 3764).
1,3-Dichlorobenzene is listed as a toxic pollutant, subject to general
pretreatment regulations for new and existing sourcm, and effluent
standards and guidelines (351, 3763). Effluent limitations specific to
this chemical have been set in the following point source categories:
electroplating (3767), organic chemicals, plastics, and synthetic fibers
(3777), steam electric power generating (3802), and metal finishing
(3768). Limitations vary depending on the type of industry and plant.

Safe Drinking Water Act (SDWA)
Dichlorobenzene is on the list of 83 contaminants required to be
regulated under the SDWA of 1974 as amended in 1986 by January,
1991. EPA lists it as an unregulated contaminant requiring monitoring
in all community water systems, and non-community non-transient
water systems (3771). In stats with an approved Underground
Injection Control program, a permit is required for the injection of
1,3-dichlorobenzene containing wastes designated as hazardous under
RCRA (295).

Resource Conservation and Recxivery Act (RCRA)
1,3-Dichiorobenzene is iden.ified as a toxic hazardous waste (U071)
and listed as a hazardous waste constituent (3783, 3784). A
non-specific source of 1,3-dichlorobenzene-containing waste is
chlorinated aliphatic hydrocarbon production (325). Waste streams

'from the organic chemicals industry (chlorobenzene production) contain
1.3-dichlorobenzene and are listed as specific sources of hazardous
waste (3774, 3765). 1,3-Dichlorobenzene is subject to land disposal
restrictions when its concentration as a hazardous constituent exceeds
designated levels (3785). Effective July 8, 1987, the land disposal of
untreated hazardous wastes which contain halogenated organic
compounds in total concentrations gieater than or equal to 1000 mg/kg
is prohibited. Effective August 8, 1988, the underground injection into
deep wells of these wastes is prohibited. Certain variances exist until
May, 1990 for some wastewaters and nonwastewaters for which Best
Demonstrated Available Technology (BDAT) treatment standards have
not been promulgated by EPA (3786). 1,3-Dichlorobenzene is on
EPA's groundwater monitoring list. EPA requires that all hazardous
waste treatment, storage, and disposal facilities monitor their
groundwater for chemicals on this list when suspected contamination is
first detected and annually therecýter (3775).
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Toxic Substances Control Act (TSCA)
Manufacturers, processors or distributors of 1,3-dichlorobenzene must
report production, wage and disposal information to EPA. They, as
well as others who possess health and safety studies on 1,3-dichloro-
benzene, must submit them to EPA (334, 3789). Under TSCA Section
4, EPA requires that manufacturers and processors of 1,3-dichloro-
benzene perform human health effects studies and chemical fate testing
in support of the RCRA program (3792).

Comprehensive Environmentaý Response Compensatioi and Liability
Act (CERCLA)
1,3-Dichlorobenzene is designated as a hazardous substance under
CERCLA. It has a reportable quantity (RQ) limit of 45.4 kg.
Reportable quantities have also been issued for RCRA hazardous
waste streams containing 1,3-dichlorobenzene but these depend upon
the concentration of the chemicals in the waste stream (3766). Under
SARA Title IIl Section 313, manufacturers, processors, importers, and
users of l,3-dichlorobenzene must report annually to EPA and state
officials their releases of this chemical to the environment (3787).

Clean Air Act (CAA)
After consideration of the data regarding serious health effects from
ambient air exposure to chlorinated benzenes, EPA has decided not to
regulate them as hazardous air pollutants (3685).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harm!ess by
physical, chemical or biological processes in the sea (309).

Occupational Safety and Health Act (OSILA)
None established (3539)
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Hazardous Materials Trarsportation Act (HMTA)
The Department of Transportation has designated 1,3-dichlorobenzene
as a hazardous material with a reportable quantity of 45.4 kg, subject
to requirements for packaging, labeling, and transportation (3180).

State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
N4PDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

CALIFORNIA
California has an action level of 130 ug/L (ppb) for drinking water.
This level applies to either the single 1,3-isomer or the sum of 1,2-and
1,3-isomers (3098).

KANSAS
Kansas has an action level of 620 g/IL for groundwater (3213).

NEW JERSEY
New Jersey has set an MCL of 600 jugL for drinking water (3497).

NEW YORK
New York has an MCL of 5 jg/L for total dichlorobenzenes in
drinking water (3501). New York has also set ambient water quality
standards for total dichlorobenzenes in surface waters: 20 Mg/L for
drinking water supply waters, 5 ,g/L for Class A, A-S, AA. AA-S, B
and C waters, and 50 ug/L for fresh surface waters class D (3500).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 390 Mg/L
and a chronic gudieline of 8.7 Mg/L for the protection of aquatic life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).



I

26-8 1,3-DICHLOROBENZENE

SOUTH DAKOTA
South Dakota requires m-dichlorobenzene to be nondetectable, using
designated test methods, in groundwater (3671).

VERMI
Vermont has a preventive action limit of 310 j4g/L and an enforcement
standard of 620 tg/L for groundwater (3682).

wIscoNsrN
Wisconsin has a preventive action limit of 125 Ag/L and an
enforcement standard of 1250 Mg/L for groundwater (3840). Wisconsin
also has a human threshold criterion of 1.5 mg/L for Public Water
Supply surface waters (3842).

Proposed Regulations
"* Federal Programs

No proposed programs are pending.

"* State Water Prograins
MOST STATES
Most states are in the process of revising their water programs and
proposing changes to their regulations which will follow EPA's changes
when they become final. Contact with state officers is advised.
Changes are projected for 1989-90 (3683)

MINNESOTA
Minnesota has proposed a Recommended Allowable Limit (RAL) of
620 1g/!L for drinking water (3451). Minnesota has also proposed a
Sensitive Acute Limit (SAL) of 1255 ug/L for surface water, and
chronic criteria of 620 /g/L for groundwater and 28 /g/L for surface

.water for the protection of human health (3452).

NEW JERSEY
New Jersey has proposed a water quality standard of 600 Aig/L 'br class
FW2 surface waters (3496).

zos
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EEC Directives
Directive on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground-or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic
properties in or via the aquatic environment, and mineral oils and
hydrocarbons is prohibited. Appropriate measures deemed necessary to
prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.

Directive on the Quality Required of Shellfish Waters (537)
The mandatory specifications for organohalogenated substances specify
that the concentration of each substance in the shellfish water or in
shellfish flesh must not reach or exceed a level which has harmful
effects on the shellfish and larvae. The specifications for
organohalogenated substances state that the concentration of each
substance in shellfish flesh must be so limited that it contributes to the.
high quality of the shellfish produce.

Directive on the Discharge of Dangerous Substances (535)
Organohalooens, carcinogens or substances which have a deleterious
effect on the taste and/or odor of human food derived from aquatic
environments cannot be discharged into inland surface waters,
territorial waters or internal coastal waters without prior authorization
from member countries which issue emission standards. A system of
zero-emission applies to discharge of these substances into ground-
water.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols,
and phenol compounds; organic-halogen compounds, excluding inert
polymeric materials and other substances referred to in this list or
covered by other Directives concerning the disposal of toxic and
dangerous waste; chlorinated solvents; organic solvents; biocides and
phyto-pharmaceutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

EEC Directive - Proposed Resolu:ion
Resolution on a Revised List of Second-Catezorv Pollutants (545)
1,3-dicllorobenzene is one of the second-category pollutants to be
studied by the Commission in the programme of action of the
European Communities on Environment in order to reduce pollution
and nuisances in the air ani water. Risk to human health and the'
environment, limits of pollutant levels in the environmrient, and
determination of quality standards to be applied will be assessed.

""IF MIE I
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26.1 MAJOR USES

Commercial production of 1,3-dichlorobenzene is negligible although it has a
number of potentia! uses as a pesticide (21) or fumigant (23). It may occur as a
coataminant of 1,2- or 1,4-dichlorobenzene formulations.

26.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

26.21 Transport in SoilGroimdn-watcr Systc=

26.2-1.1 Overview

The 1,3-isomer of dichlorobenzene may move through the soil/ground-water
system when present at low concentrations (dissolved in water and sorbed on soil) or
as a separate organic phase (resulting from a spill of significant quantities of the
chemical). In general, transport pathways of low soil concentrations can be assessed
by estimating equilibrium partitioning, as shown in Table 26-1.

These calculations estimate the partitioning of 1,3-dichlorobenzene among soil
particles, soil water and soil air. Portions of 1,3-dichlorobenzene associated with the
water and air phases of the soil have higher mobility than the adsorbed portion.

Estimates for the unsaturated topsoil model indicate that 99.6% of the 1,3-di-
chlorobenzene is expected to be sorbed onto soil particles. Approximately 0.3% is
expected to partition to the soil-water phase, and is thus available to migrate by bulk
transport (e.g., the downward movement of infiltrating water), dispersion and dif-
fusion. For the small portion of 1,3-dichlorobenzene in the gaseous phase of the soil
(approximately 0.1%), diffusion through the soil-air pores up to the ground surface,
and subsequent removal by wind, may be a significant loss pathway.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a higher fraction of the 1,3-dichlorobenzene (11%) is predicted to be present in the
soil-water phase (Table 26-1) and available for transport with flowing ground water.
Sorption onto deep soils (8Q%) is less than onto top soils, but may have some effect
on mobility. Overall, ground water underlying 1,3-dichlorobenzene-contaminated soils
with low organic content is expected to be vulnerable to contamination.

26.21.2 Sorption on Soils

The mobility of 1,3-dichlorobenzene in the soillground-water system (and its
eventual migration into aquifers) is strongly affected by the extent of its sorption on
soil particles. Iii general, sorption on soils is expected to:
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TABLE 26-1
EQUILIBRIUM PARTTONING CALCULATIONS FOR

1,3-DICHLOROBENZENE IN MODEL ENVIRONMENTS'

Soil Estimated Percept o•" Total Mass of Chemical in Each Comp.12l mnt
Environment soil Soil-Water Soil-Air

Unsaturated
topsoilk,
at 250C 99.6 0.3 0.1

Saturated
deep soil' 89.0 11.0

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for description of model and environmental conditicns chosen to
represent an unsaturated topsoil and saturated deep sol.. Calculated percentages
should be considered as rough estimates and used only for generai guidance.

b) Utilized soil sorption coefficient estimated with equations of Means et al. (611):
K, = 1920.

c) Henry's law constant taken as 3.55E-03 atm. m'm/ol at 25"C (74)
d) Used sorption coefficient (KP) calculated as a function of K,,, assuming 0.1%

organic carbon: K, = 0.001 x K,

- increase with increasing soil organic matter content;
- increase slightly with decreasing temperature;
- increase moderately with increasing salinity of the soil water, and
- decrease moderately with increasing dissolved organic matter content of the soil

"water.

There are no studies specifically add;essing the transport of 1,3-dichlorobenzene.
However, the results reported for other chlorobenzenes applied to sandy soils (82)
indicate that 25-50% of the applied material percolates through soil columns of low
organic content and Thdt 50-75% of the mao" -ial may be volatilized, degraded or
otherwise unaccount'd for. The behavior of 1.3-dichlorobenzene is expected to be
similar.

Other laboratory sorption studies (608) indicate that sorption of the chloro-
benzenes by sediments and aquifer material is a reverv;ble process. Retardation rates,
which represent the interstitial water velocity/pollutant velocity in the soil, were
predicted by Wilson et al. (82) to range from 1.9 to 7.0 for chlorobenzenes in sandy
soils. Retardation factors reported by Schwarzenbach et al. (77) for 1,4-dichloro-
benzene range from 18-70 for river sediment to 1-2.7 for an aquifer far from the
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river bed (77). These data indicate some retardation (i.e., adsorption) in soils having
1-2% organic carboi and little or no retardation in deep soils having less than 0.1%
organic carbon; infiltration of dich!orobenzene in river water to the ground water was
observe&

26.213 Volatiliztion firm Soas

Transport of 1,3-dichlorobenzene vapors through the air-filled pores of un-
saturated soils may occur in near-surface soils. However, modeling results suggest
only a small fraction of the dichlorobenzene loading is expected to be in the soil-air
compartment. In general, important soil and environmental properties influencing the

rate of volatilization include soil porosity, temperature, convection currents and
barometric pressure changes; important physicochemical properties include the
Henry's law constant, the vapor-soil sorption coefficient, and, to a lesser extent, the
vapor phase diffusion coefficiert (31).

The Henry's law constant (H), which provides an indication of a chemical's
tendency to volatilize from solution, is expected to increase significantly with i!.*
creasing temperature. Moderate increases in H were also observed with increasing
salinity and the presence of other organic compounds (81). These results suggest that

the present:. of other materials may significantly affect the volatilization of 1,3-di-
chlorobenzene.

No information was available for the two other physicochemical properties
influencing 1,3-dichlorobenzene volatilization, i.e., the vapor-soil sorption coefficient
and the vapor phase diffusion coeflicient.

Available data for other dichlorobenzenes indicate that volatilization from the
water column occurs at a relatively rapid rate. Garrison and Hill (600) reported
almost complete volatilization (to less than I mg/L) of 100 mg/L ar,d 300 mg'L
concentrations of dichlorobenzenes in less than four hours from aerated distfllcd
water and in less than three days from unacrated distilled water. Volatilization was
also identified as the major removal process for the 1,4-dichlorobenzcne isomrr from
seawater (527). Half-lives obtained for spring, summer, and winter conditions wcrc

18, 10 and 13 days, respectively; similar rates would be expected for 1.3-dichloro.
benzene

Actual volatilization rates from water will depend on factors such as depth.
turbulence. and other environmental conditions. Furthermore, compared to volatiliza-
tior. from well-stirred aqueous solutions, volatilization of some near-surface chlor-
inated organics from soil was inhibited by approximately one order of magnitude (82).

In the atmosphere, 1.3-dichlorobenzene shou;J exist mainly in the vapor phase
and is expected to react with photochemically generated hydroxyl radicals (3949).
Using a rate constant of 0.72E-12 cm'/moleculc-sec at 22*C and an ambient hyaroxv!
radicai concentration of 8E+05 molecules/cm', the half-life for 1,3-dichloroberzcnc in

air of was estimated to be 14 days (3R94). The detection of dichlorobenzcne isomers
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in rain water (3930) suggL.sts that atmospheric removal through washout is also

possibec (3949).

26&2.2 Tramformation Procs~sm in So~l~3rand-wu~r Systems

The persistence of 1,3-dichloroberizene in soil/ground-water systems is not well
documented. In mo~t cases, it should be assumed that 1,3-dichlorobenzene will
persist for months to years (or more). Based on information for the other dichloro-
benzenes, 1,3-dichloroberizene that has been released from the soil into the air is
expected to undergo photochemical oxidation with a half-life in air of approximately 3
days (609) and an atmospheric residence time of approximately 38.6 days (601).

No information on the hydrolysis of %3-dichlorobenrzene in the soil/ground-water
system was available; under normal environimental conditions, hydrolysis is not
expected to occur at a rate competitive with volatilization, or biodegradation.

The 1.3-isomer of dichlorotwnzene is not expected to be rapidly biodegraded in
the environment. The more halogcnated a compound is, the more resistant it
becomes to biodegradation, implying that l,3-dichlorobenzene is more persistent than
chlorobcnzene. wihich is significantly degraded only by acti~vated microbial populations.
Furthermore, the presence of a chlorine atomn on the ben~zene ring has been reportc-d
to retard the rate of biodegradation (10). Thorn and Agg (80) have listed 1.3-dichior-
obenzene as a synthetic material which is unlikely to be removed during biological
sewage treatment.

However, several authors have reported the biodegradation of other dichior-
obenzene isomers, paruicularlv by acclimated microbial populations. Kincannon et al.'
(6131)'report biodtgradation of 83 mg/I. 1,2-dichlorobenzene by activated-sludge
populations.

Dichlorobenzenes were only slowly degraded by soil microbes in culture (610).
and no degradation was noted in studies on the transport and degradation of
dichlorobenzenes injected into ground water (597). Schwartzenbach et al. (77) report
biotransformation of the 1,4-dichlorobenzcne isomer during infiltration of con-
taminated river water to ground water. However, anaerobic conditions in the aquifer
were reported to have hindered the proc*ess.

In most soil/ground-water systems, the concentration of microorganisms capable
of biodegrading chemicals such as l.3-dichlorobenizene is expected to be low, and to
drop off sharply with increasing depth. Thus, biodegradation in the deep
soil/ground -water system should he assumned to be of minimal importance excrpt,
perhaps, near landfills with active microbiological populations.

26-73 Pirimary Routes or Expoure Miom Soil/Ground-watc Systemsu

The ahove discussion of fate pathways suggcests that l.3-dichlorobcnzenc is highly
volitile from aqueous solutions, moderately to strongly adsorbed by soil. and has a
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moderate potential for bioaccumulation. This compound may volatilize from soil
surfaces. Through time, the portion not removed by volatilization may be somewhat
mobile in ground water. These f3te characteristics suggest several potential exposure
pathways.

Volatilization of 1,3-dichlorobenzcne from a disposal site, particularly during
drilling or res:oration activities could result in inhalation exposures. There is a
potential for ground-water contamination, particilyly -n sandy soil. This compound
was not reported by Mitre Corp. (83) in their summary of the chemicals found in air,
surface water and ground-water associated with the 546 National Priority List sites. It
was monitored in the Ground-water Supply Survey (GWSS) but it was not found in
any of the samples (531). This survey cx..mined 945 ground-water supplies in the
U.S. The 1,3-isomer of dichlorobenzern -as detected in the National Organic
Monitoring Survey (NOMS) (90). In this survey of both surface and ground-water
supplies, 1,3-dichlorobenzcne was detected in 2 out of 110 samples with a mean
concentration (of the positives) of 0.10 ug/L.

The properties of 1,3-dichloroberzene and the survey results above indicate that
this compound has a limited potential for movement in soil/ground-water systems. If
however, this compound reaches surface waters from ground water, several other
exposure pathways are possible:

* Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposures;

0 Aquatic organisms residing in these waters may be consumed, also resulting in
ingestion exposure; through bioaccumulation;

* Recreational use of these waters may result in dermal exposures;

* Dmestic animals may consume or be dermally exposed to contaminated ground
or surface waters: :he consumption of meats and "poultry could then result in
ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower than expmeures from drinking contaminated ground water for
two reasons. First, the Henry's law constant for 1,3-dichlorobenzene suggests that it
will volatilize upon reaching surface waters. Secondly, because 1,3-dichlorobcnzcne is
moderately to strongly adsorbed, the concentration reaching surfa',e watc.rs will be
attenuwted' through adsorption to sediments. As a result, this compound is not likely
to be rivailable to aquatic species, although the bioaccumulation potential is moderatc.

26,24 Other Sources of Exposure

The volatitity of 1,3-dichlorobc~nzene suggests that it may be found in air.
Brcxrn.skv and Singh (84) compiled all available atmospheric data for a number of
volat•k- organics. For 1,3-dichlorobenzene, they had data for 792 locations. This
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compound was not found in rurdl and remote locations. In urban and suburban
areas, the median concentration was 0.036 j/g/m'. In sourcc-dominated locations, the
median concentration was 0.56 jug/mi.r These results suggest the possibility of
inhalation exposure, particularly to persons in source-dominated areas.

There is a lack of data on the occurrence of 1,3-dichlorobenzene in finished
surface water supplies. Discharge of industrial effluents contaminated with 1,3-di-
chlorobenzene near drinking water intakes in surface water could potentially result in
ingestion exposures. There has been concern regarding the inadvertent production of
chlorobenzenes through chlorination of sources or effluents containing benzene. The
data that exist seem to indicate that chlorination is not a significant inadvertent
source (265).

Because bioaccumulation of 1,3-dichiorobenzene is expected to be moderate,
there is a potential for ingestion exposure from the consumption of ,quatic organisms
residing in contaminated waters, and contaminated meats and poultry i:om domestic
animals that have been exposed to 1,3-dichlorobenzene.

26&3 HUMAN HEALTH CONSIDERATIOFJS

X23.1 Animal Studies

26.3.1.1 Carcinogenicity

No data are available.

26.3.1.2 Genotoxicity

Genotoxicity dats for 1,3-dichlorobenzene are conflicting. In an in vivo micro-
nuL;eus asszy, 8-week-old NMRI male mice were injected intraperitonea!ly with 175,
350, 525, or 7,00 mg of 1,3-dichlorobenzene/kg body weight. Each dose was ad-
ministered in two injections, 24 hours apart, and the animals were sacrificed 6 hours
• ; the last injection. Statistically significant, dose-related increases in micronuclci
were observed in the bone marrow cells (346A).

No reversions significantfy above control values have been observed in the
Salmonel!a/microsome assay (3464, 36W6, 3276), in an P. 01i reversion test, or in a

.acillu Ubti DNA-defr:!cnt repair test (3465).

26.3.1-3 Teratogenkity, Enwbryotoxcity and Reproductive Effects

No teratogenic effets were observed in Sprague-Dawley rats administered 50,
100 or 200 mg/kg 1,3-dichlorobenzene by gavage on dys 6 through 15 of gestation
(269).

Ig, I R O 11111! I I I
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263.1.4 Other Touicologic Effects

263.1.41 Shormtmr Toxicity

Little toricity data are availab!e on 1,3-dichlorobenzene. Liver dysfunction was
observed in tats tbat were administered 1,3-dichlorobenzene by gastric intubation at a
dose of 900 to 1000 mg/kg/day for 9 days (279). Intraperitoneal injection of male rats
with 192 mg/kg produced minimal liver necrosis and some glycogen loss (280).

In vivo studies with Fischer rats, in which the hepatotoxic effects of three
dichlorobenzenes were compared, indicated that the isomers tested can be ranked as
follows: 1,2-d~chlorobenzene >l,3-dichlorobenzene >1,4-dichlorobenzene (1,4-
dichlorobenzene was not hepatotoxic in this study) (3940). The toxicity rankings were
based on plasma glutamic pyruvate transaminase activities 24 hours after the rats were
injected i.p. with doses of the isomers ranging from 0.9 to 4.5 mmolfkg; the rankings
wer- supported by the results of in vitro studies.

26.3.1.4.2 Chronic Toxicity

No data are available regarding the long-term toxic effects of 1,3-dichloro-
benzene in animals.

26.3.2 Human and Epidemiologic Studies

A 40-year-old workman developed chronic lymphatic leukemia after 10 years of
occupational exposure to a solvent containing 80% 1,2-, 15% 1,4-, and 2% 1,3-<li-
chlorobenzene. A 55-year-old woman exposed to the same mixture for an unspecified
period of time developed acute myeloblastic leukemia (272,277). No conclusions can
be drawn as to the causes of these leukemias; no evidence of benzene exposure was
found in any of these cases (202).

26.3.3 Lzvel of Concern

The U.S. Environmental Protection Agency (355) has established an ambient
water quality criterion of 400 ug/L for the protection of human health from the toxic
properties of dichlorobenzenes ingested through water and contaminated aquatic
organisms. This criterion is based on the maximum chronic no-observed-effect level
of 13.42 mg/kg/day reported for rats orally administered either 1,2- or 1,4-dichloro-
benzene over a period of 5 to 7 months (254, 271). Applying an uncertainty factor
of 1000, the aceptable daily intake of 1,2- or 1,4-dichlorobenzene for a 70-kg man
was calculated to be 0.94 mg/day. An oral Reference Dose of 89 IMg/kg/day has been
proposed by the U.S. EPA (3742). The similar toxicities among the dichlorobenzene
isomers support the applicability of this value to 1,3-dichlorobenzene as well. The
USEPA has proposed a value of 600 gg/L as both the MCLG and MCL for drinking
water (3883).
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26.3.4 Hazard Aeunment

Baied on the paucity of available daia on potential carcinogenic, nu agenic,
short-term and chronic toxic effects associated with exposure to 1,3-dichoz obenzene,
an assessment of hazard for humans exposed to 1,3-dichlorobenene cann t be made
with any confidence. The health effects data bate for the other dichloro enzene
isomers (see Chapters 25 and 27), although limited, does not suggest any 6ajor
health hazard associated with exposure to these compounds. Until additional
toxicological studies become available, no reliable estimate of hazard can t e es-
tablished for humans exposed to 1,3-dichlorobenzene.

26.4 SAMPLING AND ANALYSIS O)NSIDERATIONS

Determination of 1,3-dichlorobenzene concentrations in soil and wate1 requires
collection of a representative field sample and laboratory analysis. Due to the
volatility of 1,3-dichlorobenzene, care is required to prevent losses during sample
collection and storage. Soil and water samples should be collected in airtight glass
containers preferably with no headspace; analysis should be completed within 14 days
of sampling. In addition to the targeted samples, quality control samples such as field
blanks, duplicates, and spiked matrices may be specified in the recommendd
methods.

EPA-approved procedures for the analysis of 1,3-dichlorobenzene, one of the
EPA priority pollutants, in aqueous samples include EPA Methods 601, 60;, 612, 624,
625, and 1625 (65) or Methods 8010, 8020, 8120, and 8250 (63). In Methqds 601,
602, 624, 8010, and 8020 an inert gas is bubbled through the aqueous sample in a
purging chamber at ambient temperature, transferring the 1,3-dichlorobenzene from
the aqueous phase to the vapor phase and onto a sorbent trap. The trap •s then
heated and backflushed to desorb the 1,3dichlorobenzene and transfer it osito a gas
chromatographic (GC) column. Methi'nol extracts of the sample may also be
subjected to this purge and trzp procedure (Methods 8010 and 8020). ForLMethods
612, 625, 1625, 8120, and 8250, samples are extracted with methylene chloride as a
solvent using a separatory funnel or a continuous liquid-liquid extractor. An aliquot
of the concentrated sample extract is injected onto the GC column using a 'solvent
flush technique (Methods 625 and 1625) or the extract is concentrated, dried, and
solvent exchanged to hexane prior to analysis (Methods 612, 8120, and 8250). The
GC column is programmed to separate the organics; 1,3-dichlorobenzene is then
detected with a halide specific detector (Methods 601 and 8010), a photo-ionization
detector (Methods 602 and 8020), an electron-capture detector (Methods 6!12 and
8120), or a mass spectrometer (Methods 625, 1625, and 8250).

The EPA procedures recommended for 1,3-dichlorobenzene analysis in soil and
waste samples, Methods 8010, 8020, 8120, and 8250 (63), differ from the aqueous
procedures primarily in the method by which the analyte is introduced into the GC.
The sample prepar- tion in Methods 8010 and 8020, involves dispersing the soil or
waste sample in water prior to "purge and trap." Alternatively, methanol e racts of

Jil 11 111 1 Ju io I II
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the sediment/soil may be subjected to the purge procedure described above. Other
sample introduction techniques include direction 'injection and a headspace method
where an aiiquot the vapor above the sample in a sealed vial is analyzed. Recor-eries
for the headspace technique may vary depending upon the concentration (3355). In
Methods 8120 and 8250, solid samples are extracted using either soxhlet extraction or
scnication methods. Neat and diluted organic liquids may be analyzed by direct
injection.

Typical 1,3-dichlorobenzene detection limits that can be obtained in wastewaters
and non-aqueous samples (wastes, soils, etc.) are shown below. The 1,3-dichlor-
obenzene detection limit for Method 624 was not determined. The actual detection
limit achieved in a given analysis will vary with instrument sensitivity and matrix
effects.

Aaueous Detection Limit Non-Aqueous Detection Limit

0.32/ug/L (Method 60,) 3.2 Mg/kg (Method 8010)
0.4 pg/L (Method 602) 4.0 Mg/kg (Method 8020)

1.19 Mg/L (Method 612) 0.8 ugg (Method 8120)
1.9 Mg/L (Method 625) 1.3 ug/g (Method 8250)
10 Mg/L (Method 1625)
3.2 Ag/L (Method 8010)
4.0 ;g/L (Method 8020)
11.9 Ag/L (Method 8120)
19 Mug/L (Method 8250)
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COMMON CAS REG.NO.: FORMULA AIR W/V CONVERSION
SYNONYMS: 106-46-7 H4Cýi FACTOR at 25"C (12)

1,4-Dbich"-obnzene NIOSH NO.

P-~ nyl- CZ45500 6.01 mg/mr s I ppm;chklorde3
P-D coene STRUCrURF. 0.1663 ppm sg I mg/w'

P-Dlene MOLECULAR WEIGHT:
Paradkachrobeazene
PDB 147.0

Reactions of halogenated organic materials such as
1,4-dichlorobenzene with cyanides, mercaptans or other
organic sulfides typically generate heat, while those with
amines, azo compounds, hydrazines, caustics or nitrides
commonly evolve heat and toxic or flamnable gases. Reac-
tions with oxidizing mineral acids may generate heat, toxic

REACTIVITY gases and fires. Those with alkali or alkaline earth metals,
certain other chemically active elemental metals like
aluminum, zinc or, magnesium, organic peroxides or hydro-
peroxides, strong oxidizing agents, or strong reducing agents
typically result in heat generation and explosions and/or
fires (511, 505).

* Physical State: Liquid and crystals, (23,45)
(sublimes readily) (at 20TC)

* Color: Colorless to white (23)

0 Odor: Aromatic (12)
* Odor Threshold: 15.000 to (12)

30.000 ppm
PHYSICO- 0 Density 1.2475 g/mL (at 20"C) (68)

CHEMICAL * Freeze/Melt Point: 53.1IC (14)
DATA : Boiling Point: 174.40C (14)

9 Flash Point: 05.50"C clos.d cup (23)
0 Flammable Limits: 2.50 to ?% by (38)

volume;
0 Autoignition Temp.: No data
* Vapor Presstire: 6.OOE-01 mm Hg (67)

(at 20"C)
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0 Satd. Conc. in Air:. 4.8000E+03 (67)
mg/m' (at 200C)

0 Solubility in Water: &OOE+01 (38)

mg/L (at 20'C)
0 Viswosity: 1.258 cp (at 20*C) (48)
0 Surface Tension: 3.1400E+01 (21)

PHYSICO- dyne/cm (at 2i(rC)
CHEMICAL 0 Ling (Octanol-Water Partition (29)

DATA Coeff.): 3.39
(Cont.) 0 Soil Adsorp. Coeff.: 1.18E+03 (652)

0 Henry's Law Const.: 1-58E-03 (74)
atm. m'/tool

0 Bioconc. Factor: 6.OOE+01 (278,659)
(bluegills), 1.17E+02 (estim)

1,4-Dichlorobenzene is expected to have limited mobility
in soils with 1-2% organic content although some migra-
tion is expected in sandy soils or other low organic

PERSISTENCE content soils. This compound will persist in the soil/
IN THE SOIL- ground-water system. Volatilization from aqueous solu-
WATER tions is rapid but volatilization from soils is expected to
SYSTEM be much less significant; biodegradation in soils is not

expected to be important.

The primary pathway of concern from a soil-water
system is the migration of 1,4-dichlorobenzene to

PATHWAYS groundwater drinking water supplies, although there is
OF no extensive evidence that such migration has occurred

EXPOSURE in the pamt. Inhalation resulting from volatilization from
surface soils may also be important.
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Signs and Symptoms of Short-term Human Exposure:
(38, 54)
Vapors are irritating to the eyes, nose and throat.
Exposure may cause headache, rhinitis, loss of appetite,
nausea and vomiting. Particles of solid 1,4-dichloro-
benzene in contact with the eye may cause pain; held in
contact with the skin, it also produces a burning
sensation, with a slight irritation.

Acute Toxicit Studjes: (3504)

ORAL.
LD,. 500 mg/kg Rat

HEALTH TD, 300 mg/kg Human
HAZARD LD,. 2830 mg/kg Rabbit

DATA LD,, 2800 mg/kg Guinea pig
LD,. 2950 mg/kg Mouse
LDL. 857 mg/kg Human

Lon2g-Term Effcts: Liver and kidn:_1 toxicity
Preenancy/Neon ate Data: Nezative
CGenotoxici.y Data: Negativ¢
Carcinogenicity Classitication:
IARC - Group 2B (possibly carcinogenic to humans)
NTP - "Clear evidence' of carc.i.genicity in male

F344/N rats and male and female B6C3F1
mice

EPA Group C (possible human carcinogen)

IHandle chemical only with adequate ventilation 0 Vapor
concentration of 75-1000 ppm: any supplied-air respira-
tor or selfcontained breathing apparatus with a full
facepiere; chenmical cartridge respirator with full

HANDLING facepiece, organic vapor cartridge and dust filter
PRECAUTIONS 0 Above 1000 ppm: self-contained breathing apparatus

(38,54,59) with full facepiece operated in a positive pressure mode
• Chemical goggles if there is probability of eye contact
9 Protective clothing and rubber gloves and aprons are
advisable to prevent prolonged or repeated cotitact.



2"7-4 1,4-DICHLOROBENZENE

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standards
0 OSHA (8-hr TWA): 75 ppm; STEL (15 min): 110 ppm
0 AFOSH PEL (8-hr TWA): 75 ppm; STEL (15-min): 110 ppm

Criteria
0 NIGSH IDLH (30 min): 1000 ppm
0 ACGIH TLV® (8-hr TWA): 75 ppm
0 ACGIH STEL (15-min): 110 ppm

WATER EXPOSURE LIMITS:

Dnnkin& Water Standards (3883)
MCGL: 75 u/L
MCL 75 Ag/L

EPA Health Advisories and Cancer Risk Levels
The EPA has developed the following Health Advisories which proviote
5pecific advice on the levels- of contaminants in drinking water at which
adverse health effects would not be anticipated.

- 1-day (child): 10,000 Ag/L
10-day (child): 10,000 Ag/L

. longer-term (child): 10,000 Ag/L
- longer-term (adult): 40,000 Ag/L
. lifetime (adult): 75 Mg/L

WHO Drinking Water Guideline
No Information available.

EPA Ambient Water Ouality Criteria
Human Health (355)

- Based on ingestion of contaminated water and aquatic organisms, 400
pg/L. dichlorobenzenes (all isomers).

. Based on ingestion of contaminated aquatic organisms only, 2.6 mg/L
dichlorooenzenes (all isomers). Adjusted for drinking water only, 470
Mg/I-

• . ., ,, I ! i I r I 1.7 X I i ;17
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND CRITERIA
(Cont.)

0 Aquatic Life (355)
Freshwater species
acute toxicity:.
no criterion, but lowest effect level occurs at 1120 Ag/L dichlorobenzenes.

chronic toxicity:
no criterion, but lowest effect level occurs at 763 pg/L dichlorobenzenes.

Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 1970 ug/L dizhlorobenzenes.

chronic toxicity:
no criterion established due to insufficient data.

REFERENCE DOSES: (3742)

1.000E+02 Mg/kg/day

REGULATORY STATUS (as of 01-MAR-89)

Promulgated Rezulations
* Federal Programs

Clean Water Act (CWA)
Dichlorobenzene is designated a hazardous substance under CWA. It has a
reportable quantity (RQ) limit of 45.4 kg (347, 3764). It is also listed as a
toxic pollutant, subject to general pretreatment regulations for new and
existing sources, and effluent standards and guidelines (351, 3763). Effluent
limitations specific to this chemical have been set in the following point source
categories: electroplating (3767), organic chemicals, plastics, and synthetic
fibers (3777), steam electric power generating (3802), and metal finishing
(3768). Limitations vary depending on the type of industry and plant.

Safe Drinking Water Act (SDWA)
Dichlorobenzene is on he list of 83 contaminants required to b: regulated
under the SDWA of 1974 as amended in 1986 by January. 1991 (3781). The
Maximum Contaminant Level (MCL) and Maximum Contaminant Level Goal
(MCLG) for 1,4-dichlorobenzene in drinking water haw been set at 0.075 mg/L
(3773, 3772). In states with an ypproved Underground Injection Control
program, a permit is required for the injection of 1,4-dichlorobenzene
containing wastes designated as hazardous under RCRA (295).
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Resource Conservation and Recovery Act (RCRA)
1,4-Dichlorobenzene is identified as a toxic hazardous wastc (U072)
and listed as a hazardous waste constituent (3783, 3784). A
ncn-specific source of 1,4-dichlorobenzene-containing waste is the
production of chlorinated aliphatic hydrocarbons (32-5). Waste streams
from the organic chemicals indstry (production of chlorobenzene,
1,2-dichloroethane, and trichloroethylene/ perchloroethylene) contain
1,4-dichlorobenzene and are listed as specific sources of hazardous
wastes (3774, 3765). 1,4-Dichlorobenzene is subject to land disposal
restrictions when its concentration as a hazardous constituent exceeds
designated levels (3785). Effective July 8, 1987, the land disposal of
untreated hazardous wastes which contain halogenated organic
compounds in total concentrations greater than or equal to 1000 mg/kg
is prohibited. Effective August 8, 1988, the underground injection into
deep wells of these wastes is prohibited. Certain variances exist until
May, 1990 for some wastewaters and nonwastewaters for which Best
Demonstrated Available Technology (BDAT) treatment standards have
not been promulgated by EPA (3786). 1,4-Dichlorobenzene is on
EPA's ground-water monitoring list. EPA requires that all hazardous
waste treatment, storage, and disposal facilities monitor their ground-
water for chemicals on this list when suspected contamination is first
detected and annually thereafter (3775).

Toxic Substances Control Act (TSCA)
Manufacturcrs, processors or distributors of 1,4-dichlorobenzene must
report production, usage and disposal information to EPA. They, as
well as others who possess health and safety studies on
1,4-dichlorobenzene, must submit them to EPA (334, 3789). EPA
requires that manufacturers and processors of 1,4-dichlorobenzene
conduct reproductive and fertility effects testing. Previous proposals for
teratogenicity and subchronic toxicity testing have been withdrawn
(340). Under TSCA Section 4, EPA requires that manufacturers and
processors of 1,4-dichlorobenzene perform human health effects studies
and chemical fate testing in support of the RCRA program (3792).
EPA requires that manufacturers and importers of chemical substances
made from 1,4-dichlorobenzene submit production, use, exposure and
disposal date in order to determine whether there is further need for
dioxin and furan testing of the chemical products for which
1,4-dichlorobenzene is a precursor (3780).
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Compnrehensive Environmental Resnonse Comrensation and Liability
At (CERCLA)
1,4-Dichlorobenzene is designated a hazardous substance under
CERCLA. It has a reportable quantity (RQ) limit of 45.4 kg.
Reportable quantities have also been issued for RCRA hazardous
waste streams containing 1,4-dichlorobenzene but these depend upo-
the concentration of the chemicals ia the waste stream (3766). Um;,.:.,
SARA Title MI Section 313, manufacturers, processors, imporl.,..m and
users of 1,4-.dichlorobenzene must report annually to EPA anm state
officials their releases of this chemical to the environment (3787).

Marine Protection Research and Sanctuaries Act (MIPRSA)
Ocean dumping of organohalogen compounds as vwell as the dumping
of known or suspected carcinogens, mutagens or teratogens is
probibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to 1,4-dicnlorobenzene in any 8-hour work-shift of
a 40-hour work-week shall not exceed an 8-hour time-weighted average
(TWA) of 75 ppm. An employee's 15-minute short-term exposure
Slimit (STEL) of 110 ppm shall not be exceeded at any time during the
work day (3539).

Clean Air Act (CAA)
After consideration of the data regarding serious health effects from
ambient air exposure to chlorinated benzenes, EPA has decided not to
regulate them as hazardous air pollutants (3685).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated 1,4-dichlorobenzene
as a hazardous material with a reportable quantity of 45.4 kg, subject
to requirements for packaging, labeling and transportation (3i80).
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0 State Water Programs

All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

ALABAMA
Alabama requires that the annual average maximum contaminant level
not exceed 0.075 mg/L for 1,4-dichlorobenzene in drinking water. This
applies to all community water systems and non-community
non-transient water sys~tems (3015).

California has a quantification limit of 0.5 ug/L for drinking water
(3098).

CONNECTICU
Connecticut has a quantification limit of 2 mg/L for drinking water
(3137).

NEW YORK
New York has an MCL of 5 Ag/L for total dichlorobenzenes in
drinking water (3501). New York has also set ambient water quality
standards for total dichlorobenzenes in surface waters: 20 1g/L for
drinking water supply waters, 5 ug/L for Class A, A-S, AA, AA-S, B
and C waters, and 50 ug/L for fresh surface waters Class D (3500).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 56 Ug/L and
a chronic guideline of 1.2 Ag/L for the protection of aquatic life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

VERMONT
Vermont has a preventive action limit of 7.5 pg/L and an enforcement
standard of 75 pg/L for ground-water (3682).

WISCONSIN
Wisconsin has a preventive action limit of 150 gg/L and an
enforcement standard of 750 Ag/L for ground-water (3840).
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Prortmed Reulations
0 Federal Programs

Safe Drinking Water Act (SDWA)
EPA will propose a maximum contaminant level (MCL) and maximum
contaminant level goal (MCLG) of 0.6 mg/L for 1,4-dichlorobenzene in
May, 1989, with final action scheduled for May, 1990 (3759).

Resoýrce Conservation and Recovery Act (RCRA)
EPA has proposed that solid wastes be listed as hazardous in that they
exhibit the characteristic defin',d as EP toxicity when the TCLP extract
concentration is equal to or greater than 10.8 mg/L of
1,4-dichlorobenzene. Final promulgation of this Toxicity Characteristic
Rule is expected in June, 1989 (1565).

9 State Water Programs
MOST STATES
Most states are in the process of revising their water programs and
proposing changes to their regulations which will EPA's changes when
they become final. Contact with state officers is advised. Changes are
projected for 1989-90 (3683).

IOWA
Iowa has proposed an acute criterion of 7.5 1g/L for Class C surface
waters (raw source of drinking water) (3326).

hINNESOTA
Minnesota has proposed a Sensitive Acute Limit (SAL) of 448 ug/L
for surface water, and chronic criteria of 75 1.g/L for ground-water and
10 ;g/L for surface water for the protection of human health (3452).

EEC Directives
Directive on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic
properties in or via the aquatic environment, and mineral oils and
hydrocarbons is prohibited. Appropriate measures deemed necessary to
prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.
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Directive on the Quality Rgeuired of Shellfish Waters (537)
The mandatory specifications for organohalogenated substances and metals
specify that the concentration of each substance in the shellfish water or in
shellfish flesh must not reach or exceed a level which has harmful effects on
the shellfish and larvae. The specifications for organohalogenated substances
state that the concentration of each substance in shellfish flesh must be so
limited that it contnrbutes to the high quality of the shellfish product.

Directive on the Discharge of Dangerous Substances (535)
Organohalogens, carcinogens or substances which have a deleterious effect on
the taste and/or odor of human food derived from aquatic environments
cannot be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries which issue
emission standards. A system of zero-emission applies to discharge of these
substances into ground-water.

Directive on Toxi'. and Dangerous Wastes (542)
Any ii~stallation, establishment, or undertaking which produces, holds and/or
disposes of certain toxic and dangerous wastes including phenols and phenol
compounds; organic-halogen compounds, excluding inert polymeric materials
and other substances referred to in this list or covered by other Directives
concerning the disposal of toxic and dangerous waste; chlorinated solvents;
organic solvents; biocides and phyto-pharmaceutical substances; ethers and
aromatic polycyclic compounds (with carcinogenic effects) shall keep a record
of the quantity, nature, physical and chemical characteristics and origin of such
waste, and of the methods and sites used for disposing of such waste.

Directive on the Classification, Packaging and Labeling of Dangerous
Substances (787)
1,4-Dichlorobenzene is classified as a harmful substance and is subject to
packaging and labeling regulations.

EEC Directives - Proposed
Resolution on a Revised List of Second-Category Pollutants (545)
1,4-Dichlorobenzene is one of the %ccond-category pollutants to be studied by
the Commission in the programme of action of the European Communities on
Environment in order to reduce pollution and nuisances in the air and water.
Risk to human health and the environment, limits of pollutant levels in the
environment, and determination of quality standards to be applied will be
assessed.

/

/
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27.1 MAJOR USES

Most of the 1,4-dichlorobenzene produced in the United States is used as an air
deodorant and moth repellant. Air deodorizing accounts for 55% of the 1,4-dichloro-
benzene market. These products are usually sold as blocks or cakes, with or withcout
perfumes. Approximately 35% of 1,4-dichlorobenzmne is used as moth repellant tor
textiles. Mothballs which are available to consumers contain upwards of 99%
1,4-dichlorobenzene. The remaining 10% is used in agricultural chemicals, abrasives
manufacture, floor waxes and dye and chemical synthesis (265).

27.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

27.21 Transport in Sofl(Ground-water Sytems

27.2.1.1 Overview

The 1,4-isomer of dichlorobenzene may move through the soil/ground-water
system when present at low concentrations (dissolved in water and sorbed on soil) or
as a separate organic phase (resulting from a spill of significant quantities of the
chemical). In general, transport pathways can be assessed by using an equilibrium
partitioning model, as shown in Table 27-1.

These calculations predict the partitioning of low soil concentrations of 1,4-di-
chlorobenzene among soil particles, soil water and soil air. Portions of 1,4-dichloro-
benzene associated with the water and air phases of the soil have higher mobility
than the adsorbed portion.

Estimates for the unsaturated topsoil model indicate that 99.5% of the 1,4-di-
chlorobenzene is expected to be sorbed onto soil particles. Approximately 0.4% is
expected to partition to the soil-water phase, and is thus available to migrate by bulk
transport (e.g., the downward movement of infiltrating water), dispersion and dif-
fusion. For the small portion of 1,4-dichlorobenzene in the gaseous phase :' ihe soil
(less than 0.1%), diffusion through the soil-air pores up to the ground surface, and
subsequent removal by wind, may be a significant loss pathway.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of the 1,4-dichlorobenzene (27.8%) is predicted to be present
in the soil-watcr phase (Table 27-1) and available for transport with flowing ground-
water. Sorption onto deep soils (83%) is less than onto surface soils, but may have
some effect on mobility. Overall, ground-water underlying 1,4-dichlorobenzene-
contaminated soils with low organic content is expected to be vulnerable to con-
tamination.

-Milli
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TABLE 27-1

EQUILIBRIUM PARTITIONING CALCULATIONS FOR
1,4-DICHLOROBENZENE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Comvartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoilk'
at 250C 99.5 0.4 0.1

Saturated
deep soil' 83.2 16.8

a) Calculations based on Mackay's equilibrium partitioning model (34,35,36); see
Introduction for description of model and environmental conditions chosen to
represent an unsa:urated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized soil sorption coefficient estimated with equations of Means et aL (611):
K,= IIO.

c) Henry's law constant taken as 1.58E-03 atm. m3!mol at 25°C (74).
d) Used sorption coefficient (K,) calculated as a function of K,,,

assuming 6.1% organic carbon: K, =.0.001 x K,.

2721.2 Sorption on Soils

The mobility of 1,4-dichlorobenzene in the soil/ground-water system (and its
eventual migration into aquifers) is strongly affected by the extent of its sorption on
soil particles. In general, sorption on soils is expected to:

increase with increasing soil organic matter content;
increase slightly wi.h decreasing temperature;
increase moderately with increasing salinity of the soil water; and
decrease moderately with increasing dissolved organic matter content of the
soil water.

Wilson et al. (82) investigated the transport and fate of 1,4-dichlorobenzene in
0.8 mg,/L and 0.13 mg/L solutions applied to sandy soils. The 1,4-dichloobenzene
was found to be relatively mobile. In a soil column receiving 0.8 mg/L of 1,4-di-
chlorobenzene, approximately 37% p.rcolated through the soil column with minimal
retardation and 63% was degraded or not accounted for; for the 0.13 mg/L solution,

• 11
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49% percolated through the soil column and 51% was degraded or not accounted for.
The loss due to volatilization was not determined.

Laboratory sorption studies (608) indicate that sorption of 1,4-dichlorobenzcne
(20 jg/L) by sediments Rnd aquifer material is i reversible process. Retardation
factors, which represent the interstitial water velocity/pollutant velocity in the soil,
were reported by Wilson et al. (82) to K, j function of K,, the ratio of soil density
(a) to soil water content (b), and the organic content (oc) of the soil according to
the following equation:

1,- + (A,)K.(oc)

The retardation factors calculated for 1,4-,,. hlorobenzene have been summarized
in Table 27-2. The data indicate some retardaticn (i.e., adsorption) in soils having
1-2% organic carbon and little or no retardation in deep soils having less than 0.1%
organic carbon.

27.2.1.3 Volatilizatiom from Soils

Transport of 1,4-dichlorobenzene vapors through the air-filled pores of un-
saturated soils may occur in near-surface soils. However, modeling results suggest
that a relatively small fraction of the 1,4-dichlorobenzene loading will be present in
the soil-air phase. In general, important soil and environmental properties influencing
the rate of volatilization include soil porosity, temperature, convection currents and
barometric pressure changes; important physicwchemical properties include the
Henry's law constant, the vapor-soil sorption coefficient, and, to a lesser extent, the
vapor phase diffusion coefficient (31).

The Henry's law constant (H), which provides an indication of a chemical's
tendency to volatilize from solution, is expected to increase significantly with increas-
ing temperature. Moderate increases in H have also been o'served with increasing
salinity and the presence of othcr organic compounds (18). These results suggest that
the presence of other materials may signi.ficantly affect the volatilization of 1,4.
dichlorobenzene particularly from surface soils.

No information was available for the two other physicocdemical properties
influencing 1,4-dichlorobenzene volatilization, i.e., the vapor-soil sorptio~n coefficient
and the vapor phite diffusion coefficient.

The 1,4-isomer of dichlorobenzene has been reported to volatil;ze from aqueous
solutions at a relatively rapid rate; the volatilization half-life from a water column I
meter thick has been calculated to Ke 11 hours (10). Garrison and Hill ((Aff)

reported a~most complete volatilization (1 mg/L) of a 300 mg1L concentration of
1.4-dichlorc'benzene in less than four hours from aerated distilled water, and in les
than three days from unacrated distilled water. Wakeham et al. (527) examined the
fate and persistence of 1,4-dichlorobenzene in coastal seawater. Half-lives ca:culated
for 1,4-dichlorobenzene in the marine water column were 18 days in the spring, 10
days in summer, and 13 days in winter. Volahilizavicn was identified as th,! major
removal process. Another field study of 14-dichoro.vrzenw transport in Lake



27-14 1,4-DICRLOROBENZENE

TABLE 27-2

RETARDATION FACTORS FOR 1,4-DICHLOROBENZENE IN RIVER
SEDIMZ.NT AND AQUIFER MATERIALS,

Retardation Factor MAtri,

18 - 70' River Sediment
(1-2% organic carbon)

2.7 - 35' Aquifer Close to River Bed
(0.1-1% organic carbon)

1 -2.7 Aquifer Far from River Bed
(less than 0.1% organic
carbon)

4.0' Sandy Soil

'Reference 77
'Reference 82

Zurich (607) indicated a half-life of approximately 100 days. Of the 90 kg/yr entering
the iake, 67% was removed by volatilization, 2% was removed to the sediment and
31% wAs present in the lake's outflow of 1,4-dichlorobenzene, particularly from
surface soils.

Actual volatilization rates will depend on factors such as depth, turbulence and
other environmental conditions. Compared to volatilization from well-stirred aqueous

solutions, volatilization of some chlorinated organics from surface soils was inhibited
by approximately one order of magnitude (82).

In the atmosphere, 1,4-dichlorobenzene should exist mainly in the vapor phase
and is expected to react with photochemically generated hydroxyl radicals (3949).
Using a rate constant of 0.32E-12 cu.cm/molecule-sec at 22"C and an ambient
hydroxyl radical concentration of 8.OE+5 molectjles/cu.cm., the half-life for 1,4-
dichlorobeuzene in air of 31 days was estimatd (3894). The detection of dichlor.
obenzene is',mers in rain water (3930) suggests thit atmospheric removal through
washout is also possible (3949).

~~~~~~~~~~7, rN*~__________________



1,4-DIOULOROBENZENE 27-15

27.2.2 Transformation Processes in So&A oun-watW System

The persistence of 1,4-dichlorobenzene in soil/ground-water systems is not well
documented. In most cases, it should be assumed that 1,4-dichlorobenzrne will
persist for months to years (or more). The 1,4-dichlorobenzene that has been
released fro. ;.he soil into the air will eventually undergo -hotochemical oxidation; a
half-life in air of three days (609) and an atmospheric residence time of 38.6 days
(601) have been reported for 1,4-dichlorobenzene.

No information on the hydrolysis of 1,4-dichlorobenzene was available; under
normal environmental conditions, hydrolysis is not expected to occur at a rate
competitive with volatilization or biodegradation.

The 1,4-isomer of dichlorobenzene is not expected to be rapidly biodegraded in
the environnent. The more halogenated a compound is, the more resistant it
becomes to biodegradation, implying that 1,4-dichlorobenzene is more persistent than
chlorobenzene which is significantly degraded only by acclimated microbial popula-
tions. Furthermore, the presence of a chlorine atom on the benzene ring has been
reported to retard the rate of biodegradation (10). Thorn and Agg (80) have listed
1,4-dichlorobenzene as a synthetic organic c,.'emica! which is unlikcly to be removed
during biological sewage treatment.

Dichlorobenzenes were only slowly degraded by soil microbes in culture (616)
and no degradation of 1,4-dichlorobenzene injected into ground-water was observed
(597). Schwartzenbach et al. (77) report that 1,4-dichlorobenzene was biodegraded
during infiltration of contaminated river water to ground-water. However, they also
indicate that anaerobic conditions in the aquifer hindered the process. Wakeham ci
al. (527) report that biodegradation is not an important fate process for 1,4-dichloro-
benzene in sea'vater.

In most soil/ground-water systems, the concentration of microorganisms capabie
of biodegrading chemicals such as 1.4-dichlorobenzene is expected to be low and to
drop off sharply O-,th increasing depth. Thus, biodegradation in the deep
soil/ground-water system should be assumed to be of minimal importance except,
perhaps, near landfills with active microbiological populations.

27.2.3 Primary Routes of Exposure From SoGround-water SysteCM

The physicochemical properties of ',4-dichlorohenzene and the above discussion
of fate pathways suggest that 1,4-fnh~orobenzvne is highiy volatile from aqueous solu-
tions, moderately to strongly adsoibed by soil and has a moderate potential for
bioaccumulation. This cornct,,and may volatilize from voil surfaces. Over time, the
portion not subject to vo! -tlization may eventually migrate to ground-water. These
fate characteristics suy.,-st several potential pathways.
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Volatilization of 1,4-dichlorobenzene from a disposal site, particularly during
drilling or restoration activities, could result in inhalation exposures. In addition,
there is a potential for ground-water contamination, particularly in san y soil.
However, Mitre (83) did not find 1,4-dichiorobenzene in ground-water, surface water
or air at any of the 546 National Priority List (NPL) sites.

This compound was reported in the Ground-water Supply Survey GWSS)
conducted by the USEPA (531). This survey examined 945 finished water supplies
that use ground-water sources. The results for 1,4-dichlorobenzene art summarized
below:.

Median of
Occurrences* Positives Maximum

Sample Type No. % (Mg/L) I (jg/L)

R, ndom
Supplies serving < 10.000 people

(280 samples) 2 0.7 0.60 0.68
Supplies rerving > 10,000 people

(186 samples) 3 1.6 0.66 1.3
Non-Random

Supplies serving < 10,000 people
(321 samples) 4 1.2 0.74 0.9

Supplies serving > 10,000 people
(158 samples) 0 0

*Samples having levels over quantification limit of 0.5 ug/L.

The random samples taken as part of the GWSS are intended to statistically
represent the U.S. ground-water drinking water supplies. The non-random supplies
were chosen by the states as being potentially contaminated. 1,4-Dichlorobenzene
has also been detected in the National Organic Monitoring Survey (N9MS) (90). In
this survey, 1,4-dichlorobenzene was detected in 20 out of 113 samples with a mean
concentration of the positives of 0.14 jug/.1. Coniglio et al. (223) in a •ummary of
data from SRI, NOMS and NORS, found that 1,4-dichlorobenzene wa7 found at a
frequency of 12.9% in finished ground-water.

The properties of 1,4-dichlorobenzene and the survey results described above
suggest that this compound has some potential for movement in soil/ground-water
systet~s. The movement of 1,4-dichlorobenzene in ground-water may eventually
contaminate surface waters, suggesting several other exposure pathwaysi

Surface- waters may be used as drinking water supplies, resulting in direct
ingestion exposures;

S.. . L. ll ... ..,•.•,• •: - -- ,77
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0 Aquatic organisms residing in these waters may be consumed, also resulting in
ingestion exposures through bioaccumulation;

* Recreational use of these waters may result in dermal exposures;

0 Domestic animals may consume or be dermally exposed to c'ontaminated
ground- or surface waters; the consumption of meats and poultry could then
result in ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower than exposures from drinking contaminated ground-water for
two reasons. First, the Henry's law constant for 1,4-dichlorobenzene suggests that it
will volatilize upon reaching surface waters. Secondly, because 1,4-dichlorobenzene is
moderately to strongly adsorbed, the concentration reaching surface waters will be
attenuated through adsorption to sediments. Thus, the availability of 1,4-dichloro-
benzene may be limited. It does, however, have a moderate potential for bio-
accumulation.

27.2.4 Other Sources of Exposure

The data reported in the previous section show that 1,4-dichlorobenzene has
been reported in ground-water supplies. In addition, Coniglio et al. (223) in a
summary of data from SRI, NOMS and NORS, noted that 1,4-dichlorobenzene was
found at a frequency of 12.5% in finished surface water. This suggests that exposure
through ingestion of such drinking-water supplies would be important.

The volatility of 1,4-dichlorobenzene suggests that it may be found in air as well.
Brodzinsky and Singh (84) compiled all available atmospheric di•t for a number of
volatile organics. For 1,4-dichlorobenzene, they had data for 430 locations. This
compound was not found in rurai and remote locztions. In urban and suburban
areas, the median concentration was 0.28 ug/lm'. In source-dominated locations, the
median concentration was zero ug/m'. There was no explanation for the lower value
found in source-dominated areas. These results suggest the possibility of inhz'ation
exposure to persons, particularly those in urban and suburban areas.

This compound has been widely used for a number of years as a moth repellant.
Inhalation, and perhaps dermal exposures, are possible to consumers during use, One
report cited 1,4-dichlorobenzene concentrations of 1700 gg/m' in a wardi.otle where
mothballs were used, 315 Mg/m' within the closet and 105 Mg/m' in the bedroom
adjacent to the wardrobe (733). Although data are limited, the use of 1,4-dichlcro-
benzene as a moth repellant could be a significant source of exposure.
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27.3 HUMAN HEALTH CONSIDERATIONS

27.3.1 Animal Studies

27.3.1.1 Carcinogenicity

An NTP carcinogenicity bioassay of 1,4-dichlorobenzene was conducted, in which
male F344/N rats were given 0, 150, or 300 mg/kg of the chemical and female rats
and B6C3F, mice were given 0, 300, or 600 mg/kg/day by gavage 5 days/week for 2
years (3523). 1,4-Dichlorobenzene produced an increased incidence in tubular cell
adenocarcinomas of the kidney in male rats (control, 2%; low dose, 6%; high dose,
14%, p=0.030 by Fisher exact test) and a marginal increase in the incidence of
mononuclear cell leukemia in males over that of the controls (10%; 14%; 22%,
p=0.086). Treated mice exhibited increased incidences of hepatoceilular carcinomas
(males: 28%; 22%; 64%, p<0.001) (females: 10%; 10%; 38%, p<0.001); hepatocel-
lular adenomas (males: 10%; 27%, p=0.030; 32%, p=0.006) (females: 20%; 13%;
42%, p=0.015), and pheochromocytomas of the adrenal -gland (males only: 0%; 4%;
6%, p=0.129). The investigators concluded that under the conditions of the study
1,4-dichlorobenzene produced clear evidence of carcinogenicity for male rats, and
male and female mice, and no evidence of carcinogenicity for female rats.

Long-term inhalation studies in rats and mice gave no indication of a car-
cinogenic response. Wistar rats (both sexes) were exposed to vapor concentrations of
0, 75 or 500 ppm, 5 hours per day, 5 days a week for 76 weeks and were killed at
102 weeks. No signs of ireatment-related toxicity were observed at 75 ppm; liver and
kidney weights were increased at 500 ppm but no indications of pathological changes
were found (257). A second study was conducted with female Swiss mice. These
animals received ihe same doses for 57 weeks and were held through weeks 75-76.
This limited mouse study was also negative for neoplastic effects (257).

27.3.1.2 Genctoxicity

1,4-Dichlorohenzene did not induce genotoxic activity in the Salmonella Ames
test with or without metabolic activation (202, 3646, 3276). Negative results were
also obtained in a dominant lethal assay in which male CD-I mice were exposed to
vapor levels LIf 75, 225 or 450 ppm, 6 hours per day for 5 days (257); no increase in
the number of observable chromosome abnormalities in bone-marrow cells could be
detected in rats exposed to levels as high as 682 ppm (single two hour exposure) or
as high as 500 pp., (5 hours/day, 5 days a week for 3 months) (257); and there was
no evidence of chromosomal aberrations or sister chromatid exchanges above control
values when Chinese hamster ovary cells were treated in culture with this isomer
(3235). Converely, micronuclei were induced at statistically significant levels in bone
marrow ceils of male mice injected intraperitoneally with 1,4-dichlorobenzene at 6 and
30 hours before sacrifice (3464).
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27.3.1.3 Teratogenicity, Embryvoxicity and Reproductive Effects

There was no evidence of teratogenicity or fetotoxicity in rats exposed to vapor
concentrations up to 500 ppm six hours per day or oral doses up to 200 mg/kg/day
administered on days 6 through 15 of gestation (257, 269).

In other inhalation studies, Hayes et al. (3278) observed no teratogenic or
fetotoxic effects in rabbits exposed to 1,4-dichlorobenzene vapors. Inseminated rab-
bits were exposed to 100, 300, or 800 ppm of 1,4-dichlorobenzene for 6 hours per
day on days 6 through 18 of gestation. Pregnant rabbits exposed to 800 ppm of the
chemical gained significantly less weight than the controls during days 6 through 8 of
gestatioa, indicatirg slight maternal toxicity. A statistically identified increase m fetal
resorptions was observed in the 300 ppm group when compared to cur'ent controls.
However, the increase was not observed in the 800 ppm group and was wiihin the
range of values for historical controls. It was concluded that inhalation of 1,4-
dichlorobenzene vapor was not enrNr.yotoxic or teratogenic at any exposure level
tested.

27.3.1.4 Other Toxicologic Effects

273.1.4.1 Short-term Toxicity

The toxic effects of 1,4-dichlorobenzene are primarily on the liver and central
nervous system. Signs of hepatic porphyria were noted in rats after daily administra-
tion of 770 mg/kg by stomach tube for 5 days (202). In another study, rats su,.-
cumbed to an oral dose of 4 g/kg administered as a 20% solution in olive oil. A
dose of I g/kg was survived (254).

The 1,4-isomer appears to be less toxic than the 1,2-isomer of dichlorobenzene.
This may be due to the fact that its binding to liver proteins is not as pronounced
(202). In vivo studie- with Fischer rats, in which the hepatotoxic effects of three
dichlorobenzenes were compared, indicated that the isomers tested can be ranked as
follows: 1,2-dichlorobenzene > 1,3-dichlorobenzene > 1,4-dichlorobenzene (1,4-
dichlorobenzene was not hepatotoxic in this study) (3940). The toxicity rankings were
based on plasma glutamic pyruvate transaminase activities 24 hours after the rats were
injected i.p. with doses of the isomers ranging from 0.9 to 4.5 mmol/kg; the riankings
were supported by the results of in vitro studies.

27-3.1.4.2 Chron Toxicity

The NTP conducted 13-week oral studies with 1,4-dichlorobenzene in F344/N
ratN and B6C3F, mice (3523) to characterize its toxicity and set doses for 2-year
stu,-es. Two studies were performed in rats. In the first, in which rats were given
300-1500 rgAg/day, histologic changes were noted in the kidneys at all doses tested;
therefore, the second study was performed with lower doses of 38-600 mg/kg/day.
Doses of 1500 ppm decreased survival (females). Doses of 1,200 or more produced



27-20 1,4-DICR.OROBENZENE

decreased weight gain (females), degeneration and necrosis of hepatocytes, hypoplasia
of the bone marrow, lymphoid depletion of the spleen and thymus, epithelial necrosis
of the nasal turbinates, and increased urinary (but not liver) porphyrins (males and
females). Doses of 600 and 900 mg/kg and more produced changes in clinical
chemistry parameters (mal,-s and females, respectively). Doses of 300 mg/kg or more
produced decreased weight gain (males), renal tubular cell degeneration in the first
study (males; the effect was also observed in the second study, but was slight), and
slight hematological changes (males).

In two studies, mice were given doses of dichlorobenzene ranging either from,
600 to 1,800 mg/kg/day or from 85 to 900 mg/kg/day for 13 weeks (3523). In the first
study, survival was decreased in male and female mice receiving doses of 1,500 mg/kg
or more and body weights were decreased at all doses. Hepatocelular degeneration
was observed in both sexes at all doses, and liver weight to brain weight ratios were
increased at doses of 900 mg/kg or more. Modest clinical chemistry changes (900
mg/kg) and significantly reduced white blood cell counts (600 mg/kg) were also seen.
In the second study, hepatocellular cytomegaly was observed in male and female mice
at doses of 675 mg/kg or more, but not at 338 mg/kg. Neither renal damage nor
hepatic porphyria was observed in either mouse study.

Hepatic cirrhosis, focal necrosis and increased liver and kidney weights were
noted in rats given a daily oral dose of 376 mg/kg, 5 days/week for 7 months. At 188
mg/kg, a slight increase in liver and kidney weights was observed. No adverse effects
were observed at 18.8 mg/kg or 13.42 mg/kg/day (18.8 x 5/7) (254).

In the two-year NTP study, male rats were given 150 and 300 mg/kg/day and
female rats and male and female mice were given 300 and 600 mg/kg/day (3523). For
the rats, survival of the males was significantly lower than that of vehicle controls;
survival and body weights were not significantly affected in other groups. The main
nonneoplastic effects involved the kidneys of males and females. Increased incidences
of the following ',sions were observed in males: epithelial hyperplasia of the renal
pelvis (control, 2%; high dose 60%; low dose 62%); .nineralization of the collecting
tubules in the renal medulla (8%; 92%; 94%); and focal hyperplasia of the renal
epitheliun (0%; 2%; 18%). In females, the incidences of nephropathy were also
increased (43%; 64%; 84%).

In male mice, 1,4-dichlorobe.nzene increased the incidences of thyroid gland
fo!!icular cell hyperplasia (control, 2%; low dose, 8%; high dose, 21%) and adrenal
glanl ineduilary hyperplasia (0%; 8%; 8%), as well as that of focal hyperplasia of the
adrenal gland capsule (23%; 44%; 57%). In male and female mice, the incidences of
nonneoplastc liver leions including alterations in cell size, hepatocellular degenera-
tion, and individual cell necrosis, were increased. There were also increased
incidences. of nephropathy in male mice and renal tubular regeneration in female
mice.
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Hepatic and renal efects have also been observed in Mderly Park Wistar rats
exposed to 1,4-dichlorobenzene via inhalation. The animals were exposed to 0, 75, or
500 ppm, 5 hours/day, 5 days/week for 76 weeks (3934). At 500 ppm, organ weights,
including liver and kidneys, were increased and there were slight increases in urinary
protein and coproporphyrin output in the males. The no-observed-adverse-effect
level was identified as 75 ppm.

Rats, rabbits and guinea pigs exposed to vapor concentrations of 798 ppm (4788
mg/mr) according to a schedule of 7 hours/day, 5 days/week showed definite toxic
reactions. The actual number of exposure periods ranged from a few to as many as
69. Symptoms included .eakness, weight loss, tremors, eye irritation and liver
damage. Rats, mice, guinea pigs, rabbits and monkeys exposed to 93 ppm (558
mg/rm) over the same schedule for 7 months experienced no adverse effects (251,
254).

Rabbits repeatedly exposed to an average of 825 ppm (4950 mg/m') 8 hours/day
developed edema of the cornea and optic nerve which cleared within 17 days of
discontinuance. Oral doses of 0.5 to 1.0 g/kg/day produced the same reversible
effects (19).

273.2 Hu1man and Epldemiologic Studies

27.32-1 Short-term Toxicologic Effects

In five cases of household inhalation intoxication from 1,4-dichlorobenzene used
as a mothproofing agent, ione person with moderate exposure suffered from severe
headache, swelling around the eyes and profuse rhinitis, all of which subsided within
24 hours. The remaining four individuals, all of whom had prolonged exposure to
1,4-dichlorobenzene, developed nausea, vomiting, weight loss and hepatic necrosis
with jaundice. Two died and another developed cirrhosis (258). A 3-year-old male
developed jauidice and hemolytic anemia after acute poisoning by ingestion; the
amount was not indicated' (281). Ingestion of 20 g has been reported to be well
tolerated in man (284).

The vapor has been noted to be painful and irritating to the eyes and nose at
concentrations between 50 and 160 ppm. Solid particles cause pain when in contact
with the eye, but no serious injury (19).

The solid material produces a burning sensation when held in contact with the
skin but the resulting irritation is slight. Warm fumes or strong solutions ray irritate
the skin on prolonged or repeated contact (38). The 1,4-isomer of dichlorobenzcine
is not absorbed through intact skin in acutely hazardous amounts (12).
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273.22 Chanic Toxicologic Effecc

Two cases of chronic "ngestion of 1,4-dichlorobenzene have been reported. In
one case, a woman who ingested 1 to 2 air freshener blocks per week throughout her
pregnancy developed hemolytic anemia. She recovered completely after withdrawal of
the chemical. Examination of the child revealed no abnormalities (282). In the other
case, a woman who ingested 4 to 5 moth pellets daily for 2.5 years developed areas
of increased skin pigmentation which diminished upon withdrawal of the chemical
(283).

In workmen exposed to airborne concentrations of 45 ppm (270 mg/rm) over an
average of 4-8, years there was no evidence of organic injury, blood disorders or eye
changes (254).

A woman who worked for 18 months with a mixture of hexachloroethp.-e (10%)
and 1,4-dichlorobenzene (90%) experienced tingling of the extremities, weight loss,.
dizziness and anemia. She recovered after cessation of exposure (276).

Girard and coworkers (259) reported five cases of blood disorcers in individuals
exposed by chronic inhalation and/or dermal contact to dichlorobenzenes, including
1,4-dichlorobenzene. However, no cause and effect relationship can be reliably
inferred from these aneicdotal reports.

27.33 Lvels of Concern

The U.S. Environmental Protection Agency (355) has established an ambient
water quality criterion of 400 ug/L for the protection of human health from the toxic
properties of dichlorobenzenes ingested through water and contaminated aquatic
organisms. This criterion is based on the maximum chronic no-observed-effect level
of 13.42 mg/kg/day reported for rats orally administered 1,4-dichlorobenzene over a.
period of 5 to 7 months (254, 271). Appl;ing an uncertainty factor of 1000, the
acceptable daily intake of 1,4-dichlorobenzene for a 70-kg man was calculated to be
0.94 mg/day. A reference dose (RfD) of 0.1 mg/kg/day for 1,4-dichlorobenzene has
been calculated by the USEPA (3951).

Both OSHA (3539) and the ACGIH (3005) have set an occupational exposure
limit of 75 ppm (450 mg/mr) for 1,4-dichlorobenzene with a short-term exposure limit
(15 minutes) value of 110 ppm. These values are believed to be sufficient to prevent-
acute and chronic poisoning (38).

27-3.4 Hazard Assessment

Available health effects data for 1,4-dichlorobenzene suggest no major health
hazard associated with exposure to the compound; however, the potential effects of
chronic, low-level exposure to 1,4-dichlorobenzeae have yet to be established.
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Little specific information is available on the toxicity of 1,4-dichlorobenzene to
humans. One report of five cases has suggested an association betweer human
leukemia and exposure to dichlorobenzenes, including 1,4-dichlorobenzene (259). A
cause and effect relationship, however, cannot be reliably inferred from these
anecdotal reports (202).

When administered by gavage to rats and mice for two years, 1,4-dichlorobenzene
doso of 150 or 300 mg/kg in male rats and doses of 300 or 600 in female rats and
B6C3F, mice produced clear evidence of carcinogenicity for mhale rats, and male and
female mice, but no evidence of carcinogenicity for female rats (3523). Non-
oncogenic effects in these studies included renal lesions in rats and mice and thyroid,
adrenal, and liver lesions in mice.

Long-term inhalation studies in rats and female mice failed to demonstrate either
a carcinogenic or hematological response, even at a high-level (500 ppm) exposure.
Elevated kidney and liver weights were noted at this exposure level, suggesting some
functional response of these organs to 1,4-dichlorobenzene exposure. No histological
changes were detected (257).

A set of in vivo mutagenicity tests using the dominant lethal assay in mice and a
cytogenic assay on bone marrow of rats demonstrated no effects suggestive of
mutagenic activity for 1,4-dichlorobenzene (257), but a micronucleas test indicated
evidence for clastogenicity in bone marrow cells of male mice injected with this
isomer (3464). No evidence for any effect on reproductive function was indicated in
the dominant lethal assay (257) or a set of embryotoxicity studies (257, 267).

Long-term oral administration of 1,4-dichlorobenzene to rats indicated exposure
to 13.42 mg/kg/day produced no observed adverse effects (254). The USEPA
calculated an acceptable daily intake for 1,4-dichlorobenzene based on this report
(355).

27.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of 1,4-dichlorobenzene concentrations in soil and water requires
collection of a representative field sample and laboratory analysis. Due to the volatil-
ity of 1,4-dichlorobenzene, care is required to prevent losses during sample collection
and st,ý-ige. Soil and water samples should be collected in airtight glass containers
preferably with no headspace; analysis should be completed within 14 days of
sampling. In addition to the targeted samples, quality control samples such as field
blanks, duplicates, and spiked matrices may be specified in the recommended
methods.

EPA-approved procedures for the analysis ý ;,4-dichlorobenzene, one of the
EPA priority pollutants, in aqueous samples include EPA Methods 601, 602, 612, 624,
625, and 1625 (65) or Methods 801C, V020, 8120, and 8250 (63). In Methods 601,

OEM
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602, 624, 8010, and 8020 an inert gas is bubbled through the aqueous sample in a
purging chamber at ambient temperature, transferring the 1,4-dichlorobenzene from
the aqueous phase to the vapor phase and onto a sorbent trap. The trap is then
heated and backilushed to desorb the 1,4-dichlorobenzene and transfer it onto a gas
chromatographic (GC) column. Methanol extracts of the sample may also be
subjected to this purge and trap procedure (Methods 8010 and 8020). For Methods
612, 625, 1625, 8120, and 8250, samples are extracted with methylene chloride as a
solvent using a separatory funnel or a continuous liquki-liquid extractor. An aliquot
of the concentrated samplc euxract is injected onto the GC column using a solvent
flush technique (Methods 625 and 1625) or the extract is concentrated, dried, and
solvent exchanged to hexane prior to analysis (Methods 612, 8120, and 8250). The
GC column is programmed to separate the organics; 1,4-dichiorobenzene is then
detected with a halide specific detector (Methods 601 and &110), a photo-ionization
detector (Methods 602 and 8020), an electron-capture detector (Methods 612 and
8120), or a mass spectrometer (MethodL 625, 1625, and 8250).

The EPA procedures recommended for 1,4-dichlorobenzene analysis in soil and
waste samp:-, Methods 8010, 8020, 8120, and 8250 (63), differ from the aqueous
procedures primarily in the method by which the analyte is introduced into the GC.
The sample preparation in Methods 8010 and 8020, involves dispersing the soil or
waste sample in water prior to "purge and trap." Alternatively, methanol extracts of
the sediment/soil may be subjected to the purge procedure described above. Hexane
has also been used to extract 1,4-dichlorobenzene from sludge samp'les (3169). The
extract is "cleaned-up" on an alumina column, concentrated, and the.I analyzed by
capillary GC. Other sample introduction techniques include directioa; injection and a
headspace method where an aliquot the vapor above the sample in a sealed vial is
analyzed. Recoveries for the headspace technique may vary depending upon the con-
centration (3355). In Methods 8120 and 8250, solid samples are extrazted using
either soxllet extraction or sonication methods. Neat and diluted orga.iic liquids may
be analyzed by direct injection.

Typical 1,4-dichlorobenzene d,..ection limits that can be obtained in wastewaters
and non-aqueous samples (wastes, soils, etc.) are shown below. The 1,4-dichloro-
benzene detection limit for Method 624 was not determined. The actual detection
limit achieved in a given analysis will vary with instrument sensitivity and matrix
effects.

Aqueous Detection Limit Non-Aqueous Detection Limit

0.4 ug/L (Method 601) 2.4 pg/kg (Method 8010)
0.3 ug/L (Method 602) 3.0 pg/kg (Method 8020)
1.34 pg/L (Method 612) 0.9 Ag/g (Method 8120)
4.4 g/IL (Method 625) 2.9 pg/g (Method 8250)
10 Ajg/L (method 1625)
2.4 Ag/L (Method 8010)
3.0 Ag/L (Method 8020)
13.4 1g/L (Method 8120)
44 Ag/L (Method 8250)

/74i ,,' *' , ,..
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COMMON CAS REG.NO. FORMULA AIR WA' CONVERSIONSYNONYMS: 120-82-1 CH3O, FACTOR at 250C1,Z4-Thchwo NIOSH NO.
beene DC2100000 7.41 mg/~m' a 1 ppm;T Z4-TncfUkrRbeC• 1 0.1348 ppm a I mg/nnTCB STRU~rURE. ciC1 ________U. ezene 

MOLECULAR WEIGHT:181.45
C,

Reactions of halogenated organic materials such as
I,2,4-trichlorobenzene with cyanides, mercaptans or other
organic sulfides typically generate heat, while thcose with
amines, azo compounds, hydrazines, caustics or nitrides
commonly evolve beat and toxic or flammable gases.
Reactions with oxidizing mineral acids may generate beat,REACTIVrrY toxic gases and fires. Those with alkali or alkaline
earth metals, certain other chemically active elemental
metals like aluminum, zinc or magnesium, organic peroxides
or hydroperoxides, strong oxidizing agents, or strong
reducing agents typically result in heat generation and
explosions and/or fires (511, 505).

0 Physical State: Liquid (23)
(at 20*C) (23)

0 Color: Colorless (23)
0 Odor: Aromatic (23)
0 Odor Threshold: 3.000 ppm

(approximate data) (2)* Density: 1.4540 g/mL (at 20*C) (68)PHYSICO- * Freeze/Melt Point: 17."00C (14)CHEMICAL * Boiling Point: 213.50*C (68)DATA * Flash Point: 99.00'C closed cup (21)
0 Flammable Limits: '.30 to 7.10%

by volume (514)
• Auteignition Temp.: 571.0 to

638."0C (514)* Vapor Pressure: 2.70E-01 mm Hg
(at 20*C) (1219)
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0 Saul Conc. in Air: 2.7000E+03
mg/In2 (at 20"C) (1219)

* Solubility in Water 3.OOE+01
mg/L (at 25*C) (2a6)

* Viscosity: 1.448 cp (at 20*C) (21)
PHYSICO- * Surface Tension: 3.8540E+01

CHEMICAL dyne/cm (at 20*C) (21)
DATA * Log (Octanol-Water Partition
(Cont.) Coeff.): 4.12 (29)

* Soil Adsorp. Coeff.: 6.35E+03 (652)
* Henry's Law Conat.: 4.33E-03

atm. m'/mol (74)
• Bioconc. Factor: 1.82E+02 (bluegill),

6.30E+02 (estim) (262,659)

1,2,4-Trichlorobenzene is expected to be strongly sorbed
onto soils with 1-2% organic carbon. Howt.ver,
migration through surface soils and to a much greater
extent through deep soils has been reported. This

PERSISTENCE compound is expected to be persistent. Volatilization
IN THE, SOIL- from aqueous solutions has been observed although

WATER volatilization from soils is expected to be much slower.
SYSTEM Biodegradation in natural soil systems is slow and not

expected to be significant except in acclimated microbial
populations.

The primary pathway of concern from a soil-water
system is the migration of 1,Z,4-trichlorobenzene to

PATHWAYS groundwtier drinking water supplies. This pathway will
OF be less important in soils of high organic content, and

EXPOSURE there is limited evidence that such migration has
occurred in the past. Inhalation resulting from
volatilization from surface soils may also be important.

Ei
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Signs and Symptoms of Short-term Human Exposure:

(19. 54]
Acute exposure may cause drowsine•z, incoordination
and uncons•ou•nett Vapc6 are irritating to the eyes,
skin and respiratory tract. Prolonged or repeated
contact with liquid may cause skin burns.

Acute Toxicity Stud•:

ORAL
"HEALTH LDs, 756 mg/kg . Rat (47)

HAZARD LD,, 300 mg/kg Motue (3504)
DATA

SKIN:
LD• 6139 mg/kg Rat (2)

].on•-Terrn Effects: Liver and }•idney ddma•e
Pregnancy/Neonate Data: Not teratogenic in animals.
Embryoto0dc in rau only at maternally lethal doses (360
m z, lc•dav, on ee•tatjoq days 9-13)
Qenotoxicity Data:•Limited evidence is netative
C.arcinogenicity Classification:
IARC . No data
NTP -. Nodata
EPA - Group D (not cla.uifiable as to human

carcinogenicity)

Handl• chemical only with adequate ventilation

• There are no formal guidelines available for this'
chemical with respeJ:t to respirator use. Use a self-

HANDLING contained breathing apparatus with a full facepiece (or
PRECAU'I'I(DNS the equivalent) where there is any doubt as to the

efficacy of gas masks or cartridge-type r•pirator•
• Chemical goggles if there b a probability of eye
onntact • Appropriate clothing to prevent repeated or
prolonged skin contact. Wear imperviozs gloves.

!

|
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIREXPOSUE~
5tandards
0 OSHA Cec;n Limit: 5 ppm
0 AFOSH Ceiling Limit: 5 ppm

Criteria
a NIOSH IDLH (30 min): None established
0 NIOSH REL- None established
*.-ACGIH CL- 5ppm
* ACGIH STEL (1 5-min): None established

WATER E220SURE L=~T:

Drinking Water Standards (3504)
MCLG: 9 14&/L (tentative)

HJ-ealth Advisories and Cancc!- Risk LeyeIs
None established

WI-O Drinking Water Guideline
No information available.

~EPAAmbient Water Quality Criteria
0 Human Health (355)

*No criterion established due to insufficient data.

0 Aquatic Life (355)
-Freshwater species

acute toxicity:
no criterion, but lowest effect level cý;curs at 250 14g of chlorinated
benzenes/L

ch~ronic toxicity.
no criterion but lowest effect level occurs at -50 ju~g of chlorinated
benzenes~t for species exposed for 7.5 days.

*Saltwater species
acutt, toxidcity-
no criterion, but, lowest effect level occurs at 160 pg of c~orinated
benzenes/L

chrconic toxicity:
no criterion, but iowest effect level occurs at 129 ug of chlorinated
be-zencs/L.

REFERENCE DOSES: (3744)
2.OOE-02 mg/kf,/day
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1,24-TRICLOROL EN27E 28-5

GULATORY STATUS (as of 01-MAR-89)

Promnuleate Tufrjjifl
* Federal Programs

Clea1 Water Act (CWA)
14-Trichlorobenzene is listed as a toxic pollutant, subject to general
prereattment regulations for new and -xiting sources and to effluent
standardt and guidelines (351, 3763). Effluent limitations specific to
this chemical have been set in the following point source categories:
electroplating (3767), organic chemicals, plastics, and synthetic fibers
(3777), steam electric power generating (3802), metal finishing (3768).
Limitations vary depending on the type of industry and plant.

Safe D ri~dne Water Act (SDWA)
Trichlorobenzene is on the list of 83 contaminants required to be
regulated under the SDWA of 1974 a. amended in 1986 by January
1991 (37 1). EPA lists it as an unregulated contaminant with no EPA
monitoring reqluirements. The individual states decide which systems
require analysis for this contaminant (3771). In state, with an
approved Underground Injection Control program, a permit is required
for the injection of 1,2,4-trichlorobenzene-containing wastes designated
as hazardous under RCRA (295).

Resourc4 Conservation and Recovery Act (RCRA)
1,2,4-Trichlorobenzene is listed as a hazardous waste constituent
(3783). A non-specific source of 1,2,4-trichlorobenzene-containing
waste is the production of chlorinated aliphatic hydrocarbons (325).
Waste streams from the organic chemicals industry (production of
chlorobenzene, 1,2-dichloroethane, and trichloroethylene/perchloro-
ethylene contain 1,Z4-trichlorobenzene and are listed as specific
sources of hazardous waste (3774,'3765). 1,2.4-Trichlorobenzene is
subject to land disposal restrictions when its concentration as a
hazardous waste constituent exceeds designated levels (3785). Effective
July 8, 1987, the land disposal of untreated hazardous wastes which
contain halogenated organic compounds in total concentrations greater
than or equal to 1000 mg/kg is prohibited. Effective August 8, 1988,
the underground injection into deep wells of these wastes is prohibited.
Certain variances exist until May, 1990 for some wastewaters and
nonwastewaters for which Best Demonstrated Available Technology
(BDATI) treatment standards have not been promulgated by EPA
(3786). l,2,4-Trichlorobertzene is includtd on EPA's groundwater
monitoring list. EPA requires that all hazardous waste treatment,
storage, and disposal facilities monitor their groundwater for chemicals
on this list when suspected contamination is first detected and annually
thereafter (3775).
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Toxic Substances Control Act (TSCA)
Manufacturers, processors or distributors of 1,2,4-trichlorobenzene must
report production, usage and disposal information to EPA. 'bey, as
well u others who possess health and safety studies on
1,2,4-trichlorobenzene, must submit them to EPA (334, 3789). EPA
requires that manufacturers and importers of chemical substances made
from I,2,4-trichlorobenzene submit production, use, exposure and
disposal data in order to determine whether there is further need for
dioxin and furan testing of the chemical prcducts for which
1Z4-trichlorobenzene is a precursor (3780). EPA requires that
manufacturers and processors of 1,Z4-trichlorobenzene conduct
crncogenicity, environmental effects, and chronic toxicity testing.
Pocvious proposals for teratogenicity and subchronic toxicity testing
have been withdrawn (340).

Comprehensive Environmental Response Compensation and Liability
Act (CERCLA)
1,2,4-Trichlorobenzene is designated a hazardous substance under
CERCLA. It has a reportable quantity (RQ) limit of 45.4 kg.
Reportable quantities have also been issued for RCRA hazardous
waste streams containing 1,2,4-trichlorobenzene but these depend upon
the concentration of the chemicals in the waste stream (3766). Under
SARA Title Ill Section 313, manufacturers, processors, importers, and
users of 1,2,4-trichlorobenzene must report annually to EPA and state
officials their releases of this chemical to the environment (3787).

Marine Protection Research and Saroctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited except when they are pre-ent as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Occupational Safety and Health Act (OSHA)
A ceiling level of 5 ppm of 1,2,4-trichlorobenzene shall not be
exceeded at any time during an 8-hour work-shift (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated
1,2,4-trichlorobenzene as a hazardous material with a reportable
quantity of 45.4 kg, subject to requirements for packaging, labeling and
transportation (3180).
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0 State Water Programs
ALLLSTATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their premulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

CONNECTIUT
Connecticut has a quantifiction limit of 2 sg/L for drirning water
(3137).
DISTRCT OF COLUMBIA
The District of Columbia has a human health criterion of 20 4sg/L for
all chlorinated benzenes in surface waters (3828).

NEW JERSE
New Jersey has set an MCL of 8 ug/L for drinking water (3497).

KANSAS
Kansas has an action le-,el of 13 ug/L for groundwater (3213).

NEW YCRK
New York has an MCL of 5 ug/L for the sum of all trichlorobenzenes
in drinking water and a nonenforceable water quality guideline of 10
Mg/L for groundwater (3501). New York hds also set ambient water
quality standards for the sum o" all isomers of trichiorobenzenes in
surface waters: 10 ug/L for drinking water supply waters, 50 jug/L for
Class D and SD waters, and 5 jig/L for Classes A, A-S, AA, AA.S, B,
C, SA, SB and SC waters (35M0).

PENNSYA A
Pennsylvania has a human health criterion of 700 ug/L for surface
water (3561).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 75 ug/L and
a chronic guideiine of 1.7 ggiL for the protection of aquatic life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

SOUT- DAKOTA
South Dakota requires trichlkrobenzene to be nondetectable, using
designated test methods, in groundwater (3671).
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ProEt24 Regulations
9 Federal Programs

Safe Dfinkin Water Act (SDWA)
EPA plans to propose MCLs, MCLGs, and monitoring requirements
for 1,2,4-trichlorobenzcne in March, 1990, with final action scheduled
for March, 1991 (3751).

0 State Water Programs
MOST .IT
Most states are in the process of revising their water programs and
proposing changef to their regulations which will EPA's changes when
they become final. Contact with state officers is advised. Changes are
projected for 1989-90 (3683).

New Jersey has proposed a water quaiity standard of 8 14g/L for Class
FW2 surface waters (34)6).

EEC Directives
Directive on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organchalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic
properties in or via the aquatic environment, and mineral oils and
hydrocarbons is prohibited. Appropriate measures deemed necessary to
prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substanes shall be taken by
member countries.

Directive on the Ouality R,¢uired of She.llf.h Water (537)
The mandatory specifications for organohalogenated substances specify
that the concentration of each substance in the shellfish water or in
snellfsh flesh must not reach or exceed a level which has h~rmful
effects on the shellfish and larvae. The specifications for
organohalogenated substances state that the concentration or each
substance 'n shellfish flesh must be so limited that it contributes to the
high quality of the shellfish product.
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Directive on the Discharge of Dangerous Sustances (535)
Organohalogens, carcinogens or substances which have a deleterious
effect on the taste and/or odor of human food derived from aquatic
environments cannot be discharged into inland surface waters,
territorial waters or internal coastal waters without prior authorization
from member countries which isbue emission standards. A system of
z.ro-emission applies to discharge of these substances into ground-
water.

Directive on Toxic and Dangerou Waste (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds, excluding inert
polymeric materials and other substances referred to in this list or
covered by other Directives concerning the disposal of toxic and
dangerous waste;' chlorinated solvents; organic solvents; biocides and
phyto-pharmaceutical substances; ethers and aromatic polycyclhc
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

EEC Directives - Prop'osed
Resolution Second-Cate2orv Pollutantj (545)
1,2,4-trichlorobenzene is one of the second-category pollutants to be
studied by the Commission in the programme of action of the
European Communities on Environment in order to reduce pollution
and nuisances in the air and water. Risk to human health and the
environment, limits of pollutant levels in the environment, and
determination of quality standards to be applied will be assessed.
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28.1 MAJOR USES

The major user of 1,2,4-trichlorobenzene is the textile industry where it is utilized
as a dye carrier. The pesticide industry consumes 28% which is used during the
production of dicamba, stirofos and trichlorodinitrobenzene. Eighteen percent is used
in functional fluids such as dielectric liquids and transformer oils. Miscellaneous uses
account for the remainder. These uses include degreasing agents, septic tank and
drain cleaner formulations, wood preservatives and abrasive formulations used i-. the
manufacture of grinding wheels (262).

28.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

282.1 Transport in Soil/round-water Systcms

28&2.1.1 Overv:cw

The 1.2,4-isomer of trichlorobenzene may move through the soil/ground-water
system when present at low concentrations (dissolved in water asd sorbed on soil) or
as a separate organic phase (resulting from a spill of significant quantities of the
chemical). In'general, transport pathways can be assessed by using an equilibrium
partitioning model, as shown in Table 28-1. These calculations predict the
partitioning of low soil concentr3tions of 1.2,4-trichlorobenzene among soil particles,
soil water and soil air. Portions of 1.2,4-trichlorobenzene a&.ociatcd with the water
and air phases of the soil have higher mobility than the adsorbed portion.

Estimates for the unsaturated topsoil model indicate that 99.9% of the
1,2,4-trichlorobenzene is expected to be sorbed onto soil particles. Approximately
0.08% is expected to partition to the soil-water phase, and is thus available to migrate
by bulk transport (e.g.. the downward movement of infiltrating water), dispersion and
diffusion. For the small portion of 2.2.4-trichlorobenzene in the gaseous phase of the
soil (less than 0.04%), diffusion through the soil-air pored up to the ground surface,
and subsequent removal by wind, may be a significant loss pathway.

In saturated, deep soils (containing no soil air and negligible, soil organic
carbon), a slightly higher fraction of the 1,2,4-krichlorobenzene (3.6%) is likely to be
present in the soil-water phase (Table 28-1) End available for transport with flowing
ground water. The percentage sorbed onto deep soils (96.4%) is less than for surface
soils. Due to the potential mobility of the non-absorbed i,2.,-trichlorobenzene,
ground water underlying contaminated soils may be vulnerable to contamination. In
laboratory studies, Schwarzenbach and Westall (228) predictea that trichlorobenzene
will be somewhat mobile through river sediment and highly mobile through aquifer
materials.



1 A4-TRIC'ILOROEENZNi B 28.-11

TABLE 28-1
EQUIBRIUM PARTITIONING CALCULATIONS FOR

1,2,4-TRICHLOROBENZENE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Totai Mass of Chemical in Each Compartment
Environment soil Soil-Water Soil-Air
Unsaturated

topsoilb'
at 256C 99.9 0.08 0.04

Saturated
deep soil' 96.4 3.6

a) Calculations based on Mackay's equilibrium partitioning model (34,35,36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized soil sorption coefficient estimated with equations of Means et al. (611):
K,. = 6350

c) Henry's law constant taken as 4.33E-03 atm. m'/mol at 25°C (74).
d) Used sorption coefficient (K,) calculated as a function of K. assuming 0.1%

organic carbon: K, = 0.001 x K,,

28&21.2 Sorption on Soils

The mobility of 1,2,4-trichlorobenzene in the soil/ground-water system (and its
eventual migration into aquifers) is strongly affecLed by the extent of its sorption on
soil pa,"icles. In general, sorption on soils- is expected to:

increase with increasing soil organic matter content;
increase slightly with decreasing tetrcrature;
increase moderately with increasing salinity of the ,oil water; and
decrease moderately with increasing dissolved organic matter content
of the soil water.

Laboratory sorption studies (608) indicate the' sorption of 1,2,4-trichlorobenzene
(40 usg/L) by sediments and aquifer material is a reversible process. Retardation
rates, which represent the interstitial water velocity/pollutant velocity in the soil, were
reported by Wilson et al. (82) to be a function of K.,, the ratio of soil density (a) to
soil water content (b), and the organic content (oc) of the soil according to the
following equation:



28-12 1Z4-TRICHLOROBENZENE

R= I + (a)K.(oc)

The retardation factors (R,) calculated for 1,2,4-trichlorobenzene in laboratory
soil columns are: 7 in sandy soils (82), 6.7 in aquifer material (228), and 100 in river
aediment (228). The data indicate some retardation (i.e., adsorption) in soils having
high organic carbon content (approximately 1-2%) and little retardation in sandy soils
and aquifer materials having less than 0.1% organic carbon.

Wilson et al. (82) investigated the transport and fate of 1,Z4-trichlorobenzene in
3.4 mg/L and 0.57 mg/L solutions applied to sandy soils. It was found to be relatively
mobile. In a soil column receiving 3.4 mg/L of 1,2,4-trich!orobenz,:ne, approximately
46% percolated through the soil column with minimal retardation and 54% was
degraded or not accounted for; for the 0.57 mg/L solution, 39% percolated through
the soil column and 61% was degraded or not accounted for. The !oss due to
volatilization was not determined.

Soil and ground-water monitoring data in the area of an accidental spill of 1500
gallcns of transformer liquid containing 1,2,4-trichlorobenzene and other chlorinated
organics revealed that 1,2,4-trichlorobenzene migiated quickly from the spill area,
through the soil, and into the ground water. Ground water concentrations of 500
ug/L were observed after the spill and detectable levels remained up to two years
later (614).

2.2.1.3 Volatlization from Soils

Transport of 1,2,4-trichlorobenzene vapors through the air-filled pores of
unsaturated soils may occur in near-surface soils. However, a relatively small
percentage of 1,2,4-trichlorobenzene is expected to be present in the soil-air phase.
In general, important soil and environmental properties influencing the rate of
volatilization include soil porosity, temperature, convection currents and barometric
pressure change; important physicochemical properties include the Henry's law
constant, the vapor-soil sorption coefficient, and, to a lesser exten, the vapor phase
diffusion coefficitnt (31).

The Henry's law constant (H). which provides an indication of a chemical's
tendency to volatilize from solution, is expected to increase significantly with
increasing temperature Moderate increases in H have also been observed with
increasing salinity and the presence of other organic compounds (18). These results
suggest that the presence of other materials may significantly affect the volatilization
of 1,2,4-trichlorobenzene particularly from surface soils.

No information was available for the two other physicochemical properties
influencing 1,2,4.inctýJoir-t.enztne vol: ilization, i.e., the vapor-soil sorption coefficient
and the vapor phase diffusion coefficient.

/
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Volatilization of 1,2,4-trichlorobenzene from aqueous solutions has been reported
to occur at a relatively rApid rate (10). Ware and West (609) reported an
evaporation half-life of 45 minutes from 10 cm of water at standard temperature and
pressure. More than 99% of a 100 mg/L solution of l,2,4-trichlorobenzene was
reported to volatilize from aerated distilled water in less than four hours and from
unaerated distilled water in less than two days (600), corresponding to half-lives of 36
minutes from aerated water and 72 hours from unaerated wpter. The same auth3rs
demonstrated that the addition of mixed cultures of aerobic microorganisms inc-eased
the half-life of volatilization from aerated water to four or five hours; this effect is
probably due to adsorption of 1,2,4-trichlorobenzene onto suspended biological
material.

Wakeham et al. (527) examined the fate and persistence of 1,2,4-trichloro-
benzene in coastal seawater. Half-lives calculated for 1,2,4-trichlorobenzene in the
marine water column were 22 days in the spring, 11 days in summer, and 12 days in
wintei. Volatilization was identified as the major removal process. Actual
volati!zation rates will depend heavily on factors such as depth, turbulence and other
environmental conditions. Compared to volatilization from well-stirred aqueous
solutions, volatilization from surface soils has been shown to be slower by
approximately one order of magnitude for some chlorinated organics (82).

28.2.2 Transformation Processes in SoWround-water Systems

The persistence of 1,2,4-trichlorobenzene in soil/groundwater systems is not well
documented. In most cases, it should be assumed that 1,Z4-trichlorobenzene will
persist for months to years (or more). The portion of 1,2,4-trichlorobenzene that bhs
been released from the soil into the air will e.ventually undergo photochemical
oxidation; a half-life in air of several days (10) and an atmospheric residence time of
116 days (601) has been reported for 1,2,4-trichlorobenzene.

No information on the hydrolysis of 1,2,4-trichlorobenzene was available; under
normal environmental conditions, hydrolysis is not expected to be a significant
biodegradation pathway.

The 1.2,4-isomer of trichlorobenzene is not expected to be rapidly biodegraded in,
the environment. The more halogenated a compound is, the more resistant it
becomes to biodegradation. Therefore, I 2,4-trichlorobenzene is expected to be more
persistent than chlorobenzLne which is significantly degraded only by acclimated
microbial populations (10).

Trichlorobenzencs were only slowly degraded by soil microbes in culture (610)
and no degradation of 1,2.4-trichlorobenzene injected into ground watet was observed
(597). In addition, Wakeham et al. (527) report that biodegradation is not an
important fate process for 1.2,4-trichlorobenzene in seawater.
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Biodegradation of 1,2,4-trichlorobenzene by mcrobial populations in soil has
been reported (616) to occur at very slow rates (1 nmol/day per 20 g of soil).
Anaerobic conditions were shown to have a negative effect on biodegradation while
increased temperature exhibited a positive effect (optimum temperature - 28"C);
miacral fertilizers or cosubstrates failed to increase degradation rates. Biodegrading
populations were unaffected by 1Z4-trichlorobenzene toxicity in the range of I Mg/g
to 10 Pg/g.

In most soil/groundwater systems, the concentration of microorganisms capable of
biodegrading chemicals such as 1,2,4-trichlorobenzene 6 expected to be low and to
drop off sharply with increasing depth. Furthermore, optimum temperatures and
aerobic conditions for biodegradation are not expected to occur naturaily. Thus,
biodegradation in the deep soil/ground-water system should be assuimed to be of
minimal importance except, perhaps, near landfills with active microbiological
populations.

28.28 Primary Routes of Exposure From Sodr-ound-watcr Systems

The above discussion of fate pathways suggests that 1,2,4-trichlorobenzene is
highly volatile from aqueous solutions, moderately to strongly adsorbed by soil and
has a moderate potential for bioaccumulation. This compound may volatilize from
soil surfaces. The portion not removed by volatilization is likely to be mobile in
ground water. These fate characteristics suggest several potential exposure pathways.

Volatilization of 1.2.4-trichlorobenzene from a disposal site, particularly during
drilling or restoration activities, could result in inhalation exposures. There is a
potential for ground water contamination, particularly in sandy soil. Mitre (83)
reported that 1,2,4-trichloroberzene has been found at one of the 546 National
Priority List (NPL) sites in both surface and ground water. It has also been detected
in the National Organic Monitoring Survey (NOMS) (90). In this survey,
1,Z4-trichlorobenzene was detected in 2 out of 113 drinking water samp!es with a
mean concentration (of the positives) of 0.29 /g/L.

The fate discussion above, and the survey results indicate that this compound has
a limited potential for movement in soil/ground-water systems of higher organic
content. In some soils this compound may eventually reach surface waters, suggesting
several other exposure pathways:

0 Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposures;

• Aquatic organisms residing in these waters may be consumed, also resulting
in ingestion exposures through bioaccumulation;

& Recreational use of thrse waters may result in dermal exposures;



lA24-TRICHLOROBENZENE 28-15

0 Domestic iinimals may consume or be dermally exposed to contaminatcd
ground or surface waters; the consumption of meats and poultry could then
result in ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower than exposures from drinking contaminated ground water for
two reasons. lFiist, the Henry's law constant for 1,24-trichlorobenzene suggests that
it wil volatilize upon reaching surface waters Secondly, because
I,2,4-trichlorobenzcne is moderately to strongly adsorbed, the concentration reaching
surface waters will be attenuated through adsorption to sediments. Thus, the
availability of I,2,4-trichlorobenzene to aquatic organisms may be limited, although
they have a moderate potential to bioaccumulate this compound.

=24 Other Scoarcesi of Exposure

The volatility of 1,24-trichloiobenzene suggests that it may be found in air.
Brodzinsky and Singh (84) compiled all available atmosphcric: data for a number of
volatile organics. For trichlcrobenzene, they had data for 732 locations. They did
not specify whether the trichlorobenzene monitored was the 1,24-is'mcr.
Trichlorobenzene was not found in rural and remote locations. In urban and
suburban areas, the median concentration was 0.062 pg/rin' In sou.rce-dominated
locations, the median concentration was 0.66 Mg/i'. These results suggest possible
inhalation exposure, particularly to persons residing in scurce-dominated areas.

It was noted in Section 21.. that 1,2,4-trichlorobenzenc was infrequently
detected in drinking water. However, effluents contaminated with
l,,24-trichlorobenzene and discharged near drinking water intakes in surface water
could potentially result in ingestion exposures. There has been concern regarding the
inadvertent production of chlorobenzenes through chlorination of sources or effluents
containing benzene. The data that e~xist seem to indicate that chlorination is not a
significant inadvertent source (265).

28U HTUMAN HEALTH CONSIDERATIONS

2&3.1 Animal Studes

28.3.1.1 Carcinogenicity

No adequate studies are available on the possible carcinogenic effects assoiated
with 1A24-trichloroberizene e'rposure. A 6-month study of ICR-JCL mice fed
1,2,4-trichlorobenzene at a level of 600 mg/kg diet (-72 mg/kg bw/day: see Appendix
3 for conversion assumptions) reported no increased incidence of hepatomas (tumors
of the liver) (289).
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A two-year skin-painting study was conducted in Slc:ddY mice. Solutions of
1,2,4-trichlorobenzene in acetone (60% and 30%) were applied in 0.3 mL increments
twice per week. The local effects were thickening and keratinization of the epidermis
followed by inflammation. Mean survival was significantly reduced in' the 60%
treatment group (both sexes) and in females in the 30% group. Tumors developed in
both experimental groups at numerous sites but no single tumor type was significantly
increased over the control incidence. The actual incidence in terms of tumor-bearing
animals was not provided (translation of Japanese text) (22.90).

These two studies are clearly inadequate for drawing any conclusions about the
potential carcinogenicity of 1,24-trichlorobenzene in humans.

2A3.1.2 Genotadcity

Studies utilizing Salmonella tMphimurium reported negative results in as many as
seven strai:us with and without metabolic acivation at concentrations up to 3 mg/plate
(3626, 3276, 3508, 3406). This system is generally i;sensitive to chlorinated
compounds. 1,2,4-Trichlorobenzen.: was !r,.ive in an in vivo assay for clstogenicity
using 8-week old male NMRI mice. The mice were injected intrapuritoneally with
doses cf 105, 210, 315, or 420 mg of i,2,4-trichlorobenzene/kg body weight atO and
24 hrs and sacrificed at 30 hrs. The number of micronucleated cells in the bone
marrow of the treated males shows a positive, statstically significant (p<0.01), dose-
related response (3464).

2&3.1.3 Teratogenicity, Embryotoxicity and Reproductive Effects

Teratogenic effects were not observed following treatment of rats and mice %ith
1,2,4-trichlorobenzene and embryotoxic effects of this chemical were seen only at
concentrations which produced maternal toxicity.

The reproductive effects of 1,2,4-trichlorobenzene were asscssed in rats orally
administered doses of 0, 36, 120, 360 or 1200 mg/kg/day on days 9 through 13 of
gestation. Maternal deaths were observed in the 360 and 1200 mg/kg groups (22%
and 100%, respectively). Embryonic development was significantly retarded at 360
mg/kg/day (maternal body weight gain was significantly reduced in this group) but no
increases in teratogenicity or embryoU.thality were reported. Marked maternal liver
enzyme induction was observed at both the 120 mg/kg and 360 mg/kg treatment
levels. No observed effects were noted for the lowest dosage level (288). Also, no
evidence of teratogenic effect was noted in another study conducted with rats given
oral doses up to 300 mg/kg/day of 1,2,4-trichlorobenzene on days 6-15 cf pregnzny
(269).

Gray and Kav!ock (3251) observed no changes in viability, birth weight, or weight
gain in mice exposed orally to 130 mg/kg/day of 1.2,4-trichlorobenzene on days 8
through 12 of gestation. In another study, pregnant mice were exposed by gavage to
130 mg/kg/day of 1,2,4-trichlorobenzene on days 8 through 12 of pregnancy,.
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Locomotor activity levels in the offspring, measured in a figure eight maze on
postnatal ddys 22, 58, or 200, wc-e not significantly different from controls.

Robinson and coworkers (586) conducted a multigeneration study with rats
exposed to 1,2,4-trichlorobenzene in their drinking water at levels of 0, 25, 100 or 400
ppm. These exposure levels were calculated to amount to 3.7, 14.8 and 53.5 mg/kg,
respectively, for females at 83 days of age and 2.5, &9 and 33.0 mg/kg, respectively,
for male rats. No treatment-related effects with respect to fertility, viability or growth
were teen in any generation.

28.3.1.4 Other Tazicologic Effects

2.3.1.4.1 Short-term Toxicity

The toxic effects of trichlorobenzenes are reportedly not as severe as those of
the dichlorobenzenes (54). Acute oral LD, values of 756 mg/kg and 766 mg/kg have
been reported for rats and mice, respectively (51).

Reversible hepatic porphyria was induced in rats fed 730 mg/kg/da) for 15 days
(267) and rats exposed to vapor levels of 30-100 ppm 7 hours/day, 5 days/week for 30
days had elevated urinary levels of uroporphyrin and coproporphyrin. Both dogs and
rats exhibted increased liver weights at the 100 ppm level. the no advere effect
level in rats was 24 mg/m3. There were no significant effects on, body weight,
hematology or pathology in any of the animals at 3ny dose level (585).

283.1.4.2 Chronic Toxicity

Few long-term stvdies of 1.2.4-trichlorobenzene have been conducted. The
available data indicate slight changes in the liv'r, kidney and adrenal glands.

No adverse effects were noted in monkeys given oral doses of I to 25 mg/kg/day
for 120 days. Dosages of 90 mg/kg or above were toxic. At doses of 125 mg/kg,
there was temporary weight loss and evidence of hepatic enzyme induction but no
evidence of jaundice. Doses of 174 mg/kg were lethal within 20 to 30 days (287).

An orai study, described as "subchronic" in the IRIS database, was the basis for
the derivation of a chronic reference dose (RfD) by the USEPA (Carlson and Tardiff
13899]). Male CD rats (6/group) were given 1,2,4-trichlorobenzrne in corn oil at
doses of 0, 10, 20, or .40 mg/kg/day, and hematological parameters and induction of
various enzymes were evaluated. The lowest dose tested, 10 mg/kg, induced some of
the enzymes assayed, but did not affect liver-to-bdy weight ratio, blood hemoglobin
level or hematocrit. Enzyme induction was more pronounced at 20 mg/kg, but did
not affect odter parameters. The highest dose tested, 40 mg/kg, induced enzymes and
also increased liver-to body , ight ratio, effects which unlike those that occ,'rred at
lower doses, persisted throughout a 30-day "recovery period". The 20 mg/&g dose was
considered the NOAEL (no-observed-adverse-effect level).
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No exposure-related changes in body weight, hematology or serum biochemistry
were reported in rats, rabbits or monkeys exposed to 25, 50 or 100 ppm 7 hours per
day, 5 days a week for periods of 4, 13 and 26 weeks. In addition, no liver, kidney
or ophthalmic changes were observed in monkeys or rabbits. Liver and kidney effects
were noted in rats at 4 and 13 weeks but had disappeared by the 26th week (285).

Robinson et al. noted .Jienal gland enlargement at 95 days of age in both male
and female rats of two generations continuously exposed to 1,2,4-trichlorobenzene in
drinking water at a level of 400 ppm but Pot at 100 ppm (586).

Subchronic studies have assessed the dermal toxicity of Il2,4-trichlorobenzene.
Powers et al. (584) applied technical-grade 1,2,4-trichlorobenzene at concentrations of
5 or 25% (in petroleum ether) or undiluted trichlorobenzene topically in 0.2 mL
increments to the ears of rabbits, 3 times weekly for 13 weeks. No overt signs of
systtmic toxicity were noted. Dermal responses ranged from redness and scaling at
the 5% level to severe scaling, encrustation and desquamation at the two upper
levels. No signs of systemic toxicity were observed. These findings are in contrast to
those of Brown et al. (598) who reported that topical application of 0.5 mL'day of
1,2,4-trichlorobenzene 5 days/week for 3 weeks was lethal to some guinea pigs.
Death followed extensor convulsions. Livers of these anima's showed necrotic foci.
The different results in the studies may be attributed to different sites of application,
the volume applied, dosage frequency and species used.

Rao et al. (3932) observed slight systemic toxicity in rabbits following dermal
application of a mixture of technical grade trichlorobenzene (70% 1,2,4-
trichlorobeizene and 30% 1,2,3-trichlorobcnzene). Doses of 30, 150 or 450 mgkcg
trichlorobenzene were applied to the backs of the animals once each day, 5 days/week
for 22 (males) or 23 (females) applications over 30-31 days. In addition to dermal
irritation, systemic effects were observed that included a slight but statistically
significant increase in the urinary coproporphyrin excretion in males and slight pallor
of the liver at gross necropsy in both sexes.

283.2 Human and Epidemiologic Studies

In humans, eye and respiratory tract irritation have been reportýd follov•ing
exposure to 3 ppm (22 mg/mr) while a level of 2.4 ppm (17.8 mg/m3) produced no
effects (291). The only other additional data on hi..man exposure that could be found
are two individual case re"ports of aplastic anemia in a &3-year-old woman who often
soaked her husband's work-clothes in trichlorobcnzene (isomer unspecified) and
anenmia in a 60-year-old man who had been occupationally exposed to vmrious
chlorinated benenes over a 30-year period (597). The oral lethal dose has been
estimated to be between 50 and 500 mg/kg (-2.5-25 mL) for a 70-kg person (17).
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7 28.3.3 Levels of Concern

The levels of concern associated with human expo6ure to 1,,4-trichlorobenzene

cannot be reliably established at this time due to the general lack of health effects
data. The USEPA (355) has not set a water quality criterion for the protection of
human health from the toxic effects of I,2,4-trichlorobenzene ingested through water
and contaminated aquatic organisms due to the scant information available. However,
the USEPA has derived an oral RfD of 2E-02 mg/kg/day for 1,2,4-trichlorobenzene,
based on the study of Carlson and Tardiff (3899), as reported in the IRIS Database
(3949).

The ACGIH (3005) and OSHA (3539) recommend a 5 ppm (40 mg/m') ceiling
limit, based on the irritating properties of 1,2,4 trichlorobenz-ne.

283.4 Hazard Assessment

The hazard to human health associated with long-term, low-level exposure to
1,2,4-trichlorobenzene such as the ingestion of contaminated drinking water is
uncertain. Available human data for 1,2,4-trichlorobenzene are limited to reported
eye and respiratory tract irritation resulting from acute exposure to 22 mg/rn3 in air
(but not to a level of 17.8 mg/m-n) (291).

Animal data suggest few adverse effects are likely at low levels of exposure bui
the data are insufficient to estimate dose-response relationships for humans with any
reliability. No adverse effects were reported for monkeys orally administered 25
mg/kg/day of 1,2,4-trichiorobenzene for 120 days; dosages of 90 mg/kg/day and above
were toxic to the liver (287). Similar results were observed in rats, rabbits and dogs
inhaling 1,2,4-t-ichlorobenzene in concenti-tions up to 800 mg/n3 , 7 hours/day, 5
days/week for up to 26 weeks (285). Enlargement of the adrenal glands was
observed in both sexes of parent and offspring rats at 95 days of age subsequent to
exposure to 400 ppm 1,2,4-trichlorobenzene in their drinking water in a
multigenerational study (586). Dermal toxicity studies with 1,2,4-trichlorobenzene
suggest that skin absorption of the compound may occur with subsequent systemic
effects (598, 3932).

Carcinogenicity data are inadequate for drawing conclusions about the potential
carcinogenicity of 1,2,4-trichlorobenzene in humans. Limited genotoxic data are
negative in the Salmonella/ricrosome assay but positive in an in vivo micronucleus
test in mice (3464).

A multigenerational study conducted with rats indicated rV adverse reproductive
effects (586) resulting from ingesting 400 ppm 1,2,4-trichlorobenzene in drinking
water. Two studies indicated no teratogenic findings in rats ingesting 300 mgkg/day
(269) but reduced embryonic development at .-'0 mg/kg/day, a dose which was toxic
to maternal animals (288).
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2&4 SAMPLING AND ANALYSIS CONSIDERATIONS

Dctermination of 1,2,4-trichlorobenzene concentrations in soil and water requires
collection of a represcntaiive field sample and laboratory anwlyis. Care is required to
prevent losses during sample collection and storage. Soil and water samples should
be collected in glass containers; extraction of samples should be completed within 7
days of sampling and analysis completed within 40 days. In addition to the targeted
samples, quality control samples such as field blanks, duplicates, and spiked, matrices
may be specified in the recommended methods.

EPA-apprcved procedures for the analysis of 1,2,4-trichlorobenzene, one of the
EPA prior;tv pollutants, in aqueous samples include EPA methods 612, 625, 1625
(65), 8120 and 8250 (63). Prior to analysis, samples are extricted with methylene
chloride as a solvent using a separatory funnel or a continuous licuid-liquid extractor.
An aliquot of the concentrated sample extracted is injc,;ted onto a gas
chromatographic (GC) column using a solvent flush tcchnique (Methods 625 and
1625) or the extract is solvent exchanged -o hexane prior to analysis (Methods 612,
8120, and 8250). The GC column is programmned to separate the semi-volatile
organics; 1,2,4-trichlorobenzene is then detected with an electron capture detector
(Methods 612 and 8020) or a mass spectrometer (Methods 625, 1625, and 8250).

The EPA procedur& recommended for 1,2,4-trichlorobenzene analysis in soil and
waste samples, Methods 8120 and 8250 (63), differ from the aqueous procedures
primarily in the preparation of the sample extract. Solid samples are extracted using
either soxhlet extraction or sonication methods. Neat and diluted organic liquids may
be analyzed by direct injection.

Typical 1,2,4-trichlorobenzene detection limits that can be obtained in
wastewaters and non-aqueous samples (wastes. soils, etc.) are shown below. The
actual detection limit achieved in a given analysis will vary with instrument sensitivity
and matrix effects.

Aqueous Detection Limit Non-Aqueous Detection Limit

0.05 ug/L (Method 612) 0.03 pg/g (Method 8120)
.1.9 Ag/L (Method 625) 1.3 Mtg/g (Method 8250)
10 gg/L (Method 1625)
0.5 pg/L (Method 8120)
19 ,g/L (Method 8250)
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COAM4 ON CAS REG.NO. FORMULA AIR WY CONVERSION
SYNONYMS: 8466&2 C,,H 1404 FACTOR at 25 "C (12)

1,2-Beazendjcarb- NIOSH NO:
oqk O diethyl TI1050000 9.07 mg/nm ' 1 ppm;
ester 0.11 ppm s 1 mg/mnDEP STRUL-TURE:
Dieý phthalte
Diet.hylo-otat, ? MOLECULAR WEIGHT:

EyM Othalate C-0-cm,-CH. 222.24
Plthalc acid

diethylcater I--).-H

Reactions of esters such as diethyl phthalate with strong
acids, strong alkali, strong oxidizers, strong reducing agents,
or explosive materials typically rsult in the generation of

REA1Y heat and occasional fires and/or explosions (38,511,505).
Reactions with hydrazines, alkali or alkaline earth metals,
or nitrides generally produce heat and flammable or
otherwise potentially hazardous gases (511).

* Physical State: Liquid (at 20"C) (23)
* Color: Colorless (2)
* Odor: Odorless (23)
* Odor Threshold: None
0 Density- 1.1175 g/rL (at 200C) (12)
• Freeze/Melt Point: -40.50*C (23)
0 Boiling Point: 298.00*C (23)

PHYSICO- 0 Flash Point: 162.700C open cup (23)
CHEMICAL 0 Flammable Limits: 0.70 to ? % by

DATA volume (60,504)
0 Autoignition Temp.: 457.0'C (60,504)
* Vapor Pressure: 3.50E-03 mm Hg

(at 25-C) (33)
0 Satd. Conc. in Air: 4.3000E+01

mg/mi (at 20-C) (1219)
0 Solubility in Water: 1.04E+03

mg/L (at 25°C) (656)
0 Viscosity: 31.300 cp (at 00C) (23)
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0 Surface Tension: 3.75E+01 dyne/cm
(at 20rC) (23)

O Log (Octanol-Water Partition
PHYSICO- Coeff.): 2.47 (29)

CIEMICAL * Soil Adsorp. CoefE: 1.42E+02 (652)
DATA 0 Henry's Law Const.: 9.80E-07
(Cont.) atm. m'/mol (at 25°C) (1219)

* Bioconc. Factor: 1.40E+Oi (estim),
1.17E+02 (bluegills) (659,399)

PERSISTENCE Fairly mobile in wet or saturated soils as chemical is
IN THE SOIL- easily transported in solution. Fairly immobile in dry

WATER soils; vapor-phase transport thr3ugh air-filled pores of
SYSTEM soil is probably not significant. Chemical is resistant to

hydrolysis and photolysis but is readily biodegraded.

The primary pathway of concern from a soil-water
system iL the migration of diethyl phthalate to

PATHWAYS groundwater drinking water supplies, although it has not
OF been detected in ground water from NPL sites.

EXPOSURE inhalatioa resulting from volatilization from surface soils
is not likely to be importa It.

Signs ard Symptoms of Short-term Human Exposure:
(54)
Diethyl phthalate appears to have a low order of acute
toxicity. Heated vapors may irritate the nose and throat..

Acute Toxicity Studies:
HEALTH
HAZARD INHLALATION:

DATA LC, 7510 mg/m' Rat (47)

ORAL
LD,. 8600 mg/kg Rat (47)
LD, 6172 mg/kg Mouse (3504)

SKIN:
LD,. 3000 mg/kg Guinea Pig 1403)
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Long-Term Effects: No sigticant tcoicity
Pregnancy/Neonatc Data: Negative in mice; suggestive
evidence in rats

HEALTH Genotoxicity Data: Primarily negative
HAZARD Carcinogenicity Classificavion:
DATAARC - No data

NTP - Study in progres;
EPA - Group D (not classifiable as to human

carcinogenicity)

Handle chemical only with adequate ventilation
0 There are no formal guidelines available for this
chemical with respect to respirator use. Use a

HANDLING self-contained breathing apparatus with a full facepiece
PRECAUTIONS (or the equivalent) where there is any doubt as to the

(54,59) efficacy of a NIOSH approved respirator or cartridge-
type respirators 0 Chemical goggles if there is prob-
ability of eye contact with liquid 0 There may also be
need for skin protection.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standards
* OSHA TWA (8-hr): 5 mg/m'
9 AFOSH PEL (8-hr TWA): 5 mg/m'; STEL (15 mn): 15 mg/rnm

Criteria
* NIOSH IDLH (30-min): None established
• NIOSH REL: None established
* ACGIH TLV® (8-hr TWA): 5 mg/m'
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRrTERIA (Cont.)

WATER EXPOSURE LIMITS:

Drinldna Water Standards (3742)
MCLG: 0 (tentative)

EPA Health Advisories and Cancer Risk Level
None established

WHO Drinking Water Guideline
No information available.

EPA Ambient Water Quality Criteria
0 Human Health (355)

- Based on ingestion of contaminated water and aquatic organisms, 350
mg/L phthalate esters.

. Based on ingestion of contaminated aquatic organisms only, 1.8 g/L

phthalate esters.

- Based on ingestion of contaminated water only, 434 mg/L.

• Aquatic Life (355)
- Freshwater species

acute toxicity:
no criterion, but lowest effect level occurs at 940 jig/L phthalate esters.

chronic toxicity,
no cricrion, but lowest effect level occurs at 3 j.g/L phthalate esters.

- Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 2944 14g/L phthalate
esters.

chronic toxicity:
no criterion established due to insufficient data.

REFERENCE DOSFS:
ORAL: 8.OOOE+02 aig/kg/day (3744)

: , m i ~~ ~~IP!aii [I
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REGULATORY STATUS (as of 01-MAR-89)

P..,mulgated Reulations
0 Federal Programs

Clean Water Act (CWA)
Diethyl phthalate is listed as a toxic pollutant, subject to general
pretreatment regulations for new and existing sources, and effluent
standards and guidelines (351, 3763). Effluent limitations specific to
this chemical have been set in the following point source categories:
electroplating (3767), organic chemicals, plastics, and synthetic fibers
(3777), steam electric power generating (3802), metal finishing (3768),
and metal molding and casting (892). Limitations vary depending on
the type of plant and industry.

Safe Drinking Water Act (SDWA)
Phthalates are on the list of 83 contaminants required to be regulated
under the SDWA of 1974 as amended in 1986 (3781). In states with
an approved Underground Injection Control program, a permit is
required for the injection of diethyl phthalate-containing wastes
designated as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRA)
Diethyl phthalate is identified as a toxic hazardous waste (U088) and
listed as a hazardous waste constituent (3783, 3784). Wastestreams
from the production of phthalLic anhydride from naphthalene are listed
as specific sources of phthallic acid-containing toxic hazardous waste
(3774, 3765). Diethyl phthalate is subject to land disposal restrictions
when its concentration as a hazardous constituent of certain
wastewaters exceeds designated levlIs (3785). Effective August 8,
1988, the land disposal of certain "first third" untreated diethyl
phthalate-containing hazardous wastes is prohibited. These wastes must
first be treated according to the Best Demonstrated Available
Technology (BDAT) treatment standards promulgated by EPA (3786).
Diethyl phthalate is included on EPA's grot'ndwater monitoring list.
EPA requires that all hazardous waste treatment, storage, and disposal
facilities monitor their groundwatcr for chemicals on this list when
suspected contamination is first detected and annually thereafter
(3775).

Tooic Substances Control Act (TSCA)
Manufacturers, processors or distributors of diethyl phthalate must
report production, usage and disposal information to EPA. They. as
well as others who possess health and safety studies on diethyl
phthalate, must submit them to EPA (334, 3789).
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Comprehensive Environmental Response, ComRvnsation, and Liabi!ity
A& (CERCLA)
Diethyl phthalate is designated a hazardous substance under CERCLA.
It has a reportab;e quantity (RQ) limit of 454 kg. Reportable
quantities have also been issued for RCRA hazardous waste streams
containing phthalic acid, but these depend upon the concentration of
the chemical in the wastestrearn (3766). Under SARA Title III
Section 313, manufacturers, processors, importers. and users of diethyl
phthalate must report annually to EPA and statc officials their releases
of this chemical to the environment (3787).

Federal Insecticide, Furzicide and Rodenticide Act (FIFRA)
Diethyl phthalate is exempt from a tolerance requirement when used
as a solvent in pesticide formulations applied to animals (315).

Marine Prctection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to diethyl phthalate in any 8-hour work day shall
not exceed an 8-hour time-weighted average (TWA) of 5 mg/m3 (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated diethyl phthalate as
a hazardous substance, with a reportable quantity of 454 kg, subject to
requirements for packaging, labeling and transportation (3180).

Food. Drug and Cosmetic Act (FDCA)
Diethyl phthalate is approved for use as an indirect food additive as a
component of adhesives (3209).

0 State Water Programs
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulationr, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria.
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Kansas iias an action level of 350 mg/L for groundwater (3213).

NEW YORK
New York has an MCL of 50 Ag/L for drinking water, and a
nonenforceable water quality guideline of 50 jug/L for surface and
groundwaters (3501).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 2605 ug/L
and a chronic guideline of 58 Mg/L for the protection of aquatiL life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

SOUTH DAKOTA
South Dakota requires phthalates to be nondetectable, using designated
test methods, in groundwater (3671).

WISCONS
Wisconsin has set a human threshold criterion of 170 mg/L for public
water supply cold surface waters, and 270 m&/L for warm sport fishing
waters (3842).

Protosed Regulations
0 Federal Programs

Safe Drinking Water Act (SDWA)
EFA will propose MCLs, MCLGs, and monitoring requirements for
Z hthalates in March, 1990, with final promulgation scheduled for

arch 1991 (3751).

Resource Conservation and Rgecovry Act (RCRA)
LPA has proposed.that effective June 8, 1989, the land disposal of
certain "second third" untreated diethyl phthalate-containing hazardous
wastes be prohibited. These wastes would have to be treated
according to Best Demonstrated Available Technology (BDAT)
treatment standards before being disposed. Cnrtain variances would
exist until May, 1990 for some wastewaters for which BDAT treatment
standards had not been promulgated by EPA (3795).

* State Water Programs
MOST STAQ
Most states are in the process of revising their water programs and
proposing changes to their regulations which will follow EPA's changes
when they become final., Contact with the state officer is advised.
Changes are projected for 1989.90 (3683).

MINNSOA
Minnesota has proposed a Sensitive Acute Uimit (SAL) of 13,025 ug/L,
and a chronic criterion of 290 Mg/L for surface waters for the
protection of human health (3452).

',-A
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EEC Directives
Dirjcbtiv on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment, sub-
stances which possess carcinogenic, mutagenic or teratogenic properties
in or via the aquatic environment, and mineral oils and hydrocarbons is
prohibited. Appropriate measures deemed necessary to prevent in-
direct discharge into ground-water (Le., via percolation through ground
or subsoil) of these substances shall be taken by member countries.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds, excluding inert
polymeric materials and other substances referred to in this list or
covered by other Directives concerning the disposal of toxic and
dangerous waste; chlorinated solvents; organic solvents; biocides and
phyto-pharmaceutical substances; ethers and aromatic polycyclic com-
pounds (with carcinogenic effects) shall keep a record of the quantity,
nature, physical and chemical characteristics and origin of such waste,
and of the methods and sites used for disposing of such waste.

EEC Directive - Proposed
Resolution on a Revised List of Second Category Pollutants (545)
Diethyl phtlate is one of the second-category pollutants to be studied
by the Commission in the programme of action of the European Com-
munities on Environment in order to reduce pollution and nuisances in
the air and water. Risk to human health and the environment, limits
of pollutant levels in the environment, and determination of quality
standards to be applied will be assessed.

= T- 7-
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29.1 MAJOR USES

Dietbyl phthalate (DEP) was originally used as a replacement for camphor in the
manufacture of cellulose nitrate. Its major use is as a plasticizer for cellulosic
plastics. This accounts for 95% of DEP prodliced. Miscellaneous uses include: a
fixative for perfumes; a solvent for cellulose acetate in varnishes; and use as an
alcohol denaturant (403).

29.2 ENVIRONMENTAL FATE AND EXPOUR PATHWAYS

29.2.1 TraMnort in SoilAGround-water Systems

2921.1 Overview

Diethyl phthalate may move through the soil/ground-water system when present
at low concentrations (dissolved in water and sorbed on soil) or as a separate organic
phase (resulting from a spill of significant quantities of the chemical). In general,
transport pathways can be assessed with the use of an equilibrium partitioning model
as shown in Table 29-1. These calculations predict the partitioning of low soil
concentrations of diethyl phthalate among soil particles, soil water and soil air. The
portions of diethyl phthalate associated with the water and air phases of the soil are
more mobile than the adsorbed portion.

The estimates for the unsaturated, topsoil model indicate that most of the
chemical (96%) will be sorbed on the soil; a small amount (3.5%) of the chemical
will be present in the soil-water phase and can thus migrate by bulk transport (e.g.,
the, downward movement of infiltrating water), dispersion and diffusion. For the
small portion of diethyl phthalate in the gaseous phase of the soil (0.0004%),
diffusion through the soil-air pores up to the ground surface, and subsequent removal
by wind is possible.

In saturated, deep soils (containing no soil air and neglig;ble soil organic carbon),
a much higher fraction of the diethyl phthalate (63%) is likely to be present in the
soil-water phase (Table 29-1),and transported with flowing ground water. Grcund
water underlying DEP-contaminated soils with low organic content is thus vulnerable
to pollution by the chemical.

There are no data from laboratory or field studies that focus on the fate of
diethyl phthalate in soil-water systems. However, Lewis et al. (703) studied the
transport and fate of DEP in simulated (laboratory) aquatic ecosystems and much of
their work, which focused on elucidation of key environmental processes, is pertinent
to soil-water systems. Their results showed that sorption, photolysis and chemical
hydrolysis were insignificant processes in the fate of DEP in water, sediments and
microbiota; the fate was almost solely determined by bacterial transformation.
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TABLE 29-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR DIETHYL

PHTHALATE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoil
at 250C` 96.5 3.5 0.0004

Saturated
deep soild' 37.4 62.6

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated top-soil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: K,, -z 142 (Estimated by Aithur D.
little, Inc.)

c) Henry's law constant taken 9.8E-07 atmn m3/mol at 25'C (Estimated by Arthur D.
Little, Inc.)

d) Used sorption coefficient calculated as a function of K. assuming 0.1% organic
carbon. Y,,= 0.001 x K,,.

Additional information on DEP is also available in the thorough review of phthalic

acid esters by Giam et al. (768).

2921.2 Sorption on Soils

The mobility of diethyl phthalate in the soil/ground-water system (and its
eventual migration into aquifers) is strongly affected by the extent of its sorption on
soil particles. In general, sorption on soils is expected to:

- increase with increasing soil organic matter content;
- increase slightly with decreasing temperatures;
- increase moderately with increasing salinity of the soil water; and
. decrease moderately with increasirg dissolved organic

matter content of the soil water.

Based upon its octanol-water partition coefficient of 295, the soil sorption
coefficient (KY,.) is estimated to be 142. This is a relatively low number indicative of
weak sorption to soils. The laboratory aquatic ecosystem studies of Lewis et al. (703)
also demonstrate the weak sorption behavior of DEP. They found no loss of DEP
resulting from sorption in flasks containing up to several grams of biomass
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(autoclaved aquatic microbial growth), no sorption of DEP on 36 sediment samples,
and less than 1% of DEP loss due to sorption on the channel surfaces (of the
laboratory test apparatus).

According to reports by Autian (765), Ogner and Schnitzer (766) and Matsuda
and Schnitzer (767), phthalate esters readily complex with natural organic substances
(e.g., fulvic acid) to form complexes which are very soluble in water. Thus, sorption
to soils may be significantly weaker than might be expected based upon the informa-
tion given above.

29a.13 Volatiliation from ScAs

Transport of D7P vapors through the air-filled pores of unsaturated soils is not
expected to be an important transport mechanism except for near-surface dry soils.
The extremely low value of Henry's law constant for DEP (9.8E-07 atm. m'/mol at
25*C) implies that, when water -is present, nearly all the DEP will be in the water or
soil compartments (see Table 29-1).

29.2.2 Trasformati Processes in Soiround-wate Systems

The persistence of diethyl phthalate in soil/ground-water systems is not well
documented. In most cases, it should be assumed that DEP will persist for months to
years (or more). DEP that has been released into the air, or that enters surface
waters with significant ;unlight exposure, is not expected to be degraded by direct
photolysis. Resistance to photolytic degradation was demonstrated in the laboratory
model ecosystem tests of Lewis et al. (703) which used fluorescent lighting. Resis-
tance to direct photolysis would also be expected based upon DEP's ultraviolet
absorption spectrum which shows no absorbance above 300 nm (657).

DEP under normal environmental conditions is not expected to undergo rapid
hydrolysis. This general conclusion was reached by Lewis et al. (703) based upon
their laboratory model ecosystem tests which used fresh water at 200C. a DEP
concertration of 191 ug/L4 and a pH of 10. Loss of DEP from water as a result of
chemical hydrolysis was barely measurable within the 12-hr retention period (in the
model reactor), amoun~ing to approximately 10 ug/L of the 191 Mg/L concentration.

Wolfe et al. (705) measured the second-order, alkaline, hydrolysis rate constant
(kOH) for several phthalates, including DEP, at 30°C. Phthalate concentrations were
always less than E-05 M. The reported kOH value for DEP was
(2.5+0.2)E-02/Mlsec. A first-order hydrolysis rate constant (k) can be calculated from
this, at any pH, from the following equation:

k(sec") - 15E-02 [OH]

where [Oh] is the molar concentration of the OHf ion. At pH = 7, [OH] = IE-07
and k = 2 5E-09/sec. Under these conditions (e.g., 30"C, pH = 7) the hydrolysis
half-life is 8.8 years. A 20"C drop in temperature (to a more typical ground-water
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te-mperature of 10C) would increase the hydrolysis half-life by about a factor of
5, ie., to 44 years.

DEP has been shown to be fairly easily biodegradable in several studies. Rapid
degradation was seen in laboratory aquatic ecosystem tests reported by Lewis et al.
(703, 764); however, DEP was transformed in only two out of ten tests using
feld-collected microbiota (763). Rapid (primary) biodegradation has also been shown
in activated sludge tests (55, 704, 763), in acclimated shake-flask CO, evolution tests
(678), and in river die-aw3y tests (763). A number of bacterial xtrains have been
shown capable of having their growth supported by DEP cultures. In the activated
sludge, shake-flask type of tests, 90-100% degradation was usually obtained within 1
to 28 days. First- and/or second-order biodegradation rate constants are given by
several of these studies (678, 703, 704, 764). The applicability of these laboratory-
derived rate constants to real environments would involve significant uncertainty.
Additional information on the biodegradability of phthalic acid esters is given by
Giam et al. (768).

There are no data available on the possibility of anaerobic biodegradation. In
most soil/ground-water systems, the concentration of microorganisms capable of
biodegrading chemicals such as DEP is very low and drops off sharply with increasing
depth. Thus, biodegradation in the soil/ground-water system should be assumed to be
of minimal importance except, perhaps, in near-sLrface soils and in landfills with
active microbiological populations.

29.2.3 Primary Routes of Exp-aure from SoSiroud-water System

The above discussion of fate pathways suggests that diethyl phthalate has a very
low volatility, is moderately adsorbed to soil and has a low potential for bioaccumula-
tion. Therefore, the vo!atilization of this compound from surface soils is not likely to
be a primary route of exposure. Its moderate adsorption to soil suggests that it may
be somewhat mobile in ground water, particularly in sandy soils.

Mitre (83) reported that diethyl phthalate has been found at only one of the 546
National Priority List (NPL) sites in surface water. It was not detected in ground
water at any of the sites. The fact that DEP has not been found at these sites may
be attributed to its low production volume and its limited mobility in soil/ground-
water systems. In addition, this compound is not as commonly analyzed for as are
volatiles.

Even though this compound has a limited potential for movement in soil/ground-
water systems, it may reach surface waters via ground water under certain conditions.
Releases of this nature to surface water suggest several other exposure pathways:

0 Surface waters may be used as drinking water supplies, resulting in direct
ingestion expos-res;

-- .. t. . <¼
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0 Aquatic organisms residing in these waters may be consumed, also
resulting in ingestion exposures;

0 Recreational use of these waters may result in dermal exposures;

0 Domestic animals may consume or be dermally exposed to contaminated
ground or surface waters; the consumption of meats and poultry could
then result in ingestion exposures.

Of these, the ingestion of surface water probably represents the most significant
exposure pathway. DEP reaching surface water will not be readily volatilized or
absorbed, and hence may be persistent in the water column relative to other com-
pounds. The indirect ingestion pathways (aquatic organisms and domestic animals)
are not likely to be important due to the low biocoucentration factor for DEP.,

29.2.4 Other Sowc of Exposre

There are little data regarding other sources of exposure to DEP. It was
detected in six out of ten city water supplies tested at levels of 0.01 to I usg/L (691).
In addition, it is used in the formulation of some products that consumers may come
in contact with; dermal or inhalation exposures may result from these uses.

29-3 HUMAN HEALTH CONSIDERATIONS

29.3.1 Animal Studies

293.1.1 Carcinogenicty

There are no carcinogenicity data available for DEP; it is presently being tested
by the National Toxicology Program.

29-3.12 Gcnotticity

Diethyl phthalate (DEP) has given negative results in almost all short-term tests
in which it has been studied. It was negaive in the Salmopella/microsome test (3070,
3861) with or without metabolic activation. There are two reports in which strains
TA98 and/or TAIO0 are positive without metabolic activation but negative with
actiuation (400, 3009, and one report that claims that strain TA100 is positive with or
without activation for 8-azaguanine resistance (3633)). DEP was reported negative in
the Bacilus subtilis rec: assay (3612) and it did not induce chromosomal aberrations in
Chinese hamster lung cells treated in cultur: (3330), nor did it induce chromosomal
aberrations or chromatid gaps in human leukocytes treated in vir for 8 hrs (3729).
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293.1.3 Teratogenicity, Embryotoxidty and Reproductive Effects

Diethyl phthalate has been observed to be non-teratogenic in mice in teratogenic
and reproductive studies utilizing several routes of administration of the chemical.
Lamb et al. (3387) exposed both male and female mice to 0.25%, 1.25%, or 2.5% of
DEP in their diet for 7 days prior to and during a 98 day cohabitation period. No
reduction was observed, at any dose level, on the number of litters produced, number
of pups per litter, birth weights, or survival of pups. However, when the F, offspring
of the 2.5% group were mated, litter size was reduced significantly (9.95 vs 11.53 in
controls). CD-1 mice exposed by gavage to 4,500 mg/kg/day of DEP on gestational
days 6-13 displayed no changes in number of viable litters, litter size, percentage
survival, or birth weight. In this study by Hardin et al. (3271), a nonsignificant
increase in maternal mortality btut not in average maternal weight change was
observed.

Tanaka et al. (3699) exposed mice percutaneously on gestational days 0-17 to 50,
1650, or 5600 mg/kg/day of DEP. No external, visceral, or skeletal anomalies in the
fetuses were attributable to DEP exposure when they were examined on gestational
day I& However, fetal body weight was reduced and a higher incidence of cervical
and lumbar nrbs was observed at the high dose. Maternal toxicity was indicated by
reduced thymus and spleen weight at all doses and at the high dose by increased
adrenal weights. These studies indicate that in mice DEP isnot teratogenic, but can
be embryotox.;. at doses resulting in maiernal toxicity.

Skeletal abnormalities were observed in 30 to 50% of rat fetuses from dams
injected intraperitoneally with 0.5-1.7 mL/kg DEP on days 5, 10 and 15 of gestation.
Incomplete or missing skull bones were the most prominent skeletal abnormality. No
fetal deaths were seen (401).

No changes were noted in the testicular tissue of young male rats given 1600

mg/kg/day by ga 'age for 4 days (402).

29.3.1.4 Other Toxicologic FfSects

29.3.1.4.1 Short-term Toxicity

The acute toxicity for laboratory animals by most routes is relatively !kw (2).

A total of 650 mg/kg in a 3% acmtia solution was administered intravenously to
rabbits without significant effect. Each 50 mg/kg dose produced a transient decrease
in blood pressure (292). Intradermal injection of 0.2 mL of a 100 mq/mL emulsion of
DEP in 3% acacia into rabbits produced a marked inflammatory response (292).
However, undiluted DEP applied to rabbits' eyes produced no obvious irritation
(404).
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293.14.2 Chronic Tozicizy

The no-effect levels determined from long-term feeding studies of 6 or more
weeks duration were 2.5 g,/kday for the rat and 1.25/kg/day for the dog with no
specific lesion attributable to DEP and no unusual incidence of :umors (2). In
addition, mice showed no signs of toxicity during a six-week study consisting of daily
intriperitoneal injections with 125 mg/kg DEP. Autopsy revealed some degree of
peritoiitis in all animals (292). Brown and coworkers (769) administered DEP to
male and female rats in the diet at concentrations of 0.2, 1 or 5% for 16 weeks.
These dietary concentrations correspond to approximately 150, 770 and 3160
mg/kgday in males and 150, 750 and 3710 mg/kg/day in females. Several organs were
en!arged at study termination but pathological changes were observed only in the liver
(fatty degeneration) and kidney (occasional pyelonephritis and lymphocytic infiltration)
and were not dose-related.

In a 2-year feeding study Food Research Laboratories, Inc. (3221) administered
0, 0.5, 2.5, or 5.0% DEP to groups (15/sex) of albino rats. Growth of animaLs in the
5% group was retarded throughout the study, with no depression of food intake. No
other treatment-related effects were noted.

29.3.2 Human and Epidemioiogic Studies

29.32.1 Short-term Toxicologic Effects

The lowest published toxic concentration for humans is 110 pym (1000 mg/m')
(47). No other short-term human inhalation or ingestion data are available.

Diethyl phthalate does not act as a prunary irritant when applied to the skin nor
has it induced allergic rea'-tions in humans who have contact with it. Heated vapors
may produce transient irritation of the nose and throat (399).

29.32.2 Chronic Toxicologic Effects

There is little information available on chronic human exposure. In one study,
symptoms of hepatitis were observed in 3 individuals who underwent up to 33
hemodialysis treatments with PVC dialysis tubing. DEP was found to be present in
the aqueous perfusates from the tubing at a level of 10-50 mg/L. The symptoms
disappeared shortly after the tubing was changed (405).

29.3.3 Level of Concern

An Oral Reference Dose of 800 ug/kg/day has been proposed by the USEPA
(3744). The USEPA (355) has established an ambient water quality criterion of 350
mg/L for the protection of human health from the toxic properties of DEP ingested
through water and contaminated aquatic organisms. The criterion is based on the

i ,'
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assumption that a 70-kg adult ingezts two liters of drinking water and 6.5 g of
contaminated fish daily.

The OSHA 8-hr TWA for DEP is 5 mg/m' (3539). The ACGIH (3005) has
adopted a threshold limit value of 5 mg/rn' (8-hr TWA) for DEP based on its
essential nontoxicity.

29.3.4 Hazard .Aucmmezt

The acute toxicity of DEP by most routes of administration is very low and it
seems to be devoid of major toxic effects with long-term exposure. The no-effect
levels from subchronic feeding studies were 2.5 g/ii,/day for the rat and 1.25 g/kg/day
for the tog (2). Human data are few but suggest no adverse effets associated with
DEP exposure. Short-term tests for genotoxicity have proved to be negative.
Teratogerki' effects were reported following intraperitoneal administration of DEP to
rats. There are no data available regarding possible carcinogenic activity of DEP, but
a study is presently being conducted by the National Toxicology Program.

Based on the inadequacy of Available data on potential carcinogenic, mutagenic,
short-term and chronic toxic effects associated with exposure to DEP, no reliable
assessment of hazard can be established for humans exposed to DEP.

29.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of dicethyl phthalate concentrations in soil and water requires
collection of a representative field sample and laboratory analysis. Care is required to
prevent losses during sample collection and storage. Soil and water samples should
be collected in glass containers; extraction of samples should be completed within 7
days of samp!ing and analysis completed within 4C days. In addition to the trapped
targeted samples, quality control samples such as field blanks, duplicates and spiked
matrices may be specified in the recommended methcds. Since phthalate esters are
commonly found in many materials in the laboratory, method blanks must also be
analyzed to demonstrate that the sample or extract has not been contaminated.

EPA.approved procedures for the analysis of diethyl phthalate, one of the EPA
priority pollutants, in aqueous samples include EPA Methods 606, 62.5 and 1625 (65),
8060 and 8250 (63). Prior to analysis, samples are extracted with methylene chloride
as a solvent using a separatory funnel or a continuous liquid-liquid cxtractor. An
aliquot of the concentrated sample extract is injected onto a gas chromatographic
(GC) column using a solvent flush technique. The GC column is programmed to
separate the semi-volatile organics; diethyl phthalate is then detecLed with a flame
ionization detector (Method 8060), a mass spectrometer (Method, 625, 1625, and
8250) or qn electron capture detector (Method 606 and 8060).

The EPA procedures recommended for diethyl phthalate analysis in soil and
waste samples, Methods 8060 and 8250 (63), differ from the aqueous procedures

6=mw 111
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either soxhlet extraction or sonication methods. Neat and diluted organic liquids may
be analyzed by direct injection.

Typical diethyl phthalate detection limits that can be obtained in wastewaters and
non-aqueous samples (wastes, soils, etc.) are shown below. The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrix effects.

Agueous Detection Limit Non-Agueous ilLtection limit

0.49 Ag/L (Method 606) 1 /.g/g (Method 8060)
1.9 A&g/L (Method 625) 1 pg/g (Method 8250)
10/ug/L (Method 1625) 21 14g/g (Method 8060/FID)
0.31 Ag/mL (Method 8060/FID) 0.3 Ag/g (Method 8060/ECD)
4.9 •g/L (Method 8060/ECD) 1.3 ug/g (Meth-x 8250)
19 ;g/L (Method 8250)
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COMMON CAS REG.NO.: FORMULA. AIR W/V CONVERSION
SYNONYMS: 84-74-2 C1X,-04  FACTOR at 250C (12)

1,2-Benzenedi. NIOSH NO:
carboxylic acid, T10875000 11.36 mg/m3 z I ppm;
dibutyl ester 0.088 ppm Z I Mg/m

Butl pIthalate STRUCTURE0
D-B MOLECULAR WEIGHT:
Di-n-butyl phthalate 0 283Dibutyl 1,2. 278.35

benzene-

dicarboxylate •-O-CH.-CH:-CH:-CH,Pbthalc acid, K%, C-O-CH.-CH,.CH.-CH,
dibu tyl ever ` I - - "

Reactions of esters such as di-n-butyl phthalate Aith strong
acids, strong alkalies, strong oxidizers, strong reducing
agents, or explosive materials typically result in the genera-

REACTIVITY tion of heat and occasional fires and/or explosions (38,511,
505). Reactions with hydrazines, alkali or alkaline earth
metals, or nitrides generally produce heat and flammable or
otherwise potentially hazardous gases (511).

* Physical State: Liquid '(at 200C) (23)
* Color: Colorless (23)
* Odor: Odorles (23)
0 Odor Threshold: Not pertinent
* Density: 1.0480 g/mL (at 20*C) (23)
* Freeze/Melt Point: .35.00"C (23)
0 Boiling Point: 340.00'C (14)
* Flash Point: 157.200C closed cup (12)

PHYSICO- 0 Flammable Limits: 0.50 to 2.50%
CHEMICAL by volume; (calc) (60,504)

DATA * Autoignition Temp.: 403.0"C (51,60,504)
0 Vapor Pressure: 1.60E-04

mm Hg (at 25°C) (33)
* Satd. Conc. in Air: 2.5000E+00

mg/m' (at 20"C) (1219)
* Solubility in Water: 4.50E+03 mg/L

(ait 20*C) (38)
0 Viscosity: 20.300 cp (at 20*C) (23)

l '9
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0 Surface Tension: 3.4000E+01
dyne/cm (at 200C) (59)

o Log (Octanol-Water Partition
PHYSICO- Coeff.): 4.57 (29)

CHEMICAL * Soil Adsorp. Coeff.: 1.79E+04 (652)
DATA 0 Henry's Law Const.: 4.50E-06
(Cont.) atm. m'/mol (at 25°C) (1219)

0 Bioconc. Factor: 8.90E+01 (estim),
1.80E+03 (estim) (399,659)

Somewhat mobile in wet or saturated soils as chemical is
PERSISTENCE easily transported in solution at low concentrations.
IN THE SOIL- Fairly immobile in dry soils; vapor-phase transport

WATER through air-filled pores of soil is probably not significant.
SYSTEM Chemical is resistant to hydrolysis and direct photolysis,

but is fairly easily biodegraded.

The primary pathway of concern from a soil-water
system is the migration of di-n-butyl phthalate to

PATHWAYS groundwater drinking water supplies, although this
OF compound is strongly sorbed to soil and such migration

EXPOSURE has not been observed in the past. Inhalation resulting
from volatilization from surface soils is not expected to
be important.

Signs and Symptoms of Short-term Human Exposure:
(38)
Ingestion of di-n-butyl phthalate may cause nausea, dizzi-
ness, light sensitivity and watering and redness of the
eyes. Heated vapors may irritate the eyes, nose and
throat.

HEALTH
HAZARD Acute Toxicity Studies: (3504)

DATA
INHALATION:
LC,, 7.9 mg/m' Rat

ORAL:

LD, 8000 mgeg Rat

SKIN: LD 4, >20,900 mg/kg Rabbit
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Long-Term Effects: Database too incomplete for
assessmnmnt
PrenancviNeonat¢ Data: Teratogen/testicular atrophy

HEALTH Gecnotoxcity Data: Limit,:d evidence is negative
HAZARD Carcinogenicity Classification:

DATA IARC - No data
NTP - Study in progress
EPA - Group D (not classifiable as to human

carcinogenicity)

Handle chemical only with adequate ventilation
0 Vapor concentrations of 5.250 mg/m': any supplied-
zir respirator or selfcontained breathing apparatus with

HANDLING full facepiece 0 250-9300 mg/m': a type C supplied-air
PRECAUTIONS respirator with a full facepiece operated in positive-

(38) pressure mode 0 Chemical goggles if there is proba-
bility of eye contact with liquid 0 There may also be a
need for skin protection.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standards
* OSHA TWA (8-hr): 5 mg/m'
• AFOSH PEL (8-hr TWA): 5 mg/m'; STEL (15-min): 15 mg/m'

Criteria
* NIOSH IDLH (30-min): 9300 mg//m'
0 ACGIH TLV® (8-hr TWA): 5 mg/m'
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA (Cont.)

WATER EXPOSURE LIMITS:

DrinkiI' Water Standards (3742)
MCLU: 0 (tentative)

EPA Health Advisories and Cancer Risk Levels
None established

"WHO Drinking Water Guideline
No information available.

EPA Ambient Water Quality Criteria
6 Human H..alth (3770)

- Based on ingestion of contaminated water and aquatic organisms, 34
mgBL.

- Based on ingestion of contaminated aquatic organisms only, 154 mg/L.
- Based on ingestion of contaminated water only, 44 mg/L.

0 Aquatic Life (3770)
. Freshwater species

acute toxicity:
no criterion, but lowest effect level occurs at 940 ;ig/L phthalate esters.

chronic toxicity.
no criterion, but low,st effect level occurs at 3 ug/L phthalate esters.

- Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 2944 pg/L phthalate
esters.

chronic toxicity-
no criterion established due to insufficient data.

REFERENCE DOSES: (3744)
ORAL: 1.000E+02jug/kg/day
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REGULATORY STATUS (as of 01-MAR-89)

Promuleated Regilations
0 Federal Programs

Clean Water Act (CWA)
Di-n-butyl phthalate is designated a hazardous substance. It has a
reportable quantity (RQ) limit of 4.54 kg (347, 3764). It is also listed
as a toxic pollutant, subject to general pretreatment regulations for
new and existing sources, and effluent standards and guidelines (351,
3763). Effluent limitations specific to this chemical have been set in
the following point source categories: electroplating (3767), organic
chemicals, plastics, and synthetic fibers (3777), steam electric power
generating (3802), metal finishing (3768), and metal molding and
casting (892). Limitations vary depending on the type of plant and
industry.

Safe Drinking Water Act (SDWA)
Phthalates are on the list of 83 contaminants required to be regulated
under the SDWA of 1974 as amended in 1986 (3781). In states with
an arproved Undergrourd Injection Control program, a permit is
required for the injection of di-n-butyl phthalate-containing wastes
designated as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRA)
Di-n-butyl phthalate is identified as a toxic hazardous waste (U069)
and listed as a hazardous waste constituent (3783, 3784).
Wastestreams from the production of phthallic anhydride f:om
naphthalene, and the petroleum refining industry are listed as specific
sources of phthallic acid-containing hazardous waste (3774, 3765).
Di-n-butyl phthalate is subject to land disposal restrictions when its
concentration as a hazardous sonstituent of certain wastewaters exceeds
designated levels (3785). Effective November 8, 1988, the land
diposal of certain untreated di-n-butyl phthalate-containing untreated
hazardous wastes is prohibited. These wastes must be treated
according to Best Demonstrated Available Technology (BDAT)
treatment standards t4fore being disposed. Certain variances exist
until May, 1990 for other wastes for which BDAT treatment standards
have not been promulgated by EPA (3786). Di-n-butyl phthalate is
included on EPA's ground-water monitoring list. EPA requires that all
hazardous waste treatment, storage, and disposal facilities monitor their
grouad-water for chemicals on this list wrhen suspected contamination is
first detected and annually thereafter (3775).

P IZ -



30-6 DI-N-BUTYL PITHAALATE

Toxic Substances Control Act (TSCA)
Manufacturers, processors or distributors of di-a-butyl phthalate must
report production, usage ar~d disposal information to EPA. They, as
well as others who possess health and safety studies on di-n-butyl
phthalate, must submit them to EPA (334,3789). Under TSCA Section
4, EPA is requi-ing certain selected manufacturers and processors of
di-n-butyl phthalate to perform environmental effects and chemical fate
tests on their products (3201).

Comprehensive Environmental Response. Compensation And Liability
"Act (CERCLA)
Di-n-butyl phthalate is designated a hazardcus substance under
CERCLA. It has a reportable quantity (RQ) limit of 4.54 kg.
Reportable quantities have also been issued for RCRA hazardous
waste streams containing di-n-butyl phthalate, but these depend upon
the concentrations of the chemical in the waste stream (3766). Under
SARA Title III Section 313, manufacturers, processors, importers, and
users of di-n-butyl phthalate must report annually to EPA and state
officials their releases of this chemical to the environment (3787).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited cxcept when they are present as trace contamrnants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to di-n-butyl phthalate in any 8-hour work-shift of
a 40-hour work-week shall not exceed an 8-hour time-weighted average
(TWA) of 5 mg/m' (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated di-n-butyl phthalate
as a hazardous material with a reportable quantity of 4.54 kg, subject
to requirements for packaging, labeling and transportation (3180).

Food. Druz and Cosmetic Act (FDCA)
Di-n-butyl phthalate is approved for use as an indirect food additive as
a component of adhesives (3209).
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9 State Water Programs
ALLSTATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

KANSAS
Kansas has an action level of 770 pg/L for ground-water (3213).

NEW YOR
New York has an MCL of 50 pg/L for di-n-butyl phthalate in drinking
water, a water quality standard of 770 /g/L for ground-water, and a
nonenforceable ambient water quality guideline of 50 Mg/L for surface
water (3501).

SSOUTH DAKOTA

South Dakota requires phthalates !o be nondetectable, using designated
test methods, in ground-water (3671).

WISCONSIN
Wisconsin has set a human threshold criterion of 13 mg/L for public
water supply cold surface waters and 23 mg/L for warm sport fishing
surface waters (3842).

Proposed Regulations
* Federal Programs

Safe Drinknig Water Act (SDWA)
EPA will propose MCLs, MCLGs, and monitoring requirements for
phthalates in March, 1990, with final promulgation scheduled for
March, 1991 (3751).

* State Water Programs
ALL STATES
No proposed regulations are pending.

MOST STATES
Most states are in the process of revising their water programs and
proposing changes to their regulations which will follow EPA's changes
when they become final. Contact with the state officers is advised.
Changes are projected for 1989-90 (3683).

S• 77T "W
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EEC Directives
Directive on Ground-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic
properties in or via the aquatic environment, and mineral oils and
hydrocarbons is prohibited. Appropriate measures deemed necessary to
prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produccs, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds, excluding inert
polymeric materials and other substances referred to in this list or
covered by other Directives concerning the disposal of toxic and
dangerous waste; chlorinated solvents; organic solvents; biocides and
phyto-pharmaceutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

EEC Directives - Proposed
Resolution on a Revised List of Second-Category Pollutants (545)
Di-n-butyl phthalate is one of the second-category pollutants to be
studied by the Commission in the programme of action of the
European Communities on Environment in order to reduce pollution
and nuisances in the air and water. Risk to human health and the
environment, limits of pollutant levels in the environment, and
determination of quality standards to be applied wiil be assessed.

75l IIW7
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30.1 MAJOR USES

Di-n-butyl phthalAte (DBP) is primarily used as a plasticizer for epoxy resins and
polyvinyl chloride (PVC). Its use in PVC applications is limited, however, due to its
high volatility at typical processing temperatures. It has been used in plastisol
formulations for carpet-back coating and other specialized vinyl compounds. Other
applications of DBP include use as an adjusting agent for lead chromate pigments;
use as a concrete additive; use in polyvinyl acetate emulsions, use as an insect
repellent (403), and use in cosmetics (3032).

30.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

30.21 Transport in Soil/Ground-water Systems

302-1.1 Overview

Di-n-butyl phthalate may move through the soil/ground-water system when
present at low concentrations (dissolved in water and sorbed on soil) or as a separate
organic phase (resulting from a spill of significant quantities of the chemical). In
general, transport pathways can be assessed with the use of an equilibrium partition.
ing model as shown in Table 30-1. These calculations predict the partitioning of low
soil concentrations of DBP among soil particles, soil water and soil air. The portions
of DBP associated with the water and air phases of the soil are more mobile than the
adsorbed portion.

The estimates for the unsaturated topsoil model indicate that essentially all of
the chemical (99.97%) would be sorbed on the soil- a relatively small amount (0.03%)
of the chemical will be present in the soil-water phase and can thus migrate by bulk
transport (e.g.. the downward movement of infiltrating water), dispersion and
diffusion. For the very small portion of DBP in the gaseous phase of the soil (2E-05
%), diffusion through the soil-air pores up to the ground surface, and subsequent
removal by wind, is possible.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a higher fraction of the DBP (1.3%) is likely to be present in the soil-water phase
(Table 30-1) and transported with flowing ground water. Ground water underlying
DBP-contaminated soils with low organic content is thus vulnerable to contamination
by the chemical.

Additional information on DBP is available in the thorough review by Giam et
al. (768).

7-
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TABLE 30-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR DI-N-BU'TYL

PHTHALATE IN MODEL ENVIRONMENTS

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoil
at 2.5°C` 99.97 0.03 0.00002

Saturated
deep soil' 98.7 1.3

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); sec
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: K,,, = 17,900 (Estimated by Arthur D.
Little, Inc.)

c) Henry's law constant taker, as 4.5E-06 atm. m'/mol at 25°C (Estimated by Arthur
D. Little, Inc.)

d) Used sorpticn coefficient calculated as a function of K.,,, assuming 0.1% organic
carbon: K, = 0.001 x K,

30.2.1.2 Sorption on Soils

The mobility of DBP in the soil/ground-water system (and its eventual migration
into aquifers) is strongly affected by the extent of its sorption on soil particles. In
general, sorption on soils is expected to:

ircrease with increasing soil organic matter content (except that
complexation with humic or fulvic acids may decrease the extent of
sorption);
increase slightly with decreasing temperatures;
increase moderately with increasing salinity of the soil water (701); and
decrease moderately with increasing dissolved organic matter content of
the soil water.

Based upon its octanol-water partition coefficient of 37,200, the soil sorption
coefficient (K,) is estimated to be 17,900. This is a relatively high number indicative
of strong sorption to soils. Sullivan et al. (701) studied the sorption of DBP from
seawater onto montmorillonite and sediments from the Gulf of Mexico. Sorption
constants [K, (ng DBP sorbed/mg sorbent) - (ng DBP in solution/mL water)] for the
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adsorption process ranged from K=0.004 to 0.044 for the mineral sorbents and was
0.149 for the sediment. Some hysteresis was apparent in the desorption process.

According to reports by Autian (765), Ogner and Schnitzer (766) and Matsuda
and Schnitzer (767), phthalate esters readily complex with natural organic substances
(e.g., fulvic acid) to form complexes which are very soluble in water. Thus, sorption
to soils may be significantly weaker than might be expected based upon the
information given above.

30.213 Voatliaatmon from Soils

Transport of DBP vapors through the air-filled pores of unsaturated soils is not
expected to be an important transport mechanism except for near-surface dry soils.
The very low value of Henry's law constant for DBP (4.5E-06 atm. m3/mol at 25°C)
implies that, when water is present, nearly all the DBP will be in the water or soil
compartments (.ee Table 30-1).

30.2.2 Transformation Processes in SoilWGrouD-water Systems

The persistence of DBP in soil/ground-water systems is not well documented. In
most cases, it should be assumed that DDP will persist. for months to years (or more).
DBP that has been released into the air, or that enters surface waters with significant
sunlight exposure, is not expected to be degraded by direct photolysis. Resistance to
direct photolysis would be expected based upon DBP's ultraviolet absorption spectrum
which shows no absorbance above 300 nm (657).

DBP under normal environmental conditions is not expected to undergo rapid
hydrolysis. Wolfe et al. (705) measured the second-order, alkaline, hydrolysis rate
constant (ko,) for several phthalates, including DBP, at 3(fC. Phthalate
concentrations were always less than E-05 M. The reported ko, value for DBP was
1.0 (+ 0.05)E-02/M/sec. A first-order hydrolysis rate constant (k) can be calculated
from this at any pH, from the following equation:

k(sec") = IE-02 [OH]

where [OH] is the molar concentration of the OH ion. At pH = 7, [OH] = E-07
and k = E-09/sec. Under these conditions (i.e., 30WC, pH 7) the hydrolysis half-life is
22 years. A 20*C drop in temperature (to a more typical ground-water temperature
of 10*C) would increase the hydrolysis half-life by about a factor of 5, i.e., to 110
years.

DBP has been shown to be fairly easily biodegradable in sev,'al studies. Many
of these studies are summarized in the reviews given by Overcash et al. (524). The
data show that there are a number of microorganisms capable of using DBP as the
sole source of carbon, and that ultimate degradation is possible. The studies also
document significant degradation in tests with DBP added to soils at fairly high
concentrations (up to 1% by weight). More recent tests have also documented the
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extent of DBP biodegradability. Shake-flask, activated-sludge type tests by Sugatt et
aL (678), O'Grady et al. (763) and Tabak et al. (55) have shown that DBP would be
easily degraded in active mixed cultures (and thus in sewage treatment plants).
Tabak et al. (55) characterized DBP as undergoing "significant degradation [with]
rapid adaptation.'

Tests simulating more natural environments have been conducted by Walker et
al. (674) and Inman et al. (706). The studies by Walker et al. (674) showed DBP
disappearance was rapid in microbiologiczlly active systems using water and sediment
samples from six Gulf Coast sites. Lag times before adaptation were quite variable
and site specific. The researchers also noticed some degree of sediment-enhanced
abiotic degradation of DBP which may, they speculate, be related to the presence of
active microbial enzymes that remain after the formalin-steriliz.tion process used on
the sediment samples. The tests by Inman et al. (706) investigated the effects of soil
pH, temperature and other soil properties on the degradation of DBP in soils. They
concluded that DBP should not persist in the majority of soils (studied) for more
than 100 days.

The effects of temperature and other variables on DBP biodegradation in
sediments has also been reported by Thomas et al. (416); in general, they found the
chemical to be readily degraded (e.g., nearly 85% in 14 days at 2=C).

Wolfe et al. (705) report a second-order microbial degradation rate constant for
DBP of about 4E-11 L/org/hr based on tests with natural water samples.

Anaerobic biodegradation of DBP appears possible based upon anaerobic
metabolic studies conducted with Pseudomonas pseudocaligenes (768) and by the
finding of significant DBP degradation in submerged (presumably anaerobic) soils by
Inman et al. (706).

In most soil/ground-water systems, however, the concentration of microorganisms
capable of biodegrading chemicals such as DBP may be low and would drop off
sharply with increasing depth. Thus, biodegradation in the soil/ground-water system
should be assumed to be of minimal importance except, perhaps, in near-surface soils
and in landfills with active microbiological populations.

302.3 Primary Routes of Exposure from SoiGround-water Systes

The above discussion of fate pathways suggests that di-n-butyl phthalate has a
very low volatility, is strongly adsorbed to soil and has a high potential for
bioaccumulation. Therefore, the volatilization of this compound from surface soil is
not likely to result in a primary route of exposure. In addition, its strong adsorption
to soil suggests that it will not be particularly mobile in ground water. As partial
evidence of this lack of mobility, it was not detected in ground water, surface water
or air associated with the 546 National Priority Test (NPL) sites (83).
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The strong adsorption of this compound to soil suggests that it may reach surface
waters via runoff in some situations. The presence of this compound in surface
waters suggests several other exposure pathways:

* Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposures;

0 Aquatic organisms residing in these waters may be consumed, also
resulting in ingestion exposures;

• Recreational use of these waters may result in dermal exposures;
• Domestic animals may consume or be dermally exposed to contaminated

ground or surface waters; the consumption of meats and poultry could
then result in ingestion exposures.

Of these, the indirect pathways (particularly aquatic organisms) are likely to be
the most significant exposure pathways. DEP reaching surface waters is likely to be
found in the sediment,: rather than the water column. Therefore, direct ingestion of
surface water may not result in as significant a source of exposure as ingestion of
aquatic orgarisms, given the high BCF of this compound.

30.2.4 Other Sources of Expoure

There are little data regarding other sources of exposure to DBP. It was
detected in 6 wcter supplies out of ten cities tested at levels of 0.01 to 5.0 ,g/L. In
addition, it is used in the formulation of some products that contact the consumer,
and dermal or inhalation exposures may result from these uses.

30.3 HUMAN HEALTH CONSIDERATIONS

30.3.1 Animal Studies

30.3.1.1 Carcinogenicity

No carcinogenicity data are available for DBP.

30.3.1.2 Genotoxicity

Dibutyl phthalate has produced negative results in all Salmonella studies in which
it has been tested. If it was positive without metabolic activation, it was rendered
negative in the presence of an exogenous activation system (400, 407, 3861,3009,
3508, 3642). Negative results were also observed in a yeast assay in which 3 different
loci were not induced to revert (3636). A slight increase in chromosomal aberrations
was noted in Chinese hamster cells exposed in culture to 0.03 mg/mL DBP for 24
hours (406), but the authors called this result "suspicious" (3330). Human leukocytes
treated with 0.03 Mg/mL for 8 hrs in culture showed no increase in chromosomal
aberrations above controls.

! -~W, ~ ~



30-14 DI-N-BUTYL PiUTHALATE

There are conflicting reports on the effects of DBP and sister chromatid
exchanges in Chinese hamster cells in culture. One report (3004) claims positive
results with no dose response and the other (3351) claims negative results.

30.3.1.3 Teratogeaicity, Embrotoxicity and Reproductive Effects

DBP causes increased embryo mortality, decreased birth weight, and teratogenic
effects in rats and mice. In groups of pregnant Sprague-Dawley rats that were
injected intraperitoneally with 0.305, 0.610 or 1.017 mL/kg on days 5, 10 and 15 of
gestation, fetal weights were significantly reduced in all treatment groups. The
number of resorptions was increased at all dosage levels but was particularly
significant at the 1.017 mLkg level. Skeletal abnormalities were observed in 30 to
50% of the fetuses and were dose-related. Elongated or fused ribs and incomplete or
missing skull bones were the most prominent skeletal abnormalities (401). Holtzman
rats were gavaged on days 1-8 of pregnancy with 500, 1000, or 2000 mg/kg/day of
DBP in a study designed to investigate the effect of DBP on implantation and to
differentiate between maternal toxicity and embryotoxicity (3146). On gestational day
9, no effects on the number of implantation sites or on pregnant uterine weights
were observed.

When ICR mice were fed a diet containing 1% DBP (equivalent to 2100
mg/kg/day) throughout gestation, maternal weight gain was significantly suppre-ssed
(due to the increase in early resorptions) and 98.4% of the fetuses were either
resorbed or were dead (3648). Of the three fetuses which survived to term, two were
malformed showing exencephaly. Groups of mice in this study were also administered
0.05, 0.1, 0.2, and 0.4% DBP (equivalent to 80, 180, 370, and 660 mg/kg/day) without
the occurrence of statistically significant effects. An increased incidence of extra
lumbar ribs was observed at these doses. Hamano et al. (3262) found that a level of
0.5% in the diet during gestation resulted in teratogcnic effects in JCL:ICR mice,
predominantly spina bifida, encephalocoele, and open eye. The number of live
offspring was also reduced (9.6/mouse) compared to controls (around 12/mouse).
When Hardin et al. (3271) exposed CD-1 mice to 2,500 mg/kg/day of DBP by gavage
on days 6-13 of gestation no viable litters were produced. Maternal mortality was
10% at this exposure level. Lamb et al. (3387) exposed both male and female mice
to 0.03%, 0.3%, or 1.0% of DBP in their diet for 7 days prior to and during a 98 day
cohabitation period. The high dose resulted in a reduction in the number of litters,
live pups per litter, and the live pup weights. These fetotoxic effects were not
observed at the lower dose leveLs. A crossover mating trial demonstrated that female
mice, but not males, were affected by the 1% DBP diet. Oral administration of
2000 mg/kg/day of DBP in corn oil to young male rats for 4 days resulted in testicular
injury and a 30-40% decrease in the weight of the testes. Urinary zinc excretion
increased while testicular zinc levels were significantly decreased. The weights of the
liver and kidneys were not affected (411).

Marked species differences in sensitivity to testicular toxicity of DBP was noted
by Gray et al. (431). Oral administration of 2000 mg/kg bw DBP for 9 days to rats,
mice and hamsters and for 7 day- to guinea pigs produced uniformly severe
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seminiferous tubular atrophy in rats and guinea pigs, only focal atrophy in mice and
no testicular changes in hamsters (431).

30.3.1.4 Other Ta•:coogic Effects

30.3.1.4.1 Short-term Toxicity

Increased mortality and significant enlargement of the liver and spleen were
reported in rats fed I or 5 mLU4g/day for 3 weeks (410). Murakami et al. (3475)
administered DBP in the diets of male Wistar rats (five/group) at a level of 0.5 or
5% ( -250 and 2500 mg/kg) for 34 to 36 days. A dose response was noted for the
following: growth depression, liver enlargement, testicular atrophy, decreased activities
of succinate and pyruvate dehydrogenases in liver mitochondria, and abnormal
changes in biochemical tests of serum and in histological examinations of the liver
and testicle!. In a study in which ddY male and female mice (unspecified numbers)
were fed diets containing 0.25 or 2.5% DBP (-325 and 3250 mg/kg),for 2 weeks,
centrilobular necrosis and degeneration with distention of the capsule and
proliferation of the bile ducts was seen in the liver (3543, 3542). The kidneys of high
dose animals were increased in weight and had cysts which were present throughout
the organ leading to atrophy of the tubules.

A single intradermal injection of 0.2 mL of a 100 mg/mL emulsion of DBP in
3% acacia produced a moderate inflammatcry response in rabbits (292); injection of
0.2 mL undiluted DBP produced no inflammation. Installation of 0.1 mL into the
rabbit eye did not produce any observable de ze of irritation (404).

For further information the reader is referred to a comprehensive review of the
toxicity of phthalate esters (3849).

30-3.1.4.2 Chronic Toxicity

No adverse effects were reported in rats administered 260 or 520 mg/kg DBP
intravenously twice weekly for 52 weeks (412). Similarly, rats maintained for 3
generations on diets containing 300 or 500 mg/kg/day or for 5 generations on diets
containing 100 mg/kg/day experienced no adverse effects (414). Smith (3663) found
no effects in rats fed diets containing up to 0.25% DBP for 1 year, but when the
dose was increased to 1.25%, 50% of the animals died during the first week of the
study. Liver and kidney lesions were observed in mice receiving oral doses of 0.5 and
5.0 g/kg/day for I to 3 months (413).

30.3.2 Human and Epidemiologic Studies

30.321 Short-term Toxicologic Effects

Only I case of human exposure is reported in the literature. It involved the
accidental ingestion of 10 g DBP (- 140 mg/kg). Symptoms, delayed by several
hours, included nausea, vomiting and dizziness, followad later by headache. )ain and
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irritation in the eyes, lacrimation, photophobia and conjunctivitis. There was aL-o
some renal involvement. Recovery was complete within 2 weeks. It was concluded
that the symptoms most likely resulted from the hydrolysis products of DBP (415).

Skepticism, however, has been expressed whether one could actually drink DBP
by mistake without immediate revulsion, because its taste is so strong and bitter (19).

Eye contact has caused immediate, severe, stinging pain but no appreciable
damage (19). Heated vapors may be irritating to the eyes, nose and throat. It is
relatively non-irritating to the skin (38).

30.3.2.2 Chronic Toxicologic Effects

No data are available regarding the effects of long-term exposure to DBP.

30.3.3 Lecels of Concern

An Oral Reference Dose of 100 gtg/kg/day has been proposed for DBP by the
USEPA (3744). The ambient water quality criterion established for DBP by the
USEPA for the maximum protection of human health is 34 mg/L (3770), and is based
on the assumption that a 70-kg adult ingests two liters of drinking water and 6.5 g of
contaminated fish daily.

Both OSHA (3539) and the ACGIH (3005) have set a TWA exposure limit of 5

mg/mn averaged over an 8-hour work-shift.

3C.3.4 Hazard Assessment

DBP has a low order of acute toxicity in experimental animals. Human ingestion
of 10 g of DBP was reported to have produced nausea, dizziness, lacrimation, light
sensitivity and conjunctivitis; recovery was prompt and uneventful. No long-term
human exposure data are available for DBP; however, it has been extensively used as
an insect repellant with no apparent adverse effects. Rats were maintained for five
generations on diets containing 100 mg/kg/day of DBP without effect.

No data are available on the carcinogenic effects of DBP although a study is in
progress by the National Toxico!ogy Program. Mutagenicity studies, although limited,
are predominantly negative. Intraperitoneal injection of DBP induced increased
embryo mortality, decreased birth weight and terata in rats. Dietary administration to
mice resulted in fetotoxicity and teratogenicity. Oral intubation of 2 g DBP/kgLday
for 7 to 10 days produced testicular atrophy of varying intensity in rats, mice and
guinea pigs but not in hamsters. Additional data is required to determine the
implications of these findings to humans in view of the marked species differences
and the high dose levels administered.
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30.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of di-n-butyl phthalate concentrations in soil and water rquires
collection of a representative field sample and laboratory analysis. Care is rquired to
prevent losses during sample collection and storage. Soil and water samples should
be collected in glass containers; extraction of samples should be completed 'ithin 7
days of sampling and analysis completed within 40 days. In addition to the ¶argeted
samples, quality control samples such as field blanks, duplicates, and spiked matrices
may be specified in the recommended methods. Since phthalate esters are ommonly
found in many materials in the laboratory, method blanks must also be anald to
demonstrate that the sample or extract has not been contaminated.

EPA-approved procedures for the analysis of di-n-butyl phthalate, one 9f the
EPA priority pollutants, in aqueous samples include EPA Methods 606, 625,11625
(65), 8060 and 8250 (63). Prior to analysis, samples are extracted with methylene
chloride as a solvent using a separatory funnel or a continuous liquid-liquid ixtractor.
An aliquot of the concentrated sample extract (after solvent exchanging the
methylene chloride for hexane in method 606 and 8060/ECD) is injected onto a gas
chromatographic (GC) column using a solvent flush technique. The GC colhmn is
programmed to separate the semi-volatile organics; di-n-buyl phthalate is th~n
detected with a flame ionization detector (Method 8060), a mass spectrometer
(Methods 625 1625, and 8250), or an electron capture detector (Method 60( and
8060).

The EPA procedures recommended for di-n-butyl phthalate analysis in soil and
waste samples, Methods 8060 and 8250 (63), differ from the aqueous proced res
primarily in the preparation of the sample extract. Solid samples are extracte using
either soxhlet extraction or sonication methods. Neat and diluted organic liquids may
be analyzed by direct injection.

Typical di-n-butyl phthalate detection limits that can be obtained in wastt waters
and non-aqueous samples (wastes, soils, etc.) are shown below. The actual detection
limit achieved in a given analysis will vary with instrument sensitivity and matrix
effects.

Aqueous Detection Limit Non-Aqueous Detection Limit

0.36 14g/L (Method 606) 1 Mg/g (Method 8060)
2.5 jg/L (Method 625) 1 ug/g (Method 8250)
10 14g/L (Method 1625) 9.4 gg/g (Method 8060/FID)
0.14 pg/mL (Method 8060/FID) 0.24 Mg/g (Method 8060/ECD)
3.6 Ag L (Method 8060/ECD) 1.7 Mg/g (Method 8230)
25 14g/L (Method 8250)
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"COMMON CAS REG NO: FORMULA AIR WN CONVERSION
SYNONYMS: 117-81.7 C-H3gO4  FACTOR at 25°C (12)
1,2-Benzenedi- NIOSH NO.

ca¢rboOi aWd, n10350000 15.94 mgfm-'r I ppm;
bis(2-e4thYfea) STRUCTURE 0.0627 ppm = 1I mg/m3

ester2-Etihyihý C-
n a MOLECULAR WEIGHT:

DHPt 0 . CH, 39C.54
DK(2-ethyx-1) I I

phthalate C-OCH.-CH-CHrCH,-CH:.CH,
Di-wc-octyl- -C-H1CH-CH,-CHj-",-CH,

phthalate - - - -
Phthalic acid, 0 "0 H,7

dioctyl ester
CH,

Reactions of esters such as di(2-ethylhexyl)phthalate with
strong alkalies, strong oxidizers, or explosive materials
typically result in the generation of heat and occasional

REACTIVITY fires and/or explosions (38, 511, 505). Reactions with
hydrazines, alkali or alkaline earth metals or nitrides
generally produce heat and flammable or otherwise
potentially hazardous gases (511).

. Physical State: Liquid (at 200C) (23)
& Color. Light-colored (23)
* Odor: Odorless (23)
* Odor Threshold: Not pertinent
0 Density: 0.9861 g/mL (at 20*C) (23)
* Freeze/Melt Point: -50.00*C (59)
* Boiling Point: 230.00*C at

PHYSICO- 5 mm Hg (12)
CHEMICAL * Flash Point: 215.00*C open cup (59)

DATA 0 Flammable Limits: 0.30 % by volume (504)
* Autoignition Temp.: 390.0*C (504)
* Vapor Pressure: 2.OOE-07

mm Hg (at 20*C) (33)
* Satd. Conc. in Air: 4.OOOOE-03

mg/m' (at 20*C) (1219)

,/T"
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• Solubility in Water. 4.OOE-01
mg/L (at 25°C) (658)

* Viscosity- 81.400 cp (at 20°C) (59)
0 Surface Tension: 1.5000E+01

PHYSICO- dyne/cm, estimation (at 200C) (59)
CHEMICAL * Log (Octanol-Water Partition

DATA Coeff.): 3.98; 5.11 (29,653)
(Cont.) 0 Soil Adsorp. Coeff.: 6.20E+04 (652)

* Henry's Law Const.: 2.50E-07
atm. m'/mol (at 200C) (1219)

. Bioconc. Factor: 3.30E+02
(fathead minnow), 6.20E+03 (estim) (399,659)

PERSISTENCE Relatively immobile due to strong soil sorpticn, low
IN THE SOIL- water solubility and low vapor pressure. Chemical is

WATER. resistant to hydrolysis and direct photolysis, but is subject
SYSTEM to (slow) biodegradation under favorable conditions.

The primary pathway of concern from a soil-water
"system is the migration of DEHP to groundwater drink-

PATHWAYS ing water supplies. This is not expected to be prevalent
OF due to the adsorptive nature of DEHP. The high pot.

EXPOSURE ential for DEHP to bioaccumulate suggests that path-
ways involving the contamination of aquatic organisms or
domestic animals could also be of prime importance.

Si:-is and Symptoms of Short-term Human Exposure:
HEALTH ff 5 •
HAZARD DEHP will cause irritation of the eyes, nose, throat.

DATA Inhalation or ingestion will cause gastrointestinal effects.

"- ¶- k
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Acute Toxicijt Studies:

INHALATION:
LC, 30000 mg/m3  Unspecified Mammal (51)

ORAL:
LDm 31000 mg/kg Rat (47)

SKIN:
HEALTH LDI, 25000 mg/kg Rabbit (47)
HAZARD

DATA Long-Term Effects: Liver toxicity
(Cont.) Pregnancv/Neonate Data: Teratogen: testicular damage.

Genotoxicity Data: Negative
Carcinogenicity Classification:
IARC - Group 2B (possibly carcinogenic to humans)
NTP - Positive evidence
EPA Group B2 (probable human carcinogen;

sufficient evidence in animals and inadequate
evidence in humans)

Handle chemical only with adequate ventilation
0 Vapor concentrations of 50 mg/rn': supplied-air res-
pirator or self-contained breathing apparatus 0 50-250

HANDLING mg/i': supplied-air respirator or self-contained breathing
PRECAUTIONS apparatus with full facepiece 0 Chemical goggles if

(54,59) there is probability of eye contact 0 There may also
be need for skin protection.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERITA

AIR EXPOSURE LIMITS:

Standards
* OSHA TWA (8-hr): 5 mg/m'; STEL (15 min): 10 mg/m'
* AFOSH PEL (8-hr TWA): 5 mg/rn'; STEL (15-min): 10 mg/m'

Criteria
* NIOSH IDLH (30-min): NIOSH has recommended that the substance be

treated as a potential human carcinogen.
* NIOSH REL: Reduce exposure to lowest feasible limit
* ACGIH TLV9 (8-hr TWA): 5 mg/m'
* ACGIH STEL (15-rain): 10 mg/m'

7
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FNVIRONMENTAL AND OCCUPATIONAL STANDARDS AND

CRITERIA (Cont.)

WATER EXPOSURE LIMIS: (3742)

SDrinine Water Standards
"MCLG: 0 (tenative)

EPA Health Advisories and Cancer Risk Levels
None established

WHO Drinking Water Guideline
No information available.

EPA Ambient Water Quality Criteria
0 Human Health (3770)

"- Based on ingestion of contaminated water and aquatic organisms, 15
mg/L

. Based on ingestion of contaminated aquatic organisms only, 50 mg/L.
- Based on ingestion of drinking water only, 21 mg/L.

/ Aquatic Life (3770)
- Freshwater species

acute toxicity:.
no criterion, but lowest effect level occurs at 940 pg/L phthalates.

chronic toxicity:
no criterion, but lowest effect level occurs at 3 pg/L phthalates.

. .Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 2944 Ag/L phthalates.

chronic tcodcity:.
no criterion established due to insufficient data.

REFERENCE DOSES:
ORAL: 2.OOOE+OI p4g/kg/day (3742)
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REGULATORY STATUS (as of 01-MAR-89)

Promulgated Reeulations
* Federal Programs

Clean Water Act (CWA)
Di(2-ethylbexyl)phthalate is listed as a toxic pollutant, subj'.ct to
general pretreatment regulations for new anc existing sources, ard to
effluent standards and guidelines (351, 3763). Effluent limitations have
been set for this chemical in the following point source categories:
electroplating (3767), organic chemicals, plastics and synthetic fibers
(3777), metal finishing (3768), metal molding and casting (892), and
steam electric power generating (3802). Limitations vary depending on
the type of plant and industry.

Safe Drinking Water Act (SDWA)
Phthalates are on the list of 83 contaminants required to be regulated
under the SDWA of 1974 as amended in 1986 (3781). In states with
an approved Underground Injection Control program, a permit is
required for the injection of di(2-ethylhexyl)- phthalate-coutaining
wastes designated as hazardous under RCRA (295).

Resource Conservation and Recovery Act (RCRA)
Di(2-ethylhexyl)phthalate is identified as a toxic hazardous waste
(U028) and listed as a hazardous waste constituent (3783, 3784).
Specific sources of di(2-ethylhexyl)- phthalate-containing toxic
hazardous waste are wastestreams from the petroleum refining and ink
formulatioa industries (3774, 3765). Di(2-thylhexyl)phthalate is
included on EPA's groundwater monitoring list. EPA requires that all
hazardous waste treatment, storage, and disposal facilities monitor their
groundwater for chemicals on this list when suspected contamination is
first detected and annually thereafter (3775). Di(2-ethylhexyl)phthalate
is subject to land disposal restrictions when its concentration as a
hazardous constituent of certain wastewaters exceeds designated levels
(3785). Effective August 8, 1988, untreated
di(2-ethylhexyl)phthalate-..ontaining wastestreams from the ink
formulation industry are prohibited from land disposal. Effective
August 8, 1990, untreated di(2-ethyl- hexyl)phthalate-containing
wastestreams from the petroleum refining industry are prohibited from
land disposal. Between November 8, 1988 and Aiigust 8, 1990, these
wastes may be disposed of in a landfill or surface impoundment only if
such unit is in compliance with the requirements specified in
40CFR268.5(h)(2) (3785).

uii
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Toxic Substances Control Act (TSCA)
Manufacturers, processors or distributors of di(2-ethylhexyl)phthahltt
must report production usage, disposal and exposure-related
information to EPA (334). They, as well as others who possess health
and safety studies on di(2-ethylhexyl)phthalate, must submit them to
EPA (3789). Under TSCA Section 4, EPA is requiring certain
selected manufacturers and processors of di(2-ethylhcxyl)phthalate to
perform environmental effects and chemical fate tests on their products
(3201).

Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA)
Di(2-ethylhexyl)phthalate is designated a hazardous substance under
CERCLA. It has a reportable quantity (RQ) limit of 0.454 kg.
Reportable quantities have also been issued for RCRA hazardous
waste streams containing di(2-ehtylhexyl)phthalate, but these depend
upon the concentrations of the chemical in the waste stream (3766).
Under SARA Title III, manufacturers, processors, importers, and users
of di(2-ethylhexyl)pbthalate must report annually to EPA and state
officials their releases of this chemical to the environment (3787).

Occupational Safety and Health Act (OSHA)
"Employee exposure to di(2-ethylhexyl)phthalate in any 8-hour work
shift of a 40-hour work week shall not exceed an 8-hour time-weighted
average (TWA) of 5 mg/m'. An employee's 15-minute short term
exposure limit (STEL) of 10 mg/m' shall not be exceeded at any time
during a work-day (3539).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohi'bited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
"that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Hazardous Materials Transportation Act (HM fA)
The Department of Transportation has designattd
di(2-ethylhexyl)phthalate as a hazardous material with a reportable
quantity of 0.454 kg, subject to requirements for packaging, 7.ibeling,
and transportation (3180).

Food, Druz and Cosmetic Act (FDCA)
Di(2-ethylhexyl)phthalate is approved for use as an indirect food
additive as a component of adhesives (3209).

1 ... ..7 MIE 4 0..-1.. .
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State Water Programs

All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits sectior) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent critria:

Kansas has an action level of 4200 pg/L for groundwater (3213).

NEW YORK
New York has set an MCL of 50 ug/L for drinking water, a water
quality standard of 4200 pg/L for public water supply ,roundwaters,
and an ambient water quality standard of 0.6 pg/L for fresh surface
waters for protection of fishing and fish propagation. New York also
has a nonenforveable ambient water quality guideline for human health
of 4 pg/'. for surface waters (3501, 3500).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 555 ug/L
and a chri,aic guideline of 12 pug/L for the protection of aquatic life in
surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

SOUTH DAKOTA
South Dakota requires phthalates to be rnndetectable, using designated
test methods, in groundwater (3671).

WISCONSIN
Wisconsin has set a human threshold criterion of 5.8 mg/L for pullic
water supply cold surfacz waters (3842).

Protxsed Regulations
, Federal Programs

Safe Drinking Water Act (SDWA)
EPA will propose MCLs, MCLGs, and monitoring requirements for
phthalates in March, 1990 with final promulgation scheduled for
March, 1991 (3751).

Resource Conse,-vation and Recoverv Act (RCRA)
EPA has proposed listing wastestreams from the organic chemicals
(phthallic anhydride production) industry as specific sources of
di(2-ethylhexyl)phthalate-containing hazardous wastes (3795, 3774).

-7-7
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0 State Water ProgramsMOST STATES
Most states are in the process of revising their water programs and
proposi'ag changes in their regulations which will follow EPA's changes
when they become final. Contact with the state officer is advised,.
Changes are projected for 1989.90 (36831.

Minnesota has proposed a Recommended Allowable Limit (RAL) of
40 pg/L for drinking water, a Sensitive Acute Limit (SAL) of 5550
Mg/L for surface water, and a chronic criterion of 1 jig/L for surface
water for the protection of human health (3451, 3452).

EEC.Dr~ t
Directive on G;;ound-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutgenic or teratogenic
properties in or via the aouatic environment, and mineral oils and
hydrocarbons is prohibited. Appropriate measures deemed necessary to
pevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.

Direcstive on theDiichar~e of Dantecrous Subitat,,,,, (535)
Organohalogens, carcinogens or substances which have a deleterious
effect on the taste and/or odor of human food derived from aquatic

-envirornents cannot be discharged into inland surface waters,
territorial waters or internal roastal waters withcut prior authorization
from member countries which issue emission standards. A system of
zero-emission applies to discharge of these substances into ground-
water.

Dircctive on To i_.n[Lp.as!cMgLi Watstci (542)
Any installation. establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastms including phenols
and phenol compounds; organic-halogen compounds, excluding inert
polymeric materials and other substances referred to in this list are
covered by other Directives concerning the d&ýois al of toxic and
dangerotw waste; chlorinated solvents: organic solvents; biocides and
phyto-pharmaceutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effectt) shall keep a record of the
quantity, nature, physicat and cheryical characieiistics and origin of
such waste, and of the methods and sita used for disposing of such
waste.

I..-, ____________________________________________________
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EEC Dirtives - Prgoo•:d Rcsolutiou
Resolution on a Revised List of Sec, ond-Category Pollutants (545)
Di(2-cthylbcxyl)phthalatc is one of the scond-categgry pollutants to be
studied by the Commission in the programme of action of the
European Communities on Environment in order to reduce pollutka
and nuisances in the air and water. Risk to human health and the,
environment, limits of pollutant levels in the environment, and
determination of quality standards to be applied will be assessed.
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31.1 MAJOR USES

Di(2-ethylhexy1)phthalatc (DEBP) is considered the standard polyvinyl chloride
(PVC) plasticizer and 'a used pr.imarily for this purpose. PVC plasticized with DEHIP
is one of the most economical plastics available. It can be easily processed and can
be formulzted to yield a broad tange of physical properties. DEHP-plasticaid
materials are frtequently used in medical devices such as cyringes, catheters and. blood
storage bags. A relat;vely small amount of DEHP is used to plasticize a variety of
other polymerc material" including natural and synthetic rubbers, nitrocellulose and
cellulose acetate butyrate. The only significant non-plasticizer use for DEIP is as a
replacement for polychlorinated biphenyls in dielectric fluids for electrical capacitors
(403, 202, 416).

31.2 ENVIRONMENTAL FATE AND EYPOSURE PATHWAYS

31.2.1 Trapoct in Sodlromd-wates Systenm

312.1.1 Overview

Di(2-ethylhexyl)phthalate may move through the soil/ground-water system when
present at low concentrations (dissolved in water and sorbed on soil) or as a separate
organic phase (resulting from a spill of significant quantities of the chemical). li
general, transport pathways can be assessed with the use of an equilibrium
partitioning model as shown in Table 31-1. These calculations predict the partitioning
of low soil concentrations of DEHP among soil particles, soil water and soil air. The
portions of DEHP associated wi:h the water and air phases of the soil are more
mobile than the adsorbed portion.

The estimates for the unsaturated topsoil model indicate that essentially all of

the chemical (99.99%) would be sorbed on the soil; a very small amount (0.008%) of
the chemical will be present in the soil-water phase and can thus migrate by bulk
transport (e.g., the downward movement of infiltrating water), dispersion and
diffusion. For the very small portion of DEHP in the gaseous phase of the soil
(3E-07 %), difftsion through the soil.air pores up to the ground surface, and
subsequent removal by wind is possible.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a highc:r fraction of the DEHP (U.4%) is likely to be present in the soil-water phase
(Table 31-1) and transported with flowing ground water. However, the extent of
sorp'ion is still very strong and ground waterr underlying DEHP-contaministed sitcs
may not be affected unless the DEHP is mobilized by complexation with other
chemical species.
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TABLE 31-1
EQUILIRIUM PARTITMONING CALCULATIONS FOR

DI(2-.ETHYLHEXYL)PHTHALATE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mas of Chemical in Each Compartment
Environment soil Soil-Water Soil-Air

Unsaturated
topsoil
at 25601 99.99 0.008 3E-07

Saturated
deep soil' 99.6 0.4

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for description cf model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: K. = 62, 100 (Estimated by Arthur
D. Little, hnc.)

c) Henry's law constant taken 2.5E-07 am. m'/mol at 2(TC (Estimated by Arthur D.
Little, Inc.)

d) Used sorption coefficient cac:ulated as a function of K., assuming 0.1% organic
carbon: k, - 0.001 x ,,

In addition to the uncertainty (over environmental rmobilty) related to the
possibility of complexation with mobilizing chemicals, e.g., fulvic acid, there remains
significant uncertainties with rcgard to other basic propertics of DEHP relating to
mobility, including water solubility and vapor pres.ure. Additional information on
DEHP is available in the thorough review of phthalic acid esters by -i.am et al.
(768).

31.21.2 Sorption on Sois

The mobility of DEH? in the soil/ground-water system (and its oventual
migration into aquifers) is strongly affected by the extent of its snrption on soil
particles. In general, sorption on soils is expected to:

- increase with increasing soil organic matter content (except that complexation
with humic or fulvic acids may decrease the extent of sorption);

. increase slightly with decreasiig temnperaturcsi

. increase moderately with increasing salinity of the soil water (701): and

. decrease moderately with increasing dissolved organic matter content of the
soil water.
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Based upon its octanol-water partition coefficient of 129,000, the soil sorption
coefficieut (KY,.) is estimated to be 62,100. This is a relatively high number indicative
of strong sorption tr soils. Sullivan et al. (701) studies the sorption of DEH? onto
montmorillonite, kaoiinite, calcite, calcium montmorillonite and sediments from the
Gulf of Mexico. Sorption was relatively rapid (e.g., reaching 90% of equilibrium
value in 12 hours) although hysteresis was evident in almost all tests. Sorption
constants for DEHP were in the range of 1.3-13 [units are (ng DEHIP/mg adsorbent)
+ (ng DEHP/mL water)]. The sediment sample did not adsorb appreciably more
DEHP than the clay samples. Some increase in sorption was noted with an increase
in the salinity of the solution.

According to reports by Autian (765), Ogner and Schnitz-ar (766) and Matsuda
and Schnitzer (767), phthalate esters readily complex with natural organic substances
(e.g., fulvic acid) to form complexes which are very soluble in water. Thus, sorption
to soils way be significantly weaker than might be expected based upon the
information given above.

31.2.3 Volailization friom SoiiA

Transport of DEHP vapors through the air-filled pores of ursaturated soils is not
expected to be an irportant transport mechanism except for near-surface dry soils.
The very low value of Henry's law constant for DEHP (2.5E-07 atm. ml/mol at 20*C)
implies that, when water is present, nearly all the DEHP will be in the water or soil
compartments (see Table 31-1). Some experiments to measure the rate of
volatilization of DERP from water were carried out by Klopffer et sL (676); however,
the results were inconclusive in part due to th.- fact that the DEHP concentrations
used (0.35 mg/L) were above the water solubility limit.

31.2.2 Tramnormatioa Processes in SofWlrund-yrater Systems

The persistence of DEHIP in soil/ground-water systems is not well documented.
In most cases, it should be assumed that DEHP will persist for months to years (or
more). DEHP that has been released into the air, or that enters surface waters with
significant sunlight exposure, is not expected to be degraded by direct photolysis.
Resistance to photolytic degradation would be expected based upon DEHP's
ultraviolet absorption spectrum which shows no absorbance above 300 nm (657).

Wolfe et al. (705) measured the second-order alkaline hydrolysis rate constant
(km) for scveral phthalates, including DEHP, at 3(fC. Phthalate concentrations were
always less than IE-05 M. The reported k" value for DEHIP was (2.5 ± 0.2)E-02/
M/sec. A first-order hydrolysis rate connant (k) can be calculated from this, at any
pH, from the following equation:

k(/sec) L I.E-04 [OH]
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where [OH] is the molar concentration of the OH ion. At pH - 7, [OH] 1E-07
and k - 1.1E-11/sec. Under these conditions (e.g., 301 pil = 7) the hydrolysis
half-life is 2000 years. A 20WC drop in temperature (to a more typical ground-water
temperature oi 10*C) would increase the hydrolysis half-life by about a factor of 5,
Le., to 10,000 years.

DEBP has been found to be biodegradable in several studies. The ease of
degradability is, however, kss than that of most other phthalate esters (e.g., diethyl,
di-n-butyl). Many of these studies are summarized in the reviews given by Overcash
et aL (524), Callahan et al. (10) and Giam et aL (768).

Shake-flask activated-sludge tests have been carried out by Tabak et al. (55),
Sugatt et al. (678), and O'Grady et aL (763). The percent primary degradation was
typically in the range of 73-95% over the test periods (up to 28 days). Tabak et al.
(55) characterized their results as involving 'significant degradation (with) gradual
adapation."

Johnson et al. (707) have studied the factors controlling degradation of DEHP in
freshwater sediments. In one test conducted at 22"C, they observed 14% ultimate
biodegradation in 28 days under aerobic conditions and 9.9% under anaerobic
conditions. Effects of temperature, chemical concentration and acclimation were also
observed.

Wolfe et al. (705) report a second-order microbial degradation rate constant for
DEHP of 4.2E-05 J/org/h based on tests with natural water samples. The
applicability of such laboratory-derived rate constants to real environments would
involve significant uncertainty.

In most soil/ground-water systems, however, the concentration of microorganisms
capable of biodegrading chemicals such as DEHP may be low and would drop off
sharply with increasing depth. Thus, biodegradation in the soil/ground-water system
should be assumed to be of minimal importance except, perhaps, in near-surface soils
and in landfills with active microbiological populations.

3123 Primnzy Routes of Exposure from SoAlGround-water Systems

"1 iz properties of DEHP and the above discussion of fate pathways suggest that
DEHP is nonvoltile, strongly adsorbed and has a high potential for bioaccumulation.
This coripound is not likely lo volatilize from soil surfaces. In addition, in soil
systems it should be strongly sorbed, although it may be mobile in sandy soils.

These fate characteristics suggest several potential exposure pathways. Drinking
water may become contaminated in some situations. Mitre (83) reported that DEHP
has been found in 6 of the 546 National Priority List (NPL) sites. It was detected at
4 sites in ground water and 3 sites in surface water. Although this is a relatwvely '.igh
frequency compared to some other chemicals, DEHP is a high-production organic
chemical.
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The potential for movement of DEHP in soil/ground-water systems is limited;
however, it may move to surface water with soil particles. In such a situation, several
other exposure pathways are possible:

0 Surface waters may be used in drinking water supplies, resulting in direct
ingestion exposures;

* Aquatic organisms residing in these water may be consumed, also resulting in
direct ingestion exposure;

* Recreational use of these waters may result in dermal exposure;

* Domestic animals may consume or be dermally exposed to contaminated
ground or surface waters; the consumption of meats and poultry could then
result in ingestion exposures.

For DEHP, exposure pathways resultiug from the contamination of aquatic
organisms or domestic animals could be of concern due to the high potentia! of this
compound to bioaccumulate.

31.24 Other Sotirces of Eixqxure

DEI-P is commonly found in flexible plastics which, are widely distributed in the
United States. Thus, many direct exposure situations exist, aside from intake of food
and drinking water. Examples include polyvinyl chlorde respiratory tubing (3602) and
polyvinyl chloride dialysis tubes and bags (3477).

DEHP is approved for a number ot food-related uses. Based upon a survey of
levels found in a variety of foods, an average intake of DEHP in the diet of 0.25
irg!day was estimated (403).

DEHP has not been monitored extensively in drinking water. In any case, the
exposure from this source does not appear to be as significant as food exposure. In
addition, DEHP has been reported in tobacco smoke and this may represent an
exposure route for smokers and those exposed to cigarette smoke (403).

Direct contact of humans with PVC products could result in dermal or inhalation
exposure due to leaching of DEHP from the product. This has been an exposure
route for persons receiving blood stored in PVC blood bags or circulated through
PVC tubing (403).
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31.3 HUMAN HEALIZI CONMIERATIONS

31.3.1 Animal Sbodies

31.3.1.1 Carcinogcnicty

Available evidence suggests that DEHP is a carnogen in rats and mice. In a
study conducted by the National Toxicology Program (NTP), DEHP was administered
to groups of 50 Fischer 344 rats of each sex at 0, 6000 or 12,000 mg/kg diet and
groups of 50 B6C3F6 mice of each sex at 0, 3000 or 6000 mg/kg diet for 103 weeks.
Liver cell tumors were observed in all treated animals with the tumor incidence in
male and female mice and female rats being the most significant. In addition, the
number of male rats with either liver cell tumors or neoplastic nodules was
significantly elevated (417). Several aspects of the study have been scientiically
challenged. These include the improper feeding and housing of the animals as well
as the exceeding of the maximum tolerated dose. There is also the quzstion of
whether tumor incider..e in thei control group was unusually low (418). The positine
carcinogenic results have been attributed to the metabolic response of rodents to
DEHP. At the doses used in the NTP study, DEHP is known to cause a significant
increase in the number of liver peroxisomes (subcellular particles involved in the
oxidation of lipid) which in turn might induce the formation of liver tumors (419,
3105). These effects are similar to those of a class of hypol-idemic drugs which are
also hepatocarcinogenic in rodents (420). In interpreting the relevance of this
observation to man, it is interesting to note that there is no substantial evidence that
these agents elicit the same liver peroxisome proliferation in humans that they do in
rodents. Furthermore, epidemiological studies have not revealed an increase in
hepatic neoplasia in humans receiving such medication (421). On the basis of the
NTP findings of clear evidence of carcinegehic activity, IARC has determined that
there is sufficient evidence for the carminogenicity of DEHP in mice and rats and lists
DEHP in category 2B (sufficient evidence of animal carcinogenicity) in. its
weight-of-evidence ranking of pxtential carcinogens (202).

31.3.1.2 Gcemfasicity

DEHP has given negative results in numerous strains of Salmonella typhimurium
with and without live" enzyme activation (419, 3358, 3508). Positive results were
claimed by Tomita et al. (422) who found DEHP to be mutagenic in strain TA130 in
the presence of activation. Zeiger et al. (3861) obtained a sample of DEHP from
Tomita, and following his protocol, tested it in strain TAIOO it 5 concentrations
(ranging from 625 to 10,000 micrograais/plate), are' "gative. It did not induce
chromosomal aberrations in Chines hamster cells (406, 3566), human fetal lung cells
or human leukocytes (423), nor did it induce mutations at the IURT locus or sister
chromatid exchanges in cultured Chinese hamster omary cells (3566). DEHP also
gave negative results in the sex-linked recessive lethal assay in Drosophila (3856) and
in the mouse lymphoma assay (3358). Oral dominant lethal assays in ICR mice at
doses ranging from 2.5 to 15 g/kg have given negative results (424, 425) while one
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intraperitoneal dose of 12.8 mLAg (3658) and subcutaneous administration of 9.9
grams/kg (3008) of D1FHP resulted in a weakly positive dominant lethal test and in
antifertility effects. The bone marrow cells of male mice gavaged with DEBP or its
metabolites did not show an increase in chromosomal effects (3577).

Negative results have also been obtained in DNA binding assays conducted in
vivo and in vitro (421, 426). The study by Butterworth et al. (426) is the most
significant because it was conducted at the same dosage Levels as the NTP
carcinogenesis bioassay. The negative reults in the DNA binding assays suggest the
DEHP-induced liver tumors in rodents may be the result of a non-genotoxic
mechanism (421).

31.31.3 Tfaatogemcity, Embyotoxcity and Repoductive Effects

Several studies in rats have demonstrated testicular damage following
administration of DEHP. The degree of damage appears to be directly proportional
to the size of the dose and length of exposure: 20,000 mg/kg diet produced
degeneration of the seminiferous tubules and testicular atrophy within 7 days, 12,000
mg/kg diet produced the same effects within 90 days and 6000 mg/kg diet within 2
years (427, 417). Mice fed 6000 mg/kg of diet for 2 years also exhibited tubular
degeneration (417). In these cases, testicular atrophy has been asociated with a
reduced testicular zinc concentration. However, concurrent administration of zinc did
not prevent testicular atrophy and despite increases in the zinc concentrations of tne
liver and serum, the zinc concentration in the testis was not increased. These results
suggest that DEHP may promote the loss of testicular zinc and interfere with
testicular zinc uptake (429). Also, DEIP-induced testicular atrophy does not avpear
to be morphologically reversible in rats to any significant extent (430).

DEHP was a reproductive toxicant ia male and female CD-I mice exposed to
dietary levels of 0.01, 0.1, and 0.3% for 105 days. This was evidenced by a decrease
in fertility index, number of litters and live births per litter. In addition, male mice at
the 0.3% level experienced a decreased sperm concentration and a decreased
percentage of motile sperm. The percentage of abnormal sperm was increased and
seminiferous tubules were severely damaged. High dose females mated with control
males were unable to produce offspring (432). 'Daily doses of 4000 or 10,000 mg/kg
diet to ICR mice throughout pregnancy caused complete resorption (433). One
thousand or 2000 mg/kg causod teratogenic effects of the CNS and increased
embryolethality. No adverse effect was observed at 500 mg/kg diet.

Shiota and Mima (3647) reported that DEHP is higly embryotoxic and
teratogenic in mice when given orally but not intraperitoneally. On days 7, 8, and 9
of gestation 1CR mice were expoced by gavage to 250, 500, 100, or 2000 mg/kg of
DEHP or intraperitoneally to 500, 1000, 2000, 4000, or 8000 mg/kg of DEHP. In the
group given DEHP orally, resorption, fetal weight reduction, and malformed fetuses
increased significantly at 100 mg/kg. The most common malformations were
anencephaly and exencephaly. No teratogenic effects were observed with ip exposure
to DEHP. When CD-I mice were gavaged on gestational days 6-13 with 9,650

IA
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mg/kjlday of DEHP, Hardin et al. (3271) observed only 2 viable Utters from 32
treated dams. The average Litter size was reduced when compared to the control
values (6.5 vs 9.5).

. Embryotoxic and teratogenic effects were observed in Spraguc-Dawley rats given
iniraperitoneal injections of 5 or 10 g/kg body weight on days 5, 10, and 15 of
gestation. There was a dose-related increase in fetal resorptions and gross
abnormalities were observed in the high-dose group only. These included the
absence of eyes and tails (401). Ritter et al. (3597) exposed Wistar rats by gavage to
5 or 10 mldkg of DEHP on gestational day 12. A doce response was seen with 5
miAg causing 4.5% of the survivors to be malformed, compared to 20.8% malformed
with the 10 mIAg exposure. Malformations in the high dole group included
hydronephrosis, cardiovascular malformations, and tail and limb defects.

31.3.1.4 Other Txicologic Effects

31.3.141 Short-term Toicity

The oral toxicity of DEHP is relatively low with oral LD,, values of
approximately 30 g/kg in rats and rabbits (47). Short-term repeated administration of
0.5 to 2 g/kg/day to rodents produced liver enlargement, liver peroxisome proliferation
and induction of enzymes involved in fatty acid oxidation in the liver (421). In
contrast, marmoset monkeys given oral doses of 2 g/kg/day or intraperitoneal doses of
I gikg/day for 14 days experienced no adverse effects (421).

Topically applied undiluted DEHP does not produce eye or skin irritation in
rabbits. Although DEHP is absorbed through rabbit skin, the LDv, by this route is 25
g/kg (12, 47).

31.3.1.4.2 Chronic Toxicity

In mice, oral administrat'on of 0.5 or 5.0 g/kg/day for I to 3 months resulted in
liver and kidney degeneration (434). Daily intraperitoneal injections of 0.25 g/kg/day
for 6 weeks caused liver enlargement, u-sticular atrophy, liver and testicular ab.esses
and severe peritonitis (292). Mlitchell et aL (3458) administered DEHF in the diets
of male and female Wistar alb'nc rats for 9 months such that the rats received 0, 50,
200, or 1000 mgikg/day. C-roups of six control animals and four per treatment group
were sacrifiked 3, 7, 14, and 28 days and 9 months after commencement of feeding.
Among ,he changes observed were nypertrophy of the hepatocytes, centrilobular loss
of glycogen, and a fall in glucose-6-phosphatase activity which did not reach maximal
levels until 28 days after treatment. These effects were clearly seen at 200 and 1000
mg/kg but only -narginally evident at 50 mg/kg. Other changes such al midzonal to
peripirtal accumulation of fat and induction of peroxisomal enzymes developed more
quickly. Alteratijnb in female rats were less pronounced than in males. Price et al.
(3573) administered the same dietary doses of DEHP as in the Mitchell et al. study
for at least 3 months and showed that male Wistar rats developed alterations of the
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thyrcid gland including increases in the number and size of lysosomes, hypertrophy of

the Golgi apparatus, and dilation of the rough endoplasmic reticulum.

The leahing of DEB? into transfusion fluids has the potential to produce toxic
reactions. Rhesus monkeys showed signs of abnormal liver patho~logy altr receiving
wackly or biweekly tran~usions of plwma that had been stored in PVC bags for

prosup to one year. The cumulative concentratins of DEHP received by the
monkeys during a one-year period ranged from 6.6 to 33 mg/kg (435).

313.2 Human and Epidemiologic Studie

31.321 Short-term Taiicologic Effects

Little data are available detailing effects of huwan exposure to DEHP. Shaffer
et al. (436) report that a sin;,le human subject who swallowved 10 g DEHP
exprienced gastritis and cvacuation of the bowel, while a subject who swallowed 5 g
did not. No reaction was noted when undiluted DEB? was applied to hwnan skin
fot 7 days (436). A potential route of human exposure is through blood transfusions.
71- extraction of DEHP from PVC bags by human bic'od at 4*C has been found to
occr at arate of025 m g1O00mL.day for 21days. D1s1P wrj fo 'und in both the'
lipid-containing and lipid-free portion,; of the plasma with the ied cells containing
only a small amount. From th=s find~ings, it can 1>- cakcu!.ted that a whole body
ec~hange transfusion in a 70-kg man with 20-day-cid blty~d coL'd result in in~ravenous
adm.'inistration of 300 mg DE~HP. This scen ario, bowe-ier, is unlikely since fresher
blood would normally be used (416).

The results of a recent study indicate that hrn~odialysis patients are exposed to
substanitial amounts of DEHP, MEHIP and phthalic ac-d. Timc-averaged-circulating
concentrations during dialysis were 1.91 - 2.11 14g/mL DEHP, 1-33 - 0.58 Ag/mL
MIEHP and 5.22 - 3.49 Ag/mL phthalic acid. The length of time that patients had
been receiving dialysis treatment was correlated with the circulating concentration of
phthalic acid but not with the concentrations of DEHP and MIEHP (627).

31.3.2-2 Chronic Toxicooi Effects

In a small prospective cohort study, eight dep~hs'were observed among 221
workers expose J to DEB? for periods- of 3 months to 24 years. One carcinoma of
the pancreas and one bladder papilloma were reported (437)., In a study of the
chromnosomal ef.'"t of O)EHP, occupational exposure to 0.01 - 0.16 mg/in3 for 10 to
34 years was found not to increase #he incidence, of aberrations in blood leukocytes
(438).,

31.3.3 Levels of Ceacerrn

The IJSEPA (3770) has established an ambient water quality criterion of 15 mg/L
for the protection of human health from thz toxic properties of DEHP ingested
through water and aquatic c-rganilsms that bioaccumulate DEHP; this criterion is
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presently under review by USEPA and it is likely that a new criterion base.- on
carcinogenicity will be proposed. An Oral Reference Dose of 20 pg/kg/day has been
proposed by the USEPA (3742).

NTP (417) categorizes DEHP as presenting positive evidence of carcinogenic
activity in rodents. IAPC (3325) lists DEHP in category 2B (sufficient evidence of
animal carcinogenicity) in its weight-of-evidence ranking of potential carcinogen&.

Both OSHA (3539) and the ACGIH (3005) have set 8-hour TWA occupational
exposure limits of 5 mg/m' for DEHP.

31.3.4 Hazard Aneament

High dietary concentrations of DEHP (3000-12,000 mg/kg diet) fel to rats and
mice for two years induced Ever turmors in both species (417). The relevance of
these findings to humans has been questioned (418, 4:9) based on the response of
the rodent liver to DEB? (proliferation of peroxisomes); there is no substantial
evidence that this process occurs in humans exposed to agents that elicit this response
in rodents, suggesting that the pathological changes seen in rr 'ents administered high
doses of DEB? may be species-specific. Stvndard in vitro genotoxic tests give
negative responses for DEHP. A weakly positive response was recorded in a rodent
dominant lethal assay following large intraperitoneal or subcutaneous doses of DEB?
(3658, 3008) but approximat,;ly the same dose given orally in another dominant lethal
study gave negative results (425), suggeving a nongenotoxic mechanism.

Several studies have demonstrated tesicular damage in the rat, mouse and ferret
induced by administration of high doses (>6000 mg/kg) of DEHP (427, 417, 428).
"The degree of testicular damage appears to be dose-related and proportional to the
length of exposure. Embryolethal and teratogenic effects have also been
demonstrated in mice and rats (432, 433, 401).

little data are available on the effects of exposure to DEh? in humans.
Ingestion of 5 g DEHP was reported to be without effect; ingestion of 10 g induced
gastritis and bowel evacuation. Given the ubiquitous exposure to DEH- in our
society, the lack of adverse effect reports attest to its generally low toxicity to
humans. However, until such time as the cifference in the metabolic fate of DEN?
in rodents is clearly identified as a species-specific mechanism of liver tumor
formation, the hazards associated with human exposure to DEHP will need to be
re-examined periodically.

31.4 SAMPLING AND ANALYSIS CONSIDERA71ON

Determination of DEHP concentrations in soil and water requires collection of a
representative field sample and laboratory analysis. Care is required to prevent losses
during sample collection and storage. Soil and water samples should be collected in
glass containers; extraction of samples should be completed within 7 Jays of sampling
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and aia ys completed within 40 days. In addition to the targeted sw.ples, quality
control mles such a4 field blanks, duplicates, Wnd spiked matrices may be specified
in the nded methods.

E ,-approved procedures for the analysis of di(2-ethylhexyl)phthalate, one of
the EP. priority pollutants, in aqueous samples include EPA Methods 606, 625, 1625
(65), 4 60 (63), and 8250 (63). Prior to analysis, samples are extracted with
methylcne chloride a a slvent using a separatory funnel or a ocatinuous liquid-liquid
exfirac. An aliquot o" the concentrated sample extract is injected onto a gas
cpeomatosrstapbq (G column using a zhlvent flush technique. The GC column is
prop to separate the semi-volatile organics; di(2-ethylhexyl)phthalat is then
detected w .h a Clame ionization detector (Method 606) e!ctron capture detector
(Method 8060), or a man spectrometer (Mets'ods 625, 1625, and 8250).

TbF EPA procedures recommended fcr di(2-ethylhexyl)phthalste analysis in soil
and wate samples, Methods 8060, and 8250 (63). differ from the aquzous procedures
primarily in the preparation of the sample extracL Solid samnles are extracted using
either c'xhlet extraction (Method 3540) or sonication mctho ; (Method 3550). Neat
=nd dil ted organic liquids may be analyzed by di-ect injection. Determinations are
matde •Ith either the electron capture or Niame ionization detector. A screening
proced re using capi"ary GC w-th mass spectrometric detection has also been
describ~d (3356).

Typical di(2-ethyihexyl)phthalate detection limits that can be obtained in
wastew ters and non-:queous samplcs (wastes, soils, etc.) ar- shown below. The
actual •etection Emit achieved in 2 given analysis will vbry ,,-:,h instrument acrsitiVW
and m trix effects.

A9 cyi s Detection Limit N..Ag J~t,

I M/1g/L (Method 606) 13.4 gi (M•lethod 8060/FID)
215 IsgIL (Method 625) 1.3 Wg/g (MWthod 8060/ECD)
10 jA-/L (Method 1625) 1.7 jug/I (Method 8250)

(.2 psg/L (Method 8060/-'ID)
(.02 jg/L (Method 8W60/ECD)
25 pl/L (Method 8250)
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COMMON CAS REG.NO- FORMULA AIR W/V CONVESION
SYNONYMS: 91.20-3 CWHS FACTOR at 25*C (12)

Naphthalene NWOSH NO:
Napbtbene 030525000 5.24 mg/rm S 1 ppm;
Tar camphor 0.191 ppm 0 1 mg/m
White tar STRUCTURE:mg

MOLECULAR WEIGHT:
128.16

Naphthalene may generate heat, react vigoiously, and
REACTfIV'Y possibly ignite or explode in contact with oxidizing mineral

acids or other strong oxidizing agents (511, 505).

0 Physical State: Solid, volatile
crystalline flakes (at 20"C) (23)

* Color: Waite (23)
0 Odor. "Moth ba6ls" or coal tar (54,59)
* Odor Threshold: 0.084 ppm (384)
0 Density: 1.1450 g/mL (at 20"C) (14)
* Frreze/Melt Point: 80.200C (23).
* Boiling Point: 218.00*C (23)

PHYSICO- * Flash Point: 79.00C* closed cup (21)
CHEMJCAL 0 Flammable Limits: 0.90 to 5.90%

DATA by volume (38,51,506)
* Autoignition Temp.. 526.0 to

567.00C (38,51,506)
* Vapor Pressure: 5.30E-02 mm Hg

(at 20"C) (30)
* Satd. Conc. in Air: 3.7500E+02

mg/m' (at 20"C) (1219)
* Solubility in Water: 3.17E+01

mg/L (at 20"C) (440)
* Viscosity: 0.754 cp (at IGG*C) (21)
* Surface Tension: 3.1800E+01

dyne/cm (at 100*C) (59)
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0 Log (Octanol-Water Partition
Coeft): 3.30 (29)

PHYSICO- 0 Soil Adsorp. Coeff.: 9.62E+02 (652)
CHEM]C.AL * Henry's Law Const.: 4.82E-04

DATA atmn m'/mol (74)
(Cont.) * Bioconc. Factor. 4.40E+01

(blue mussel), 7.70E+01
(sand dab), 9.50E+01 (estin.) (439,659)

Naphthalene is expected to be fairly mcbile in the
soil/ground-water system. Transport with infiltrating

PERSISTENCE water is expected to be important, particularly in sandy
IN THE SOIL- soils and soils of low organic content. Volatilization may

WATER be iinpoLoant at the surface. Biodegradation has been
SYSTEM shown to occur with accxiimated microbial populations

and under aerobic conditions; biodcgradation in natural
soils and groundwater is not expected to be significant.

The primary pathway of concern from the soil-%%ater
system is the migration of nap..thalene to groundwater

PATHWAYS drinking water supplics. There is some evidence that
OF migration from disposal sites to ground water and sur-

EXPOSURE face water has occurred in the pasL inhalation ex-
posures resulting from volatilization from surface soils
may also occur.

Signs and Symptoms of Short-term Human Exposure:
(54)
Ingestion or inhalation of naphthalene causes eye irrita-
tion, headache, nausea, vomiting, sweating and
abdominal pain. Skin contact may cause redness and
dermatitis. Both the vapor and the solid are irritating to

HEALTH the eye.
HAZARD

DATA Acute Toxici!y Studies: (3504)

ORAL:
LD, 490 mg/kg Rat
LD, 100 mg/kg Child
LD, 533 mg/kg Mouse
LD, 1200 mg/kg Guinea pig
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Long-Term Effects: Limited dett suggest no si ificant
Changes.
EL~gp26L~cv/enate Data: Nefativy

HEALTH Grnotcrxciri Data: __Nggative
HAZZARD Carcinogenicity Classification:

DATA IARC - No data
N*T? -Under study (histopathology in progrcss
EPA -No data

0Vapor concentrations of 10.500 ppm: any sup .lied-air

HANDLING facepiece, organic vapor ciartridge and dust filter
PRECAUTIONS 0 Above 500 ppm: self-containdA breathing appalratws

(38) with full facepiece operated in pitvpressure "lode
0 Chemical goggles if there is probability of eye ýcontact
0 Protective clothing to prevent prolonged or repeated
skin contact.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AMN)

Itgridirds
0 OSHA TWA (8-hr): 10 ppff; STUL (15 min): 15 ppm
* AFOSH PEL '8-hr TWA): 10 ppm; STEL (15-min): 15 ppm

", NIOSH IDUI (30-mim): 500 ppm
"* ACGIH ThV3 (8-hr TWA): 10 ppm
"* ACGIH SThL (195.min): 15 ppm
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA (ConL)

WATER EXPOSURJJ 4IMM:

Drinking Water Stndards
None established

EPA Health Adi ries and CanccLEik L4Yk
None established

41O Drinking Water Guideline
No information available.

EPAAmbient Waicr Ouia1ity Criteria
"* Human Hcalth (3770)

No criterion establLshcd due to insufficient data.

"* Aquatic Jife (3770)
Freshwater species
acute toxicity:
no criterion, but lowest effect level occurs at 2-300 Mi/L.

chronic tcxicity:
no criterion, but kowest effect level occurs at 620 ug/L

Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 2.350 Mg/L

chroric toxicity:
no criterion established due to insufficient data.

ORAL: 4.1(X)E+02 ug/lg/day (3744)



NAPHTHALENE 32-5

REGULATORY STATUS (as of 01-MAR-89)

Promuleated Rerflation.
* Federal Programs

Clean Water Act (CWA)
Naphthalene is designated a hazardou3.i sýibstance under CWA. It has
a reportable quantity (RQ) limit of 45.4 kg (347, 3764). It is also
listed as a toxic pollutant, subject to general pretreatment regulations
for new and existing sources and effluent standards and giiidelines
(351, 3763). Effluent limitations have been set for napthalene
effluents in the following point source categories: iron and steel
manufacturing industry (354), electroplating (3767), organic chemicals,
plastics, and synthetic fibers (3777), stam electric power generating
(3802), and metal molding and casting (892). Limitations vary
depending on the type of plant and i'-dustry.

SafS Drinki.,, Water Act (SDWA)
Naphtha!-.ne is listed as an unregulated contaminant with no EPA
monitoring requirements. The. individual states decide which systems
require a*,alysis for this contaminant (3771). In states with an
aporoved Underground Injection Control program., a permit is required
for the injection of naphthalene-containing wastes cesignated rs
hazardous under RCRA (295).

Remu-rcc Conservation and Recovery Act (RCRA)
Naphthalene is identified as a toxic hazardous waste (U165) and iisted
as a hazardous waste constitvent (3783, 3784). A non-specific source
of naphthalene-containing waste i% the production of chlorinated
aliphatic hydrocarbons (325). Waste streams from the following
industries contain naphthalene and are listed as specific sources of
hazardous wates: wood prese.vation (creosote and/or
pentachlorophenol preserving processes), pesticides (creosote
production), coking (operational residues), organic chemicals
(production of 1,2-dichloro- ethane), petroleum refining, and ink
formulation (3774, 3765). Naphthalene is subject to land disposal
rcstrictions when its concentration as a hazardous constituent of certain
wastewaters exceeds desiVnated levels (3785). Effective November 8,
1988, the land disposal of certain untreated naphthalcne-containing
hazardous wastes is prohibited. These wastes must be treated
rccording to Best Demonstrated Available Technology (BDAT)
treatmrcmt standards before being disposed. Certain variances exist
until May, 1990 for other naphthalene-containing hazardous wastes for
which BOAT treatment standards have not been promulgated by EPA
(3786). Naphthalene is included on EPA's ground.water monitoring
list. EPA requires that all hazardous waste treatment, storage, and
disposal facilities monitor their ground-water for chemicals on this list
when suspected contamination is fimt detected and annually thereafter
(3775).
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Toxic Substances Control Act (TSCA)
Manufacturers, processors, and importers who possess health and safety
studies on naphthalene must submit them to EPA (3789).

Comtrehensive Envronmental Response. Compensation and Liability
AcI (CERCLA)
Naphtha•'ene Ls designated a hazardous substance under CERCLA. It
has a reportable quantity (RQ) limit of 45.4 kg Reportable quantities
have also been issued for RCRA hazardous waste streams containing
naphthalene but these depend upon the concentration of the chemicals
in the waste stream (3766). Under SARA Title III Section 313,
manufacturers, processors, importers, and users of naphthalene must
report annually to EPA and state officials their releases of this
chemical to the environment (3787).

Occupational Safet and Health Act (OSHA)
'Employee exposure to naphthalene in any 8-hour work-shift of a
40-hour work-week sh?ll not exceed an 8-hcur time-weighted average
(TWA) of 10 ppm, or a 15-minute short-term exposure limit (STEL) of
15 ppm for any 8-hour work-day (3539).

Cklean Ai lc (CAA)
EPA has concluded health and source screening assessments on
naphthak ne and has decided rnot to regulate it under the Clean Air
Ac" (36.5).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated naphthalene as a
hazardous material with a reportable quantity of 45.4 kg, subject to
requircments for packaging, labeling and transportation (3180).

Federal lnseciid.-b idde and Rodenticide Act (FIFRA)
Pesticide registration ;tandards for naphthalene have been issued by
EPA (3798).

0 State Water Programs
ALLHIATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRIs (see Water Exposure Urmits section) as their promulgated
state regulations, either by narrative reference or by relisting the
sp.cific numeric criteria. These states have promulgated additional or
more stringent criteria:

KANSAS_
Kansas has an action level of 143 mg/L for naphthalene in ground-
water (3213).
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New Mexico has set a human health criterion of 0.03 mg/L for total
naphthalene plus monomethylnaphthalenes ii ground-water (3499).

NE YOR
New York has set an MCL of 50 jg/L for ,-inkng water, an ambient
water quafity %tandard of 10 Ag/L for surface w,-ers classed for
drinking water supply, and a nonenforceable water quality guideline of
10 4g/L for gound-water (3501).

Oklahoma has set a Toxic Substance Goal of 143 pg!L for surface
waters used for public and private water supplies (3534).

PENNSYLVANI
Pennsylvania has a human health criterion of 10 mg/L for surface
waters (3561).

RHODE ISLAND
Rhode Island has an acute freshwa'tr quality guideline of 115 Ag/L
and a chronic guideline of 2.6 Ag/L for surface waters for the
protection of aquatic life. These guidelines are enforceable under
Rhode Island state law (3590).

SOUTH DAKOTA
South Dakota requires naphthalene to be nondetectable, using
designated test methods, in ground-water (3671).

Popgsed Re-ulatioris
0 Federal Programs

Rvource Conservation and Recovery Act (RCRA)
EPA has proposed BDAT treatment standards for
naphthalene-containing wastes from chlorinated aliphatic hydrocarbon
production, and organic chemical (1.2-dichloroethane) production.
Final promulgation is expected by June. 1989 (3795).

* State Water Programs
MOST $TAM
Most states are in the process of revising their water programs and
proposing changes to their regulations which will follow EPA's changes
when they become final. Contact with the state officer is advised.
Changes are projected for 1989-90 (3683).

Minnesc'a has proposed a Sensitive Acute Limit (SAL) of 920 sg/L
for surface water, and a chronic criterion of 2t].4 Ag/IL for des•ignated
surface waters for the protection of human health (3452).
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EEC Directives
Directive on Drinking Water (533)
The mandatory values for polycyclic aromatic hydrocarbons in surface
water treatment categories Al, A2 and A3 wed or intended for the
abstraction of drinking water are 0.0002 and 0.001 mg/L, respectively.
No guideline values are givnn for atly treatmt~nt category.

Direcive h in& to the Quality of Wmter Intended for H-uman
Consumption t54C,
The maximum adt .,;sible concentration for polycyclic aromatic
hydrocarbons is I-. /tl.

Directie on Qhou'id.Water (538)
Direct discharge ir.to g,-ound-wzter (i.e., withoat percolation through
the ground or subtoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which posses carcinogenic, mutagenic or teratogenic
properties in or via the aquatic environment, and mineral oils an
ydrocarbons is prohibited. Appropriatt. measures deemed necessary to

prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shQl be taken by
member countries.

Directive on Toxic and Dan2erous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol copnpounds; organic-halogen compounds, excluding inert
polymeric materials and other substances referred to in thi& list or
covered by other Directives concerning the disposal of toxic and
dangerous waste; chlorinated solvents; organic solvents, biocides and
phyto-pharmaccutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of tne methods and sites used for disposing of such
waste.

L
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32.1 MAJOR USES

The production of phthalic anhydride is the main use for naphthalene. It
accounts for approximately 60% of U.S. consumption. Twenty percent is used in the
production of carbaryl, an insecticide; the remainder is used in the manufacture of
tanning agents, moth repellents, surfactants and chemicals such as beta-naphthol,
alpha-naphthol and decahydronaphthalene (440).

322 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

32.2.1 Transport in Soil/round-water Systems

32.21.1 Overview

Naphthalene may move through the soil/ground-water system whe, present.
low concentrations (dissolvad in water and sorbed on soil) or as a separate organic
phase (resulting from a spill of significant quantities of the chemical). In general,
transport pathways of loI soil concentrations can be assessed by eouiilibrium
partitioning, as shown in Table 32-1. These calculations predict the partitioning of
naphthalene among soils particles, soil water and soil air. The portions of
naphthalene associated with the water and air phases of the soil are more mobile
than the adsorbed portion. The estimates for the unsaturated topsoil model indicate
that most of the naphthalene (99%) is expected to be sorbed to the soil. Only a
small amount (0.5%) will be present in the soil water phase and available to migrate
by bulk transport (e.g., the downward movement of infiltrating water), dispersion and
diffusion. Very little naphthalene will be in the gaseous phase of the soil (<0.1%).

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a higher fraction of the naphthalene (20%) is expected to be present irn 'he
soil-water phase (Table 32-1) and transported with flowing ground water.

32.:' .12 Sorption on Soils

The mobility of naphthalene in the soil/ground-water system (and its eventual
migration into aquifers) is strongly affected by the extent of its sorption on soil
particles. In general, sorption on soils is expected to:

. increase with incrcasing soil organic matter content;
- increase slightly with decreasing temperature;
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TABLE 32-1
EQUILIBRIUM PARTITION G CALCULATIONS FOR NAPHTHALENE

IN MO DEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoil
at 250C" 99.4 0.5 0.03

Saturated
deep soil' 80.2 19.8

a) Calculations based on Mackay's eqvilibrium partitioning model (34, 35, 36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated de"-p soil. Calculated percentages
should be considered as rcugh estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient: K,. = 962. (Estimated by Arthur D.
Little, Inc.)

c) Henry's law constant taken as 4.82E-04 atm m3/mol at 25°C (74).
d) Used sorption coefficient (KI) calculated as a function of K1,. assuming 0.1%

organic carbon: KY = 0.001 xý K,.

The ava2lab;e data (10, 759, 760) indicate that naphthalene sorption onto soils
and sediments is a reversible process, and that the kinetics of desorption ure slower
than the kinetics of adsorption. These observations and the relatively high aqueous
solubility of naphthalene suggest that migration with infiltrating water may be an
important transport proce-ss for naphthalene.

- increase moderately with increasing salinity of the soil water; and
. decrease moderately with increasing dissolved organic matter content of the

soil water.

In a field study of the effects of dune soil on the removal and modification of
river-borne organics during dune-Infiltration (using water from the Rhine River), Piet
et al. (226) found increases in the naphthalene concentration after infiltration. While
the reason for the increase is not known, and may have been due to some artifact of
the study, the results do indicate that naphthalene is easily transported by infiltrating
water.
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Retardation factors, which represent the ratio of the interstitial water velocity to
the pollutant velocity in the soil, have, been reported for naphthalene. Fu ct al. (760)
report a retardation coefficient of 23 for naphthalene in soil columns containing
approximately 2% organic carbon. Schwarzenbach et al. (77) report the following
retardation factors for naphthalene: 16-62 in river sediment (1-2% organic carbon);
2.5-31 in an aquifer close to the river bed (0.1-1% organic carbon); and 1-2.5 in an
aquifer far from the river bed (<0.1% organic carbon). These data indicate some
retardation (i.e., adsorption) in soils having 1-2% organic carbon, and little or no
retardation in deep soils having lesr than 0.1% organic carbon.

322.1.3 Volatilization from Soils

Transport of naphthalene vapors through the air-filled pores of unsaturated soils
is a potentially important transport mechanism for near-surface soils. In general,
important soil and environmental properties influencing the rate of volatilization
include soil porosity, temperature, convection currents and barometric pressure
changes; important physicochemical properties include the Henry's law constant, the
vapor-soil sorption roefficient, and, to a lesser extent, the vapor phase diffusion
coefficient (31).

Volatilization of naphthalene from aqueous solution has been reported to be a
significant removal process with rates dependent on current and wind velocities (440).
There ar: no data from laboratory or field tests showing actual soil volatili7ation rates
for naphthalene; sorption of the naphthalene vapors on' the soil may slow the vapor
phase transport.

The Henry's law constant (H), which provides an indication of a chemical's
tendency to volatilize from solution, incr-eases significantly with increasing temperature
(28). Moderate increases in H are also observed wi'h increasing salinity due to ,a
decrease in naphthalene's solubility (517).

3Z2.2 Transformation Processes in SolA3round-water Systems

The persistence of naphthalene in soil/ground-water systems is not, well
documented. In most cases, i, should be assumed that the chemical will persist for
months to years (or more). Naphthalene 'hat has been released into the air will
eventually undergo photochemical oxidation (10).

Naphthalerne under normal environmental conditions is not expected to undergo
hydrolysis (10). Furthermore, naphthalene s not expected to be susceptible to
oxidation or reduction reactions in the soil/ground-water environment. Photolysis of
naphthalene in surface soils may occur due to the hgh absorptivities of the
compound in the UV/VIS range: however, no specific data were available.

Naphthalene has been reported to be readily susceptible to aerobic
biodegradation after an initial period of acclimation (10, 55, 519, 761). However, the
rate and extent of degradation vary considerably depending on environmental
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conditions. Certain pure and mixed cultures can apparently degrade naphthalene
under environmental conditions. Biodegradation in acclimated wastewater treatment
plants (e.g., activated sludge) would be expected to be relatively easy based upon the
data of Tabak et al. (55). Lee (519) and Herbes (761) have demonstrated
biodegradation in aqueous systems located near industrial sources of naphthalene; the
highest degradation rates were reported in oil-pofluted areas or areas receiving
continuou. input of naphthalene. Naphthalene does occur in most soils, and soil
microbes ;',,ave been shown to degrade (aerobic) some PAHs (10). Schwarzenbach et
al. (77) report that biological processes were responsible for the "elimination" of
naphthalene during infiltration of river water to ground water. However, in most
soil/ground-water systems such aerobic degradation would be of minimal importance
because of the low concentration of microorganisms (at depth) and the low dissolved
oxygen (anaerobic) conditions. No data are available on the possibility of anaerobic
biodegradation.

32.23 Primary Routes of Fxposure from Soil/Ground-water Systems

The proo.cties of naphthalene and the above discussion of fate pathways suggest
that naphtaalene is moderately volatile, moderately adsorbed by soil, and has a
moderal. potential for bioaccumulation. This compound may volatilize from soil
surfaces. That portion not subject to volatilization may migrate to ground water
par'.jcularly in sandy soils. These fate characteristics suggest several potential
exposure pathways.

Inhalation exposures could result from volatilization of naphthalene during
drilling or restoration activities. In addition, there is some potential for ground water
contamination, particularly in sandy soils. Mitre (83) reported that naphthalene has
been found in 12 of the 546 National Priority List (NPL) sites. It was detected at 9
sites in ground water and 4 sites in surface water. Naphthalene's properties, as well
as its presence at NPL sites suggest that it has some potential for movement in
soil/ground-water systems. This compound may eventually reach surface v'aters by
this mechanism, suggesting several other exposure pathways:

* Surtace water may be used as drinking water supplies, resulting in direct
ingestion exposure;

* Aquatic organisms residing in these waters may be consumed, also resulting in
ingestion exposure;

0 Recreational use of these waters may result in dermal exposure;

0 Domestic animals may consume or be dermally exposed to contaminated
ground or surface waters; the consumption of meais and poultry could then
result in ingestion exposure.

In general, exposures associated with surface water contamination can be
expected to be lower than drinking contaminated ground water, partially due to the
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greater dilution volume for surface waters. In addition, the BCF for naphthalene is
not high enough for bioaccumulation to represent a more significant source of
exposure than drinking water.

322.4 Other Sources of Exposure

Naphthalene is commercially produced and used in part as a moth repellent.
This use can result in direct consumer exposure. Estimates of bedroom air
concentrations resulting from this use were about 7 Ag/m'. In addition, naphthalene
has been reported in cigarette snoke. Estimated exposures range from 3-300 /g/day,
depending on the number of cigarettes smoked (440).

Ami'ient levels of naphthalene in drinking water and air appear to be generally
low or below detection limits, and exposures would not be significant as compared to
that resulting from moth ball usage or smoking (440). Brodzinsky and Singh (84)
compiled all available atmospheric monitoring data for a number of organics. For
naphthalene, they had data for 106 locations. In urban and suburban locations, the
median concentration was 0.94 Ag/mn. In source-dominated areas, the median
concentration was 2.1 •ginm'.

32.3 HUMAN HEALTH CONSIDERATIONS

32.3.1 Animal Studies

32-3.1.1 CArinogcity

Results of two studies on naphthalene carcinogenicity via oral or subcutaneous
routes indicate a negative response. The studies however, are inadequate for
assessment of carcinogenic risk. In one study, rats were given 10 g of naphthalene
over "a period of time." The rats were followed for up to 1000 days; none developed
tumors (442). The other study which provided no indications of carcinogenicity was
conducted with rats given a subcutaneous injection of 820 mg of naphthalene/rat.
None of the 10 rats developed tumors (442). Another experiment indicated a
nonstatistically significant increase in lymphosarcoma in rats given 7 subcutaneous
injections of 500 mg/kg. However, the naphthalene used contained 10% of an
unknown impurity and carbo!fuchsin, a known carcinogen, was applied to the injection
site prior to admitiistration. A skin-painting study in mice produced lymphocytic
leukemia and lung adenoma, but these results are of little significance with respect to
naphthalene since benzene, a known carcinogen, was utilized as the vehicle (441).
Another negative response was reported when strain A/J mice were exposed by
inhalation to 30 ppm naphthalene for 6 hours/day, 5 days/week for 6 months and then
observed for the presence of lung adenomas (3007).

Neither IARC nor the NTP has categorized naphthalene with regard to its
potential carcinogenicity, but NTP does have a bioassay uznderway which has
progressed to analysis of the histopathology.
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32.3.1.2 Gcnoto• ity

Naphthalene was found to be nonmutagenic in F. ;:olj and various strains of
Salpmonek typhimurium (443, 444). In vitro cell transformation assays were also
negative (445).

32.3.13 Teratogenicity, Embryotozity and Reproductive Effects

Hardin ct al. (208) reported no adverse fetal or maternal effects in rats
administered 395 mg/kg naphthalene intraperitoneally on days 1-15 of gestation.
However, Harris et aL (3273) found retarded cranial osssification and heart
development (P<0.001) in Sprague Dawley rat pups when dams were administered
395 rig/kg body weight of naphthalene intraperitoneally in corn oil on gestation days
1-15. Plasterer et al. (3563) gavaged naphthalene to mice on days 7-14 of gestation
with a dose (300 mg/kg) considered to be just below adult lethality. No gross
congenital defects were detected in neonates. There was 9 significant reduction in
number of neonate survivors. Hardin et al. (3271) gavage fed 50 pregnant mice with
300 mg/kg/day. Ten of the mice died, while the survivors had a significant decrease
in weight gain. There was a significant decrease in number of liveborn pups per
litter, but those born had normal birth weights and normal survival rates and weigh&
gain to day 3.

323.1.4 Other Toxicologic Effect

323.1.4.1 Short-term Toxicity

Ocular toxicity is the most common effect resulting from short-term, high-level
exposure to naphthalene in animals. Cataracts and retinopathy were produced in
rabbits fed 1000 mg/kg daily for 46 days. Retinal changes were noted as early as day
3 (446). Weanling rats fed a diet of 2% naphthalene for 60 days also developed
cataracts (447). Grant (19) reports that nearly all parts of the eye are affected in
varying degrees, with the response differing from animal to animal. The mechanism
by which cataracts are induced is thought to be due to the formation of reactive
metabolites (1, 2-dihydroxynaphthaIene and 1, 2-naphthoquinone) in the eye which
combine irreversibly with thiol groups of lens protein (19).

Curiously, direct application of a 10% solution in oil to the eyes or
intraperitoneal injection of 500 mg/day for 50 days failed to produce cataracts in
rabbits (446).

The lung also appears to be a target for naphthalene-induced toxicity, with
bronch'l)ar necrosis being observed in mice after single iihtraperitoneal doses of 128
mg/kg; the tissue had returned to normal with;n 7 days (449). O'Brien et al. (3529)
found that there were species differences when naphthalene was administered
intr'apcritoneally to mice and rats. An injection of 200 mg/kg to male Swiss T.O.
mice resulted in severe lung damage compared with other organs, and at doses of 400
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and 600 mg/kg, there was also damage to the cells in the proximal tubules of the
kidney. In contrast, doses as high as 1600 mg/kg caused no detectable pulmonary or
renal damage in male Wistar rats. Dogs experienced an 83% drop in hemo;,obin
levels after receiving an oral dose of 1800 mg/kg divided over 5 days (450).

323.1.4.2 Chronic Toxicologic Effects

A 90-day feeding study of CD-1 mice reve,!ed no significant ocular or
hematological changes, The only sigaifrl-ant organ change was a rcductien in ,he
spleen weight of females but there was no evidence of immunotoxicity in any
treatment group. Thc dosages ranged from 5.3 to 133 mg/kg/day (451).

32.3.2 Suman and Epidemiologic Effects

3232.1 Short-term Toxicologic Effects

Hemolytic. anemia is the most severe effect associated with naphthalene exposure
and individuals with a deficiency of glucose-6-phosphate dehydrogenase (G6PD) are
more susceptible (54). G6PD catalyzes the production of NADPH, which maintains a
proper reducing environment inside the erythrocytes (3814). Without iý, structural
and enzymatic proteins function improperly and cells hemoyze. G6PD-deficiency is
most prevalent in blacks, Orientals and individuals of Jewish ancestry, making them
more susceptible to these effects (54). Newborn infants are also susc-.ptible to the
possible hemolytic effects of naphthalene due to the reduced activity of enzyme
systems normally found in all newborn infants.

The lethal ingested dose of naphthalene in non-sensitive adults ranges between 5
and 15 g (17). Ingestion of 6 g has been survived but 2 g ingested over a day killed
a child (452, 453). Initial symptoms of ingestion include eye irritation, headache,
abdominal pain and nausea which may progress to jaundice and renal tubular
blockade. Hematologic features include dramatic decreases in hemoglobin, hematocrit
and red cell count (46). Greater damage occurs when naphthalene is ingested in
combination with fats which facilitate absorption and subsequent systemic effects of
naphthalene.

Naphthalene is irritating to the skin vpon direct contact and a small percentage
of the population may be hypersensitive to it. In one case, an individual developed a
case of exfoliative dermatitis. A patch test for naphthalene proved positive. When
naphthalene exposure was discontinued, the skin condition cleared rapidly and d;d not
recur in a 3-year follow-up period (454). Clothing impregnated with naph:halene has
caused skin rashes and systemic poisoning in infants. Effects may have been
enhanced by the application of baby oil to tne infants' skin, thus increasing the
absorption of the highly lipidsoluble naphthalene (455, 56).

Naphthalene vapor causes eye irritation at 15 ppm. Eye contact with the solid
may result in conjunctivitis. corneal injury and diminished visual acuity (46).
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There is one report of transplacental naphthalene ýoisoning but no details are
available (456).

32.3.22. Chronic Toxicoloi Effects

In the general population, 50 cases of severe chronic effects have been reported
from repeated ingestion of a mixture of naphth?.lene and isopropyl alcohol. The
symptoms resembled those of ethanol intoxication and included tremors, restlessness
and hallucinations. The effects subsided in a few days (457).

Repeated inhalation of vapors may produce malaise, headache and vomiting (12).
In a study of 21 workers exposed to high concentrations of vapors for 5 years, 8
developed peripheral lens opacities (446). In other studies, no eye abnormalities
occurred in workers exposed to naphthalene for several years (46).

In a single case report, aplastic anemia was found in a 68-year-old black woman
who had been exposed to moth-proofing compounds for a period of 39 years. It was
estimated that she was exposed to 184 ppm of naphthalene and 1400 ppm of 1,
4-dichlorobenzene. No other cases of aphdstic anemia have been attributed to either
of these chemicals alone or in combination (458).

32.3.3 evels of Conce=n

The USEPA has proposed an Oral Reference Dose for naphthalene of 410
Mg/kg/day (3742).

Both OSHA (3539) and the ACGIH (3005) have set an 8-hr TWA occupational
exposure limit of 10 ppm and a 15-min S IEL of 15 ppm for naphthalene.

32.3.4 Hazard A-ssment

Evaluation of the poten:'l risks to humans from exposure to naphthalene is
hampered by the scarcity of quantitative data on carcinoenic or long-term. effects of
naphthalene exposure.

The two major effects linked to naphthalene exposure include cataract forma!ion
and hemolytic anemia. Information on the production of cataracts is main!y
anecdotal. Cataracts have been described ;n workers exposed to high levels of
naphthalene vapor; other studies have noted negative findings. The dose-effect
relationship between naphthalene and nenoltic anemia also is not clear. Individuals
with relative deficiencies in the enzymes needed to maintain reduced glutathione
levels, as well as the fetus and young infants (1-2 weeks old), ,ppear at increased risk
to develop hemolytic anemia, which can lead to renal damage.

The data that are available regarding the carcinogenicity of naphthalene suggest
that the compound is not carcinogenic. A definitive answer should be possible once
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the results of the NTP bioassy are available. Naphthalene does not appear to be
genotoxx but tests in laboratory animals have shown developmental toxicity.

32.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of naphthalene concentrations soil and water requires col',.ction
of 4 representative field sample and laboratory anaiysis. Care is required to prevent
losses during sample collection and storage. Soil and water samples Should be
collected in amber glass containers; extraction of sampies should be completed within
7 days of sampling and analysis completed within 14 days. In addition to the targeted
samples, quality control samples such as field blanks, duplicates, and spiked matrices
may be specified in the recommended methods.

EPA-approved procedures for the analysis of naphthalene, one of the EPA
priority pollutants, in aqueous samples include EPA Methods 610, 625, 1625 (65),
8100, 8250, and 8310 (63). Prior to analysis, samples are extracted with methylene
chloride as a solvent using a separatory funnel or a continuous liquid.liquid extractor.
The semi-volatile constituents in the concentrated extract may be separated by either
a high performance liquid chromatographic (HPLC) ,'olumn (Methods 610 and 8310),
or a gas chromatographic (GC) column (Methods 610, 625, 1625, 8150 and 8100):
naphthalene is then detected with an ultraviolet detector (Methods 610/HPLC and
8310), flame ionization detector (Methods 610/OC and 8100) or a mass spectrometer
(Methods 625, 1625, and 8250).

The EPA procedures recommended for naphthalcne analysis in soil and waste
samples. Methods 8100, 8250, and 8310 (63), differ from the aqueous procedures
primarily in the prcparation of the sample extract. Solid samples are extracted using
either soxhle: extraction or sonication methods. Neat and diluted organic liquids may
be an.'yzed by direct injection.

Typical naphthalene detection limits that -an he obtained in i'.astewaters and
non-aqueous samples (wastes, soils, etc.) are shown below. The naphthalene
detection limits for Methods 610/GC and 8100 were not determin.-d. The actual
detection limit achieved in i given analysis will vary with instrument sensitivity and
matrix effects.

Aquuous Detect ion..Limit No-qcwD wo ii

1.8 ug/L (Method 610!iIPLC) 1 ag/g (Method 82-50)
1.6 gL (Method 625) 1.2 pg/g (Method 8310)
10 AX4L (Method 16.25)
16 iu g/L (Method 8250)
18 u•g/L (Method 8310)
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COMMON CAS REG.NO.: FORMULA: AIR WN CONVERSION
SYNONYMS: 111-444 cla2OO FACTOR at 250C

.v~•,l.---b- NIOSH NO:
(2-chloro)ethane K 5.85 mg/' mw I ppm;

2-Ciloroethy ether STRUCTURE. 0.171 ppm a 1 mg/rmn
Bis2.chloroethyi) •.••.ether MOLECULAR WEIGHT:

DCEE a-CH2 -CH2 -O-CH2-CH2-a 143.02
Dichsoroether
Dichloroethyl ether
.ym-dichloroethyl

ether..

Bis(2-chloroethyl)ether is considered an ether and a halo-
genated organic material for compatibility classirication
purposes. Reactions of such materials with cyanides,
mercaptans or other organic sulfides typically generate heat,
while those with mineral acids, amines, azo compounds,
hydruzines, caustics, or nitrides commonly evolve heat and
toxic or flammable gases. Reactions with oxidizing mineral

REACTIVITY acids may generate heat, toxic gases and fires. Those with
alkali or alkaline earth metals, certain other chemically
active elemental metals like aluminum, zinc or magnesium,
organic peroxides or hydroperoxides, strong oxidizing agents
or strong reducing agents typically result in heat generation
and explosions and/or fires (511).

* Physical State: Liquid (at 20*C) (23)
0 Color: Colorless (23)
* Odor: Fruity, pungent; (59,67)

nauseating

* Odor Threshold: 0.049 ppm (384)
PHYSICO- 0 Density: 1.2220 g/mL (at 20"C) (23)

CHEMICAL * Freeze/Melt Point: -51.8(fC (23)
DATA 0 Boiling Point: 178.50"C (23)

• Flash Point: 55.0ffC (closed cup) (23)
• Flammable Limits: No data
* Autoignition Temp.: 369.0'C (38,60)
* Vapor Pressure: 7.10E-01 mm Hg (67)

(at 20 0C)

N:;
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* Satd. Conc. in Air: 5.6000E+03
mg/mr (at 200C) (1219)

* Solubility in Water: 1.02E+04
mg/L (at 20*C) (67)

* Viscosity: 2.065 cp (at 25°C) (3217)
PHYSICO- 0 Surface Tension: 3.7900E+01

CHEMICAL dyne/cm (at 19'C) (59)
DATA 0 Log (Octanol-Water Partition
(Cont.) Coeff.): 1.29 (29)

0 Soil Adsorp. Coeff.: 1.09E+02 (654)
* Henry's Law Const.: 1.30E-05

atm. ml/mol at 20"C) (33)
• Bioconc. Factor: 9.OOE-01, 1.10E+01

(estim) (659,495)

Relatively mobile in soil-water systems, primariiy with
infiltrating or flowing groundwater. Weak sorption on

PERSISTENCE soils. Resistant to hydrolysis and biodegradation,
IN THE SOIL- although may be biodegraded after acclimation period in

WATER active, mixed-culture systems (e.g., sewage treatment
SYSTEM plants).

The primary pathway of concern from a soil-watcr
system is the migration of bis(2-zhloroethyl)ether to

PATHWAYS groundwater drinking water supplies; limited evidenc2
OF exists that such migration has occurred in the past.

EXPOSURE Inhalation via volatilization from surface soils qay also
be important.

I,,.
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Signs and Symptoms of Sihort-term Human Exposure:
(54)
Bis(2-chloroethyl)ether is irritating to the eyes and
respiratory tract. Vapor exposure results in irritation,
lacrimation, coughing 3nd nausea.

Acute Toxicity Studies:

INHALATION:
LCw 330 ppm 4 hours Rat (3504)

ORAL:
LD• 75 mg/kg Rat (59)

HEALTH SKIN:
HAZARD LD, 90 mg/kg Rabbit (3504)

DATA

Lon2-Term Effects: Liver cell tumors
Pregnancy/Neonate Data: No data
Oenotoxicity Data: Conflicting data
Carcinogenicity Classification:
IARC - Group 3 (not classifiable as to its

carcinogenicity to humans)
NTP - No data
EPA - Group B2 (probable human carcinogen;

sufficient evidence in animals and inadequate
evidence in humans)

Handle chemical only with adequate ventilation
0 Vapor concentrations of 15-150 ppm: any supplied-air
respirator, self-contained breathing apparatus or chemical
cartridge respirator with organic vapor cartridge. If eye

HANDLING irritation occurs, respiratory equipment with full face-
PRECAUTIONS pieces should be used • 150-250 ppm: any supplied-air

(38,54,59) respirator or self-contained breathing apparatus with full
facepiece; gas mask with organic vapor canister, chemical
cartridge respirator with full facepiece and organic vapor
cartridge * Chemical goggles if there is probability of
eye contact • Impervious clothi'ig to prevent
prolonged or repeated skin contact with liquids.

:/ /
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMIT:

Standards
0 OSHA (8-hr TWA): 5 ppm (skin); STEL (15 min): 1.0 ppm
* AFOSH PEL (8.hr TW;A): 5 ppm (skin); STEL (IS-min): 10 ppm

Crieria
"* NIOSH IDLH (30 nin): 250 ppm
"* AC'.AH TLV8 (8-hr TWA): S ppm (skin)
"* AGGIH S[rEL (IS-min): 10 ppm, (skin)

WATER EXPOSURE L!MIT:

Dljinkin& Water Standards
None established

EPA Health Advisories and Cancer Risk Levcls
None established

WHO Drinking Water Guideling
No infCormation available.

EPA Ambient Water Quality Criteria
0 Human Health (3770J)

.Based on ingestion of contaminated water and aquatic organisms
(I E-05, IE-06, IE-07 cancer risk), 0.3 14&1L, 0.03 ugl- 0.W%3 gg'l.

- Based on ingestion of contaminated aquatic organisms only (IE.05,
IE-06, IE-07 cancer risk), 13.6 Mg/L. 1.36 pg/L, 0.136 ug,/L '

. Based on ingestion of drinking water only (I E-05. I E-06, I E-07 c.-nccr
risk), 0.3 p.g/1, 0.03 pg/I,. 0.003, p&'L.

0 Aquatic Life (3770)
-Fr,:shwater species

acute toxicity:
no criterion, but lowest effect level occurs at 2138,000 Mg/I. chioroalkyl
ethers.
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITEkIA (Cont.)

chronic toxicity:
no criterion established due to insufficient data.

Saltwater species
acute toxicity:
no criterion established due to insufficient data.

chronic toxicity:
no criterion established due to insufficient d3ta.

REFERENCE, DOSES:
No reference dose available.

REGULATORY STATUS (as of'01-MAR-89)-

Promrulgated Rpgulation
*Federal Programs

Clean VýIter Act '(CWA)
Bis(2-chlorocthyl)ether is listed as a toxic poll,:tant, subject to general
pretreatment regulations for new and existing sources,,and to efffluentX

* standards and guidelines (351, 3763). Effluent limitations have bten
set for this chemical in the electroplating (3767), the steamn electric
power generating (3802), and the metal finishing point source
categories (3768~). Limitations vary depending on the type of plant and
industry.

Safe Drigkir,~ Water Act (SDWA)
In states with an approved Underground Inj'ection Control program. a
permit is required for the injection of bis(2-chloroethyl)ether-contaaning
wastes designated as hazardous under RCRA (295).

Resource Conservation and Rccovea Act.g (RCRA)
Bis(2-chlorocthvl)ethcr is identilied as a toxic hai;irdous; waste (U025)
and listed as a hazardonus v..d1stc const,*tuent (3783, 3784). Waste'
streams from the organic chemicals industry (epichlorohydrin
production) contain hi4(2-cHloroethv's4kther and are listed as specific
sources of hazardousi wastes (3774,'3765). Bis(2--hlorocthyl)cthe:- is

ý7 71
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is included Cn EPA's ground-water monitoring list. EPA requires that
hazardous waste treatment, storage, and disposal facilities monitor their
ground-water for chemicals on this list when su-.tazted contamination is
first detected and annually thereafter (3775). Bis(2-chloroethvl)ether is
subject to land disposal restrictions when its concentration as a
hazardous constituent of certain wastewaters exceeds designated levels
(3785). Effective July 8, 1987, the land disposal of hazardous wastes
which contain halogenated organic compounds in total concentrations
greater than or equal to 1000 mg/kg is prohibited. Effective August 8,
1988, the underground injection into deep wells of these wastes is
prohibited. Certain variances until May, 1990 for land and injection
well disposal of some wastewaters and nonwastewaters for which Best
Demonstrated Available Technology (BDAT) treatment standards have
not been promulgated by EPA (3786).

Comprehensive Environmental Response Compensation and Liability
Act (CERCLA)
Bis(2-chloroethyl)ether is designated a hazardous substance under
CERCLA. It has a reportable quantity (RQ) limit of 0.454 kg (3766).
Reportable quantities have also been issued for RCRA hazardous
waste streams containing bis(2-chloroethyl)ether but these depend upon
the concentration of the chemicals in the waste stream (3766).
Bis(2-chloroethyl)ether is designated an extremely hazardous substance
under SARA Title I1. Any facility at which this chemical is present in
excess of its threshold planning quantity of 10,000 pounds must notify
state and local emergency planning officials. If this chemical is
released from the facility in excess of its reportable quantity (RQ),
local emergency planning officials must be notified (3766). Under
SARA Title III Section 313, manufacturers proce.sors. importers, and
users of bis(2-chloroethyl)ether must report annually to EPA and state
officials their releases of this chemical to the environment (3787).

Marine Protection Research and Sanctuarie% Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited excep: when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical consti'uents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological proceses in the sea (309).
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Occupational Safety and Health Act (OSHA)
Employee exposure to bis(2-chlorocthyl)ether in any 8-hour work-shift
of a 40-hour work-week shall not exceed an 8-hour time.weighted
average (TWA) of 5 ppm. An employee's 15-minute short term
exposure limit (STEL) of 10 ppm shall not be exceeded at any time
during a work-day (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated
bis(2-chloroethyl)ether as a hazardous material with a reportable
quantity of 0.454 kg, subject to requirements for packaging, labeling
and transportation (3180).

0 State Water Programs
ALLSTATE$
AM states have adopted EPA ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative refercnce or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

NEW YORK
New York has set an MCL of 5 pg/L for bis(2-chloroethyl) ether in
drinking water, a water quality standard of 1.0 Amg/L for ground-water
used for the drinking water supply, and a nonenforceable guideline of
0.03 pg/e for surface waters (3501).

/,A•NSAS
Kansas has an action level of 4.2 ug/L for ground-water (3213).

Proposed Regulations
0 Federal Programs

Resource Conservation and Recovery Act (RCRA)
EPA has proposed that solid wastes be listed as hazardous in that they
exhibit the characteristic defined as EP toxicity when 'the TCLP extract
concentration is equal to or greater than 0.05 mg/L
bis(2-i.:hloroethyl)ether. Final promulgation of this Toxicity
Characteristic Rule is expected in June, 1989 (1565).

S, , j j j j j j j j j j J I I I I I I I I I I I I ------------- I I
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State Water Programs
MOSTQSTAI
Most states are in the process of revising their water programs nud
proposing changes in their regulations which will follow EPA's changes
when thcy become final. Contact with the state officer is advised.
Changes are projected for 1989-90 (3683).

MIN1AEQI
Minnesota has proposed a Recommended Allowable limit (RAL) of
0.3 pg/L for bis(2-chloroethyl)ether in drinking water (3451).

EEC Directives
Directive on the Discharme of Dangerous Substances (535)
Organohalogens, carcinogens or substances which have a deleterious
effect on the taste and/or odor of human food derved from aquatic
environments cannot be discharged into inland surface waters,
territorial waters or internal coastal waters without prior authorization
from member countries which issue emission standards. A system of
zero-emission applies to discharge of these substances into ground-
water.

Directive on Ground-Watcr (538)
Direct discharge into ground.water (i.e., without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic

roperties in or via the aquatic environment, and mineral oils and
ydrocarbons is prohibited. Appropriate measures deemed necessary to

prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.

Directive on Toxic and Dangerous Wastes (542)
Any installation, establishment, or ur:.ertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds, excluding inert
polymeric materials and other fubstances refened to in this li3t or
covered by other Directives concerning the disposal of toxic and
dangerous waste; chlorinated solvents; organic solvents; biocides and
phyto-pharmaceutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keen a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.
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Dire~tive Relating to the Classification. Packaging and Labeling of
Dangerous Preparations (Solvents) (544)
Bis(2ýchloroethyl)ether is listed as a Class U/a toxic substance and is
subje t to packaging and labeling regulations.

Dir2tive on the Classification. Packazing and Labeling of Dangerous
SUbstnce (787)
Bis(2chioroethyl)ether is classified as a toxic substance and is subject
to pa kaging and labeling regulations.

EEC Directives - Proposed Resolution
Resolution, on a Revised List of Second-Catepory Pollutants (545)
Bis(2-chloroethyl) ether is one of the second-category pollutants to be
studi by the Commission in the programme of action of the
Euroean Communities on Environment in order to reduce pollution
and nuisances in the air and water. Risk to human health and the
environment, limits of pollutant levels in the environment, and
determination of quality standards to be applied will be assessed.

- m m •| I I I I
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33.1 M.JOR USES

Bis(2-chloroethyl)ether is no longer produced for sale in the United States. The
companies producing it utilize it within their own plants and subsidiaries in a variety
of proprietary processes. Bis(2-chloroethyl)-ether has been used as a soil fumigant, a
solvent, a scouring agent for textiles and as an intermediate in the synthesis of divinyl
ether and morpholine compounds. It can also be used to scavenge lead deposits in
gasoline but apparently has never foind much commercial use in this way (4%).

33.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

332.1 Transport in Soil/Ground-water Systems

332.1.1 Overview

Bis(2-chloroethyl)ether may move through the soillgrcund-water system when
present at low concentraions (dissolved in water and sorbed on soil) or as a separate
organic phase (resulting from a spill of significant quantities of the chemical). In
general, transport pathways for low soil concentrations can be assessed by equilibrium
partitioning, as shown in Table 33-1. These calculations predict the partitioning of
bis(2-chloroethyl)ether among soil particles, soil water, and soil air. The portions of
bis(2-chloroethyl)ether associated with the water and air phawes of the soil are more
mobile than the adsorbed portion.

The estimates for the unsaturated topsoii model predict that most of the
chemical (95%) will be sorbed on the soil; a small amount (5%) of the chemical is
expected to be present in the soil-water phase and can thus migrate by bulk transport
(e.g., the downward movement of infiltrating water), dispersion and diffusion. *For the
small portion of bis(2-chloroethyl)ether in the gaseous phase of the soil (0.007%),
diffusion through the soil-air pores up to the ground surface, and subsequent removal
by wind, is possible.

In saturated, deep soils (containing no soil air and negligible soil organic carbon)
a much higher fraction of the bis(2-chloroethyl)ether (69%) is likely to be present in
the soil-water phase (Table 33-1) and transported with flowing ground water.
Ground water underlying bis(2-chloroethyl)ether contaminated soils with low organic
content are thus vulnerable to pollution by the chemical.
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TABLE 33-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR

BIS(2-CHLOROETHYL)ETHER IN MODEL ENVIRONMENTS(')

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoil
at 2(1rCý' 95.4 4.6 0.007

Saturated
deep soil' 31.4 68.6

a) Calculations based on Mackay's equilibrium partitioning mode (34, 35, 36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and satufati-4 deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Used estimated soil sorption coefficient estimated with equation of Kenaga and
Goring (655): K,,, = 109.

c) Henry's law constant taken as 1.3E-05 atm. m'/mol at 20"C (33).
d) Used sorption coefficicnt calculated as a function of K,,, assuming 0.1% organic

carbon: K, = 0.001 x K,,.

33.21.2 Sorption oc Soils

The mobility of bis(2-chloroethyl)ether in the soil/groundcwater system (and its
eventual migration into aquifers) is strongly affected by the extent of its sorption on
soil particles. In general, scrrption on soils is expected to:

- increase with increasing soil organic matter content;
. increase slightly with decreasing temperature;
- increase moderately with increasing salinity of the soil water; and
- decrease moderately with increasing dissolved oiganic matter content of the

soil water.

Based upon its octanol-water partition coefficient of 19.5, the soil sorption
coefficient (K.) is estimated to be 109. This is a relatively low number indicative of
weak sorption to soils. This conclusion is in agreement with the discussion given by
Callahan et al. (10).
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33.2.13 Volatilization from Soils

Transport of bis(2-chloroethyl)ether vapors through the air-filled pores of
unsaturated soils is not expected to be an important transport mechanism for
near-surface soils except for dry soils. There are no data from laboratory or field
tests showing actual volatilization rates from soils; however, data from studies on the
Ohio River indicate volatilization would be unimportant even for losses from surface
waters (10).

33.22 Transformation Processes in Soili3round-water Systems

The persistence of bis(2-chloroethyl)ether in soil/ground-water systems has not
been investigated. In most cases, it should be assumed that the chemical will persist
for months to years (or more). Bis(2-chloroethyl)ether that has been released into
the air will eventually undergo photochemical oxidation; a tropospheric lifetime on
the order of 4 hours is projected based on smog chamber data (10).

Bis(2-chloroethyl)ether under normal environmental conditions is nct expected to
undergo rapid hydrolysis. Two rough estimates of the hydrolysis half-life of
bis(2-chloroethyl)ether (at 250C) are 2 years and 16 years (33). The first was derived
from a hydrolysis rate constant for bis(2-chloroethyl)ether in aqueous dioxane at
100'C (1.5E-05/min); the second was derived by analogy from data on chemically
similar compounds. A neutral hydrolysis rate constant of 4E-E6/hr (equivalent to a
half-life of 20 years) was recommended based upon these data (10). The hydrolysis
of bis(2-chloroethyl)ether should be independent of pH by analogy to other aliphatic
hydrocarbons (10).

Literature references to microbial degradation of compounds such as
bis(2-chloroethyl)ether are few and partially conflicting. The general indications are,
however, that bis(2-chloroethyl)ether is resistant to biodegradation. Two
biodegradation studies were cited by Callahan (10). The first study showed significant
degradation of bis(2-chloroethyl)ether, which had been added to Ohio River water
supplemented with sewage sludge, after a 25-30 day period of acclimation. The
second study showed no degradation of bis(2-chloroethyl)ether five days after it had
been added to Ohio River water. Dojlido (675) also found bis(2-chloroethyl)ether to
be a biologically inert substance under the conditions of three tests, namely: (1)
respirometric measurements; (2) river water tests; and (3) laboratory activated sludge
units. By contrast, Tabak et al. (55) reported that bis(2-chloroethyl)ether underwent
significant degradation with rapid adaptation in a static screening flask test using
BOD dilution water and settled domestic wastewater as the microbial iroculum.
Thus, biodegradation in acclimated wastewater treatment plants is possible.

In most soil/ground-water systems, the concentration of micro-organisms capable
of biodegrading chemicals such as bis(2-chloroethyl)ether is very low and drops off
sharply with increasing depth. Thus, biodegradation in the soil/ground-water system
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should be assumed to be of minimal importance except, perhaps, in landfills with
active microbiological populations.

No data are available on the possibility of anaerobic biodegradation of
bis(2-chloroethyl)ether.

33.2.3 Primary Routes of Exoxsure from Sofl4 ,round-water Systenm

The properties and the above discussion of fate pathways suggest that
bis(2-chloroethyl)ether is moderately adsorbed, is moderately volatile and has no
significant potential for bioaccumulation. This compound may volatilize from soil
surfaces, but that portion not removed by volatilization is likely to be somewhat
mobile in ground water. These fate characteristics suggest several potential exposure
pathways.

Volatilization of bis(2-chloroethyl)ether from a disposal site, particularly during
drilling or restoration activities, could result in inhalation exposures. In addition,
there is some potential for ground water contamination (and drinking water
exposure), particularly in sandy soils. Mitre (83) reported that this compound has not
been found at any of the 546 National Priority List (NPL) sites. The reason for this
could be that it is not commonly disposed of, and/or it is not commonly analyzed for.

The properties of bis(2-chloroethyl)ether suggest that it has the jotential for
movement in soil/ground-water systems. If it reaches surface water from a disposal
site, several other exposure pathways are possible:

"* Surface waters may be used as drinking water supplies, resulting in direct
ingestion exposure;

"* Aquatic organisms residing in these waters may be consumed, also resulting in
ingestion exposure;

"• Recreational use of these waters may result in dermal exposure;

"* Domestic animals may consu- .e or be dermally exposed to contaminated
ground or surface waters; tl consumption of meats and poultry could then
result in ingestion expos .es.

In general, exposures dssociated with surface water contamination can be
expected to be lower than exposures from drinking contaminated ground water,
partially due to the greater dilution volume in surface water. In addition, the very
low BCF for bis(2-chloroethyl)ether suggests no significant potential for
bioaccumulation in aquatic organisms or domestic animals.
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33Z.,4 Other Sources of Exposure

There are currently no data available on other sources of exposure to
bis(2-chloroethyl)ether (495).

33.3 HUMAN HEALTH CONSIDERATIONS

33.3.1 Animal Studies

333.1.1 Carinogeicity

Oral doses of bis(2-chloroethyl)ether have been found to be carcinogenic to mice
but not to rats. !nnes et al. (462) conducted a study in which they administered 100
mg/kg bis(2-chloroethyl)ether to mice by gavage daily from the seventh to
twenty-eighth day of age. The dose was subsequently increased to 300 mg/kg/day for
80 weeks. This resulted in a significant incidence of liver cell tumors in the males.
Weisburger et al. (497) reported negative results in rats fed daily doses of 25 and 50
mg/kg for 78 weeks. Significant mortality was observed in high-dose females only.
There is also a question of whether the levels for males were high enough. Norpoth
et al. (3511) also reported no significant increase in malignant or benign tumors in
male or female Sprague-Dawley rats following weekly s.c. injections of 4.36 M mole
(0.35 mg/kg/day) and 13.1 A. mole (1.06 mg/kg/day) of bis(2-chloroethyl)ether. The
study lasted for two years. As in the above study, the treatment levels may not have
been high enough to cause an effect. In addition, the authors comment that the
study was somewhat limited as only the organs exhibiting macroscopic disorders were
examined histologically. In Swiss mice, weekly subcutaneous injections of I mg
bis(2-chloroethyl)ether in 0.05 mL purified paraffin oil for 22 months produced a low
incidence of sarcomas at the injection site (498).

33.3.1.2 Genotoxicity

Conflicting data can be found in the Salmonella/microsome assay. Weak' positive
re'ults were reported bv Mortelmans et al. (3469) in strain TA100 only with
activation. The other three strains tested were negative, with or without activation.
Norpoth et al. (3511) also reported weak positive results in strain TA100 with
metabolic activation in the presence or absence of an NADPH generating system.
Simmon and Tardiff (3655) found bis(2-chloroethyl)ether to be a strong mutagen in
strain TA100 without activation, and they observed a ten-fold increase in revertants
when the bacteria were treated in a desiccator. No data with activation were
presented. Shirasu et al. (555) claimed bis(2-chloroethyl)ether to be a direct-acting.
base-change mutagen in various strains of E. coli, B. subtilis, and S. =vhimurium.
Other investigators have reported n.egative results. No heritable translocations above
control values were fourd in the progeny of male mice given bis(2-chloroethyl)ether
daily by gavage at 3 concentrations (25, 50, and 100 mg/kg/day) for 56 consecutive
days (3345). In addition, bis(2-chloroethyl)ether was not mu.agenic in host-mediated

. .. ..
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auays when given as a single oral dose or when administered for 2 weeks prior to the
injection of I typhimurium into the peritoneal cavity (3654).

33.3.13 Teratogenicity, Embryotoxicity and Reproductive Effects

No teratogenicity data are available for bis(2-chloroethyl)ether.

33.31.4 Other Toxicologic Effects

33.3.1.4.1 ShoeI-tcrm Toxicity

Bis(2-chloroethyl)ether is a severe respiratory and eye irritant. Acute, high level
exposures cause narcosis and death in animals. Acute response at various air
concentrations has been studied in the guinea pig and rat. Exposure of guinea pigs
to continuous concentrations of 500 and 1000 ppm resulted in immediate lacrimation
and nasal irritation which were followed by unsteadiness and coma. Death occurred
within 5 to 8 hours due to pulmonary edema and hemorrhage. A concentration of
105 ppm resulted in death after 10 hours of continuous exposure; however, if limited
to one hour, no serious systemic effects resulted but eye and nose irritation were still
noted (551). Four-hour inhalation exposure to 250 ppm was lethal for rats. Three
rats exposed to 1000 ppm for 45 minutes died within 2 weeks (552).

One drop of bis(2-chloroethyl)ether applied to rabbit eyes caused mild transient
injury (19). On the skin of rabbits, the pure liquid had no local effect, but a
sufficient amount penetrated the skin to cause death within 24 hours (46).

33.3.1.4.2 Chronic Toxicity

Rats and guinea pigs were exposed to vapor levels of 69 ppm for 93 seven-hour
exposures, 5 days per week for 130 days. Only mild physiologic stress was noted.
Microscopic examination revealed no cellular lesions (553).

33.3.2 Human and Epidemiologic Studies

33.321 Short-term Toxicologic Effects

Bis(2-chloroethyl)ether is a severe respiratory and eye irritant. Brief human
inhalation of 500 ppm caused intolerable irritation to the eyes and nose along with
coughing, nausea and vomiting. At 100 ppm, there was some irritation while at 35
ppm there were no effects (551). Grant (19) reports one instance of a human
corneal burn; no details were listed. Death of a wool industry-worker presumably
due to inhalation of bis(2-chloroethyl)ether vapor has been reported by Elkins (554).
A TLV® of 5 ppm is recommended !o prevent eye and respiratory irritation as well
as lung injury (2).

I !
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333.2.2 Chronic Taoogic Effec

It is reported that repeated exposures to low concentrations may cause mild
bronchitis (38). No other data are available.

33.3-3 Lcveh of Cxnccrn

Based on the evidence of liver tumors induced in mice administered
bis(2-chloroethyl)ether, the USEPA has specified an ambient water quality criterion
for this compound of zero. In that attainment of a zero concentration level may be
infeasible in some cases, the concentrations of bis(2-chloroethyl)ether in water
calculated to result in incremental lifetime cancer risks of 1E-05, IE-06 and IE-07
from ingestion of both water and contaminated aquatic organisms were estimated to
be 0.3, 0.03 and 0.003 Mg/L, respectively (3770). Risk estimates are expressed as a
probability of cancer after a lifetime consumption of two liters of water per day and
consumption of 6.5 g of contaminated fish per day. Thus a risk of IE-05 implies that
a lifetime daily consumptior of two liters of drinking water and 6.5 g of contaminated
fish at the criterion level of 0.3 14&L i.is(2-chloroethyl)ether would be expected to
produce one exccss case of cancer above the normal background incidence for every
100,000 people exposed. It should be emphasized that these extrapolations are based
on a number of assumptions and should be taken as crude estimates of human risk at
best.

IARC (3882) lists bis(2-chloroethyl)ether in category 3 (insufficient evidence of
carcinogenicity) in its weight-of-evidence ranking for potential carcinogens. The
USEPA (3879) lists bis(2-chloroethyl)ether as a Group B2 carcinogen (probable
human carcinogen).

OSHA (3539) has established an 8-hr TWA of 5 ppm and a 15-min STEL of 10
ppm for bis(2-chloroethyl)ether. The ACGIH (3005) recommends a threshold limit
value of 5 ppm, set to prevent eye and throat irritation, as well as lung injury.

333.4 Hazard Asessment

Oral administration of bis(2-chloroethyl)ether induced liver tumors in mice (462).
No carcinogenic response was observed, however, in another oral study conducted
with rats (497). Basco on the data for mice, the USEPA (3749) calculated an
upper-limit incremental cancer risk of 1.14 (mg/kg/day)"' for ingestion of
bis(2-chloroethyl)ether.

A heritable translocation assay conducted with mice was negative (3345).
Negative results were also reported in a host-mediated assay (3654). Genotoxic
responses have been documented in various bacterial test systems (555, 3655, 3469,
3511). There are no data available regarding potential reproductive toxicity
associated with bis(2-chloroethyl)ether exposure.
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Bis(2-chloroethyl)ether is a severe respiratory and ,j i-Lant. Brief human
inhaiation exposure to 500 ppm caused into:erable irritat. )n to the eyes and
respiratory tract; no effects occurred at a level of 35 pp,' (!51). Rtferetce to
possible tffects of chronic exposure to bLs(2-chloroethylet',cr is limited to an
indication of mild bronchitis associated with repeated, low-level expoures (38). The
scarcity of health effects data for either humans or experimental animals makes
estimates of dose-response relationships uncertain, particularly with regard to
long-term, low-level oral exposure.

33.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of bis(2-chloroethyl)ether concentrations in soil and water requires
collection cf a representative field sample and laboratory analysis. Care is required to
prevent losses during sample collection and storage. So:l and water samples should
be collected in glass containers; extraction of samples should be completed within 7
days of sampling and analysis comipleted within 40 days. In addition to ihe' targeted
samples, quality control samples suzh as field blanks, duplicates, and spiked matrices
may be specified in the recommcnded methods.

EPA-approved procedures for the analysis of bis(2-chloroethyl)etber, one of the
EPA priorty pollutants, in aqueous samples include EPA Methods 611, 625, and 1625
(65). Prior to analysis, samples are extracted with methylene chloride as a solvent
using a separatory funrtel or a continuous liquid-liquid extractor. An aliquot of the
concentrated sample extracted is injected onto a gas chromatographic (GC) column
using a solvent flush technique. The GC column is programmed to separate the
semi-volatile organics; bis(2-chloroethyl)ether is then detected with a halide spacific
detector (Method 611) or a mass spectrometer (Method 625 and 1625).

The EPA procedure recommended for bis(2-chlotoethyl)ether analysis in soil and
waste samples, Method 8250 (63), differs from the aqueous procedures primarily in
the preparation of the sample extract. Solid samples are extracted using either
soxhlet extraction or sonication methods. Neat and diluted organic liquids may be
analyzed by direct injection. Determinations are made by gas chromatography/mass
spectrometry. A screening procedure using capillary GC has also been described
(3356).

Typical bis(2-chloroethyl)ether detectior. limits that can be obtained in
wastewaters and non-aqueous samples (wastes, soils, etc.) are shown below. The
actual detection limit achieved in a given analysis will vary with instrument sensitivity
and matrix effects.

Sj I J ! I II -II I



33-18 BLS(2-CI{LROEnMY) E-fIEER

Ajucous Detection Limit Non~aueous Detection Limit

0.3 Mig/L (Method 611) 3.8 ;Aglg (Method 8250)
5.7 ug/L (Method 625)
10 jsg/L (Method 1625)
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COMMON CAS REG.NO.: FORMULA- AIR W/V CONVERSION
SYNONYMS: 62-75-9 C1 ~NOFACTOR at 2S*C (59)

DMN NIOSH NO:
DMI4A 3.03 mg/rn3 = I ppm;

Di~ty~tC6-0.33 ppm = I mg/rn

Nmetba~Namintre HC-N-N=O MOLECULAR WEIGHT:_______I i- 74.1

NDMA degrades under uv light (probably to diazom-
ethane), can be oxiddzed l~y strong oxiddizing agents to the
nitramine (dimethylnitramine), and can be reduced to the
corresponding hydrazine or amine (I,I-dimethylhydrazine,

REACTIVITY dimethylamine)(12). NDMA is relatively resistant to
hydrolysis (3867). Toxic fumes of NO, may be emitted if
NDMA is heated to decomposition (3867).

'@ Physical State: Liquid (23)
(at 200C)

0 Color: Yellow (23)
* Odor: Faint, characteristic odor (59)
* Odor Threshold: No data
* Density: 1.0060 g/mL (at 20*C) (23)
* Freeze/Melt Point- No data

PHYSICO- * Boiling Point: 152.00C (23)
CHEMICAL 0 Flash Point: No data

DATA 0 flamnmable Limits: No data
* Autoignition Temp.:, No data
0 Vapor Pressure: 8.10 mm Hg (33)

(at 250C)
* Satd. Conc. in Air: 3.2900E +04 (1219)

mg/rn3 (at 20'C)
0 Solubility in Water: Infinite (ADL estim)

(at 20*C)
e Viscosity: No data
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* Surface Tension: No data
• Log (Octanol-Water Partition (29)

PHYSICO- Coeff.): -0.57
CHEMICAL 0 Soil Adsorp. Coeff.: 1.10E+01 (654)

DATA 0 Henry's Law Const.: 3.30E-05 (33)
(Cont.) atm. m'imcl (at 25"C)

* Bioconc. Factor: 1.00E-02 (estim),
6.50E-02 (estim) (659)

PERSISTENCE Relatively mobile. in soil-water systems, primarily with
IN THE SOIL- infiltrating or flowing groundwater. Weak sorption to

WATER soils. Volatilization is important in near-surface, dry
SYSTEM soils. Chemical is resistant to hydrolysis, but may

undergo slow biodegradation.

The primary pathway of concern from soil-water system
is the migration of N-nitrosodimethylamine to ground-
water drinking water supplies, although there is no

PATHWAYS evidence that such migration has occurred in the past.
OF Inhalation resulting from volatilization from surface

EXPOSURE soils could occur in some situations. Human exposure
may also occur from either food or tobacco smoke.

Signs and Symptoms of Short-term Human Exposure:
(54,482)
NDMA is highly toxic to the liver, inducing severe
ne-rosis. Systemic effects Pre characterized by nausea,

vomiting, abdominal cramps, headache and fever.
Jaundice and internal hemozrhaging may also occur, and
coma and death may follow. The liquid and vapor are
not especially irritating to the eyes or skin, and warning
properties are poor.

HEALTH
HAZARD Acute Toxicity Studies:

DATA
INHALATION:
LC5, 78 ppm 4 hr Rat (59)

ORAL:
LD, 58 mg/kg Rat (3504)
LD, 27 mg/kg Rat (3504)
(Range of 27-41)
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Long-Term Effects: Liver cýamage (necrosis), internal
henmorrha&Lz
Pregnancy/hleonate Data: N~ot teratogenic in animals;

HAZARD embrytoxic at maternally toxic doses, not gonadotoxic
HDiATA Genotoxicity Data: Sufficient evidence of eenotoxicily

DATACarcinogenicity Classification:
IARC - Group 2A (probably carcinogenic, to humans)
NTP - No data
EPA -No data

Handling of NDMA is to be. conducted as outlined in
29CFR 1910.1016. OSHA recommends a half-face, filter

HANDLING type respirator in accordance! with 29CFR 1910.134.
PRECAUTIONS However, a respirator affording higher levels of

(299) protection may be substituted. Full-body protective
clothing and gloves should b~used.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERL4

AIR EXPOSURE LIMITS:

Standards-
* OSHA PEL (S-hr TWA): OSHA carcinogen - all contact should be avoided.
* AFOSH PEL (S-hr TWA): avoid all contact - carcinogen

Criteria
* NIOSH IDLH (30-mmn): NIOSH has rzcommended that the substance be

treated as a potential human carcinogen
* ACGIII TLV (8-hr TWA): avoid exposure (AZ suspected human

carcinogen) (Fkin)

WATER EXPOSURE LIMiTS:

Drinkinv Water Standards
None established

EPA Hlealth Advisories and Cancer Risk Levels
None establihed
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA (Cont.)

WHO Drinkine Water Guideline
No information available.

EPA Ambient Water Quality Criteria
"* Human Health (459)

- Based on ingestion of contaminated w3ter and aquatic organisms
(1E-05, 1E-06, IE-07 cancer risk), 14 ng/L, 1.4 ng/L, 0.14 ng/L
Based on ingestion of contaminated aquatic organisms only

(IE-05, IE.06, 1E-07 cancer risk), 160 ug/L, 16 ug/L, 1.6 Lg/L.

"* Aquatic Life (459)
- Freshwater species

acute toxicity:
no criterion, but lc,west effect level occurs at 5850 ug/L of
nitrosamines.

chronic toxicity:
no criterion established due to insufficient data.

- Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 3300 mg/L of
nitrosamines.

chronic toxicity:
no criterion established due to insufficient data.

REFERENCE DOSES:
No reference dose available.

/
//
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REGULATORY STATUS (as of 01-MAR-89)

Promulgated Regulations
0 Federal Programs

Clean Water Act (CWA)
N-nitrosodimethylamine is listed as a toxic pollutant, subject to general
pretreatment regulations for new and existing sources, and effluent
standards and guidelines (351, 3763). Effluent limitations specific to
this chemical have been set in the following point source categories:
electroplating (3767), steam electric power generating (3802), and
metal finshing (3768). Limitations vary depending on the type of
plant and industry.

Resource Conservation and Recwivery Act (RCRA)
N-nitrosodimethylamine is listed as an acute hazardous waste (P082)
and a hazardous waste constituent (3783, 3784). This chemical is
subject to land disposal restrictions when its concentration as a
hazardous constituent of certain wastewatcrs exceeds designated levels
(3785). N-nitrosodimethylamine is included on EPA's ground-water
monitoring list. EPA requires that all hazardous waste treatment,
storage, and disposal facilities monitor their ground-water for chemicals
on this list when suspected contamination is first detected and annually
thereafter (3775).

Comprehensive Environmental Resoonse Compensation and Liability
'Act (CERCLA)
N-nitrosodimethylamine is designated a hazardous substance under
CERCLA. It has a reportable quantity (RQ) limit of 0.454 kg (3766).
N-nitrosodimethylamine is designated an extremely hazardous substance
under SARA Title 111 Section 302. Any facility at which this .;hemical
is present in excess of its threshold planning quantity of 10 pounds
must notify state and local emergency planning officials. If
n-nitrosodimethylamine is released from a facility in excess of its
reportable quantity (RQ), local emergency planning officials must be
notified (3787).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited except when they are prcient as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).
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Occupational Safet. and Health Act (OSHA)
Empk-yee exposure to N-nitrosodimethylamine should be avoided.
This chemical is designated an OSHA carcinogen. Detailed regulations
exist in 29CFR1910.1016 for areas where N-nitrosodimethylamine is
manufactured, processed, used, packaged, released, handled or stored.
These include requirements for reporting maintenance and
decontamination (299).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated this chemical as a
hazardous substance with a reportable quantity of 0.454 kg, subject to
requirements for packaging, labeling, and transportation (3180).

* State Water Programs
All states have adopted EPA Ambient Water Quality Criteria and
PDWRs (see Water Exp isure Limits section) as their promulgated
state regulations, 6ther by narrative reference or by relisting the
specific numeric criteria. These states have promulgated additional or
more stringent criteria:

KANSASKansas has an action level of 0.0014 gg/L for N.nitrosodimethylamine7

in ground-water (3213).

NSEW YORK

New York has set an MCL of 50 ug/L in drinking water (3501).

o &T.AHOM0
Okl;,homa has set an enforceab:e Toxic Substance Goal of 0.8 ng/L or
nitr.)samines in surface waters classed for public and private water
supplies (3534).

Proposed Regulations

"* Federal Programs
No proposed regulations are pending.

" State Water Programs
MOST STATES
Most states are in the process of revising their Water Programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with the state officers is advised.
Changes are projected for 1989-90 (3683).

M[NNESOTA
Minnesota has proposed a Recommended Allowable Limit (RAL) of
0.007 4g/L for drinking water (3451).
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EEC Direct veA
Directive te (538)

Dirert discharge into grouand-w~ater (iLe., without percolation throL'gh
the ground or subsoil) of organobalogen compounds and substan~cesL
which may form such compounds in the aquatic environment1
sub~stances w~hich possess carcinogenic, mutagenic or teratogenic
propertiez in or via the aquatic envi 'inment, and mineral oils and
hydrocarbons is prohibited. Appropriate measures deemed necesssary
to prevent indirect discharge into grounid-water (Le., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.

Directive on the Discharge of Dangerous Substance (535)
Organohalogens, carcinogen or substances which havc a delterious
effec't on the taste and/or odor of human fcod derived from aquatic
envirornments cannot be discharged into inland surface waters,
territorial waters or internal coastal waters witlout prior
authorization from member countries 'which issue emission standards.
A system of zero-emission applies to discharge of thew. substances
into ground-water.

Directive on Toxic and 12ariggrogA Wastes (542)
Any installation, establLshmcnt, or undertaking which produces, holds
andior disposes of certain toxic anid dangerous wastes including
phenols and phtnol compounds; organic-halogen compounds,
excludin~g inert polymeric materials &nd other substances referred to
in this list or covered by other Directives conceminin the disposal of
toxic and dangerous waste; chlorinated solvents; organic solvents.
biocide~s and phyto-pharrnaceutical substances, ethers and aromatic
polycyclic compounds (with carcinogenic effects) shall keep a record
of the quantity. nature, physical and chemical characteristics and
origin of such waste, and of the methods and eites used (or disposing
of such waste.
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34.1 MAJOR USES

Priot to April 1976, N-nitrosodimethylamine (NDMA) was used as an inter-
mediate in the production of 1,l-dimethylhydrazine, a liquid rocket fuel believed to
have contained up to 0.1% NDMA as an impurry (466). The chemical has also been
used as an industrial solvent, as an antioxidant, i.i lubricants and condensers to
increase the dielectric constant, as a nematocide, as a softener for copolymers, as an
inhibiter of nitrification in soil, and in active metal anode-electrolyte systems (high
energy batteries) (3867). No cvmdence was found that NDMA is used at present,
except for research purposes (466).

34.1 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS
34.21 Transport in SoMJil und-watcr Systec"s

34.2.1, 1 Overview

N-Nitrosodimethylamine may move through the soi/ground-water system when
present at low concentrations (dissolved in water and sorbed on soil) or aA a separate
organic phase (resulting from a spill of significant quantities of the chemical). In
general, transport pathways for low soil concentrations can be assessed by equilibrium
partitioning, as showi, in Table 34-1. These calculations predict the partitioning of
NDMA among soil parltcIes, soil water, and soil air. The portions of NDMA
as.-,ciattd with the water and air phaMss of the soil are more mobi!.- than the
adsorbed portion.

The estimates for the unsaturated topsoil model predict that a major fraction
(68%) of the chemical will be sorbed on the soil; however, a substantial amount
(32%) of the chemica! is expected to be present in the soil-water phase and can thus
migrate by bulk transport (e.g.. the downward movement of infiltrating water),
dispersion. and diffusion. For the small portion of NDMA in the gaseous phase of
the ;oil (0.1%), diffusion through the soil-air pores up to the ground surface and
subsequent remova! by wind will be possible.

in !aturated. deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of the i4DMA (96%) is likely to be present in the soil-water
phz.sa (Table 34-1) and transported with flowing ground water. Ground water
und-.rlying NDMA-contaminaied soils with low organic content is thus vulnerable to
pt;rlution by the chemical.

WZ771 _`
'77||
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TABLE 34-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR

N-?ITROSODIMETHYLAMINE IN MODEL ENVIRONMEN-M'

Soil Estimated Percent of Total Mass of Chemical in Each Co•rnartment
Environment Soil Soil-Water Soil-Air

Unsaturated
topsoil
at 25°C6 67.8 32.1 0.1

Saturated
deep soil' 4.4 95.6

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for description of model and environmental conditions chosen to
represent an unsaturated topsoil and saturated deep soil. Calculated percentages
should be considered as rough estimates and used only for general guidance.

b) Utilized estimated soil sorption coefficient based on equation given by Means et
al. (611): K, = 10.6.

c) Henry's law constant taken as 3.3E-05 atm. mn/mol at 250C (33).
d) Used sorption coefficient calculated as a function of K,. assuming 0.1%

organic carbon: KY = 0.00! x K,,.

3421.2 Sorption on' Soils

The mobility of NDMA in the soil/ground-water system (and its :ventual
migration into aquifers) is strongly affected by the extent of its sorption on soil
particles. In general, sorption on soils is expected to:

increase with increasing soil organic mattei content;
increase slightly with decreasing temperature;
increase moderately with increasing salinity of the soil water, and
decrease moderately with increasing dissolved organic matter content of the
soil water.

Based upon its octanol-water partition coefficient of 0.27, the soil sorption
coefficient (KQ) is estimated to be 10.6. This is a very low number indicative of very
weak soil sorption potential. In one laboratory test, the mobility of NDMA through
a column of wet soil was found to be equivalent to that of sodium chloride, whose
ions are only weak]) sorbed on soils (10).

77 '"7 7• 7
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3421.3 Vola "tio from So&

Transport NDMA vapors through the air-filled pores of unsaturated soils can
be an important, transport mechanism for near-surface or dry soils. In general,
important soil a d environmental properties influencing the rate of volatilization
include soil porc ity, temperature, convection currents, and barometric pressure
changes; import nt physicochemical properties include the Henry's law constant, the
vapor-soil sorpti n coefficient, and, to a lesser extent, thi- vapor phase diffusion
coefficient (31).

Laboratory experiments using glass chambers were performed by Oliver (671) to
show that ND A volatilizes so rapidly from warm (220C) soils following surface
applications thai 30 to 80% of the application may be lost during the first few hours.
Incorporation o¶ NDMA into the soil reduces the rate of volatilization.

Because NDMA is infinitely soluble in water, its rate of volatilization will be
greatly lowered if significant amounts of water are present. Data documenting the
relatively slow r te of volatilization from surface waters are summarized by Callahanet al. (16,.

34.22 Trazmformation Processe in SoiWGround-water Systems

The persistence of NDMA in soibground-water systems is not well documented.
In most cases, iý should be assumed that NDMA will persist for months to years (or
more). NDMAJ that has been released into the air will rapidly undergo photochemi-
cal oxidation, a tropospheric lifetime of less than one hour has been reported (10).

NDMA un er normal environmental conditions is not expected to undergo rapid
hydrolysis (10, 3). Only under conditions of high temperature and low pH is the
chemical easily hydrolyzed (10).

Microbial digradation of NDMA in soils appears possible, but not at vety fast
rates. Oliver etý al. (674) investigated ..he degradation of nitrosamines (including
NDMA) in aerobic soils and found that they were degraded with a half-life of about
three weeks; no degradation was seen in sterile solis. Mallik and Tesfai (673) also
investigated the! biodegradation of NDMA in a variety of soils. In unamended sandy
loam, 17% of added NDMA was lost in 10 days of incubation: no further loss was
noted during th• next 30 days of incubation. Significant enhancement of the
degradation wa• seen when tests were run with soil amended with wheat straw (i.e.,
having a higher!,content of organic matter).

Data cited ýy Callahan et al. (10) indicate that NDMA is not easily biodegraded
in lake water; it appeared to be slowly degraded in sewage. but it was not affected by
the anaerobic organisms of bog ,cdiments.

7741 T
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In most soil/ground-water systems, the concentration of microorganisms capable
of biodegrading chemicals such as NDMA is very low and drops off sharply with
increasing depth. Thus, biodegradation in the soil/ground-water system should be
assumed to be of minimal importance except, perhaps, in landfills with active micro-
biological populations.

34.23 Primary Routes of Fxpxure from SoalGrouWd-water Syyste

The properties of NDMA and the above discussion of fate pathways suggest that
N-nitrosodimethylmine is moderately volatile, very weakly adsorbed to soil, and has
no significant potential for bioaccumulation. The compoune may volatilize from soil
surfaces, but that portion not removed by volatilization is likely to be mobile in
ground water. These fate characteristics suggest several potential exposure pathways.

Volatilization of N-nitrosodimethylamine from a disposal site, particularly during
drilling or restoration activities, could result in inhalation exposure. In addition, the
potential for ground water contamination is high. particularly in sandy soils. Mitre
(83), however, reported that this compound was not found in either ground water or
surface water at any of the 546 National Priority List (NPL) sites. The possible
explanation is that NDMt, is not commonly disposed of or not commonly analyzed
for.

In any case, the properties of N-nitrosodimethylamine suggest that it has the
potential for movement in ground water, If it reaches surface water, several other
exposure pathways are possible:

* Surface water may be uzsed as drinking water supplies, resulting in direct
ingestion exposure;

Aquatic organisms residing in these waters may be consumed, a!so resuiting
in ingestion exposure;

* Recreational use of these waters may result in dermal exposure;

0 Domestic animals may consume or be dermally exposed to contaminated
ground or surface waters; the consumption of meats and poultry could then
result in ingestion exposure.

In general, exposures associated with surface water contamination can be
expected to be lower than exposure from drinking contaminated ground water,
partially due to the larger dilution volume common in surface water. In addition, the
low BCF for this compound suggests no significant potential for bioaccumulation in
aquatic organisms or domestic animals.

7T,
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342.4 Other Sources of Human Exposure

Nitrosamines, including NDMA, are present in a wide variety of food as reported
by Fine (757) and Scanlan (758). Nitrosamines are found most commonly in cured
meats, particularly cooked bacon; beer; Scotch whiskey; some cheeses, especially
Gouda and Edam types; nonfat dry milk and buttermilk; and sometimes fish. Levels
of total volatile nitrosamines are generally less than 5 ug/kg in these foods (758).
The average daily intake of volatile nitiosamines from food is estimated to be about 1
14g per person (758). NDMA is 31so found in rubber pacifiers and baby-bottle
nipples and occasionally in cosmetics (757, 758). Smokers are exposed to an es-
timated 6.5 ng NDMA per cigarette from mainstream smoke (758); undiluted sidestre-
am smoke may contain 20 to 100 times as much NDMA as does the mainstream
smoke (3871).

NDMA does not appear to be common in either drinking water or ambient air
(757). Brodzinsky and Singh (84) compiled all available atmospheric monitoring data
for a number of organic compounds, including data on NDMA for 404 locations. In
rural and remote areas, the median concentration of NDMA was 0.018 gg/m'; the
median concentration in urbar. and suburban areas wus 0.028 g/rmn, and in source-
dominated aicas, 0.042 Mg/rn3. Indoor levels of NDMA measured in restaurants and
public places have been between 0.01 and 0.24 /g'm 3 and are attributed primarily to
tobacco smoke (3871).

34.3 HUMAN HEALTH CONSIDERATIONS

34.3.1 Animal Studies

34.3.1.1 Carcinogenicity

NDMA is carcinogenic in all animal species tested inchiding mice, rats, hamsters,
guinea pigs, rabbits, and fish. It is carcinogenic after single doses as well as after
long-term administration by various routes, including ingestiol and inhalation.
NDMA produces tumors primarily in the liver, kidney, and respiratory tract. The
most significant studies will be discussed below; more complete summar1 ,s can be
found in the IARC monograph (466), Schut and Castonguay (3873), and Magee el al.
(479).

In mice, a concentration of 50 mg/L NDMA in drinking water for one week was
sufficient to induce lurg and kidney tumors (48,4), and a dose equivalent to 0.4 mg/kg
bw per day added to drinking water (total dose, 89 mgkg bw) induced lung and liver
tumors (485). A dose-response relationship was se:n for lung tumors in mice
following a single subcutaneous injcction of NDMA; the responses ranged from an
incidence of 29% with 1 mg•kg to 67% for a dose of 8 rig/kg (486). Single or

, t.Ii
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repeated injections (route not specified) of 12.5 to 7" mg/kg bw NDMA during the
last days of pregnancy resulted in lung adenomas and hepatomas in the offspring
(487).

In rat', single oral or intraperitoneal doses up to 30 mg/kg resulted in kidney
tumors (488, 489). NDMA also induced a low frequency of kidney tumors in the
offspring of rats given a total of 11 mg (route not specified) during pregnancy (490).

'Rabbits and guinea pigs fed diets containing 25 mg/kg NDMA for 6 to 60 weeks
developed liver carcinomas with lung metastases (491, 492).

In rats, long-term exposure to relatively low doses induced mainly liver tumors,
where3s a single or a few high doses over a short period induced mainly kidney
tumors (480). Kidney tumors have been induced in rats with low doses of NDMA
combined with treatments that decreased the activity of NDMA-metabolizing enzymes
in the liver. These treatments included the administration of carbon tetrachloride or
the feeding of diets containing high carbohydrate and low protein levels (466).
Partial removal cf the liver also led to an increased tumor incidence in rats given
intraperitoneal injections of 10 mg/kg NDMA. The incidence was greatest (43%)
when NDMA was administered 24 hours after surgical removal of part of the liver, as
opposed to 72 or 92 hours later, when the incidences were 28% and 12%, respec-
tively (493).

IARC (3869) lisis NDMA in Group 2A (probably carcinogenic to humans) in its
weight-of-evidence rarning for potential carcinogens.

343.1.2 Genotoxicity

In the presence of metabolic activation, N-nitrosodimethylamine (NDMA) is
genotoxic in bacteria and yeasts (467, 3276, 3870). There is a correlation between
the ability to produce mutations ;n S. tyuhimirium G046 and susceptibility for kidney
tumors in different strains or mice (468). NDMA injected subcutaneously into mice
at doses of 30 or 300 mg/kg bw was mutagenic in a blood-mediated assay in which E.
cob K-12 celk, were injected intravenously (469). Chromosome aberrations were
found in Chinese hamster !iver cells and rat lymphocytes after intraperitoneal
injections of the animals with 5 gikg and 30 mg/kg, resp,-ctively (470, 471), and
mutations lo ouabain resistance were increased in Chinese hamster V79 cells cultured
in the presence of NDMA (3389). Cultured mouse lymphoma cells showed a dose-
dependent mutagenic response at the thymidinc. kinase locus after treatment with this
agent (3020). Hsu et al. (3868) demonstrated that human hepatocytes in vitro can
activate NDMA and relemse mutagenic metabolites (as indicated by mutagenicity in
Chinese hamster V79, cells) as effectively as mouse or rat hepatocyles.

A ,ignificant increase in sister chromatid exchanges was observed in femoral bone
,narrow cells of male mice injected with NDMA 24 hours prior to sacrifice (3550).
Inoue :t al. (3324) observed significant increases in sister chromatid exchanges in

! g
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human lymphocytes when whole blood was treated with NDMA for one hour; this
increase wab seen only in the presence of metabolic activation. Subcutaneous doses
of 4.4 mg/kg NDMA in mice produced a significant increase in dominant lethal
mutations, as determined by the number of dead implants (474).

Unscheduled DNA synthesis has been observed in cultured human fibroblasts and
isolated rat hepatocytes following treatment with NDMA (472, 473) and in hepato-
cytes of rats administered NDMA by gavage two hours prior to sacrifice (3455).
Small sections of human gingiva treated in organ culture with NDMA for 2 hours
showed a dose-dependent increase in unscheduled DNA synthesis (3318).' Significant
amounts of 7-methylguanine and 0(6)-methylguanine were observed in human liver
samples from a case of probable NDMA poisoning, while no detectable methylated
purices were found in control cases (deaths from Reye's syndrome or methyl bromide
poisoning) (3287); these findings provide evidence that NDMA can cause alkylation
of purines in vivo.

34-3.1.3 Teratogenidty, Embryotoxicity and Reproductive Effects

NDMA is embryotoxic but not teratogenic in rats. Single oral or intraperitoneal
doses of 30 mg/kg or 20 mg/kg given intravenously to pregnant rats caused an
increase in fetal mortality, particularly when given on days 3, 9, 10 or 12 of gestation
(476). Intraplacental injections of 0.1 to 0.3 mg NDMA on gestational day 13
resulted in the death of all rat embryos (477).

In the Rusian literature, Andropova et al. (3028) reported embryotoxicity in rats
exposed to NDMA by single oral administration of 0.01 to 14 mg/kg or inhalation of
0.1 mg/mn for 4 months, in agreement with their available literature. Exposure to
NDMA by inhaiation of 0.014 mg/mr for 4 months had no effect on some generations
of animals and was not gonadotoxic.

The acute toxic effect of NDMA has been found to be greater in pregnant than
nonpregnant rats, and especially so near the end of pregnancy. Significant serological
and histopathological changes were observed in pregnant IHolzman rats given single
oral doses of !5 or 20 mg/Kg NDMA during clays 7 through 18 of gestation. These
changes iicluded increased BUN, SOOT, triglyceride, ind i-organic phosphorus
levels, as well as increased liver weights. Decteases were observed in kidney, adrenal,
and thyroid weights and also in the levels of scrum cholesterol and glucose. None of
these-effects was observed in non-pregnant controls administered the same doses.
The treatment was not lethal to nonpregnant rats or to pregnant rats up to day 16 of
pregnancy. However, oral doses of 15 and 20 mg/kg on day 18 resulted in death
rates of 9.4 and 35.3%, respectively (478).

In a sister-chromatid exchange (SCE) and cell replication kinetics study con-
ducted by Sharma et al. (3637), NDMA indured significant increases (p < 0.001) in
SCEs in both maternal and fetal cells following ip exposure to 20, 40, 60, or 100
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mg/kg NDMA on gestational day 13. The maternal and fetal cells also showed a
significant heterogeneity among doses with respect to the number of M1, M2, and
M3 cells.

34.3.1.4 Other Tacicologic Effecs

34.3.1.4.1 Sxwt-team To.ic.ty

Dialkylnitrosamines such as NDMA are characteristically liver toxins. The
relationship between structure and acute toxicity is not fully understood, but toxicity
appears to decrease with chain length. Thus, NDMA is the most toxic of these
compounds, having an oral LD5. between 27 and 58 mg/kg in rats (482, 3872): The
major toxic effect in various species arises from severe centrilobular necrosis of the
liver (479). Single doses of 20 to 40 mg/kg have produced severe liver damage in
rats, dogs, rabbits, and guinea pigs. Mink appear to be especially sensitive to NDMA.
experiencing wide-spread liver degeneration and necrusis of hepatocytes after being
fed a diet containing 2.5 to 5 mg/kg NDMA for 7 to 11 days. Sheep and cattle have
been found to be more sensitive than laboratory animals to the toxic effects of
NDMA. Sheep given a single dose of 5 mg/kg or 12 doses of 0.5 mg/kg either died
or were severely affected with respiratory difficulties. Cattle given daily doses of
0.1 mg/kg NDMA showed pronounced hepatotoxic effects in 1 to 6 months (480).
Other organs in animals are much less severely affected by NDMA than is the liver.
The main features of NDMA tcxicity are peritoneal and pleural exudates, which may
contain a high proportion of blood. There is also a tendency to hemorrhage into the
lungs and other organs. In protein-deficient rats, there may be detectable necrosis of
the testes or renal tubules (479).

Inhalation LC, values of 57 ppm x 4 hr and 78 ppm x 4 hr have been reported

for the mouse and rat, respectively (12, 3872).

34-3.1.4.2 Chronic Tuxicity

When chronically exposed to nitrosamines, rats and other experimental animals
exhibit various pathological changes of th,! liver, inc!!-Iing biliary hyperplasia and
fibrosis (479). Chronic administration of NDMA induces tumors in the liver and
other organs (see 34.3.1.1, Carciiogenicity).

34.3.2 Human and Epdemiologic Studies

343.2.1 Short-term Toxicologic Effects

The effects of human exposure to NDMA were first reported by Freund in 1937
(481). He described illness in 2 workers who were engaged in NDMA-production.
They developed headaches, drowsiness, backache, abdominal cramps, nausea,
weakness, and giddiness. After repeated exposures, one of the workers developed
ascites (accumulation of fluid in the abdominal cavity) and jaundice. He left his job,
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but continued to be fatigued for many months. The other worker inhaled more
NDMA fumes vwhile cleaning up a spill. Six days after exposure, he developed
abdominal cramps and distention and became jaundiced. He died 8 weeks after the
onset of illness. Autopsy revealeJ extensive necrosis of the liver and hemorrhages
throughout the small intestine, trachea, and bronchi.

In a case of NDMA poisoning, 5 family members became ill within a few hours
of ingesting lemonade intentionally contaminated with NDMA. Symptoms of
gastrointestinal illness persisted for several days. Three of the victims recovered
within 16 days. The remaining two victims, males aged 11 months and 24 years,
became comatose and died within 5 days. Autopsies revealed extensive hepatic
necrosis and hemorrhages throughout the lungs, gastrointestinal tract, and brain. The
lethal doses were estimated to be 1.3 g for the adult and 300-400 mg for the child
(482).

It must be emphasized that NDMA is a highly toxic compound and that exposure
to it by any route should be avoided. It has been suggested that vapor levels of 250
mg/m' (82 ppm) be considered clearly dangerous (12).

34.3.2-2 Chronic Toxicoogic Effects

One case of long-term human ingestion of NDMA has been reported (483,
3865). The victim received repeated doses of 200-300 mg NDMA at 5 month
intervals. The initial symptoms were gastrointestinal in nature. Within 2 years, she
developed anemia, jaundice, and symptoms of progressive liver disease. Three years
after the initial onset of symptoms, she died of pulmonbry edema and cardiac
fibrillation secondary to hyperkalemia (increased serum potassium) due to a hemolytic
crisis. Autopsy revealed both cirrhosis- and hemorrhages in the trachea and intestines.
This case is notable because the cirrhosis seen was of the periportal-type as opposed
to the centrilobular type usually seen after NDMA poisoning (483). The estimated
total dose in this case was less than 1.5 g, !he mean daily dose was probably less than
50 ug/kg (3865).

34.3.3 Levels of Concern

Based on the evidence of liver tumors induced in rats administered NDMA, the
USEPA has specified an ambient water quality criterion for this compound of zero.
Because attainment of a zero concentration level may be infeasible in some cases,
estimates were made of the concentrations of NDMA in water expected to result in
incremental lifetime cancer risks of lE-05, 1E-06, and IE-07, from ingestion of both
water and contaminated aquatic organisms. These values are 14, 1.4, and 0.14 ng/L,
respectively (459). Risk estimates are expressed as the probability of cancer after a
lifetime consumption of two liters of water per day and consumption nf 6.5 g of
contaminated fish per day. Thus a risk of IE-05 implies that a lifetime daily con-
sumption of two liters of drinking water and 6.5 g of contaminated fish at the
criterion level of 14 ng/L NDMA would be expected to produce one excess case of
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cancer above the normal background incidence for every 100,000 people exposed. It
should be emphasized that these extrapolations r-e based on a number of assump-
tions and should be taken as crude estimates at best of the true risk to humans.

IARC (3869) lists NDMA in Group 2A (probably carcinogenic to humans) in its
weight-of-evidence ranking for potential carcinogens.

OSHA (3539) and the ACGIH (3005) list NDMA as a suspect humaun
carcinogen; all contact with NDMA should be avoided.

343.4 Hazard Awesment

NDMA is carcinogenic in all animal species tested and has induced tumors of the
liver, kidney, and respiratory tract when administered by various routes. The com-
pound has been shown to be carcinogenic after single doses to experimental animals,
and animals have developed cancers following prenatal exposure to it. Although no
data are available linking human exposure to NDMA with carcinogenic effects, for
practical purposes NDMA should be regarded as a human carcinogen.

NDMA is mutagenic in bacteria, yeast and mammalian cells. Fetotoxic but not
teratogenic effects have been noted in rats.

NDMA is highly toxic to the liver, inducing severe centrilobular necrosis along
with internal bleeding, ascites, and jaundice in most tested species.

Systemic effects in humans are characterized by nausea, vomiting, abdominal
cramps, and diarrhea: headache, fever, weikness, enlargement of the liver, and
jaundice may also occur. There have been several cases in humans of severe liver
injury following exposure to this compound.

34.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of N-nitrosodimethylamine concentrations in soil and water
requires collection and laboratory analysis of representative field samples. Care ir re-
quired to prevent losses during sample collection and storage. Soil and water samples
should be collected in amber glass containers; etraction of samples should be
completed within 7 days of sampling and analysis within 40 days. In addition to the
targeted sampi.., quality control samples such as field blanks, duplicates, and spiked
matrices may be specified in the recommended methods.

EPA-approved procedures for the analysis of aqueous samples of N-nitrosodi-
methylamine, an EPA priority pollutant, include EPA Met'inds 607, 625, and 1625
(65). Prior to analysis, samples are extracted with meti ie chloride using either a
separatory funnel or a continuous liquid-liquid extractot. An aliquot of the con-
cenrated sample extract is injected onto a gas chromatographic (GC) column using a
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///

/

34-18 N-NrFROSODUM-17HYLAMINE

solvent flush technique. The GC column is programmed to separate the semi-volatile
organic compounds; N-nitroodimethylamine is then detected with a nitrogen-phos-
phorus detector (Method 607) or a mass spectrometer (Methods 625 and 1625). A
method based on the conversion of the nitrosamine to N02 with subsequent detec-
tion by chemiluminescence has also been described (3107).

The EPA procedure recommended for the analysis of N-nitrosodimethylamine in
soil and waste sannles, Method 8250 (63), differs from the procedures for aqueous
samples primarily in the preparation of the sample extract. Solid samples are
extracted using either soxhlet extraction or sonication mnethods. Neat and diluted
organic liquids may be analyzed by direct injection. Determninations are made by mass
spectrometry. It has been noted that N-nitrosodimethylamine may be difficult to
separate from the solvent using the prescribed column conditions descrinx.d in
Method 8250 (63).

Another method for the determination of this compound is based upon gas
chromatography and fourier transform infrared spectrometry (GC-FTIR) (3257).
Methylene chloride extracts of the waste sample are concentrated and analyzed by
either packed or capillary GC. The extracts may also be cleaned up by gel permea-
tion to reduce background and maintain high identification limits.

Typical N-nitrosodimethylamine detection limits that can be obtained in waste-
waters and non-aqueous samples (wastes, soils, etc.) are shown below. The detction
limit for N-nitrosodimethylamine with Method 625 was not determined. The actuai
detection limit achieved in a given analysis will vary with instrument sensitivity and
matrix effects.

Aqueous Detection Limit Y'€,n-Aqueous Detection Limit

0.i5 ;tg/L (Method 607) 1 ug/g (Method 825C)
50 ug/L (Method 1625)
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COMMON CAS REG.NO: FORMULA- AIR W/V CONVERSION
SYNONYMS: 86-30-6 C12H3 $20 FACTOR at 25'C (12)

Diphen~1.N-nztroso- N1OSU! NO:
amnine 8.su 09 mg/rn' I ppm;
N-ipbeNytirvaiea S0UrJE 01236 ppm I mg/rn'
benzaniinc h' MOLECULAR WEIGHT:
N-Nitroso-N-phcnryl- N182
and= 18.2
N-Nitro~odphenyI- NN-

NDPA
NDPHA

N-nitrosodiphtenylamine may under~o trans-nitrosation
reactions with se~condary amines to convert them to

REACTIITY= N-nitrosamines. NDPA is probably degraded under u-. light
(photolysis). Technical grades of NDPA may decompose at
temperature above 85*C to produce oxides of nitrogen.

* Physical State: Solid, crystalline (23)
(at 20*C)

0 Color: Yellow to green (23,460)
*Odor: No data,
*Odor Threshold: No data

* Density: 1.2300 g/mL (at 2mrC) (59)
*Freeze/Melt Point: 66.50*C (59)
*Boiling Point: No data

* Flash Point: No data
PHYSICO- 0 Flammable Limits: No data

CHEMICAL 0 Autoignition Temp.: No data
DATA 0 Vapor Pressure: 6.30E-04 min Hg (1219)

(at 25*C)
* Satd. Conc. in Air: 7.0 mg/rn' (1219)

(at 200C)
* Solubilitv in Watei-: 1.13E+02 mg/i. (1219)

(at 250C)
* Viscosity: No data
* Surface Tension: No data
* Log (Octanol-Water Partition CoefT.): 3.13 (29)
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PHYSICO Soil Adsorp. Cocff.: 6.50E+02 (652)

CHEMICA. - •Henry's Law Const.: 1.40E-06 (1219)

DATA atm . m/mol (at 25°C)
(Cont.) 0 Bioconc. Factor: 6.50E+01 (estim), (659,459)

2.17E+02 (bluegill)

PERSISTENCE Relatively mobile in Soil-water systems, primarily with
IN THE SOIL- infiltrating or flowing groundwater. Moderately strong

WATER sorption to scils. Chemical is resistant to hydrolysis but
SYSTEM may undergo slow biodegradation.

The primary pathway of concern from the soil-water
system is the migration of NDPA to groundwater

PATHWAYS drinking water supplies, although there is no evidence
OF that such migration has occurred in the. past. Inhalation

EXPOSURE resulting from volatilization from surface soils could
occur in some situations.

Signs and Symptoms of Short-term Human Exposure:
No data are available regarding human exposure; animal
data are also sparse.

Acute Toxicity Studies:

ORAL:
LD,, 1650 mg/kg Rat (47)

HEALTH LD, 3850 mg/kg Mouse (3504)
HAZARD LD, 3000 mg/kg Rat (35,4)

DATA
Lon2-Term Effects: Possible liver damage
Preg.zanq'/Neonate Data: No data
Genotoxicity Data: Predominantly negative
Carcinogenicity Classification:
IARC- Group 3 (not classifiable as to its

carcinogenicity to humans)
NTP - Positive evidence for rats, negative for mice
EPA - No data
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Handle chemical only with adequate ventilation
0 There are no formal guideliiies available for this
chemical with respec, to respirator use. Use a self-
contained breathing apparatus with a full facepiece for

HANDLING the equivalent) where there is any doubt as to the effi-
PRECAL ZIONS cacy of gas masks or cartridge-t)pe respirators

0 Chemical goggles if there is a probability of eye
contact 0 Appropriate clothing to prevent repeated or
prolonged skin contact.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AM.)
CRITERIA

AIR EXPOSURE LIMITS:

Standards
* OS14A TWA (8-hr): None established
* AFOSH PEL (8-hr TWA): None established

Cdteria
"* NIOSH IDLH (30-min): None established
"* ACGIH TLV® (8-hr IWA): None established
"* ACGIH STEL (5-mmin): None established

WATER EXPOSURE LIMITS:

Drinking Water Standards
None established

EPA Heal'h Advisories and Cancer Risk Leve.ls
None established

WHO Drinking Guideline
No information available.

EPA Ambient Water Oualit' Criteria
0 Human Health (459)

Based on ingestion of contaminated water 3nd aquatic organisms (1E-05,
IE-06, IE-07 cancer r;sk), 49 ug/L, 4.9 jg/L, 0.49 •g/L.
Based on ingestion of contaminated aquatic organisms only (IE-05,
IE-06, 1E-07 cancer risk), 161 •gg,., 16.1 ug/L, 1.61 pg/L
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA (Cont.)

* Aquatic Liue (459)
. Freshwawer species

acute toxicity.
no criterion, but lowest effect level occurs at 5.85 mg/i nitrosamines.

chronic toxicit,":
no criterion established due to insufficient data.

. Saltwater species
acute toxicity:
no critericn, but lowest effect level occur% at 3.3 g/L nitrosamines.

chronic toxicity:
no criterion established due to insufficient data.

REFERENCE DOSES:
No reference dose availible

REGULATORY STATUS (as of 01-MAR-89)

PromuLated Regulations
* Federal Programs

CIean Water Act (CWA)
N-Nitrosodiphenylamine is listed as a toxic pollutant, subject to general
pretreatment regulations for aew and existing sources, and effluent
guidelines and standards (351, 3763). Effluent limitations specific to
this chemical have been set in the following point source'categories:
electroplating (3767), steam electric power generating (3802). and
metal finishing (3768). Uinitatiors vary depending on the type of
plant and industry.

Resource Conservation and Recovery Act (RCRA)
N-nitrosodiphenylamine is included on EPA's ground-water monitoring
list. EPA requires that all hazardous waste treatment, storage, and
disposal facilities monitor their ground-water for chemicals on this list
when susrc.ted cortamination is first detected and annually thereafter
(3775).
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Comprehensive Environmental ResDpoe ComRnnsation and Liability
&I (CERCLA)
N-nitreiodiphenylamine is designated a hazardous substance under
CERCLA It has a reportable quantity (RQ) limit of 45.4 kg (3766).
Under SARA Title III Section 313, manufacturers, procerssos,
importers, and users of n-nitrosoxliphenylamine must report annually to
EPA and state officials their releases of this chemical t!) the
envi.ronment (3787).

Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited except when they are present as trace contaminants. Permit
applicants are exempt from these regulations if they can demonstrate
that such chemical ronstituents are non-toxic and non-bioaccumulative
in the marine -environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Hazardous Matenals Transportation Act (HMTA)
The Dzpartment of Transportation has designated this chemical as a
hazardous substance with a reportable quantity of 4..4 kg, stil ject to
requirements for packaging, labeling, and transportation (318t).

0 State Water Programs
ALL STATE-S
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relisting the
specific numeric criteria. These stites have promulgated additional or
more stringent criteria:

KANSAS
Kansas has an action level of 71 usg/L for ground-water (3213).

NEW YORK
New York has an MCL of 50 ug/L for drinking water, and a
nonenforceable water quality guideline of 50 14g/L for surface and
ground-waters (3501).

OKLAHOMA
Oklahoma has set a nonenforceable Toxic Substdnce Goal of 0.8 ng/L
for nitrosamines in surface waters classed for public and private water
supply (3534).

.Iiii
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RHODE ISLAND
Rhode Isiand has an acute freshwater quality guideline of 293 Ag/L
and a chronic guideline of 6.5 Mg/L for the protection of aquatic life in

surface waters. These guidelines are enforceable under Rhode Island
state law (3590).

r.nopsed Reulations
0 Federal Programs

NONE
No proposed regulations are pending.

o State Water Programs
MOST STATES
Most states are in the process of revising their water programs and
proposing changes in their regulations which will follow EPA's changes
when they become final. Contact with the state officers is advised.
Changes are projected for 1989-90 (3683).

MINNESOTA
Minnesota has proposed a Recommended Allowable Limit (RAL) of
70 Ag/L for drinking water ,3451). Minnesota has also proposed a
Sensitive Acute Limit (SAL) of 1462 pg/L for surface waters, and
chronic criteria of 17 Ag/L for designated surface waters and 70 gg/L
for designated ground-waters. These criteria are for the protection of
human health (3452).

EEC Directives
Directive on Grourl-Water (538)
Direct discharge into ground-water (i.e., without percolation through
the ground or subsoil) of organohalogen compounds and substances
which may form such compounds in the aquatic environment,
substances which possess carcinogenic, mutagenic or teratogenic
properties in oi via the aquatic environment, and mineral oils and
hydrocarbons is prohibited. Appropriate measures deemed necessary to
prevent indirect discharge into ground-water (i.e., via percolation
through ground or subsoil) of these substances shall be taken by
member countries.
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Directive on the Dischai e of Dangerous Substances (535)
Orgaohalogens, carcinogens or substances which have a deleterious
effect on the iaste and/or odor of human food derived from aquatic
environments cannot be discharged into inland surface waters,
territorial waters or internal coastal waters without prior authorization
from member countries which issue emission standards. A system of
zero-emission applies to discharge of these substances into ground-
water.

Directive on Toxc and Dangerous Wastes (542)
Any installation, establishment, or undertaking which produces, holds
and!or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds, excluding inert
polymeric materials and other substances referred to in this list or
covered by other Directives conc-rning the disposa! of toxic and
dangerous waste; chlorinated solvents; organic solvents; biocides and
phyto-pharmac'ýutical substances; ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.
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35.1 MAJOR USES

N-nitrosodiphenylamine (NDPA) is used almost exclusively as an intermediate in
the manufacture of para.nitrosodiphenylamine and as a rubber-processing chemical.
Its major use in the rubber industry is as an anti-scorching agent, or vulcanization
retarder, during rubber compounding (459, 460, 757, 3677). It is also an effective
radical scavenger and can be used to stabilize monomers, polymers, and petroleum
products (460). NDPA has been reported to synergize the effects of halogen-
containing flame retardants used in polymers, but no evidence was found that it is
used commercially for that purpose (460). NDPA is also used in pesticide
manufacture (459).

35.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

3521 Transport in Sol/Ground-water Systems

352-1.1 Overview

N-Nitrosodiphenylamine may move through the soil/ground-water system when
present at low concentrations (dissolved in water and sorbed on soil) or as a separate
organic phase (resulting from a spill of significant quantities of the chemical). In
general, transport pathways for low soil concentrations can be assessed by equilibrium
partitioning, as shown in Table 35-1. These calculations predict the partitioning of,
NDPA among soil particles, soil water, and soil air. The portions of NDPA
associated with the water and air phases of the soil are more mobile than the
adsorbed portion.

The estimates for the unsaturated topsoil model predict that nearly al! of the
chemical (99%) will be sorbed on the soil: a small amount (1%) of the chemical is
expected to be present in the soil-water phare and thus able to migrate by bulk
transport (e.g., the downward movement of infiltrating water), dispersion, and
diffusion. For the very small portion of chemical in the gaseous phase of the soil
(0.0001%), diffusion through the soil-air pores up to the ground surface and
subsequent removal of the chemical by wind will be possible.

In saturated, deep soils (containing no soil air and negligible soil organic carbon),
a much higher fraction of the NLPA (27%) is expected to be present in the
soil-water phase (Table 35-1) and transported with flowing ground-water. Ground-
water underlying NDPA-contaminated soils with low organic content is thus
vulnerable to contamination by the chemical.
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TABLE 35-1
EQUILIBRIUM PARTITIONING CALCULATIONS FOR

N-NITROSODWIHENYLAMINE IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil. Air

Unsaturated
topsoil
at 25"C*' 99.2 0.8 0.0001

Saturated
deep soil' 73.2 26.8

a) Calculations based on Mackay's equilibrium partitioning model (34, 35, 36); see
Introduction for description of model and cnvironmental conditions chosen to
represent an unsaturated topsoil and a saturated deep soil. Calculated
percentages should be considered as rough estimates and used only for general
guidance.

b) Utilized estimated soil sorpt'on coefficient based on equation given by Means et
al. (611): IK, = 650.

c) Henry's law constant taken as 1.4E-06 atm. m3/mol at 25"C (estimated by Arthur
D. Little, Inc.).

e') Used sorption coefficient calculated as a function of K. assuming 0.1%
organic carbon: K, = 0.001 x K,

3527.1.2 Sorpton on Soils

The mobility of NDPA in the soiilground-water system (and its eventual
migration into aquifers) is strongly affected by the extent of its sorption on soil
particles. In general, sorption on soils is expected to:

increase with increasing soil organic matter content;
increase slightly with decreasing temperature;

- increase moderately with increasing salinity of the soil water; and
decrease moderately with increasing dissolved organic matter content of the
soil water.

Based upon it. octanol-water partition coefficient of 1350, the soil sorption
coefficient (K_) is catimated to be 650. This is a moderately high number indicating
the potential for significant sorption on soils.
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35.2.1.3 Vost•ization from Soik

Transport of NDPA vapors through the air-flled pores of unsaturated soils may
be an important transport mechanism for near-surface soils. In general, important
soil and environmental properties influencing the rate of voatilization include soil
porosity, temperature, convection currents, and barometric prcesure changes;
important physico-chemical properties iuclude the Henry's law constant, the vapor-soil
sorption coefficient, and, to a lesser extent, the vapor phaýe diffusion coefficient (31).
There are no data from laboratory or field tests showing actual volatilization rates.

35.22 Transformation Procmses in So•Mound-water Syems

The persistence of NDPA in soil/ground-water systems is not well documented.
In most cases, it should be assumed that NDPA will persist for months to years (or
more). NDPA that has been released into the air will eventually undergo
photochemical oxidation or dirert photolysis (10).

NDPA under normal environmental conditions is not expected to undergo rapid
hydrotysis (10, 33). Only under conditions of high temperature and low pH is the
chemical easily hydrolyzed (10).

The extent to which NDPA may undergo microbiel biodegradation in the'
environment is not clear. Mallik and Tesfai (673) looked at its clegradation ;n a
variety of soils and found significant degradation, e.g., 68% after 30 dAys in a sandy
loam. In soil amended with wheat straw, disappearance of NDPA was accelerated
substantially. and NDPA disappeared completely ty day 10.

Data cited by Callahan et al. (10) indicate that the intestinal microflora of
vertebrates are active in both the synthesis and degradation of NDPA. Tabak et al.
(55) reported that NDPA at 5 or 10 mg4L underwent significant microbial
degradation in a static shake-flask screening test using BOD dilution water and
settled domestic wastewater as the microbial inoculum. The microbial population
adapted rapidly to a concentration of 5 mg/L and more gradually to a concentration
of 10 mg/L. Thus, degradation in acclimated wastewater treatment plants is likely. In
most soil/ground-water systems, the corcentrsmion of microorganisms capable of
biodegrading chemicals such as NDPA is very low and drops off shrply with
increasing depth. Thus, biodegradation in the soil/ground-water sytem should be
assumed to be of minimal importance except. perhaps, in landfills with active
microbial populations.

No data are available on the possibility of anaerobic biodegradation of
N-Nitrosodiphenylamine.
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35.2.3 Primary Routes of E~xposiare from Soil(raound-water Systems

The properties of NDPA and the above discussion of fate pathways suggest that
NDPA has a low volatility in aqueous solutions, is moderately adsoebed to soil, and
has a moderate potential for bioaccumulation. These fate characteristics suggest
several potential exposure pathways.

Volatilization of NDPA from a disposai site, particularly during drilling or
restoration activities, could result in inhalation exposure. In addition, the potential
for ground-water contamination is moderate, particularly in sandy soils. Mitre (83)
reported that this compound was found at 3 of 546 National Priority Lists (NPL)
sites It was found at 2 sites in ground-water and 2 sites in surface water.

The properties of NDPA suggest that it has the potential for movement in
ground-water. If it reaches surface water, several other exposure pathways are
possible-

* Surface waters may be used in drinking water supplies, resulting in direct
ingestion exposure;

* Aquatic organisms residing in these waters may, be consumed, also resulting
in direct ingestion exposure;

0 Recreational use of these waters may result in dermal exposure;

0 Domestic animals may consume or be dermally exposed to contaminated
ground- or surface waters; the consumption of meats and poultry could then
result in ingestion exposures.

In general, exposures associated with surface water contamination can be
expected to be lower than exposures from drinking contaminated ground-wa:er,
partially due to the larger dilution volume common in surface water. In addition, the
low BCF for this compound suggests a moderate potential for bioaccumulation in
aquatic organisms or domestic animals.

3524 Other Sourc= of Exposure

Nitrosamines in general are present in a wide variety of foods, as reported by
Fine (757) and Scanlan (758). They are foi'nd most comiaonly in cured meats
(particularly cooked bacon), beer, Scotch whiskey, some cheeses, nonfat dry milk, and
sometimes in fish. Levels of total volatie nitrosantines are generally less than 5
ug/kg in these foods (758). The average daily intake nf volatile nitrosamines from
food is estimated to be about I Ag per person (758). Nitrosamines are also found in
tobacco smoke (which may represent a significant source of exposure), cosmetics, and
rubber baby-bottle nipples (757, 758). Specific informatiotu for NDPA is lot
available.

4
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N-Nitro&tiphenylamine does not appear to be common in either drinking water
or ambient air (757).

5.3 HUMAN HEALTH CONSI.ERATIONS

353.1 Animal Studies

Several studies have been conducted to evaluate the carcinoge.aicity of NDPA.
However, most of them are inadequate in that they lacked appropriate controls or
were ounducted for too short a duration (460). The most significant study was
carried out by the National Cancer Institute (461) in Fischer 344 rats and B6C3F,
mice. Rats were administered 1000 or 4000 wrg NDPA/kg diet for 100 weeks. Male
mice were given 10,000 or 20,000 mg/kg diet for 101 weeks. Female mice received
.W00 and 10,000 mg/kg diet for 38 weeks, none for 3 weeks, then 1000 and 4000
mg/kg diet for 60 weeks. The dosage change was necessitated by the excessive
depressioi in mean body weight gain. In mice, the only changes related to NDPA
administration were chronic inflammatory lesions in the urinary bladder. Also, mean
body weights wetr- lower than those of corresponding controls and were dose-related.
In both male and female rats, transitional-cell carcinomas of the urinary bladder
occfrred at incidences of 36% and 81% in high-dose males %nd females, respectively.
There was also a dose-related trend in fibromas of the subcutis and skin in male rats.
The incidence was 20% in high-dose males versus 2% in iow-dot males and 5% in
controls. Since the historical incidence of this tumor in control male F-314 rats at
the laboratory at which the test was conducted is 2%, the investigators concluded that
the fibromas seen in the test animals were related to NDPA administration.

Other carcinogenicity studies are summarized in Table 35-2. IARC (3869) lists
N-nitrosodiphenylamine in Group 3 (not classifiable as to their carcinogenicity to
humans) in its weight-of-evidence ranking for potential carcinogens.

35.3.1.2 Geuotaxicity

N-nitrosodiphenylainine has been extensively tested for mutagenic activity. It is
not mutagenic in bacteria, nor does it induce unscheduled DNA synthesis or cause
chromosomal damage under any test conditions empl hyet (460). The test systems
include various strains of Salmonella typhimurium (31S8, 3860) V79 Chinese hamster
cells tested for mutations at the HPRT locus or fur ouabain resistance (3343),
L5178Y mouse lymphoma cells tested for mutations at the thymidine kinase locus
(3530), rat embryo cells, human foreskin fibroblasts, host-mediated assays in mice, and
sex-linked recessive lethal studies in Drosophila melanogaster (460).
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TABLE 35-2
CARCINOGENICITY DATA FOR N-NITROSODIPIIENYLAMINE

IN EXPERIMENTAL ANIMALS

S,•";-s and Dose, Route and IARC Comment
Number Duration Result (460) Ref.

18 (C57BL/6 100 L-ig/kg,/bw in No increase Inadequate 462
x C3H/AnfF, DMSO daily by in tumor sample size
mice of each gavage for 4 weeks, incidence
sex then 3769 mg/kg/

diet for 75 weeks

25 male Wistar 1070 ,g in No increase Low dose 463
rats methylcellulose 5 in tumor and duration

days/week by gavage incidence
for 49 weeks weeks

16 male and 24 20 weekly dermal 3 lung Lack of 464
female hairless applications of 0.1 adenomas appropriate
hr/hr Oslo mice mL of a 1% solution in males controls

NDPA in Lcetone

24 male CB rats Weekly ip injec- 1 hepatoma Low dose; 465
tions of 25 mg/kg in and pituiary poor survival
polyethylenc glycol adenoma; 1 (21%)
400 for 2 years hepatoma in controls

Conflicting results were reported in a cell transfcrmation assay using C3H1IOTI/2
cells (3186). In this collaborative study with two laboratories using the same
protcr-ols and the same clone of cells, NDPA was positive in one laboratory and
negative in the other. Bradley et al. (3080). using a filter elution method, found no
double strand breaks in th- DNA of Fischer rat hepatocytes treated with NDPA, but
single-strand DNA breaks were significantly increased.

When Chinese hamster Don cells were treated in culture with increasing
concentrationt of NDPA, cell division was affected; a significant increase in sister
chromatid exchanges was observed, but with no increase in chromosomal aberrations
(3004). Chinese hamster lung cells treated in culture with NDPA showed
chromosomal aberrations in one study. but the auLhors (3330) were reluctant to judge
NDPA as positive, classifying it as 'suspicious.' No morphologically abnormal mature
sperm were observed in male mice that had been injected previously with
concentrations of NDPA as high as 1000 mg'kg/day for five days (3723).
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In a metabolism study, Tatsumi et a. (3731) have shown that liver aldehyde
oxidase suppiemented w-th eleztron ounors functions as an N-nitroreductase to
catalyze the reduction of NDPA to 1,1-diphenylhydrazine.

35.3.1.3 Teratogenrity, Emlxou.y and Reproducve Effects

In a study by Korhonen et aL (3374, 3373), three-day-old chicken embryos were
exposed to N-nitrosodiphenylamine dissolved in acetone. Five ML of the solution
were injected into the air space cf the tgg. Thc embryos were candled on day 5 and
every second or third day thereafter. The incu.ation was terminated on day 14.
NDPA was effective only at doses near satutation in acetone. The ED, for NDPA
was 7.0 Amol/egg, and the maximum percentage of malformed embryos was 13%.
These results do not necessarily have implications for mammalian species, but do
indicate a need for caution.

35-3.1.4 Other Toxicooi Effects

35.3.1.4.1 Shot-tern Toxicity

Acute oral LD. values of 1650 and 3000 mg/kg have been recorded for the rat
(459, 3604); no values for skin or inhalation exposures were found.

Dialkylnitrosamines, such as NDPA, are characteristically hepatotoxic, but no data
are available specifically, evaluating this effect for NDPA (459).

35-31.4.2 Chronic Toxicoi Effects

In subchronic feeding studies conducted by NCI (461), Fischer 344 rats and
B6C3F, mice were fed diets containing up to 46,000 mg NDPA/kg diet for 8 to 11
weeks. Female rats did not survive doses greater than 16,000 mg/kg diet. Reductions
in weight gain ,anged from 14% in female mice fed 46,000 mg/kg diet to 37% in
female rats fed 16,000 mg/kg diet. The only histopathologic lesions observed were
trace amounts of pigmentation iii liver cells.

35.32 Human and Epidemiologic Studies

No data on human exposure t: NDPA are available.

35.33 levels of Concern

Based on the evidence of transitional-cell carcinomas of the urinary bladder
induced in female rats administered NDPA, the USEPA has specified an ambient
water quality criterion of zeio for this compound. In that attaining a zero
concentration level may be infeasible in some cases, the concentrations of NDPA in
water calculated to result in incremental lifetime cancer risks of IE-05, IE-06, and
IE-07 from ingestion ot both water and contaminated aquatic organisms were
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estimated to be 49, 4.9, and 0.49 AgfL, respectively (459). Risk estimates are
expressed as a probability of cancer after a lifetime consumption of two li ters of
water per day and consumption of 6.5 g of fish per day containing a spec Ped
concentration of the contaminant. Thus, a risk of IE-05 implies that a lifetime daily
consumption of two liters of drinking water and 6.5 g of contaminated fisi at the
criterion level of 49 ug NDPA per Liter would be expected to produce one excess
case of cancer above the normal background incidence for every 100,000 people
exposed. It should be emphasized that these extrapolations are based on a number
of assumptions and should be taken as crude estimates at best of human risk.

IARC (3869) lists N-nitrosodiphenylamine in Group 3 (not classitiabhe as to
carcinogenicity to humans) in its weight-of-evidence ranking for potential carcinog..ms.

353.4 Hazard Assessment

Dietary administration of NDPA induced transitional-cell carcinomas of the
urinary bladder in rats; tests conducted with mice were negative (461). Based on the
findings in rats, the USEPA (3755) calculated an upper-limit incremental unit cancer
risk of 4.92E-03 (mg/kg/day)" for NDPA.

Genotoxicity studik conducted with this compound have been predorninantly
negative. The:e are no data available in mammals regarding possible reproductive
toxicity associated with this compound, although the compound is teratogenic at higl,
doses in chickens.

The i-otable lack of quantitative data available for either humans or experimental
animals regarding other toxic eff;cts of NDPA makes estimates of other "ential
health hazards associated with human exposure to NDPA uncertain, partic larly with
regard to long-term, low-level oral exposure.

35.4 SAMPLING AND ANALvSIS CONSIDERATIONS

Determination of NDA concentrations in soil and water requires col ection and
laboratory analysis of representative field samples. Care is required to prcyvent losses
during sample collection and storage. Soil and water samples should be cýllected in
amber glass containers; extraction of samples should be completed within days of
sampling and analysis within 40 days. In addition to the targeted samples,, quality
control samples such as field blanks, duplicates, and spiked matrices may be specified
in the recommended methods.

EPA-approved procedures for the analysis of aqueous samples of NPDA, one of
the EPA priority pollutants, include EPA Methods 607, 625, 1625 (65), and 8250

(63). Prior to analysis, samrles are extracted with methylene chloride using either a
separatory funnel or a continuous liquid-liquid extractor. An aliquot of 'he
concentrated samp!e extract is injected onto a gas chromatographic (G column
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using a solvent flush tecbniaue. The GC column is programmed to separate the
semi-volatile organic compounds; NDPA is then detected with a nitrogen-phosphorus
detector (Method 607) or a mass spectrometer (Methods 625, 1625, and 8250).

It should be noted that N-nitlosodiphenylamine decomposes in the gas
chromatographic inlet and is determined as d;phenylamine. Florisil and alumina
column clez.nup procedures separate any diphenylamine in the original sampie from
the nitrosamine and eliminate other possible interferences (Method 607). The
Thermal Energy Analyzer (TEA) and the Hall detector may also be used in place of
the nitrogen-phosphorus detector (Method 607). The TFA offers the greatest
selectivity.

The EPA procedure recommended for the analysis of NDPA in soil and waste
sarrmples, Method E250 (63), differs from the procedures for aqueous samples primarily
in the preparation of the sampi'- extract. Solid samples are extracted using either
soxhlet extraction or sonication methods. Neat and diluted organic liquids may be
analyzed by direct injection.

Typical NDPA detection limits that can be obtained in wastewaters aihd non-
aqueous samples (wastes, soils, etc.) are shown below. The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrix effects.

Aqueous Detection Limit Non-Aqueous Detection Limit

0.81 lg/L (Method 607) 1.3 jsg/g (Method 82-50)
1.9 ug/L (Method 625)
20 ug/L (Method 1625)
19 Mg/. (Method 8250)
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COMMON CAS REG.NO.: FORMULA AIR WIV CONVERS!ON
SYNONYMS: 108-95-2 C4 $6O FACTOR at 250C (12)

Benzenol NIOSH NO:
Carbo~ic acid SJ3325000 3.84 mghn 3 = 1 ppm;
Hydroxybenene 0.260 ppm =I r1g/m
Phenic acid STRUCTURE: OHPhenol
Phbeny~flOJ rde MOLECULAR WEIGHT:

Pbenylic acd 94.11

Reactions of phenols or cresols with organic peroxides,
organic hydroperoxides or non-oxidizing mineral acids typi-
cally generate heat, while those with oxidizing mineral acids
or strong oxidizing agents generate heat and possibly fire.
Reactions with elemental alkali or alkaline earth metals,
nitrides or strong reducing agents evolve heat and flam-
mable gases. while those with isocyanates, epoxides or
polymerizable compounds may evolve heat and initiate vio-
lent polymerization reactions. Reactions with explosive
compounds may cause explosions, while those with hydra-

REACTIVITY zines or azo or diazo compounds may produce heat and
generally innocuous gases. Reaction of phenol with cal-
cium hypochlorite is exothermic and produces toxic fumes
which may ignite. Additior of aluminum chloride tonitro-
benzene containing 5% phenol may cause a violent ex-
plosion. Reaction of phenol with butadiene in a petroleum
ether solution, catalNwed by boron trifluoride diethyl-
etherate. may cause a closed container to pressurize and
explode. Aluminum, magnesium, lead and zinc are attacked
by hot phenol (505, 507, 511).

0 Physical State: Solid, crystalline
(at 20"C) (23)

PHYSICO- 0 Color: White; pink to red with
CHEMICAL light exposure (23)

DATA 0 Odor: Medicinal (263)
0 Odor Threshold: 0.047 ppm (263)
* Density: 1.0576 g/mL (at 41"C) (14)



36-2 PHENOL

I Freeze/Melt Point: 4,0.90*C (14)
* Boiling Point: 181.8(YC (14)
0 Flash Point: 79.00*C closed cup (69)
* Flammable Limits: 1,A to

&60% by volume (60,506,507)
* Autoignition Temp.: 715.0*C (51,60,504)
* Vapor Pressure: 5.29E-01 mm Hg

(at 20"C) (10)
* Satd. Conc. in Air: 2.7300E+03

PHYSICO- mg/mn (at 200C) (1219)
CHEMICAL * Solubility in Water: &40E+04

DATA mg/L (at 20*C) (38)
(Cont.) * Viscosity: 3.020 cp (at 50•C) (48)

: Surface Tension: solid (23)
0 Log (Octanol-Water Partition

Coeff.): 1.46 (29)
* Soil Adsorp. Coeff.: 1.40E+01,

1.35E+02 (652,654)
0 Henry's Law Const.: 7.00E-07

atm. m'/mol, (estim) (at 2(fC) (964)
0 Bioconc. Factor:. 1.40E+00 (estim),

2.OOE+00 (goldfish) (659,940)

PERSISTENCE Relatively mobile in soil-water systems. Volatilization
IN THE SOIL- also important for near-surface soils. Chemical is

WATER resistant to hydrolysis but is fairly susceptible to
SYSTEM photo-oxidation, catalytic or free-radical oxidation

(somewhat speculative), and to biodegadation.

The primary pathway of concern from soil-water systems
is the migration of phenol to groundwater supplies of

PATHWAYS drinking water. Data suggest that such migration has
OF occurred in the past. The consumption of fish or other

EXPOSURE organisms is not expected to be a significant route of
exposure.
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Signs and Symptoms of Short-term Human Exposure:
(38. 54)
Phenol has a marked corrosive action on tissue. On
contact with the eyes, it may cause severe damage and
blindness. On skin, it induces anesthesia and blanching
of the exposed area. If not removed promptly, it may
cause a severe bum and systemiC intoxication. Systemic
effect.s, which can result from any route of exposure,
ihclude paleness, w-takness,' sweating, headache, ringing
of the ears, cyanosis, shock, excitement, frothing of the
nose and mouth and death.

Acute Toxicity Studies: (3504)

INHALATION:
LC_. 316 mg/m' Rat
LC, 177 mg/m' Mouse

ORAL:
LD, 317 mg/kg Rat

HEALTH LD, 140 mg/kg Human
HAZARD LD, 500 mg/kg Dog

DATA LD, 420 mg/kg Rabbit
LDL,. 80 mg/kg Cat
LDL, 270 mg/kg Mouse
LD, 14 g/kg Human
LD, 10 mg/kg Infant

SYIN:
LD, 669 mg/kg Rat
LD, 850 mg/kg Rabbit

Long-Term Effects: Liver and kidney damage, skin
discoloration
Pregnancy/Neonate Data: Teratogenic only at
maternally lethal doses; fetotoxic at doses not toxic to
the dams.
Genotoxcit6y Data: Conflicting evidence
Carcinogenicity Classification:
IARC. None asigned
NT - None assigned
EPA No data
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Handle chemical only with adequate ventilation
0 Vapor concentrations of 5-50 ppm: any self-contained
breathing apparatus or supplied-air respirator; any
chemical cartridge respirator with an organic vapor
cartridge and dust and mist filters 0 50-100 ppm: any

HANDLING supplied-air respirator or selfcontained breathing
PRECAUTIONS apparatus with full facepiece; chemical cartridge

(38,52,54) respirator with full facepiece, organic vapor cartridge
and dust and mist filter 0 Protective clothing, gloves,
rubber boots and apron to prevent skin contact with
solid or liquid phenol 0 Dust and sp!.sh-proof chemical
goggles if there is probability of eye contact.

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA

AIR EXPOSURE LIMITS:

Standards
"* OSHA TWA (8.hr): 5 ppm (skin)
"* AFOSH PEL (8-hr TWA): 5 ppm (skin); STEL (15-min): 10 ppm

"* NIOSH IDLH (30-min): 250 ppm
"* NIOSH REL (10-hr TWA): 5.2 ppm; 15-min ceiling, 15.6 ppm
* ACGIH TLV® (8-hr TWA): 5 ppri (skin)
"* ACGIH STEL (15-min): STEL de:eted (1987-88)

WATER EXPOSURE LIMTS:

Drinkina Water Standards
None established

EPA Health Adisories and Cancer Risk Levels
None established

WHO Drinking Water Guideline
No information available.
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ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND
CRITERIA (Cont.)

"* Human Health (3770)
Based on the intake of drinking water and aquatic organisms, the
derived level is 3.5 mg/L Adjusted for intake of drinking water alone,
the level is 3.5 mg/L Using available organoleptic data, for zontrclling
undesirable taste and odor quality, the estimated level is 0.3 mg/L.

"* Aquatic Life (3770)
. Freshwater specics

acute toxicity:
no criterion, but lowest effect level occurs at 10,200 Mg/L.

chronic toxicity:
no criterion, but lowest effect level occurs at 2560 ug/L.

Saltwater species
acute toxicity:
no criterion, but lowest effect level occurs at 5800 gg/L.

chronic toxicity:
no criterion established due to insufficient data,

REFERENCE DOSES: (3744)
ORAL: 6.OOOE+02 Ag/kg/day

REGULATORY STATUS (as of 01-MAR-89)

Promulzated Regulations
* Federal Programs

Clean Water Act (CWA)
Phenol is designated a hazardous subs:.ar.ce. It has a reportable
quantity (RQ) limit of 454 kg (347, 3764). It is also listed as a toxic
pollutant, subject to general pretreatment regulations for new and
existing sources, ard effluent standards and guidelines (351, 3763).
Effluent limitations have been set for phenol effluent in the following
point source categories: glass manufacturing (897), textile mills (893),
timber products processing (899), petroleum refining (896), metal
molding and casting (892), iron and steel manufacturing (354),
ferroalloys (895), organic chcmicals, plastics and synthetic fibers (3777),
electroplating (3767), steam electric power generating (3802), metal
finishing (3768), and pulp paper and paperboard industries (898).
Limitations vary depending on the type of plant and industiy.



36-6 PHENOL

Safe Drinking Water Act (SDWA)
In states with an approved Underground Injection Control program, a
permit is -equired for the injection of phenol-containing wastes
designated as hazardous under RCRA (295).

Besource Conservation and tRecover -Act (RCRA)
Phenol is identified as a toxic hazardous waste (U188) and listed as a
hazardous waste constituent (3783, 3784). Waste streams from the
following industries contain phenol and are listed as specific sources of
hazardous wastes: wood preservation, organic chemicals
(phenol/acetone production, aniline production), petroleum refining,
and coking (operational residues) (3774, 3765). Phenol is subject to
land disposal restrictions when its concentration as a hazardous
constituent of certain wastewaters exceeds designated levels (3785).
Phenol is included on EPA's ground-water monitoring list. EPA
requires that all hazardous waste treatment, storage, and disposal
facilities monitor their ground-water for chemicals on this list when
suspected contamination is first detected and annually thereafter
(3775).

Toxic Substances Control Act (TSCA)
Manufacturers, processors, or importers who possess health and safety
studies on phenol must submit them to EPA (3789).

Comprehensive Environmental Resoonse Comoensation and Liability
Act (CERCLA)
Phenol is designated a hazardous substance urder CERCLA., It has a
reportable quantity (RQ) limit of 454 kg (3766). Reportable quantities
have also been issued for RCRA hazardous waste streams containing
phenol but these depend upon the concentiations of the chemicals in
the waste stream (3766). Phcnol is designated an extremely hazardous
substance under SARA Title III. Any facility at which phenol is
present in excess of its threshold planning quantity of 500 pounds must
notify state and local emergency planning officials. If phenol is
released from the facility in excess of its reportable quantity (RQ),
local emergency planning officials must te notified (3766). Under
SARA Title III Section 313, manufacturers, processors, impotters, and
users of phenol must report annually to EPA and state officials their
releases of this chemical to the environment (3787).

Federal Insecticide. Fungicide and Rodenticide Act (FIFRA)
Phenol is exempt fiom a tolerance requirement when used as a solvent
or cosolvent in pesticide formulations applied to animals and growing
crops only (315).
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Marine Protection Research and Sanctuaries Act (MPRSA)
Ocean dumping of organohalogen compounds as well as the dumping
of known or suspected carcinogens, mutagens or teratogens is
prohibited except when they are present as trace containants. Permit

applicants are exempt from these regulations if they can demonstrate
that such chemical constituents are non-toxic and non-bioaccumulative
in the marine environment or are rapidly rendered harmless by
physical, chemical or biological processes in the sea (309).

Occupational Safety and Health Act (OSHA)
Employee exposure to phenol shall not exceed an 8-hour
time-weighted average (TWA) of 5 ppm. Employee skin exposure to
phenol should be prevented/reduced through the use of protective
clothing and practices (3539).

Hazardous Materials Transportation Act (HMTA)
The Department of Transportation has designated phenol as a
hazardous material with a reportable quantity of 454 kg, subject to
requirements for packaging, labeling and transportation (3180).

Food. Drug and Cosmetic Act (FDCA)
Phenol is approved for use as an indirect food additive as a component
of adhesives when used as a preservative only (3209). The level for
phenols in bottled drinking water is 0.001 mg/L (365).

0 State Water Programns
ALL STATES
All states have adopted EPA Ambient Water Quality Criteria and
NPDWRs (see Water Exposure Limits section) as their promulgated
state regulations, either by narrative reference or by relistiug the
;pecific numeric criteria. These states have promulgated additional or
more stringent criteria:

ARIZONA
Arizona has a water quality criterion of 5 Atg/L for phenolics in all
public waters (3827).

CALIFORN1A
Calfornia has set the following surface water quality standards for
pheno!: 120 Ag/L -Ocean Plan waters, 40/.g/L -Region 8 waters,
municipal and domestic use, 100 jAg/L -Regon 3 waters, protection of
freshwater life, 1.0 u/gL -Regions I and 3 waters, municipal and
domestic use (3097).
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Colorado has a water quality criterion of 1 11g/L for monohydric
phenol in drinking water supply wa ters and 500 pg/L fo: Aquatic Life
Cls I waters (3827).

Delaware has a surface water quiality criterion of 0.2 mg/L for fresh
and saltwater streams (3827).

DISTRICT OF COLUMBIA
The District of Columbia has surface water quality criteria of 0.1 mg/L
for phenol in Class C waters and 0.3 mg/L for Class D waters (3827).

FLORIDA
Florida has water quality criteria for phenolic compounds of I gg/L for
general use surface.waters, and 0.2 mg/L for Class V (navigation,
industrial use) surface waters (3220).

CEORGIA
Georgia has changed the c-iterion for phenol from 5 Mg/L to 300 14g/L
for instream concentrations in all surface waters because the less
stringent standard was considered more realistic (3240).

ILLINOIS
Illinois has a water quality s.andard for phenols of 100 ug/L for
general use waters, 1 ug/L for Public and Fcod Processing Water
Supplies, and 300 ug/L for Aquatic Life waters (3321, 3827).

INDIAN
Indiana has set the following surface water quality criteria for phenols
and phenolic compounds: 10 gLg,L for the Ohio River and Wabash
Ri-cr, 300 Mg/L (daily maximum) for Lake Michigan and contiguous
harbor areas, and 10 ;Ag/L for the Grand Calumet River and Indiana
Harbor (3827).

IOWA
Iowa has a surface water quality standard of 50 Ag/L for phenolic
compounds in Class B and C surface waters (3327). Iowa has also set
acute criteria for phenols of 50 jg/L for Class C surface waters, 1000

ggiL for Class B cold surface waters, and 2500 ,g/L for Class B warm
surface waters, and a chronic criterion of 50 ug/L for all Class B
surface waters for the protection of aquatic life (3326).

KA-SAS
Kansas has an action level of 300 Mg/L for phenol in ground-water
(3213).
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Kentucky has a surface water quality criterion of 5 pg/L for phenolic
compounds in Warm and Coldwater Aquatic Habitats (3827).

LOUISIANA
Louisiana has water quality criteria for phenols of 5 pg/I for drinking
water supply waters, 440 jig/L for marine surface waters, and 50 pg/L
for fresh surface waters (3406).

MINESOTA
Minnesota has surface water quality criteria of 1 ug/L for phenol in
Domestic waters and 10 1,g,/L for phenols in Fisheries and Recreation
waters (3827).

MISSISSIPPI
Mississippi requires that the level of phenolic compounds in the public
water supply not exceed I tsg/L (3684). Mississippi also has a surface
water quality standard of 50 1,g/L for phenolic compounds for fish and
wildlife prr'tection (3684).

MISSOURI
Missouri has a water quality criterion for phenol.of I ug/L for drinking
water, 100 ug/L for surface waters for the protection of aquatic life,
and ground-water quality standards of 300 ;Ag/L for fast recharge
waters and 100 /ig/L for slow recharge waters (3457).

NYVAPA
Nevada has a water quality criterion for phenolics of 1 Ag/L for all
surface waters (3827).

NEW J1AMPSTHIRE
New Hampsaire has a drinking water standard If I pg/L for phenols
(3710). New Hampshire also has a surface water quality standard of I
jug/L for Class A and B waters and 2 1,g/L for Class C waters (3684).

NEW JERSEY
New Jersey sets the maximum concentration levels for phenols in the
Delaware River and Bay at the following levels: 5 /4g/L for Zones 1, 2
and 3, 20 ug/L for Zone 4, and 10 jg!L for Zones 5 and 6. These
are maximum levels that apply unless exceeded due to natural
conditions (3498).
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NEW YOR
New York has an ambient water quality standard for aquatic life of 5
MgfL for total unchlorinated phenols for all freshwater classes of
surface waters (3500). New York has also set an MCL of 50 tg/L for
drinking water and' a water quality standard of 1 ug/L for phenol and
phenolic compounds in ground-water and surface water classed for
drinking water supply (3501).

NORTH CAROLINA
North Carolina ha. a water quality standard of 1 .sg/L for phenolic
compounds in Class WS-I, WS-II, and WS-III surface waters (3683).

OHIO
Ohio has a surface water quality standard for phenolic compounds cf 1
A;~fL for Lake Erie Use waters, Public Water Supply waters, Aquatic
Life Habitat Coldwaters and Exceptional Warmwaters, and 10 Ag/L for
Aquatic Life Habitat Warmwaters (3827)

OKLAHOMA
Oklahoma has set a nonenforceable Toxic Substance Goal of 300 Ag/L
for phenol in public and private water supply surface waters (3534).

QREGON
Oregon has a surface water quality criterion of 1 Ag/L for phenols in
all surface waters (3827).

PENNSYLVANIA
Pennsylvania has a human health criterion of 300 gg/L for phenol in
surface water, and a human health criterion for total phenolics of 5
Ag/L measured in surface waters at the point of water supply intake
(3561).

RHODE ISLAND
Rhode Island has an acute freshwater quality guideline of 251 i&/gL for
phenol and a chronic guideline of 5.6 pg/L for the protection of
aquatic life in surface waters. These guidelines are enforceable under
Rhode Lisand state law (3590).

SOUTH DAKOTA
South Dakota requires phenol to be nondetectable, using designated
test metho.is, in ground-water (3671).

TENNESSEE
Tennessee sets at. effluent limitation of 1.0 mg/L for phenols in
effluent from industrial wastewater treatment plants (3827).

VTAH
Utah has a surface water quality criterion of 0.01 mg/L for phenol in
Class 3A, 3B, 3C and 3D surfLe waters (3827).
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Virginia has a water quality criterion for phenols of I ug/L for ground-
water and Public Water Supply surface waters, and a c~honic criterion
of I pAg/L for phenol in surface water (3135, 3827).

.WEST VIRGINIA
West Virginia sets 0.001 mg/L as the maximum concentration secondary
contaminant level for phenols in drinking watci ;n the community
public water systems (3576).

WISCONSIN
Wisconsin has a human threshold criterion cf 2.7 mg!L for phenol in
public water supply cold surface waters and 2.8 mg/L in public water
supply warm sport fish waters (3842). Wisconsin also has set a taste
and odor criterion threshold concentration level of 300 tg/L for phenol
in surface waters (3841).

WYOMING
Wyoming has a ground-water quality standard of I .tg/L for phenol in
Class I domestic ground-water. They do not regulate other classes of
water, but have a non-degradation rule in case of contamination
(3852).

Proposed Regulations
* Federal Programs

Resource Conservation and Reckvery Act (RCRA)
EPA has proposed that solid wastes be listed as hazardous in that they
exhibit the characteristic defined as EP toxicity when the TCLP extract
concentration is equal to or greater than 14.4 mg/L phenol. Final
promulgation of this Toxicity Characteristic Rule is expected in March
1989 (1565).

0 State Water Programs
MINNESOTA
Minnesota has proposed a Recommended Allowable Limit (RAL) of
280 jg/L for phenol in drinking water (3451). Minnesota has also
proposed a Sensitive Acute Limit (SAL) of 9547 gg/L for phenol in
surtace waters, and a chronic criterion of 212 lig/L for surface waters.
These critetia are for the protection of human health (3452).

WEST VIRGINIA
West Virginia has proposed a water quality criterion of 5 jug/L for
phenolic materials in Public A waters. Final action is expected in late
spring 1989 (3835).

MOST STATES
Most states are in the process of revising their water programs and
proposing changes in their regulations which will follow PA 's changes
when they become final. Contact with the state officer is advised.
Changes are projected for 1989-90 (3683).
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EEC Directives
Directive on Drinking Water (533)
The mandatory values for phenols (phenol indices) in surface water
treatment categories Al, A2 and A3 used or intended for abstraction
of drinking water are 0.001, 0.005 and 0.1 mg/L, respectively.
Guideline values for phenols (phenol indices) under treatment
categories A2 and A3 are 0.001 and 0.01 mg/L respectively. No
guideline value is given for treatment ,'ategory Al.

Directive Relating to the Quality of Water for Human Consumption
(540)
The maximum admissible concentration for phenols (phenol indices) is
0.5 Mg/L. Excluded from this category are natural phenols which do
not react to chlorine. No guideline levels for phenols (phenol indices)
are given.

Directive on Ground-Water (538)
Direct and indirect discharge into ground-water of substances which
have a deleterious effect on the taste and/or odor of ground-water, and
compounds liable to cause the formation of such substances in ground-
water and to render it unfit for humari consumption shall be subject to
prior review so as to limit such discharges.

Directive on Bathing Water Quality (534)
Mandatory values for phenols (phenol indices) in bathing water are:
(1) no specific odor and (2) concentrations :<0.05 mg/L. Guideline
values for phenols (phenol indices) suggest concentrations < 0.005
mg/L.

Directive on Fishin? Water Quality (536)
Phenolic compounds in both salmonid and cyprinid waters must not be
present in such concentrations that they adversely affect fish flavor.

Directive Relating to the Classification, Packaging and Labeling of
Dangerous Preparations (Solvents) (544)
Phenol is listed as a Class Lb ýtoxic substance and is subject to
packaging and labeling regulations

Directive on the Discharge of Dangerous Substances (535)
Orgarohalogens, organophosphates, petroleum hydrocarbons,
carcinogens or substances which have a deleterious effect on the taste
and/or odor of human food derived from aquatic environments cannot
be discharged into inland surface waters, territorial waters or internal
coastal waters without prior authorization from member countries
which issue emission standards. A system of zero- emission applics to
discharge of these substances into ground-water.
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Pirective on Marketing and Use of Dangerous Substane (541)
Phenol may not be used in ornamental objects intended to produce
light or color effects by means of different phases.

Directive on Toxic and Dangerous Wastes (542)
Any installation establishment, or undertaking which produces, holds
and/or disposes of certain toxic and dangerous wastes including phenols
and phenol compounds; organic-halogen compounds; chrome
compounds, lead compounds, cyanides, ethers and aromatic polycyclic
compounds (with carcinogenic effects) shall keep a record of the
quantity, nature, physical and chemical characteristics and origin of
such waste, and of the methods and sites used for disposing of such
waste.

Directive on the Classification, Packaging and Labeling of Dangerous
Substances (787)
Phenol is classified as a toxic substance and is subject to packaging and
labeling regulations.

Directi,ýe on Transfrontier Shipment of Hazardous Waste (1433)
When the holder of a hazardous waste such as phenol intends to ship
it to another member state, authorities of the member states concerned
must be provided with infornation on the source and composition of
the waste, measures to be taken to ensure safe transport, insurance
against damage and the existence of a contractual agreement with the
consignee of the waste. All transfrontier shipments must be properly
packed and labeled and must be accompanied by instructions to be
followed in the event of danger of accident,
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36,1 MAJOR USES

The major use of phenol is as a chemical intermediate in the synthesis of organic
chemicals, primarily phenolic resins. Phenol is also utilized in the production of
bis-phenol-A, caprolactam, plasticizers, adipic acid, salicylic acid, 2,4-D, alkyl phenols
and chlorinated phenols. A small amount is used as a solvent in petroleum refining
(939). It is also employed as a disinfectant (3890).

36.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS

36.2.1 Transport in SoWGround-water Systems

36.2.1.1 Ovew

Phenol is expected to be relatively mobile in the soil/ground-water system when
present at low concentrations (dissolved in water). Pure phenol is a solid at ambient
temperatures (melting point is 41VC) and thus bulk quantities (e.g., from a spill or
large dumping) would not be immediately mobile.

Transport pathways can be generally assessed by using an equilibrium partitioning
model as shown in Table 36-1.

These calculations predict the partitioning of low soil concentrations of phenol
among soil particles, soil water and soil air. The estimates for the unsaturated topsoil
model show that while most of the phenol is associated with the stationary soil phase,
a significant amount (12.6%) is in the mobile water phase and thus easily leached.
Diffusion of phenol vapors through the soil-air pores up to the ground surface would
not appear to be a significant loss pathway based upon the model results. (Other
data and model results given below, however, show volatilization losses may be
significant.) In saturated, deep soils (containing no air and negligible soil organic
carbon), a much higher fraction of the phenol is likely to be present in the soil water
phase (Table 36-1) and available to be transported with flowing ground water.

The actual distribution of phenol in a model laboratory ecosystem has been
measured by Figge et al. (807). Thirty (30) days after the non-sterile ecosystem was
inoculated with C-14 labeled phenol, the percentage of the initial dose found in each
"compartment" of the ecosystem was as follows: air, 23%; percolating water, 0.03%;
soil, 24%; and plants, 43%. Total recovery was 90%. Two-thirds of the phenol
"recovered" from the air compartment was identified as (14)CO which mLt have
come from the chemical or biological degradation of phenol in the water, soil or
plants. Thus, the actual 'air" concentrations (meaning the free air above the
ecosystem, not confined soil-air) were probably nearer 9%. The relatively large "true"
air concentrations are a result of the fact that, during the 30day test, the air in the
test chamber was continuously exchanged, with the exhaust air passing through an
absorber unit.



PHENOL 36-15

TABLE 36-i
EQUILIBRIUM PARTH]ONN4G CALCULATIONS FOR PHENOL

IN MODEL ENVIRONMENTS'

Soil Estimated Percent of Total Mass of Chemical in Each Compartment
Environment Soil Soil-Water Soil-Air

Unsaturated 87.4 12.6 2.OE-03
topsoil at
2500'

Saturated
deep soil' 13.1 86.9

a) Calculations based on Mackay's equiiibrium partitioning model (34,35.36): see
Introduction in Volume 1 for description of model and environmental conditions
chosen to represent an unsaturated topsoil and saturat.d deep soil. Calculated
percentages should be considered as rough estimates and used only for general
guidance.

b) Utilized estimated soil sorption coefficient: K.,. = 36 (calculated average of data
for soils given in reference 806).

c) Henry's law constant taken as 1.3E-06 atm. m3/m~l at 25 0C (81).
d) Used sorption coefficient K, = 0.001 K,..

Two other modeling studies serve to elucidate the important transport and fate
mechanisms for phenol in the natural environment. Jury et al. (808) used a soil
chemical screening model to classify cnemicals with regard to the importance of
volatilization as a loss pathway after soil application (e.g., of a pher~ol-containing
waste). The model assumed uniform application of the cheinical to a depth of 10 crm
in the soil, a soil-water content of 30% (by volume), and a soil-organic-carbon
content of 1.25% (by weight) Under these conditions, the model results led Jury et
al. (808) to classify phenol in a "moderately short-lived" group of chemicals having an
effective volatilization half-life between 15 and 30 days. The actual half-life
calculated for phenol was 21 days.

The second study by Pollard and Hem (809) simulated the transport and fate of
phenol in a surface water body (Monongahela River) using the EXAMS model.
Some of what was learned will help in understanding soil/ground-water fate and
transport. The model predicted oxidation (by photochemically-gener-ated fiee radicals
in the water) and biodegradation to be the most important fate pathways. The model
showed volatilization to be an unimporta':, loss mechanism. Associated field testing
showed sediment sorption was also a relatively unimportant process; the field testing
provided data that allowed the model to be validated when certain assumptions were
made about the concentration of free-radical oxidants.
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A number of field and laboratory studies point to the relative mobility and
non-persistence of phenol in soil/ground-water systems. In a study of land treatment
of phenol-containing wastes, Demirjian et al. (522) found no detectable phenol in the
soil at the end of the tre~atment cycle. Goerlitz et aL (810) found that sorption did
not appreciably retard the movement of phenol in the leachate plume from an
unlined surface impoundment. Laboratory sorption experiments using soil collected at
the 30-m depth at the site also showed no significant sorption of phenol. The
researchers did note disproportionate decreases in the downgradient concentration of
phenol which were tentatively attributed to biodegradatiorn. Phenol has been found
in the leachate plume from a sanitary landfill (811), in peat soils 500 meters from a
catchment pit (939), and in ground water (where it persisted 19 months) following a
spill of phenol onto a soil consisting primarily of sand, gravel and undifferentiated
dolomite (939).

36.2.1.2 Sorption on Soils

Table 36-2 lists several soil sorption constants that have been reported for
phenol.

In general, except for the Lake Zoar sediments, the data indicate that phenol is
only weakly sorbed by soils containing organic matter. Thcre is essentially no
sorption on clays and minerals that contain no organic matter. Nevertheless, in
unsaturated topsoils containing significant amounts of organic carbon (2%) and
relatively small amounts of water (10% by volume), the model results shown in Table
36-1 show that a significant amount of the phenol may be associa•ed with the
stationary soil phase.

There is no ready explanation for the relatively high sorption constant associated
with the Lake Zoar sediments. Some degree of excess sorption over that ±-x-pected
for simple hydrophobic sorption to organic matter, due to hydrogen bondirg, has
been suggested by Boyd (816).

362.13 Volatilization fr'om Soils

Transport of phenol vapors through the air-flled pores of unsaturated soils can
be an important transport mechanism for near.surface soils. This was demonstrated
by the model ecosystem and modeling r.2sults discussed above (Section 36.2.1.1).
However, due to thc low value of the Henry's law constant (H) for phenol:

H = 7E-07 atm. m'/mol at 20*C

the vapor phase concentration in soil air will be very low whenever water is present.
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TABLE 36-2
SOIL ADSORPTION CONSTANTS REPORTED FOR PHENOL

Type of Soil K, Comment Ref.

(Not specified) 27 812
Batcombe Silt Lozamn 30.2 2.51% CC, pH 6.7 813
Molokai clay 440 0.5% OC, pH 6.2 814
Davidson clay 700 0.3% OC, pH 6.4 814
Ava silty clay 150 0.4% OC, pH 4.5 814
Mohave clay loam 250 0.4% OC, pH 7.8 814
Fanno clay 144 0.9% OC, pH 7.0 814
Captina s~lt joam 90 0.64% OC, pH 5.4 815
Palouse silt loam 57 2.1% OC, pH 5.4 815
Brookston clay loam 16.1 3.0% OC, pH 5.7 816
Captina silt loam 91 0.64% OC, pH 5.4 817
Palouse silt loam 38.8 2.1% OC, pH 5.4 817
Lake Zoar sediment 2900 Fine fraction, 10.2% OC 818
Lake Zoar sediment 3100 Coarse fraction, 4.2% OC 818
(Generic) 135 Estimated 654
(Generic) 14 Estimated 652
(Generic) 9 Estimated 812
Montmorillonite -- KY =1.08E-04, Vn=0.132 819
Cottage Grove

sandstone (38"C) -- K- =7E-03, l/n=1.01
Silty Clay -- No adsorption 821
Kaolinite,

montmorillonite .. No adsorption 822
Geothite (a.FeOOH) -- No adsorption 823

"Ký = soil adsorption constant per unit weight organic carbon.
K, = Freundlich adsorption ccefficient.
I/n = Exponential factor on concentration in Freundlich adsorption

equation.
OC = organic carbon content (by weight) o. soil.
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36.2.2 Truamf-mation Processes in SolIromdm-water Sysem

Phenol is a weak acid (pKa = 9.90) and thus has a slight tendency to dissociate
in water with the loss of a hydrogen ion: CH,OH -> C1H50" + HW. In pure
water, only 0.13% would be expected to dissociate at pH 7, and 1.3% at pH 8.

Phenol is apparently susceptible to one or more chemical (non-biological)
degradation mechanisms that can operate in the soil/ground.water system. Simple
hydrolysis (reaction with water), however, does not take place rapidly under
environmental conditions. An aqueous hydrolysis rate constant of 8.2-8.5E-09
cu.cm./mole soc has been reported (824). Conrad and Seiler (825) demonstrated a
biological degradation of phenol and resulting CO formation, in ste.ile soils. They
speculated that a radical mechanism, most probably initiated by reactions with
molecular oxygen, were involved. Such a mechanism is consistent with the
speculation of others (10) that phenol could be non-photolytically (and
non-biologically) oxidized in oxygen-rich water, especially if certain iron or copper
species were present which might catalyze the reaction.

Baker and Mayfield (826) also found that phenol underwent rapid non-biological
degradation 'in sterile silica sand. The rate of this degradation reaction increased with
temperature and decreased with concentration. In one test at 26°C, the phenol
concentration in the silica sand/water mixture fell from 105 pg/g of silica to 29 Ug/g
silica after 32 days. Volatilization losses and photodegradation were clearly ruled cut.
These- authors also speculated on an auto-oxidation mechanism that might be
catalyzed.

There is good evidence to suggest that photooxidation should be an important
degradation mechanism for phenol in aerated, near-surface waters (10, 939, 827).

Numerous studies have clearly shown that phenol is fairly easily biodegr3ded by
microorganisms which are prevalent in the natural environment (10, 939, 806, 828.
829, 830, 831). Several types of microorganisms can use phenol as their sole source
of carbon; however, at high phenol concentrations (e.g., above 100 mg/L) the
microorganisms may be inhibited or killed. Evidence of the extent or rate of
biodegradation at very low concentration (<i mg/L) is contradictory. Degradation,
both aerobic and anaerobic, has been demonstrated in a variety of natural water and
natural soil conditions. Thus, it may be concluded that phenol should not persist
(more than weeks to a few months at most) in environments with sufficient
populations of active microorganisms. Although many rate studies have been carried
out (see references 939 and 806 for a listing of data), prediction of biodegradation
rate constants for specific environments is still difficult.

t I LiW
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36.23 Primary Routes of Exposure from & roum-water Sy

The above discussion of fate pathways suggests that phenol as a low volatility, is
weakly adsorbed to soil and has no significant potential for bioa cumulation.
Although some data indicate volatilization of this compound from near surface soils
does occur, in general, inhalation exposure to phenol from soil iý not expected to be
a dominant pathway. Phenol is likely to be mobile in ground water, possibly resulting
in drinking water exposure via this route. Exposure pathways involving the
accumulation of phenol by biota are not likely to be important due to its low
bioconcentration factor.

The potential for ground water contamination is demonstrated by the common
occurrence of phenol at hazardous waste sites. Mitre (83) reported that phenol has
been found at 55 of the 546 National Priority List (NPL) sites. It was detected at 37
sites in ground water, 27 sites in surface water and 3 sites in air. These data indicate
that both ground and surface-water pathways of exposure may blx important. In the
National Organics Monitoring Survey (NOMS) conducted by the USEPA (90), phenol
was detected in 2 of 110 raw water supplies, including both surface and ground-water
supplies.

The properties 3f phenol, and its common occurrence in gro. nd water at NPL
sites, suggest that exposure through drinking water may result from soil/ground-water
systems. In addition, the movement of phenol in ground water n ay result in other
exposure pathways. These pathways would ',iclude ingestion exp sure through the
consumption of surface water as a drinking wa:'r supply or derm l exposure through
recreational use of surface waters. Bioaccumulation of phenol fr m surface waters,
either by aquatic organisms or domestic animals, is not expected •o be a dominant
exposure pathway due to the low bioconcentration factor for phenol.

36.2.4 Other Sources of Human Exposure

As phenol is a large-volume industrial chemical, there are a umber of other
potential sources of human exposure. Exposure through drinking water (other than
ground water associated with hazardous waste sites) does not gen rally appear to be a
major source of exposure; phenol was detected in only 2 of 110 raw water supplies
(90).

The production and use of phenol, however, has led to iti presence in the
atmosphere. Brodzinsky and Singh (84) suinmarized air monitoriig data for phenoa.
They reported 90 data points. No data were available for rural and remote areas. In
urban and suburban areas, the median concentration was 0.12 .g m' (7 data points),
and in source-dominated areas, the median concentration was 19 pg/m' (83 data
points).

In addition to these environmental exposures, oral exposure io phenol may occur
as the result of its use in several medicinal prepar-ti-Žns (antiseptic mouthwash and
lozenges). It is also a component of a number of medicinal preparations thai are



36-20 PHENOL

dermally applied, such as cream for burns or poison ivy (940), and it has been
injected locally into spinal and perineural spaces or into nerves for the relief of pain
and spasticity (3960, 3912). These uses may result in significant exposure to phenol
for short periods of product use.

Phenol has been found in some food products. Lustre and lssenberg (832)
reported 7 mg/kg phenol in smoked summer sausage and 28.6 mg/kg in smoked pork
belly. The authors speculated that the phenol originated from the wood used in
processinv the meat.

363 HUMA" PIEALTH COMNS1DERATIONS

36.3.1 Animal Stdi

36.3.1.1 Cazýiognicty

In a study conducted by the National Cancer Institute, phenol was not
carcinogenic for either male or female F344 rats or B6C3F, mice. Both species were
given drinking water containing 2500 or 5000 ppm phenol for 103 weeks. In
low-dose male rats, there was an increased incidence of leukemias and lymphomas;
the incidence in the high-dose group, however, was not significantly different from
that of the control group. There was also no dose-response in female dosed groups.
Therefore, evidence that phenol was the cause of these tumors was not clearly
established. In mice, no tumor at any site was clearly associated with phenol
administration (941).

A number of studies have shown that phenol promotes skin tumors in strains of
mice specially inbred for sensitivity to tumor development. Benign tumors developed
in these mice after a single application of 75 mg of the carcinogen,
9,10-dimethylbenz(a)anthracene (DMBA), followed one week later by twice w-ekly
applications of 2.5 mg phenol (as a 10% solution in benzene) to the same area for a
period of 42 weeks. At 13 weeks, 22 of 23 mice (96%) had papillomas and 73% had
carcinomas. The effect of benzene as the solvent must also be considered. Few
tumors developed in the mice treated with DMBA alone (3/21 mice with papillomas
at 42 weeks) or with phenol alone (5114 mice with papillomas at one year). Standard
inbred strains of mice similarly treated exhibited only a few papillomas (902).

In summary, there are no indications that phenol is carcinogenic by the oral
route. Skin applicatioa of phenol, however, is tumorigenic in sensitive strains of mice
but not in standard inbred mouse strains. This activity appears to be associated with
phenol's irritancy and subsequent skin hyperplasia.

363.12 Ga cty

The genotoxic activity of phenol has been evaluated in non-mammalian and
mammalian systems. Data from bacterial and yeast studies conflict. Cocke et M1.
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(942) reported .hat phenol induced mutations in Salmonella strain TA98 in the
presence of activation while other teams of investigators (943, 3780) using four of the
five standard strains (TA 1535, 1537, 98 and 100) achieved negative results with and
without metabolic activation. Negative results were also obtained in the two strains
of the yeast Saccharomvces cerevisiae strain D3 (944) and strain MPI (3207).

Other non-mammalian assays also yielded mixed results. Sex-linked recessive
lethals were not increased among the progeny of Drosophila males fed or injected
with phenol (3845); but rainbow trout exposed to a concentration of 0.3 or 0.6
microliters of phenol/L of water for 72 hours had significant increases in chromosome
aberrations in gill and kidney cells (3014).

Conflicting results have also been observed in mammalian genotoxicity ntudies.
In vitro, phenol concentrations of 250 to 500 ug/mL, in the presence of mouse
microsomes, induced 8-azaguanine resistance in Chinese han-ster V79 cells (3554). In
addition, phenol induced statistically significant, concentra.ion-dependent increases in
sister chromatid exchanges (SCE) in human T-lymphocytes in vitro at concentrations
ranging from 5 to 3000 MM (945). The negative results obtained by Jansson et al.
(3336) in a similar SCE study may be attributed to !he low concetr•tions tested.

In vivo, phenol did not induce significant increases in chromosomal aberrations or
micronuclei, but did cause equivocal genotoxicity in a 5 generation reproductive
toxicity study. Male and female mice treated with up to the LD,, dose of phenol,
either orally or intraperitoneally, did not show any significant increase in chromosomal
aberrations in their boue marrow celis (3715).

In two different studies, plhenol did not increase the incidences of micronuclei in
the bone marrow cells of mice. In one study, male mice were treated orally with 250
mg/kg and sacrificed 30 hours after treatment (3232); in the other, experimental
details were not given (3554).

A five-generation study conducted with Porton-strain -ice examined the
influence of aqueous solutions of phenol on chromosomes in the process of
spermatogenesis. Mice in each generation were given daily gavage doses of
approximately 0, 6.5, 64 or 640 Mg/kg/day for 30 days. Six males and females from
each group per generation were then mated. The females continued to receive.
phenol during pregnancy and lactation. Testes from six males pcr group for each
gereration were examined for chromosomal defects in spermatogonia and primary
spermatocytes. Dose-related increases in the incidence of aberrations were found in
both cell types. Aberrations included chromatid and chromosome breaks, ring
chromosomes, centric fusions, acentric fragments, rneuploidy (any deviation from the
exact multiple of the haploid number of chromosomes) and polyploidy (trore than
two full sets of homologous chromosomes). There was also an apparent trend toward
increased aberrations in each successive generation. However, the experimer.tal
protocol as well as the inadequacy of information presented by the investigation make
interpretation of this latter point difficult. The complications associated with
interpretation of the results in successive generations do not, however, mitigate the
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marked increase in chromosomal aberrations seen in the parental and F, generations,
i.e., two to four-fold above controls (963). These results are cause for concern in
that equivalent bi:man exposures (0.45-4.5 mg(70-kg man/day) could conceivably be
ingested by the populaticn at large. Unknown factors, however, such Pa tissue
distribution and DNA repair capabilities of different tissues and species make any
discussion of the genetic implications for man more speculative than factual. Further
studies such as the effect of gavage administration compared to the more intermitteat
nature of human exposure via drinking water are needed to clarify the significance of
this single' report to humans (963).

36.3.13 Teratogenicity, Embpo ty and Reiroductive Effects

Minor and Becher (947) found no increase in terata or resorptions in Sprague-
Dawley rats given ip injections of 20, 63, or 200 mg of phenol/kg, either on days 9-11
or on days 12-14 of gestation. In another study, phenol was administered to Sprague-
Dawley rats by gavage at doses of 100, 333, 667, or 1000 mg/kg on gestational day 11
(3531). In the dams, decreased weight gain was observed at the two higher doses.
Among the offspring, viable litter size was not reduced, but postnatal hind limb
paralysis, persistent growth retardation, rnd decreased neonatal rena! concentrating
ability were observed (doses were not given). Price et al. (3571) administered phenol
to rats by gavage at doses of 30, 60, or 120 mg/kg/day during organcgenesis. While
maternal status, prenatal viability, and fetal morphological development were not
affected, average fetal body weight/litter was reduced at 120 mg/kg.

CD-i mice were given vhenol doses of 70, 140, or 280 mg/kg/day by gavage on
gestational days 6-15 (3571). Maternal mortality was observed at the high dose, and
dose-related incidences of other maternal effects were observed at all doses. Prenatal
viability was not affected; however, decreased fetal weight and an increased incidence
of cleft palate were observed at 280 mg/kg, the dose that caused maternal lethality.
The total incidence of malformations was not increased significantly.

36.3.1.4 Other Toxicologic Effects

363.1.4.1 Short-term Toxicity

Disturbance of the central nervous system is the predominant toxic response to
phenol regardless of the route of administration. In rats, the oral LD~s ranges from
530 to 550 mg/kg (59). An acute lethal dose produces initial increases in pulse and
respiration which later become slow, weak, and irregular. After an initial r;se, blood
pressure falls significantly. The pupils constrict in the early stages but later dilate.
Salivation may be evident and dyspnea is marked. Rats usually exhibit muscle
twitching and uncoordinated leg movements until death occurs, usually due to
respiratory arrest (12). Deichmann (1944) indicated that the severity of intoxication
is directly related to the concentration of "free' (as opposed to "conjugated") phenol
in blood and tissues (3905).
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Cats appear to be the species most susceptible to the effects of phenol due to
significant metabolic differences in the manner phenol is detoxified by this species.
Oral doses of 50 to 100 mg/kg and intravenous doses of 50 mg/kg (dissolved in water)
caused death in all animals tested (950).

In guinea pigs, inhalation exposures of 26-52 ppm, 7 hours daily, 5 days per week
for 4 weeks caused weight ýoss, respiratory difficulty and signs of paralysis. At
autopsy, pathologic examination revealed extensive myocardial necrosis and acute
lobar pneumonia (951).

Cosgrove and Hubbard (952) reported that the eyes of rabbits were completely
destroyed by one drop of 87% phenol in glycerin. However, if the eyes were
immediately irrigated with water, corneas remained clear. If irrigation was delayed 10
seconds or longer, 40% of the awimals sustained corneal damage. Solutions of 50%
phenol in glycerin left in the eyes 10 seconds or longer before irrigation with water
resulted in transparent corneas within 3 or 5 days in 30% of the animals. Solutions
of 10 or 20% phenol in glycern gave similar results. In another study, Murphy et al.
(953) found that 0.1 mL of 5% phenol solution caused corneal opacities in 4 of 9
rabbits whose eyes were either not irrigated or irrigated with water for 2 minutes
following 30 seconds ot eye contact with the phenol solution.

The d-:rmal LD, for liquified phenol in rats is 670 mg/kg (0.625 mLAg) by both
occlusive and non-occlusive methods. Severe muscle tremors with twitching
developed into generalized convulsions with loss of consciousness 5-10 minutes after
administra!ion of the dose in all animals. Severe hemoglobinuria developed 45-90
minutes after phenol application, with the severity increasing as a function of the
Jose. Skin lesions and edema with subsequent tissue necrosis and discoloration were
aLo noted as well as p3thologic evidence of kidney 'lamage in all animals. The
lowest dose applied was 0.1 mg/kg (954).

Reports of cardiac toxicity and death in humans treated with phenol as a
cosmetic face-peeling agent stimulated a study in rats of the cardiovascular effects of
dermally applied phenol (3944). Eight laboratory rats (strain not given) underwent
abdominal epilation, Baker's phenol was applied to an area comparable to the human
face (about 5% of the total body surface area), and cardiovascular parameters were
monitored for about 1 hour. Electrocardiographic (EKG) changes (PVC'., ventricular
tachycardiL. S-T segment depression, and T-wave inversion) were noted in five of
eight anirrals. Two animals died, one 13 minutes aftet application (blood phenol
level, 6.5 -,ig%), the other 24 minutes after (blood phenol level, 8.1 mg%). The
entire abdomen was Lhen covered with Baker's phenol and the parameters were
monitored again. EKG changes were noted in the remaining six animals and all died
1.5 to 35 minutes after application (mean, 19 minutes). Fatal blood levels ranged
from 3 !o 16.8 mg% with a mean of 7.9 mg%. The effects appeared to involve direct
myocardial toxicity (myocardial depression based on decreased cardiac rate and
arterial pressure), as well as S-T segment depression and T-wave inversions.
Electromechanical dissociation then occurred, and bradycardia electrical activity
continued with no resulting myocardial contraction.
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36.3.1.4.2 (luni Toxicity

Damage to the lungs, liver, kkineys and heart has been reported following
prolonged administration of phenoL Rabbits exposed to vapor levels of 26 to 52
ppm, 7 hours daily, 5 days rer week for 63 exposures in 88 days showed no signs of
illness or discomfort. Hov/evcr, post-mortem examination revealed lobular
pneumonia, chronic bronchitis, degeneration of the pulmonary blood vessels,
myocardial deg-neration, and idications of liver and kidney damage. Rats exposed
to the same levels for 52 exposures in 74 days exhibited no signs of illness or
pathologic changes (951).

Deichmann and Oesper (955) reported no significant effects in rats receiving
21-55 mg/rat/cay (about 280 mg/kg! for a 200 g rat) in their drinking water for 12
months. However, pathological studies were not done. In another study, rats
receiving 1.35 doses of 50 mg/kg p'aenol by gavage over a 6-month-period experienced
"slight" kidney damage while those. receiving 100 mg/kg had "slight to moderate'
kidney damage and "very slight" liver changes (939, 3908). The apparent ability of
rats to tolerate much larger doses of phenol in drinking water may be due to its rapid
metabolism as well as the intermittent nature of dosing, in contrast to exposure by
gavage.

36.3.2 Human and Epkieriiologic Studies

36.3.2.1 Short-term Tcaicologic Edfect,

Phenol is readily absorbed from all routes of entry, distributed throughout the
body, metabolized and rapidly excreted. The biological half-life of phenol in man is
approximately 3.5 hours (939). Phenol is also produced endogenously by the
degradative action of bacteria on tyrosine in the gut; between 1.5 and 5 mg of phenol
are normally excreted per liter of human urine per day (939).

The most frequent adverse effects of phenol reported in humans result from skin
contact (949). The skin is a primary route of ent.-y for the solid, liquid and vapor.
The vapor readily penetrates the skin with an absorption efficiency equal to that for
inhalation (46). Signs and symptoms can develop rapid!y with serious consequences
including shock, convulsions, cyanosis, coma and death (949). Sax (51) reports that
death can occur if 64 square inches of body surface are covered with phenol.
Damage to internal organs has also been described. In addition, direct contact with
the skin results in chemical burns.

Johnstone and Miller (956) described the case of an ink-manufacturing employee
who spilled phenol on his leg, abdomen and chest. Although he imm-ediatel) flusbed
the areas with water, he died within 15 minutes. Post-mortem examination revealed
extensive first and second degree ýburns, edema and hyperemia of the lungs, kidneys,
pancreas and spleen. In another lcase, a man died after application of benzyl
benzoate (a scabicide) to his body with a brush that had been soaked overnight in an
80% phenol solution. Ten minutes after the application, he collapsed and began

11 S I
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convulsing. He died shortly thereafter. Blood samples were found to contain 4.7
,ug/mL phenol (957).

Cardiac arrhythmias have been repo .ea in people undergoing chemical peeling
of skin lesions with 40-80% phenol solutions. Arrhythmpas are the primary type of
morbidity associated with these procedures (958).

The lowest oral lethal dose reported in humans is 140 mg/kg (59); however,
ingestion of 65 g of pure phenol or 120 g crude phenol have been survived (12).
Ingestion causes severe burns of the mouth and throat, abdominal pain, cyanosis,
muscular weakness, coma and death. Tremce, corvulsions and muscle twitching may
ais' occur (46). In one case, a woman committed suicide by ingesting 10-20 g of
phenol. She became comatose with partial absence of reflexes, skin pallor,
accelerated respiration, ravid pulse and dilated pupils. One hour after ingestion, she
experienced cardiorespirawcry arrest. Attempts at resuscitation were made for 2
hours, but to no avail. Autopsy revealed hyperemia of the tracheal and bronchial
membranes. Histologic examination revealed edema of the liver and lungs and
hyperemia of the intestines (959).

One incid:nt of environmental poisoning occurred in 1974 when a derailed train
spilled 37,900 liters of 100% phenol in rural Wisconsin. Over the next 6 months,
phenol concentrations as high as 1130 mg/L were noted in wen water. Individuals
living near the site who inge',ted the phenol-contaminated water experienced burning
sensations in the mouth, mou:h sores, skin rashes, diarrhea and darkened urine
(probably from oxidation products of phenol). Exposed individuals had estimated
phenol intakes of 10-240 mg/person/day. Physical and laboratory examinations 6
months after the spll revealed no abnormalities in individuals who had consumed the
contaminated water (961).

Owing in part to its low volatility, phenol is not considered a serious respiratory
hczard (46). Inhalation of 15-52 ppm phenol for 8 hours (with two 30-minute
breaks) using a face mask produced no ill effects in 8 human volunteers (960).
Various studies have demonstrated that phenol has odor warning properties at
concentrations far below those at which toxic effects occur (reviewed in 3898). Using
a standardized procedure with trained odor analysts, Leonardos et al. (3923)
determined the odor threshold for phenol to be 0.047 ppm volume; the panel of
analysts Jescribed the odor as "medicinal'.

Phenol is irritating to the eyes, nose and thrcat. Concentrated phenol solutions
are severely irritating to the human eye, causing conjunctival and corneal damage. In
some cases, the eye lids have been severely damaged. In one case, severe iritis
accompanied corneal injury (3913).

36.3.2.2 Chronic Toxicologic Effects

Chronic phenol poisoning is infrequently reported. Severe chronic poisoning in
man is characterized by systemic disorders which may include anorexia, vomitIng.
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excessive salivation, headache, dizziness and skin eruption. Fatalities occur when
there is extensive damage to the liver and kidneys (949,12).

Prolonged cutaneous exposure may result in ochronosis, a discoloration of
collagenous tissue. NIOSH (949) cites numerous reports of ochronosis occuring in
the early part of this century attributed to the use of dressings impregnated with
5-10% phenol solutions for periods ranging from 3 te 24 years. Merliss (962)
reported a case of a laboratory worker exposed to phenol, cresol and xylenol both
dermally and by inhalation. Signs and symptoms appeared slowly and included loss of
appetite and body weight, muscle pain, weakness and dark urine. After 13.5 years of
exposure, examination revealed an emaciated individual with an enlarged Eiver and
elevated Eiver enzyme levels. After exposure was discontinued, recovery was slow.
Seven months later he had gained 7.6 kg and his liver was no longer palpable.

36.3.3 Levels of Concer=

The USEPA (3770) has established an ambient water quality criterion for the
protection of human health for phenol of 3.5 mg/L. This criterion was developed
based on the lowest-observed-adverse-effect level (i.e., slight kidney damage) in
chronic oral studies with rats, an uncertainty factor of 500 and the assumption that
two liters of drinking water are consumed by a 70-kg adult daily.

Subchronic oral studies in rats by Dow Chemical Company demonstrated slight
kidney damage at 50 mg/kg (3908). Bruce et al. 1987 (3898) and USEPA (3935)
identify this as the oral LOAEL (lowest-observed-adverse effect level) for phenol.
Based on the LOAEL and an uncertainty factor of 500, USEPA (3955) calculated an
oral Acceptable Intake Subchronic (AIS) of 7.0 mg/man/day for ingested phenol. An
oral reference dose (RfDo) of 600 /ig/kg/day has been derived by the USEPA (3744).
A reportable quantity (RQ) for phenol of 1000 lbs (454 kg) has been calculated
(3885).

OSHA (3539) currently permits exposure to 5 ppm (19 mg/mn) averaged over an
8-hour work-shift. The ACGIH (3005) recommends the same concentration as a
threshold limit vale.

363.4 Hazard Assessment

Phenol is readily absorbed from all routes of entry. TIhe majority of human
lethal values are in the 5-40 g range. Central nervous system disturbances together
with peripheral vasodilation result from an acute lethal dose of phenol, leading to
sudden collapse, unconsciousness and death due to respiratory arrest. Ingestion of
nonlethal amounts of phenol can result in burning in the mouth, mouth sores,
headache, vomiting, diarrhea, back pain and production of dark urine.

Concentrations of up to 5000 ppm of phenol in the drinking water of both mice
and rats was not carcinogcnic for either species (941). Repeated skin application of
large amounts of phenol does appear to promote tumor development in sensitive
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mouse strains but not in standard inbred strains of mice. The tumorigenic activity of
phenol on mouse skin appears to be related to its irritancy and the resulting skin
hyperplasia. Neither IARC (803) nor the NTP (883) have classified phenol with
regard to carcinogenic activity.

Bacterial mutagenicity tests provide primarily negative findings for phenol.
Phenol increased sister chromatid exchanges in human lymphocytes in vitro. The
greatest concern, however, is an unconfirmed report of dose-related changes in the
chromosomes of mouse spermatogonia and primary spermatocytes fol'owing gavage
administration of aqueous phenol solutions at dosages as low as 6.5 /g/kg/day (963).

Unknown factors such as tissue distribution and DNA repair capabilities of
different tissues and species make any discussion of the genetic implications for
humans more speculative than factual. The negative carcinogenic response in lifetime
studies with both rats and mice given 5000 ppm phenol in their drinking water plus
the fact that phenol is a normal constituent of human tissues and fluids indicate that
both humans and laboratory animals can handle long-term, low-level exposures to
phenol with no apparent untoward effects. Nevertheless, this particular finding
warrants validation in order to clarify the variance of its effect level from other
reported effect levels as well as the potential implications of this study to humans if
the results are substantiated.

Animal studios suggest no indications of embryotoxic nor teratogenic effects
associated with phenol exposure. Slight to moderate kidney damage and slight liver
changes have been ceported in rats given 135 daily doses of 100 mg/kg phenol by
gavage. Rats, however, have been able to toklrate much larger doses in drinking
water (55 rmg/rat/day or about 280 mg/kg for a 200 g rat) probably due to its rapid
metabolism as well as the intermittent nature of dosing in contrast to exposure by
gavage.

36.4 SAMPLING AND ANALYSIS CONSIDERATIONS

Determination of phenol concentrations in soil and water requires collection of a
representative field sample and laboratory analysis. Soil and water samples are
collected in glass containers; extraction of samples should be completed within 7 days
of sampling and analysis completed within 30-40 days. In addition to the targeted
samples, quality control samples such as field blanks, duplicates, and spiked sample
matrices may be specified in the recommended methods.

EPA-approved procedures for the analysis of phenol, one of the EPA priority
pollutants, in aqueous samples include EPA Methods 604, 625, and 1625 (65), 8040
and 8250 (63). Prior to analysis, samples are extracted with methylene chloride as a
solvent using a separatory funnel or a continuous liquid-liquid extractor. Methods
604 and 8040 also provide for a perfluorobenzvl bromide (PFB) derivatization of the
sample extract with additiona! clean-up procedures if interferences are present in the
sample matrix. An aliquot of the corncentrated sample extract with or without
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derivatization is injected onto a gas chromatographic (GC) column using a solvent
flush technique. The GC column is programmed to separate the semi-volatile
organics; phenol is then detected with a flame ionization detector (Methods 604 and
8040 without derivatization), as its PFB derivative with an electron capture detector
(Methods 604 and 8040 with derivatization) or with a mass spectrometer (Methods
625 and 1625).

The EPA prccedures recommended for phenol analysis in soil and waste samples,
Methods 8040 and 8250 (63), differ from the aqueous procedures primarily in the
preparation of the sample extract. Solid samples are extracted using either soxhlet
extraction or sonication methods. Neat and diluted organic liquids may be analyzed
by direct injection.

Other methods for the determination of phenol in water include high
performance liquid chromatography (HPLC) with electrochemical detection (3589,
3459), with UV absorption (3588), or with fluorescence detection (3502).
Spectrophotometric measurement of phenol following reaction with a succinimide
reagent has also been described (3023). The HPLC methods use reversed-phase
columns for analytical separations and in some cases precolumns to concentrate the
samples (3588, 3502). Determinations can be made on-line (3ý02) or with automated
instrumentation (3588). Both fluorescence and electrochemical detection offer very
high sensitivity (i.e., sub jig/L). A remote method based on laser induced
fluorescence has also been described (3023).

Typical phenol detection limits that can be obtained in waste waters and
nonaqueous samples (wastes, soils, etc.) are shown below. The actual detection limit
achieved in a given analysis will vary with instrument sensitivity and matrix effects.

Agueous Detection Limit Nonaqueous Detection Limit

1.4 pg/L (Method 8040 94 pg/1g (Method 8040/FID)
without derivatization) 1.5 Mg1g (Method 8040/ECD)

22 ;4g/L (Method 8040 1 Asg/g (Method 8250)
with derivatization)

15 &g/L (Method 8250)
10 ug/L (Method 1625)
0.14 jug/L (Method 604

without derivatization)
22 Mg/L (Method 604

with derivatization)
1.5 14g/L (Method 625)
34 1sg/L (3589)
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APPENDIX 1

USEFUL HANDBOOKS, DATABOOKS, RESPONSE GUIDES
AND AIR FORCE DOCUM4ENTS

A listing of useful handbooks, databooks and response guides, all relating to the
release of hazardous or toxic chemicals to the environment, the properties and
hazards of the chemicals, initial responses to spills of 'such chemicals, or subsequent
remedial action follow. The contents of each publication is briefly described. The
following listing is not intended to be inclusive of all Publications of this kind.
However, it is felt that the acquisition and central location of these reports (at key
Air Force offices) would provide a valuable resource.

"S A Method for Detcrminine the Compatibility f hlazardous Wastes

Authors: H. K. Hatayama et al. (Apil 1980)

Available from: U.S. Environmental Protection Agency
Municipal Environmental Research Laboratory
Cincinnati, OH ,
(EPA Report No. EPA-600/2-80-076)
(NTIS Report No. PES_-211005)

Contents: Provides method and chart for defining compatibility of
various families of hazardous materials and wastes.

"• Accident Management Orientation Guide I

Authors: D. K. Shaver et al. (October 1983)
1

Available from: Air Force Rocket Propulsion Laboratory
Air Force Systems Command
Edwards Air Force Base
California 93523
(Report No. AFRPL-TR-82-075)

Contents: This document identifies guidelines for mitign:ing
hazards associated with an in-service railroad derailmen, or
a railroad yard accident involving hazardous materials of
interest to the Air Force.



A-2 APPENDIX

9 Cgtbom Adsorption Isotherms for Toxic OrArcia

Authors: R. A. Dobbs and J. M. Cohen (April 1980)

Available from: U.S. Environmental Protection Agency
Office of Research and Development
Cincinnati, OH
(EPA Report No. EPA-600/S-80.023)

Contents: Provides detailed data on the effectiveness of carbon for
removal of organic substances from water.

* Chemical Hazards of the Workpiac

Authors: N. H. Proctor and J. P. Hughes (1978)

Available from: J. B. Lippincott Company
Philadelphia, PA

Contents: Provides data on the toxicological effects of chem-
icals and suggests medical treatment protocols in more
detail than given elsewhere.

* CHRIS Hazardous Chemic, Data

Author: U.S. Coast Guard (1985)

Available from: Superintendtwo of Documents
U.S. C,,ernment Printing Office
Wl.nington, D.C. 20402
(Stock No. 050-012-00147-2)

Contents: Provides a wide variety of data on more than 1000
hazardous materials when ordered with various addendums.
A separate volume (Stock No. 050-012-00158-8) provides
graphs of temperature dependent physical properties.
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* Dangerous Properties of Industrial Materialz, 7th edition

Author: N. . Sax, ed. (1989)

Available from: Van Nostrand Reinhold
New York, NY

Contents: A well-known handbook that provides a brief summary of
the toxicology and properties of numerous hazardous
substances.

* Dangerous Properties of Industrial Materials Report

Author: N. I. Sax, ed. (bimonthly publication)

Available from: Van Nostrand Reinhold Company
New York, NY

Contents: Each bimonthly report provides detailed data on the
hazards and environmental effects of several chenmicals.
Much of the data is from the EPA's Oil and Hazardous
Materials-Technical Assistance Data System (OHM-TADS)
and similar sources.

* Emergency Action Guides

Authors: P. C. Conlon and A. M. Mason, eds. (1984)

Available from: Bureau of Explosives
Association of American Railroads
1920 L Street N.W.
Washington, D.C. 20036

Contents: Provides detailed data and spill response information
on each of the 134 materials that comprise over 98 percent
of the hazardous commodities transported by rail in the
United States.

, , n I I I ...L
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o EMMM Handn 2[of Hazardous Mateiials in Sure

Author P. J. Student, ed. (1981)

Available from: Bureau of Explosives
Association of American Railroads
1920 L Street N.W.
Washington, D.C. 20036

Contents: Provides brief spill response recommendations for each
hazardous material regulated by the U.S. Department of
Transportation.

E EgM n Resxnse Guidebook

Author: Materials Transportation Bureau (1987)

Available from: U.S. Department of Transportation
Materials Transportation Bureau
Attention: DMT-11
Washington, DC 20590
(Publication DOT P5800.3)

Contents: A guide for initial actions to be taken by emergency
service personnel during hazardous material incidents.

SFire Protection Guide on Hazardous Material

Author: National Fire Protection Association (1986)

Available from: National Fire Protection Association
Batterymarch Park
Quincy, MA 02269

Contents: Flash Point Index of Trade Name Liquids Fire Hazard
Properties of Flammable Liquids, Gases, and Volatile
Solids (NFPA 325M) Hazardous ChemicaLs Data (NFPA
49) Manual of Hazardous Chemical Reactions
(NFPA491M)
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S yGundwater Contamination Response Guki Volume L Metbodology.
Volume. M1_ D-rseR -

Authors: J. H. Guswa and W. J. Lyman (1983)

Available from: National Technical Information Service
Springfield, VA
(as U.S. Air Force Report ESL-TR-82-39)

or
Noyes Publications
Park Ridge, NJ
(under the title "Groundwater Contamination and
Emergency Response Guide' (1984))*

Contents: Provides an overview of ground-water hydrology and a
current technology review of equipment, methods, and
techniques used to investigate incidents of ground water
contamination by chemicals.

*Noyes Publications also contain a reproduction of the report by A. S.
Donnigian, Jr. et al.: Rapid Assessment of Potential Ground-Water
Contamination Under Emergency Response Conditions, a 1983 report to the
U.S. Environmental Protection Agency.

* Ground-Water Flydrolozy Workbook

Authors: E.W. Artiglia and G.R. New (1984)

Available from: USAF Occupational and Environmental Health
Laboratory
Brooks AFB, TX 78235
(Report No. 84-168EQ111DGB)

Contents: Summarizes introductory articles in ground-water
hydirology of importance to base bioenvironmental
engineers involved with the IRP program.
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e CGidelines Establish gJ Test p dures For The Analysis of Pollutants Under
the Cean Water A4. &-ndkA

Author U.S. Environmental Protection Agency (1984)

Available from: Federal Register
Volume 49(209):43234
October 26, 1984

Contents: Methods for analysis of environmental samples.

"* Guidelines for the election of Chemical Protective C1othing

Authors: AD. Schwope et aL (1987)

Available from: U.S. Environmental Protection Agency
Washington, D.C.

Contents: Denotes compatibility of rubber and plastic clothing
materials with various chemicals; provides guidelines for
clothing selection and use.

" Guidelices for the UJse of Chemicals in Removinf Hazardous

Substances Dischar'.

Authors: C. K. Akers, R. J. Pilie and J. G. Michalovic (1981)

Available from: U.S. Environmental Protection Agency
Office of Research and Development
Cincinnati, OH
(EPA Report No. EPA-600/2-81-205)

Contents: Report provides guidelines on the use of various
chemical and biological agents to mitigate discharges of
hazardous substances.
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0 Handbok for Evaluatint Remedial Action Tec"_noqj

Authors: J. Ehrenfeld and J. Bass (1983)

Available from: U.S. Environmental Protection Agency
Office of Research and Development
Cincinnati, OH
(EPA Report No. EPA-6(/1-83-076)

Contents: Provides information on over SO remedial action
technologies for cleanup of chemically-contaminated sites.

H Handbook of Chemkal Property Estimation Methods

(subtitle: Environmental Behavior of Organic Compounds)

Authors: W. . Lyman, W. F. Rechl, D. H. Rosenblatt, eds. (1982)

Available from: McGraw-H3lH Book Co.
New York, NY

Contents: Provides estimation methods for (and discussion of) 26
environmt-ntally-important properties of organic chemicals.

* Handbook of Environmental Data on Organic Chemical, 2nd edition

Author: K. Verschueren (1983)

Available from: Van Nostrand Reinhold
New York, NY

Contents: Provides detailed property and environmental data on
numerous organic substances.

mill__ __ i
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H Handbook of Toxic anid Hazaous Cbevicab

Author M. Sittig (1985)

Available from: Noyes Publications
Park Ridge, NJ

Contents: Discusses a wide range of topics for numerous chemicals,
with special emphasis on toxicology and protective
measures.

H Cazardou hCmicals Data Boo1 2nd edition

Author: G. Weiss, ed. (1986)

Available from: Noyes Data Corporation
Park Ridge, NJ

Contents: Reproduction of data (physicochemical properties,
hazards, toxicity, etc.) related to chemical spill response
from (1) CHRIS Hazardous Chemical Data (1978) and (2)
Material Safety Data Sheets prepared by Oak Ridge
National Laboratory.

* Herbicide Handbook 5th edition

Author: Weed Science Society of America (1983)

Available from: Weed Science Society of America
309 West Clark Street
Champaign, IL 61820

Contents: Provides basic information on physiocochemical proper-
ties, uses, environmental fate, physiological and biochemical
behavior, and toxicological properties for most herbicides
in use. (Previous editions may cover out-of-use
herbicides.)
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0 Manual for the Control of Hazardous Material Spill - VoL I;
SpIl Aswgesment and Wfiter Treatment Tqepis

Authors: K. R Huibregtse et aL (November 1977)

Available from: U.S. Environmental Protection Agency
Office of Research and Development
Cincinnati, OH
(EPA Report No. EPA-600/2-77-227)

Contents: Provides both general and specific information on
responding to spills of hazardous materials, particularly
those into water.

* Methods to Treat. Control and Monitor SpMed Hazardous Materials

Authors: R. J. Pilie et al. (1975)

Available from: U.S. Environmental Protection Agency
Industrial Waste Treatment Research Laboratory
Edison, NJ
(EPA Report No. EPA-670/'2-75-042)

Contents: Special studies of selected chemical spill response
measures plus matrix of possible spill response measures
for 250 hazardous liquids.

* NIOSH Manual of Analytical Methods, 3rd edition

Author: Peter M. Eller, ed. (1984)

Available from: Superintendent of Documents
U.S. Government Printing Office
Washington, D.C. 20402

Contents: Contains sampling and analytical methods for use in
industrial hygiene environmental monitoring.

I

I
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"0 NIOSHKMSHA Occupational Health GuiUlim•, fof Cbmical Hazazs

Authors: F. W. Mackison et aL, eds. (January 1981)

Available from: Superintendent of Documents
U.S. Government Printing Office
Washington, D.C. 20402
(DHHS (NIOSH) Publication No. 81-123)

Contents: Provides information or toxicolcgy, chemical proper-
ties, first aid, and personal protcctive clothing and
equipment for many OSHA-regulated commodities.

" PatyJ Industrial Hvyiene and ToxicoO - VoL 2AB.C:
Taxicooe

Authors: G.D. Clayton and F.E. Clayton, eds. (1981-1982)

Available from: John Wiley & Sons
New York, NY

Contents: Provides extensive discussion of the properties and
toxicology of numerous chemicals.

" erys Chemical Enneers Handbook

Authors: R. H. Perry and D. Green, eds. (1984)

Available from: McGraw-Hill Book Company
New York, NY

Contents: Contains extensive data on the properties of chemicals
and on their compatibility with various materials of
construction (plus numerous other topics).

-4.t
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SPtcade Manal 7th edition

Author: C. R. Worthing, ed. (1983)

Available from: British Crop Protection Council Publications
Worcestershire WR13 15LP
ENGLAND

Contents: Provides a brief review of analysis, uses and toxicity of
chemicals and microbial agents used as active components
of pest-control products.

0 rot Accident Procedures for Chemica!s and Propellants

. Interim Report for the Period 8/11/80 to 3/31/81 (September
1982) (Report No. AFRPL-TR-82-03!)

Interim Report for the Period 4/81 to 1/82 (September 1982)
(Report No. AFRPL-TR-82-032)

Guidelines Manual (Jnuary 1983) (Report No. AFRPL-TR-82-077)

Authors: D. K. Shaver ct al.

Availabie from: Air Force Rocket Propulsion Laboratory
Ai Force Sr-tems Command
Fdwards- Air Force Base
California 93523

Contents: Tnis is a series of manuals providing information and
data required to respond to spills of chemicals and
propellants of special interest to the Air Force.

W--0 mo
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0 Qualit C! iris for Water

Author: U.S. Environmental Protection Agency (July 1976)

Available from: Superintendent of Documents
U.S. Government Printing Office
Washington, D.C. 20402
(Stock No. 055-001-01049-4)

Contents: This is EPA's well-known guide to water quality
criteria commonly referred to as the "redbook."

" Registry of Toxic Effects of Ch(emical Substances

Authors: R. L Tatken and R. J. Lewis, Sr., eds. (June 1983)

Available from: Superintendent of Documents
U.S. Government Printing Office
Washington, D.C. 20402
(DHHS [NIOSH] Publication 83-107)

Contents: Summarizes results of primarily short-term
toxicological experiments for thousands of chemicals.

* Standard Methods for the Examination of Water and Wastewater.

15th edition

Authors: Arnold Greenberg et al., eds. (1985)

Available from: American Public Health Association
1015 18th Street
Washington, D.C.

Contents: Methods for analysis of environmental samples.
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"* Supplement to Development Document Hazardous Substances
Seuation FWPCA a Axrmended I

Author: U.S. Environmental Protection Agency (November 1975)

Available from: U.S. Environmental Protection Agency
Office of Water Planning and Standards
Washington, D.C. 20460

Contents: Discusses the environmental effects of numerous water
pollutants.

"* Test Methods for Evaluating Solid Waste-Physical Chemical
M 3rd edition

Author: U.S. Environmental Protection Agency (1987)

Available from: Superintendent of Documents
U.S. Government Printing Office
Washington, D.C. 20460
(Report No. SW-846)

Contents: Methods for analysis of enmironmental samples.

"* TLVs-Threshold Limii Values for Chemical Substances and Physical
Agents in the Work Environmeni and Biological Exposure Indices
with Intended Cbanes for 1987-1988

Author: American Conference of Governmental Industrial
Hygienists (1987)

Available from: American Conference of Governmental Industrial
Hygienists
6500 Gleiway Ave., Bldg. D-5
Cincinnati, OH 45211

Contents: This booklet (or the latest version of it) presents
recommended exposure limits for airborne concentrations
of toxic materials in the working environment.
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* TMgkoi y of the Eve

Author. W. M. Grant (1986)

Available from: Charles C. Thomas - Publisher
Springfield, IL

Contents: An excellent source of information on the effects of
numerous chemicals and other substances on the eyes.

*USAF OQEL Recommended Samplint Procedures

Author: USAF Occupational and Environmental Health Laboratory
(January 1982)

Available from: USAF Occupational and Environmental Health
Laboratory
Brooks AFB, TX 78235
(Limited Distri'bution)

Contents: Outlines standardized sampling procedures with'
appropriate collection and preservation techniques for
"submission of samples to USAF OEHL for analysis.

0 Water-Related Environmental Fate of 129 Priority Pollutants (2 volumcs)

Authors: M. A. Callahan et al. (December 1979)

Available from: U.S. Environmental Protection Agency
Washington, D.C.
(EPA Report No. EPA-440/4-79-029a and -029b)
(NTIS No. PB80-204373 and PB80-204381)

Contents: Individual chapters address the fate of priority
pollutants in the environment.
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PERTINENT AIR FORCE PUBLICATIONS FOR THE
USAF INSTALLATION RESTORATION PROGRAM

COMMENT
PUBLICATION

AFR 161-8 Establishes USAF permissible exp•sure limits for chemical
substances.

AFR 161-17 Establishes USAF OEHL consultant services in Environmental
Engineering, Industrial Hygiene, Occupational Health, Rad;ation
Protection, and Analytical Chemistry.

AFR 161-44 Establishes USAF drinking water standards for common
contaminants. For the ma;t part, these are the same as the
National Primary and Secondary Drinking Water Standards.

AFR 19-1 Establishes the USAF Environmental Protection Program.

AFR 19-7 Establishes responsibilities for environmental monitoring for Air
Force installations. This regulation defines the roles of the Civil
Engineer, the Bioenvironmenta! Engineer, and others with respect
to environmental pollution monitoring.

DEQPPM 80-8 DoD implementation of RCRA.

DEQPPM 80-9 DoD guidance on the proper thandling, storage, and
disposal of PCB and PCB .itms.

DEQPPM 81-5 DoD guidance on the Installation Restoration Program to identify
and evaluate past DoD hazardous material disposal sites on DoD
installations and control migration from such sites.

EO 12088 Requires federal compliance with applicable federal, state, and
local pollution control standards (procedural and substantiative)
the same as any other industry or private person.

GWMR Quarterly publication on ground-water monitoring remedial
actions. Presents technical articles on contaminant transport,
analytical methods, sampling methodology, and data interpretation.

IRPMC Establishes the management concept for the IRP Phase II
program.

LEEV LTR Policy letters formulated by USAF HQiLEEV.

4 if/
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NCP Establishes procedures for response to potential for confirmed
contamination of our nation.
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APPENDIX 2

US. AIR FORCE POINTS OF CONTACT FOR THE
INSTALIATION RESTORATION PROGRAM

* Mr. Gary D. Vest
Maj. Patrick T. Fink
SAF/MIQ
Washington, D.C. 20330-jOO0
AV 227-9297
Comm,-,-ial: (202) 696-9297

Office of the Assistant Secretary of the Air Force
Deputy for Environment and Safety

Responsible for overall Air Force IRP guidance.

IRP GROUP

e Maj. Scott L Smith, Branch Chief
AV 297-0275
Responsible for 1RP engineering policy formulation.

* Maj. Roy K. Soloman
AV 297-0275
Responsible for Environmental Compliance Assessment and
Management Program (ECAMP), Environmental Protection Committee,
and IRP implementation.

0 Col. Raymond A. Malinovsky
Chief, Environmental Quality Division
Director of Engineering and Services
HQ USAF/LEEV
BnlUrz Air Force Base
Washing.on, DC 20332-5000

* Capt. Gerald L Hromowyk
AV 297-P275
Responsible for spill policy and management information systems.

* Capt. Charles M. Groover
AV 297-0275
Responsible for underground storage tanks and training.

* Mr. Earl E. Kneeling
AV 297-4174
Responsible for Defense Environmental Restoration Program policy.
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0 Mr. Jeffery J. Short
AV 297-0275
Responsible for Third Party Sites.

* CoL Thayer I. Lewis, Chief
Bioenvironmental Engineering
HQ USAF/SGPA
Boiling AFB, DC 20332-6188
AV 297-1737
Commercial: (202) 767-1737

* U. CoL Edward W. Artiglia
AV 297-1738
Responsible for IPR medical service policy formu!ation.

Col. Frank P. Gallagher
HQ AFESC/RDV
Tyndal! AFB, FL 32403-6001
AV 970-2097/2098
Commercial: (904) 283-2097/2098

USAF Engineering and Services Center
"Engineering and Services Laboratory
Environics Divisiont

Responsible for LIP engineering research and development.

0 Mr. Emile Y. Baladi
USAF OEHI.TS
Brooks AFB, TX 78235-5000
AV 240-2158/2159
Commercial: (512) 536-2158/2159

USAF Occupational and Environmental Health Laboratory Technical
Services Division

Responsible for IRP Phase II technical program management.

i-
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S Dr. Jeffrey W. Fisher
AAMRI IA
Wright-Patterson AFB, OH 45433-6573
"AV 785-2704
Commercial: (513) 255-2704

Harry G. Armstrong Aercspace Medical Research Laboratory Toxic Hazards
Division

Responsibk for IRP health effects research.

0 Lt. Col. Stanley 0. Hewirs
USAF OEHL/ECO
Brooks AFB, TX 78235-5000
AV 240-2063
Commercial: (512) 536-2063

USAF Occupational and Envifonniental Health Laboratory Consultant
Services Division
Envirornmental Health Branch

Responsible for Toxicology Consultant Service.

Major Air Command Bioenvironmental Engineers
See latest edition of the "Worldwide Listing of Bioenvironmental
Engineering and Environmental Health Personnel."

Responsible for implementing IRP policy and management decisions and
coordinating with state/local regulatory agencia.
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APPENDIX 3

MATH, CONVERSIONS AND EQUIVALENTS

* Cakulatdon of Air WN Conversion Factors

One liter of air at 25 C (298.16 "K) contains:

(1 atm)(1 liter) = 0.040874 moles of gas.
.0821 liter atm/moie)(298.16 0K)

Hence, one liter of air contains:

MW x 10' x 0.040874 grams of a contaminant at I ppm.

This is the same as saying 1 m3 of air contains:

MW x 0.040874 mg of a contaminant at 1 ppm.

For example, chloroform has a MW of 119.39. Thus,

I ppm - 119.39 x 0.040874 , 4.88 mg/m3 at 25TC.

* Conversion for Solutes in Water

1 mg/L I 1 ppm (by weight).

* Conversion of Percent in Food. Water or Air to Parts Per Million

X% =X parts per !00 parts

X (10')= ppm.

* Conversion of Parts Per Million in Food or Water to m_•g bw/day

Since both food intake and body weight vary with age (and some times, with
treatment), there is no single factor that precisely converts parts per million (ppm) in
food or water to mg/kg body weight/day. How-ever, by assuming 100% absorption and
adopting a set of standard values for each species for daily food, water and air intake
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and average body weight, one can convert a ppm dosage level, within reasonable
limits, to mg/kg bw/day for the sake of comparisons.

The following standard body weights and intake values were used to convert
dietary or r-pi'ratory intakes to estimated daily dose rate:

Food Approximate Minute
SBoo Weight Consumption WatLr Intake Volume

S(kg) Way) (ml.aay) •(m)

Human 70 700 2000 7.4 x
10.,
Mouse 0.025 3 4.5 2.3 x
10-,

Rat 0.3 15 20 1.0 x
10-7

Monkey 5 250 500 8.6 x
104

Rabbit 2 60 330 1.1 x

Do• 10 250 500 5.2 x

"Guinea pig 0.5 30 85 1.6 x 104

For example, at a dietary concentration of 1 ppm ot Chemical X, an average
adult mouse would consume 3 g of food per day or 0.12 mg of Chemical X/kg
bw/day. This value was calculated as follows:

Intake (mg/kg bwlday) = food consumption (g/day) x dietary concentration

(ppm) x Ig/10' g diet x 1000 mg/g x 1Ibw (kg).

* Calck-jiation of Respiratory Uptake

Uptake (mg) = Concentration (mg/m') x minute volume (m'/min) x
retention factor (assume 1.0 unjess value is
known) x time (minutes).

* Temperature Conversions

The formulas given below were used to convert temperatures from
one scale to another.

To convert temperatures given in Celsius to Fahrenheit:

"F = 9/5 (*C) + 32

To convert temperatures given in Fahrenheit to Celsius:

"=C 5/9 ( F 32)

, L
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APPENDIX 4

STATE WATER QUAITIY AGENCIES AND CONTACIS

Department of Environmental Department of Environmental
Management Quality

Water Division 2005 North C(.ntral
1751 Dickinson Drive Room 300
Montgomery, AL 36130 Phoeni, AZ 85004
(205) 271-7823 (602) 257-2333
Charles Horn Dave Woodruff

Alaska Arkansas

Department of Environmental Department of Pollution
Conservation Control & Ecology

Water Quality Water Quality Division
Management Section P.O. Box 9583

3601 C Street Little Rock, AIR 72219
Suite 1334 (501) 562-7444
Anchorage, AK 99503 Bill Keith
(907) 563-6529
Bill Ashton Department of Health

Drinking Water Office
Department of Environmental 4815 West Markham
Conservation Little Rock, AR 72205

Wastewater & (501) 661-2623
Water Treatment Section Bob Macon

P.O.Box 0
"Juneau, AK 99811 .alifo'nia
(907) 465-2653
Charlene Denys Water Resources Control

Board
Arizona Division of Water Quality

901 P Street
Department of Environmental Sacramento, CA 95814
Quality (916) 322-0212

Safe Drinking Water Unit Jessica Lacy/Fred La Caro
2655 East Magnolia
Phoenix, AZ 85034
(602) 257-2214

" "4
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•.AditrrliaConne ticut

Departmntt of Health Services Department of Environmental
Public Water 2.j.ly Branch Protection
2151 Berkel]' `.Vay Division of Environmental
Berkeley, CA 94704 Quality
(916) 323-1670/(415) 540-2172 122 Washington Street
Nadine Feletto/ David Spath Hartford, CT 06106

(203) 566-7049
Colorado 

Jim Murphy

EPA Regional Office Department of En'.ironmental
(Region 8) Protection

999 18th Street Division of Environmental
Suite 500 Quality
Denver Place 8WM-SP 122 Washington Street
Denver, 00 80202-2405 Hartford, CT 06106
(303) 293-1586/FTS 564-1586 (203) 566-3496
Bill Wuerthel Robert Hartman

EPA Regional Office Delaware
(Regicn 8)
Drinking Water Department of Health Services
999 18th Street Drinking Water Office
Suite 500 P.O. Box 637
Denver Place 8WM-DW Dover, DE 19903
Denver, CO 80202-2405 (302) 736-4731
(303) 293-1831 Jane Lane/Richard Howell
Marti Swicker

Department of Natural
Connecticut Resources

Water Quality Section
State Department of Health 89 Kings Hwy.
Services PO. Box 1401

Water Supp!y Section Dover, DE 19903
150 W.shington Street (302r) 736-4590
Hartford, CT 0L6106 John Davis
(203) 566-1253
Henry Link/S..-:ven Messer

IL
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District of CQIumbiaGeri

Department of Conýumec Department of Natural
and Regulatory Affairs Resources

Water Quality Section 205 Butler SL, SE
5010 Overlook Aveý SW Suite 1058
Washington DC 20032 Atlanta, GA 30334
1202) 767-7370 (404) 6564708
Jim Collier Randy Durham

US Army Corp. Engineen Department of Natural
Washington Aqueduct Resources
Div•sioa Drinking Water Program

5900 MacArthur Bld. NW 205 Butler St., SE
Washington DC 20315-0220 Suite 1066
(202) 282-2741 i East Tower
Donald Behaven Atlanta, GA 30334

(404) 656-5660
Florida Fred Lehman

Department of Environmental "iaWi
Regulation I

2600 Blair Stone R ad Department of ficalth
Twin Towers Bldg. i Safe Drinking Watcr
Tallauta"e. FL 32J99-2400 Branch
(904) 487.1779/(904) 487-0505 P.O. Box 3378
John Labie Honolulu, HI 96801-99S4

(80O) 548-2235
Department of Environmental Calvin Masaki/Tom Ariznmi
Regulation

2600 Blair Stone Road Environmental Planning
Twin Towers Bldg. " Office
Tallahasmee, FL 32.399-24(X) Department of Health
(904) 498-0780 P.O. Box 3378
Bruce De Giove Honolulu, HI M1.-9994

(898) 548-6767
Department of Envijonmental Mary Rose Tcves
Regulation i

2600 Blair Stone Road
Twin Towers Bldg. 1
Tallahaswee, Fl. 32199-2400
(904) 487-1762
Mike Weatheringtor / Kent
Kimes
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Idaho bQd

Adminstrative Procedure Department of Environmental
Section Management

Department of Health & Water Quality Section
Welfare 105 South Meridian Street

450 West State Street Ibdianspolis, IN 46204

3rd Floor (317) 243-5116
Boise, ID 83720 Neal Pawke
(208) 334-5559
LiU Nesmith Department of Enronmentai

Management
SQPublic Water Supply Section

105 South Meridian Street
Division of Environmental Indianapolis, IN 46204
Health (317) 243-5068

525 West Jeffcrson Rick Miranda
Springfield, IL 62761
(217) 782-5830 MQt
Blaine Palm/Dave Antonazzi

Department of Natural
nllinois Environmental Resources
Protection Agency Wallace State Bldg.

2200 Churchill Road 900 East Grande Ave.
Springfield. IL 62706 Des Moines, IA 50319
(217) 782-1654 (515) 281-8869
Bob Mosher Derril McAllister

Environmental Protection
Agency

Division of Public Department of Health &
Water Supply Environment

2200 Churchill Road Nonpoint Source Section
Springfield, IL 62706 Bureau of Environmental
(217) 782-1724 Quality
Roger Selberj Fotbesfield Bldg. 740

Topeka, KS 66620
(913) 862-9360/(913) 296-5565
Don Snethen

State Board of Health
Drinking Water Section
1330 West Michigrn Street
P.O. Box 1964
Indianapolis, IN 4u2(4-1964
(317) 633-8400
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Department of Environmental Department of Environmental
Protection Protection

Division of Water State House Statiotn 17
18 Reilly Road Augusia, ME 04333
Frankfor, KY 40601 (207) 289.7841
(302) 564-3410 Louise Berube
Robert Ware

Division of Health
Department of H.alth Engineering
Services State House Station 10

Drinking Water Section Augusta, ME 04333
18 Reilly Road (207) 289-3826/(207) 289-5685
Frankfort, KY 40601 Carlton Gardner
(502) 564-3410
Joha Smitber Department ef Human Services

Bureau of Health
Louisia 157 Capitol Street

State House Station 11Department of En'vironmental Augusta, ME 04333,
Quality (207) 289-5378

Office of Water Resources Robert Frakes, State
9th Fk)or Toxicologist
P.O. Box 44091
Baton Rouge, LA 70804-4091 Maalsrn
(504) 342-6363
Dugan Sbins Department of the

Environment
Water Management
Administration

Depa,.rent of Health & 2500 Broening Hwy.
Hospitals Baltimore, MD 21224

Office of Public Health (301) 631-3603
P.O. 3ox 60630 Mary Jo Garries
Room 403
New Orleans, LA 70160 Department of the
(504) 568-5100 Environment
Jay Ray 2500 Broening Hwy.

Baltimore, MD 21224
(301) 631-3702
Zora haei
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•tamalfhuxt.4 Minnesota

Department of Environmental Pollution Control Agency
Protection Division of Water Quality Division
Water Pollution Control 520 Lafayette Road

I Winter Street St. Paul, MN 55155
Boston, MA 02108 (612) 296-7255
(617) 292-5655 David Masch itz
Judy Perry

Bureau of Health Protection
Water Quality Criteria Environmental Health Division
Technical Services Branch Health Risk Assessment
Westview Bldg. 717 Delaware Street SE
Lyman School Minneapolis, MN 55414

Westborough, MA 01581 (612) 623-5352/(612) 623-5325
(508) 366-9181 David Gray/Larry Gust
Warren Kimball

Department of Environmental
Protection Department of Environmental

Westview Bldg. Quality
Lyman School Bureau cf Pollution
Westborough, MA 01581 Control
(617) 292-5770 P.O. Box 10385

Jackson, 'MS 39289-0385S(601) 91.5171
Randy Reed/Robert Seysarth

Department of Natural
Resources Department of Health

Permit Section Division of Water Supply
Mason Bldg. P.O. Box 1700
8th Floor Jackson, MS 39215-1700
P.O. Box 30028 (601) 9603-7518
Lansing, MI 4890 Lelon May
(517) 373-1982
Gary Boersen mintd

Department of Public Department of Natural
Health Resources

Division of Water Supply Water Pollution
3500 North Logan Cont-ol Program
P.O. Box 30635 Water Quaiity Section
Lansing, MI 48909 P.O. Box 176
(517) 335-9216 Jefferson City, MO 65102
Juhn Bloemke-r (314) 751-5626

I
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Department of Natural Department of Conservation
RPsources & Natural Resources

Public Drinking Water Pollution Section
Water Program 201 South Fall Street

P.O. Box 176 Carnon City, NV 89710
Jefferson City, MO 65102 (702) 885-4670
(314) 751-5331 Shannon Bell
William Price

Department of Human
Montana Resources Division of

HealthDepartment of He•'th •505 East King Street
Environmental Scicnces Room 103

Water Quality Bureau Canron City, NV 89710
Cogswell Bldg. (702) 885-47ý0
Room A206 Larry Roundtree
Helcna, MT 59620
(406) 444-2406 New Hamhire

Nebraska Department of Environmental
Services Supply & Pollution

State Department of Control Division
Health P.O. Box 95

Drinking Water Section Hazen Drive
301 Centennial Mall South Concord, NH 03301
P.O. Box 95007 (603) 271-3503
Lincoln, NE 68509 Bob Baczynsky
(402) 471-2541

Department of PublicState Department of Health Services
Health Division of

Water Quality Section Public Health Drinking Water
301 Centennial Mall South 6 Hazen Drive
P.O. Box 95007 Concord, NH 03301
Lincoln, NE 68509 (603) 271-2951
(402) 471-2186 Richard Vane

Vm
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New Jery New Yrk

p partment of Environmental Department of Environmental
eoration Conservation

Division of Water Resources Bureau of Water Quality
0-29 Management
40 East State Street Room 201
Trenton, NJ 08625 50 Wolf Road
(649) 633-7020 Albany, NY 12233-3508
Di iel J. Van Abs (518) 457-3656

John Zambrano, P.E.
Department of Environmental
P•otection Department of Health

Dilrision of Water Bureau of Public Water
Resources Supply Protection4I4 East State Street Drinking Water Section

Trenton, NJ 08625-CN#029 2 University Place
(609) 292-5550 Western Ave.
B rker Hamil/G. Butt Albany, NY 12203

(518) 458-6731
•New M-=-* Ronald Entringer

Environmental Improvement North Carolina
D"iision Surface Water Quality
Bureaýi NRCD-DEM11I St. Francis Drive Water Quality Section

Santa Fe, NM 87503 P.O. Box 27687
(505) 827-2822/(505) 827-2814 Raleigh, NC 27611
David F. Taglue/Steve Pierce (919) 733-5083

j Gregory Thorpe
Environmental Improvement
Division Ground Water Department of Environmental
Section Health & Natural Resources

1 190 St. Francis Drive Division of Environmental
Santa Fe, N-,'. 87503 Health & Public Water Supply
(505) 827-2900 P.O. Box 2091
Ernest C. Reetjck Raleigh, NC 27602-2091

(919) 733-2321
Jerry Parkings
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North Dakota QtegQn

Department of Health & State Division of Health
Consolidated Laboratories Department of Human

Division of Water Supply Resources
1200 Missouri Ave. Drinking Water Division
P.O. Box 5520 P.O. Box 231
Bismarck, ND 58502-5520 Portland, OR 97207
(701) 224-2354 (503) 229-5784

QPublic Water Supply
Department of Environmental

Environmental Protection Quality
Agency 811 Southwest 6th Ave.

Division of Public Portland, OR 97204
Drinking Water (503) 229-5279

1800 Water Mark Drive Ed Quan
P.O. Box 1048
Columbus, Ohio 43266 Penovlvania
(614) 644-2752/(614) 644-2115
Kurt Ridenour/Mary Cavin Department of Environmental

Resources
Environmental Protection Bureau of Water
Agency Division of Water Quality Management
Quality Monitoring & Fulton Bldg.
Assessment P.O. Box 2063
1800 Water Mark Drive Harrisburg, PA 17120
P.O. Box 1048 (717) 787-9637
Columbus, Ohio 43266 Dennis Lee
(614) 644-2856

Department of Environmental
Oklahoma Resources

P.O. Box 2357
State Department of Health. Executive House
Environmental Health Services 2nd & Chesnut Street
Research & Standards Section CEC Diision of Water
1000 North East 10th Street Supplies
P.O. Box 53551 Harrisburg, PA 17120
Oklahoma City, OK 73152 (717) 783-3795
(405) 271-7352
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Rhode sland Tenn=

Department of Health Department of Health &
Division of Drinking Environment
Water Quality Bureau of Environmental

Room 209 Health Services
Providence, RI 02906-5097 150 9th Ave. North
(401) 277-6867/(4G1) 277-3961 Nashville, TN 37219-5404
June Swallow (615) 741-7883

Phil Simmons
Rhode Island

Department of Public Health
State of Providence Bureau of Environmental
Plantations Health Services Division

Department of Health of Water Quality Control
Cannon Bldg. 150 9th Ave. North
3 Capitol Hill Nashville, TN 37219-5404
Providence, RI 02908-5097 (615) 741.3111
(401) 277-6867

South Carolina
Texas Water Commission

Depa,-tment of Health & Water Quality Division
Environmenial Control Capitol Station

Bureau of Water Pollution P.O. Box 1.3087
Control Austin, TX 78711-3087

2600 Bull Street (512) 463.8475
Columbia, SC 29201 Jim Davenpoit
(803) 734-5227

Department of Health
Department of Health & Division of Water
Environmental Control Hygiene

Bureau of Water Supply 1100 West' 49th Street
Drinking Water Section Austin, TX 78756-3199
2600 Bull Street (512) 458-7497/(615) 458-7271
Columbia, SC 29201 Jack Shultz
(803) 734-5310

South Dakota

Department of Water &
Natural Resources

Water Qualty
523 East Capitol
Room 217
Pierre, SD 57501-3181
(605) 773-3351
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Division of Environmental Department of Health
Health Division of Water Supply

Bureau of Water Engineering
Pollution Control 109 Governor Street

288 North Room 924
1460 West Richmond, VA 23219
Salt Lake City, UT s4116-.0690 (804) 786-5566
(801) 538-6146 Evans Massie

Oberndorfer Water Control Board
Office of Environmental

Division of Environmental Research & Standards
Health 2111 North Hamilton Street

Bureau of Public Richmond, VA 23230
Water Supply (804) 367-6699/(804)'367-0384

288 North Mary Reid/Richard Ayres
1460 West
Salt Lake City, UT 84116-0690 Washinglon
(801) 538-6840
Dan Blake Environmental Health .,ogram

MS LD-11Vermont Olympia, WA 98504
Department of Water (206) 753-5953Depurcens oBill Liethy/Peggy Johnson
Res ources
Natural Resources Department of Ecology
Agency Water Quality Program

Water Quality Section MS PV-11
103 South Main Street Olympia, WA 98504
Waterbury, VT 05676 (206) 438-7085
(802) 244-5638 Ed Rasch

Department of E:alth
Division of Environmental
Health Drinking Water
Office

60 Main Street
P.O. Box 70
Burlington, VT 05402
(802) 863-7225
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West Virginia

Department of Health Department of Natural
Environmental Engineering Resources
Division Bureau of Water

1900 Kanawha Blvd. East Resources Management
Bldg. 3, Room 554 Surface Water Standards
Charleston, WV 25305 P.O. Box 7921
(304) 348-2981, Madison, WI 53707
Donald CuntziBob Paul (608) 266-0156

Duane Schuettpel/John
Water Resources Board Sullivan
!2'0 Greenbriar Street
Charleston, WV 25311 Department of Natural
(304) 348-4002 Resources,
Jan Taylor Bureau of Water Supply

P.O. Box 7921
Wisconsin Madison, WI 53707

(608) 267-7651/(608)266-2299
Department of Natural Robert Krill/Robert Banminster
Resources

Bureau of Water Wvomin2
Resources Management

Ground Water Standards Department of Environmental
P.O. Box 7921 Quality
Madison, WI 53707 Water Quality Division
(608) 266-9265 Herschler Bldg.
David Lindorff 4th Floor West

122 West 25th Street
Cheyenne, WY 82002
(307) 777-7087
Robert Stites



INDEX 1

CUMULATIVE CROSS INDEX OF CEMICAL, COMMON AND TRIVAL NAMES

The order of chemicaL, common and trivial names included ir. this index is strictly
alphabetical; numerical and alphabetical prefixes signifying positions'in a chemical name
or stereochemistry have 6een ignored.

Acetone
See- Chapter 40.

Acetylene tetrachloride
See 1,1,2,2-Tetrachloroechane, Chapter 11.

Acetylene trichioride
See Trichioroethylene, Chapter 16.

Agrotect
See 2,4-D, Chapter 60.

Aroclor®9
See Chatpter 52.

Automotive gasoline
See Chapter 65.

BBP
See Butyl benzyl phthalate, Chapter 46.

Benzene
See Chapter 18

Benzene chloride
See Chlorobenzene, Chapter 24.

1,2-Benzeaedicarboxylic acid, bis (2-ethylhexyl) ester
See Di(2-ethylhexyl)phthalate, Chapter 31.

1,2-Benzenedicarboxylic acid, butyl phenylmethyl ester.

See Butyl benzyl phthalate, Chapter 46.

1.2-Benzenedicarboxylic acid, dibutyl ester
See Di-n-butyl phthalate, Chapter 30.

o-Benzenedicarboxylic acid, diethyl ester
See Diethyl phthalate, Chapter 29.



1-2 CUMULATIVE INDEX

1,2-Benzenedicarboxylic acid, diethyl ester
See Diethyl phthalate, Chapter 29.

Bcnzenol
See Phenol, Chapter 36.

Benzin
See Automotive gasoline, Chapter 65.

Benzol
See Benzene, Chapter 18.

Benzole
See Benzene, Chapter 18.

Benzyl butyl phthalate
See Butyl benzyj phthalate, Chapter 46.

Bis(2-chloroethyl)ether
See Chapter 33.

Bis(2-ethylhexyl)phthalate
See Di(2-ethylhexyl)phthalate, Chapter 31.

Bromochloromethane
See. Chapter 44.

Bunker C oil
See Fuel oils, Chapter 66.

Butanedioic acid,[(dimethoxyphosphinothioy!)-thio]-, diethyl ester
See Malathion, Chapter 50.

2-Butanone
See Methyl ethyl ketone, Chapter 41.

Butyl benzyl phthalate
Sae Chapter 46.

Butyl phthalate
See Di-n-butyl phthalate. Chapter 30.

Carbolic acid
See Phenol, Chapter 36.
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Carbon chlor
See Carbon tetrachloride, Chapter 6.

Carbon dchloride
See Tetrachlcrorthylene, Chapter 17.

Carbon oil
See Benzene, Chapter 18.

Carbon tetrachioride
See Chapter 6.

Cw.bophos
See Malathion. Chapter 50.

CBM
See Bromochloromethane, Chapter 44.

CDB.
See dibromocdoromethane, Chapter 3.

Chlordane
See Chapter 4&

Cnlorinated hydn-chloric ether
See 1,4-Dichlorrmthare, Chapter &

Chlorobenzene
See Chapter 24.

Chlorobenzol
See C'horobenzene, Chaper 24.

Chlorobromomethane
See Brommchloromethane, Chapter 44.

Chlorodibromcmct hane
See Dibromoihloromethane, Chapter 3.

Chlomdiphenyl (41% CI}
See Aroc)lr 0 1016, Chapter 52.

Chlorodiphenyl (42% Cl)
See Aroclor® 1242, Chapter 52.

Chlorodiphenyl (54% CI)
See Aroclorg 1254, Chapter 52.
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ailorodphenyl (60% CL)
See Aroclor) 1260, Chapter 521

Qiloroethane
See Chapter 'j.

Cbloroethene
See Vinyl chloride, Chapter 13.

Qiloroethykene
See Vinyl chkorie, Chapter 13.

2-Chiorocihyl ether
See Bis<2--chlotroethyl)ct her, Chapter 33.

Chloroform
See Chapter 4

2-Chloro- I -hydrmrybcznzec
See o-Chlorophcnol, Chapter 37.

Chioromethyl bromide
See Bromocnloromcthanc, Chapter 44.

Chlorophen
See Pe'ntachlorophenol. Chapter 39.

o-ChkorophenoI
See Chaptcr' 37.

2-Chiorophenol
See o-Chlorophenol, Chapter 37.

p-Chlorophenyt chloride
See l,41.ichlorobcnzenve, Chapter 27.

Chiorothene
See 1IJ.1-T-ichloroicthanc, Chapter 10.

Chromate of "aa
See Sodium chromate, C~hapter 53.

Chromnic acid, di"oium salt
Sce Sodilum chromate, Chapter 53.
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Ckophen A60
See Aroclor* 1260, Chapter 52.

Coal naphtha
See Benzene, Chapter I&

cowl o0
See Fuel oils, Chapter 66.

CP-27
See Qilorobenzene, Chapter 24.

Cyanide
See Chapter 56.

Cyanide anion
See Cyanide, Chapter M6.

Cyanide ion
See Cyanide, C.hapter 56.

CYclobexanc, I,*2 3.4.5.6-hexachloro-.gamma isomer
See UndAne, Chapter 47.

2,4-D
See Chapter 60.

DBP
See Di-n-bu~yl phthalate, Chapter 30.

DCB
See 1,2-Dichlorobenzene, Chapter 25.

1,1-DCE
See l,l-Dichloroethylene, Chapter 14.

DCEE
See Bis(2-chloroethyl)et her, Chapter 33.

DCM
See Methylene chloride, Chapter 1.

DDD
See Chapter A8

DDE
See Chapter 59.
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DDT
See Chapter 57.

DEHP
See Di(2-ethythexyI)phthalate, Chapter 31.

DEP
See Diethyl phthalate, Chapter 29.

Diamide
S"e Hydrauine, Chapter 53.

Diamine
See Hydrazine, Chapter 55.

Diazidc
See Chapter 51.

Diazinon*
See Chapter 51.

Dibromochloromnthane
See Chapter 3.

I ,2-Dibromoethane
Se,- Ethylene dibromide, Chapter 45.

Dibromomethane
See Chapter 2.

Dibromomonochloromethane
See Dibromochioromethane, Chapter 3.

Dibutyl-1I,2-benzene dicarboxylate
See Di-n-butyl phthalate, Chapter 30.

Dibutyl phthalate
See Di-n-butyl phthairte, Chapter 30.

m-Dichlorob-r-nzene
See 1,3-Dichlorobenze'ie, Chapter 26.

o-Dich~orobenzene
See 1,2-Dichlorobenze~ne, C~hapter 25.
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p-Dich!orobenzene
See 1,4"Dichlorobcnzene, Chapter 27.

1,2.DM.,horobenzene
See Chapter 25.

1,3-Dichlorobcnzene

See Chapter 26.

1,4-Dichlorobenzene
See Chapter 27.

m-Dichlarobenzoi
See 1,3-Dichlorobenzene, Chapter 26.

O-Dichlorobenzol
See 1.2-Di~chiorobenzene, Chapter 2.5..

p-Dichlorobenzol
See I,4-Dichlorobenzcne, Chapter 27.

Dichiorochiordene
See Chiordane, Chapter 48.

Dichloro-2,2-dichlorocthane
See 1,1,2.2-Tetrachloroczhane, Chapter 11.

Dichlarodiphenyldichloroethane
See DDD, Chapter A8

D~ichjorodiphenyldi.chloroethylene
See DDE, Chapter 59.

1,1 -Dichloroethare
See Cliapter 8.

1,2-]Dichloroethan,:
See Chapter 9.

cis- 1,2-Dichloroethene
See cis- 1,2-Dichloroethylene, Chapter 15.

trans-I,.2-Dichiwmethene
See trans. 1,2-Dichlorocthylene, Chapier 15.

I .2-Dich~oro-(E)-ethene
See trans- 1,2-Dichloroethyiene, Charter 15.
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1,1-Dichloroethene
See 1,1.-Dichloroethylene, Chapter 14.

1,1'-(Dichlomtenylidenc)bis(4-chlorobenzene)
See DDE., Chapter 59.

Dichioroether
See Bis(2-chloroethyl)etber, Chapter 33.

1,I.Dichloroetbylene
See Chapter 14.

cis- I ,2-Dichloroethylene
See Chapter 13.

trans-i ,2-Dichloroethylcne
See Chapter 15.

Dichioroethyl ether
See Bis(2-chloroetbyl)ethcr, Chapter 33.

syrn-Dichioroethyl ether
See Bis(2-chloroethyl)et her, Chapter 33.

1,1 '.(2,2-Dichloroethylidene)bis(4.chlor~bcn~zene)
See DIDD, Chapter 58.

Dichiorom.ethane
See Methylene chloride, Chapte; 1.

Dichioromethylmethane
See 1,1-Dichlaroethane, Chapter 8.

2,6-Dirhlorophenol
See Chapter 38

2.4-Dichloropheaioxyac-etic acid
See 2A-D, Chapter 60.

alpha, beta -Dichioropropane
See 1,2-Dichloropropane, Chapter 12.

1 .2-Dichloropropane
See Chapter 12.
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I,2-Dichloto-(Z)-etbene

see cis-l1,2-Dichioroethylene, Chapter 15.

Mioto=
See 2,4-D, Chaptcr 60.

Diesel oil
See Fuel oils Chapt-r 66.

Diesel oil (light)
See Fuel oils, Chapter 66.

Diesel oil (medium)
Sea fuel oils, Chapter 66.

Diethyl phthalate
See Chapter 29.

Diethyl-o-phtbalate
See Diethyl phthalate, Chapter 29.

Diniethylbenzene
See Xylene, Chapter 21.

Durnethyl ketone
See Acetone, Chapter 40.

Dimethyinitrosamine
See N-Nitrosodimethylamnine, Ch-pter 34.

2,4-Diniethylphenol
See Chapter 21

4,6-Dimethylphenol
See 2,4-Diniethyiphenol, Chapter 22.

Diznpylate
See Diazinong, Chapter 51.

Di-n-butyl phths~fate
See Chapter 30.

Z&6 Dinitrotoluene
See Chapter 23.

Dioxin
Ste 2,"397,8-Tetrachlorodibo-nzo..p.dioxin, Chapter 63.
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Diphenylnitrouamine
See N-Nitrosodiphenylaminc, Chapater 35.

Diphenyl N-nitrosoamine
See N-NitrosodiphenylarnL-e, Chapter 35.

Di-we-octyl phthalate
See Di(2-ethylhexyl)phthalate, Chapter 31.

Dizodium chromate
See Sodium chromate, Chapter 53.

DMN
See N-Nitrosodimethylamine, Chapter 34.

DMNA
See N-Nitrosodimethylamine, Chapter 34.

2,6-DNT
See 2,6-Dinitrotoluene, Chapter 23.

Dry cleaning safety solvent
See Stoddard sclvent, Chapter 67.-

EB
See Ethyl benzene, Chapter 20.

EDB
See Ethylene Dibromide, Chapter 45.

EDC
See 1,2-Dichioroethane, Chapter 9.

EQ
See Ethylene glycol, Chapter 43.

EGME
See Methyl Cellosolve*, Chapter 42.

Ethane dichloride
See 14kDichloroethane, Chapter 9.

1,2-Ethanediol
See Ethylene glycol, Chapter 43.
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Ethin-. trichloride
See Trichloroethy!ene, Chapter 16.

Ethyl benzene
See Chapter 20.

Ethy' benzol
See Ethyl benzene, Chapter 2G.

Ethyl chloride
See Chloroethane, Uhapter 7.

Ethylene chloride
See 1,2-Dichloroethane, Chapter 9.

Ethylene dibromnde
See Chapter 45.

"Ethylene dichloride
See 1,2-Dichloroethane, Chapter 9.

Ethylene glycol
See Chapter 43.

Ethylene glycol methyl ether
Seet Methyl Cellosolve M, Chapter 42.

Ethylene glycol monomethyl ether
See Methyl Cellosolve 0, Chapter 42.

Ethylene te:rachloride
See Tetrachioroethylene, Chapter 17.

Ethylene trichloride
See Trichioroethylene, Chapter 16.

2-Ethylhexyl phthalate
See Di(2-ethylheryi)phthalate, Chapter 31.

Ethylidene chloride
See 1,1-Dichloroethanc, Chapter &

Ethylidene dichloride
See 1,l-Dichloroethane, Chapter 8.

Ethyl methyl ketone
See Methyl ethyl ketone, Chapter 41.
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Ethyl phthalate
See Diethyl phthalate, Chapter 29.

F1 I
See Trichlorofluoromethane, Chapter 5.

Fenoprop
See 2,4,5-TP, Chapter 62.

Fluorocarbon 11
See Trichlorofluoromethane, Chapter 5.

Fluorocarbon 1011
See Bromochloromethane, Chapter 44.

Fluorochloroformn
See Trichlorofluoromethane, Chapter 5.

Fluorotrichloromethane
See Trichiorofluoromethane, Chapter 5.

Formyl trichloride
See Chloroform, Chapter 4.

Forron
See 2,4,5-T, Chapter 61.

Freon 11
See Trichlorofluoromzthane, Chapter 5.

Fuel oils
See Chapter 66.

Gamma-benzene hexachloride
See Lindane, Chapter 47.

Gamma-BHC
See Lindane, Chapter 47.

Gamma-HCH
See Lindane, Chapter 47.

Glycol alcohol
See Ethylene glycol 43.
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Glycol dibromide
See Ethylene dibromide, Chapter 45.

Glycol dichloride
See 1,2-Dichloroethane, Chapter 9.

Home heating oil
See Fuel oils, Chapter 66.

Hydraulic fluid
See Chapter 6&

Hydrazine
See Chapter 55.

Hydrazine, anhydrous
See Hydrazine, Chapter 55.

Hydrazine base
See Hydrazine, Chapter 55.

Hydrochloric ether
See Chloroethane, Chapter 7.

Hydrocyanic acid, ion
See Cyanide, Chapter 56.

Hydroxybenzene
See Phenol, Chapter 36.

2-Hydroxychlorobenzene
See o-Chlorophenol, Chapter 37

1-Hydroxy-2,4-dimethyl benzene
See 2,4-Dimethylpheno;, Chapter 22

Jet fuel 4
See JP.4, Chapter 64.

JP-1
See Fuel oils, Chapter 66.

JP-4
See Chapter 64.
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Keromene
See Fuel oils, Chapter 66.

Levoxine
See Hydrazine, Chapter 55.

Lindane
See Chapter 47.

Malathion
See Chapter 50.

MCB
See 1,3-Dichlorobenzene, Chapter 26.

MEK
See Methyl ethyl ketone, Chapter 41.

Methare dichloride
See Methylene chloride, Chapter 1.

Methane tetrachloride
See Carbon tetrachloride, Chapter 6.

Methane trichloride
See Chloroform, Chapter 4.

2-Methoxyethanol
See Methyl Cellosolve*, Chapter 42.

Methyl acetal
"See Acetone, Chapter 40.

Methyl acetone p

See Methyl ethyl ketone, Chapter 41.

Methyl benzene
See Toluene, Chapter 19.

Methyl benzol
See Toluene, Chapter 19

Methyl Cellosoive 0
See Chapter 42
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Methyl chloroform
SSee 1,1,1-Trichloroethane, Chapter 10.

2-Methyl-1,3-dinitrobenzene
See Z6-Dinitrotoluene, Chapter 23.

Methylene bichloride
See Methylene chloride, Chapter 1.

Methylene bromide
See Dibromowethane, Chapter 2.

Methylene chloride
See Chapte: 1.

Metbylene chlorobromide
See Broirochloromethane, Chapter 4!.

Methylene dibromide
See Diromomethane, Chapter 2.

Methylene dichloride
See Methylene chloride, Chapter 1.

Methyl ethyl ketone
See Chapter 41.

Methyl glycol
See Methyl CellosGtve @, Chapter 42.

Methyl ketone
See Acetone, Chapter 40.

N-Methyl-n-nitrosomethanamine
See N-Nitrosodimnethylamine, Chapter 34.

Methyl trichloride

See Chloroform, Chapter 4.

Mineral base crankcase oil
I See Chapter 69.

Mineral spirits
See Stoddard solvent, Chapter 67.

Monochiorobenzene
See Chlorobenzene, Chapter 24.
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Mocochlorodiflromomethane
See Dibromochiorornethane, Chapter 3.

Monochioroethane
See Chioroe.thane, Chapter 7.

Moth balls
See Naphthalene, Chapter 32.

Motor spirits
See Autom~otive gasoline, Chapter 65.

Muriatic ether
See Chioroethane, Chapter 7.

Naphthalene
See Chapter 32.

Nfiphthcnc
See Naphthalene, Chapter 32.

Navy special fuel oil
See Fuel oils, Chapter 66.

NDPA
See N-Nitrosodiphenylamine. Chapter 35.

N-Nitrosodimethylamine
See Chapter 34.

N-Nitrosodiphenylamine
See Chapter 35.

N-Nitrouo-n-phenylaniline
See N-Nitrosodipbenylamine, Chapter 35.

See N-Nitrosodiphenylamine, Chapter 35.

2,Z4,5,6,7,8.8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-
methano- IH-indene

See Chlordanc, Chapter 48.

0DB
See 1,2-Dichlorobeazene, Chapter 25.
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0,0- thyI-0-(6-metbyl-2.( I -rethyethyl)-4-pyrimidinyl)
pbop rothioate

Mii onS Chapter 51.

1,'Oyi(2-chloro)-ethane
See is(2-chloroethyl)etber, Chapter 33.

aadOorobcnzene
See {4-Dichlorobenzene, Chapter 27.

* see UmocorS, Chaptetm 52.

See 1etrachioroethylene, Chapter 17.

,PCP I
See Oentachlorophenol, Chapter 39.

PDB
See 1,4-Dichlorobenzene, Chapter 27

Penchko~roI
S" e 'ntachlorophenol, Chapter 39

Penta
See Pentachlorophenol, Chapter 39

Pentachlorophenate
See lhentachlorophenol. Chapter 3f'.

Pentachiorophenol
See Chapter 39

Pere
See ¶trachloroethylene, Chapter 17.

Perchldroethcnc
See Tetrac hkiroethylene, Chapter 17.

Perchlo'roethylene
See Tezrachioroethylene, Chapter 17.

Prerc r,16romethane
See C~arb~on tetrachloride, Chapter 6.



1-18 CUMULTATIVE IDWEX

Permanent anti-freeze
See Ethylene glycol, Chapter 43

Petrol
See Automotive gasoline. Chapter 65.

Phenic acid
See Phenol, Chapter 6

Phenoclor DP6
See Aroclor a 1260), Chapter,52.

Phenol
See Chapter 36.

Phenox
See 2,4-D, Chapter 60.

Phenyl zhlonide
See Chlorobenzene, Chapter 24.

m-Phenylcne diclilonide
See 1,3-Dichlorobenzcne, Chapter 26.

Phenylethane
St- Ethyl benzene, Chapter 20.

Phenyl hydride
See Benzene, Chapter I&

Phenyl hydroxide
See Phenol, Chapter 36.

Phenylic acid
See Pheno!. Chapter 36.

Phenyltiethane
See Toluene, Chapter 19.

Phesphoric acid, tris (2-mcthylphenyl) ce;Icr
See Tri-o-cresyl phosphate. Chapter 49.

Phthalic acid. butyl henzyl ester
See Butyl benzyl phthalate, Chapter 46.
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Phthalic acid, dibutyl ester
See Di-"-butyl phthalate, Chapter 30.

Phthalic acid, diethyl ester
See Diethyl phthalate, Chapter 29.

Pbthalic acid, dioctyl ester
See Di(2-ethylhcxyl)phthelate, Chapter 31.

2-Propanone
See Acetone, Chapter 40.

Propellant 11
See Trichlorofluoromethane, Chapter 5.

Propylene chloride
See 1,2-Dichloropropane, Chapter 12.

Propylene dichloride
See 1,2-Dichloropropanc, Chapter 12.

Pyroacetic acid
See Acetone, Chapter 40.

Pyroacetic ether
See Acetone, Chapter 40.

Pyrobenzol
See Benzene, Chapter 18.

RII
See Trichlorofluoromcthane, Chapter 5.

Range oil
S" Fuel oils, Chapter 66.

RCRA Waste Number U0,S
See Dibromomethane, Chapter 2.

RCRA Waste Number UOR2
See 2.6-Dichlorophenol. Chapter 38.

Refrigerant 11
See Trichlorofluoromethane, Chapter 5.
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Residual fuel oil No. 2
See Fuel oils, Chapter 66.

Residual fuel oil No. 4

See Fuel oils, Chapter 66.

Residual fuel oil No. 5
See Fuel oils, Chapter 66.

Residual fuel oil No. 6
,, Fuel oils, Chapter 66.

Silvex
See 2,4,5-TP, Chapter 62.

Sodium chromate
See Chapter 53.

Sol•ent naphtha
See Stoddard solvent, Chapter 67.

Stoddard solvent
See Chapter 67.

Synthetic crankcase oil
See Chapter 70.

2,4,5-T
See Chapter 61.

Tar camphor
See Naphthalene, Chapter 32.

TCB
See 1,2.4-Trichlorobenzene. Chap:er 28.

2,3,7,8-TCDD
See 2,3,7,8-Tctrachlorodiberizo-p-dicxin, Chapter 63.

TCE
See Trichloroethylene, Chapter 16.

TDE
See DDD, Chapter 5&.

TEL
See Tetraethyl lead, Chapter 5-..
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Tetrachiorocarbon
See Carbon tetrachio.ide, Chapter 6.

2,3,7,&Te~achlorodibenzo(b,e)( 1,4)dioxin
See Z,3,7,&tetrachlorodibenzo-p-dioxcin. Chapter 63.

2,3,7,8-Tetrachlorodibenzo-p-dioxin
See Chapter 63.

Tetrachlorodiphenylethane
See DDD Chapter A&

Tetrachloroethane

See 1,1,2-Tetrachloroethane, Chapter 11.

1, 1,2,2,Tetrachloroethane
See Chapter 11.

snym-Tetrachlorocthane

See 1,1Z.22Tezrachloroethane, Chapter 11.

Tetrachioroethene
See Tetrachloroethylene, Chapter 17.

Tetrachloroethylene

See Chapter 17.

Tetrachioromethane
See Carbon tetrachlooide, Chapter 6.

Tetraethyl lead
See Chapter 54.

Tetraethyl phimbane
See Tetraethyl lead, Chapter 54.

TOCIP
See Tri-o-cresyl phosphate, Chapter 49.

Toluene
See Chapter 19.

Toluol
See TolULne, Chapter 19.

TSee Tri-o-cresyl phosphate, Chapter 49.
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2,4,5-TP
See Chapter 62.

Tni
See Trichlorocthylene, Cbapttr 16.

1,2,4-Trichloroberizene
See Chapter 28.

unsym-Trichlorobenzene
See IZ4-Trichloinbenzene, Chapter 28.

1,44-Trichlorobenzol
See I,24-Trichlorobenzene, chapter 28.

1,1,1 -Trichloro-2,2-bis(p-chlorophenyI)cthane
See DDT, Chapter 57.

f Tricbloroethanc
See 1,1,1-Trichloroethans! Chapter 10.

alpha-Trichloroethane
See 1,1,1-Trichioroethane, Chapter 10.

1,1,1-Trichloroethane
See Chapter 10.

Trichioroethene
See Trichioroethylene, Chaptcr 16.

Trichloroethyleble
See Chapter 16.

1.1 -(2,2,2-Trichloroethylidene)bi; 14-chlorobenzene)
See DDT, Chapter 57.

Trichiorofluoromethane
See Chapter 5.

Trichloromethane
See Chloroform, Chapter 4.

2,4,5-Trichlorophenoxy acetic acid
See 2,4,5-T, Chapter 61.

Alpha-(2.4.5-trichlorophenoxy)propanoiC acid
See 2,4,5-TP, Chapter 62.
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2-(2,4,5-Trichlorophenoxy)propanoic acid
See 2,4,5-TP, Chapter 62.

Tri-o-cresyl phosphate
See Chapter 49.

Tri-o-tolyl phosphate
See Tri-o-cresyl phosphate, Chapter 49.

VC
See Vinyl chloride, Chapter 13.

VCM
See Vinyl chloride, Chapter 13.

VDC
See l,1-Dichloroethylene, Chap¢'r 14.

Vinyl chloride
See Chapter 13.

Vinylidine dichloride
See 1,1-Dichloroethylene, Chapter 14.

White spirits
See Stoddard solvent, Chapter 67.

White tar
See Naphthalene, Chapter 32.

Xylene
See Chapter 21.

m-Xylenol
See 2,4-Dimethylphenol, Chapter 22.

Z4-Xylenol
See 2,4-Dimethylphenol, Chapter 22.

Xylol
See Xylene, Chapter 21.
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INDEX 2

MOLECULAR FORMULA INDEX

The arrangement used in this index is based on the general molecular formula:
CA Element

where the order of elements is alphabetical. Inorganics precede carbon-containing
compounds. Organics lacking hydrogen are listed before any CH's. Compounds without
known molecular formulas are listed at the end of the index.

Cr0 4 2Na
Sodium chromate. See Chapter 53.

H4N2
Hydrazine. See Chapter 55.

CCIF
Trichlorofluoromethane. See Chapter 5.

Ca 4
Caroon tetrachloride. See Chapter 6.

CN
Cyanide. See Chapter 56.

CHBr2C!
Dibromochloromethane. See Chapter 3.

CHCl,
Chloroform. See Chapter 4.

CHBrCI
Bromochloromethane. See Chapter 44.

CHBr,
Dibromomethane. See Chapter 2.

CHCI2
Methylene chloride. See Chapter 1.

Tetrachloroethylene. See Chapter 17.
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C-HC1,
Trichloroethylene. See Chapter 16.

1,1.Dichloroethylene. See Chapter 14.
trans-1,2-Dichloroethylene. See Chapter 15.
1,2-Dichloroethylene, mixed isomers. See Chapter 15.
cis-1,2-Dichloroethylene. See Chapter 15.

C2H2C4
1,l,2,2-Tetrach'oroethane. See Chapter 11.

CH,-,
Vinyl chloride. See Chapter 13.

1,1,1-Trichloroethane. See Chapter 10.

C2 I4Br2
Ethylene dibromide. See Chapter 45.

CZHIC12
1,1-Dichloroethane. See Chapter 8.
1,2-Dichioroethane. See Chapter 9.

qH 5C1
Chloroethane. See Chapter 7.

CZHN20
N-Nitrosodimcthylamine. See Chapter 34.

Ethylene glycol. See Chapter 43.

1,2-Dichloropropane. See Chapter 12.

CH 4O
Acetone. See Chapter 40.

C3H,0 2
Methyl Cellosolve*. See Chapter 42.

C4HICI2O
Bis(2-chloroethyl)ether. See Chapter 33.
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C.HsO
Methyl ethyl ketone. See Chapter 41.

CHCaO
Pentachlorophenol. See Chapter 39.

,2,4-Trichlorobenzen-. See Chapter 2&

CChapter
C,2-Dichlorobenzene. See 25.
1,3 -Dichlorobenzene. See Chapter 26.
1,4 -Dichlorobenzene. See Chapter 27.

C',C]20
2,6-Dichlorophenol. See Chapter 38.

C.H-Cl
Chlorobeozene. See Chapter 24.

CHClO
o-Chlorophenol. See Chapter 37.

S~CAH
Benzene. See Chapter 18.

C.HAC1'
Lindane. See Chapter 47.

CHKO
Phenol. See Chapter 36.

CKN20.
2,6-Dinitrotolucne. See Chapter 23.

Ca,H
Toluene. See Chapter 19.

CAC5 303
2,4,5-T. See Chapter 61.

CALC120,
2,4-D. See Chapter 60.

C-,JHIO
Ethyl benzene. See Chapter 20.
o-Xylene. See Chapter 21.
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m-Xylene. See Chapter 21.
p.Xyknce. See Chapter 21.
Xylenes, mixed See Chapter 21.

CASIO
2,4-DimethyiphenoL See Chapter 22.

CjiPb
Tetracthyl lead. See Chapter 54.

CHCI,03
2,4,5-TP. See Chapter 62.

CIOKC1,
Chlordane. See Chapter 48.

Naphthalene. See Chapter 32.

C2*HIOXS2
Malathion.. Se- Chapter 50.

C12HC1402
2,3,7,8-Tetrachlorodi'benzo-p-dioxin. See Chapter 63.

C12HIN 20
N-Nitrosodiphenylamine. See Chapter 35.

CU2H 1401
Diethyl phthalate. See Chapter 29.

CUIHINZo,PS
Diazinon®& See Chapter 51.

CC.HHC14
DDE See Chapter 59.

DDT. See Chapter 57.

C14111*C14
DDD. See Chapter58

qH 720,
Di-n-butyl phthalate. See Chapter 30.
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Butyl benzyi phthalate. See Chapter 46.

C,4H2,04P
,,.. Tri-o-cresyl phosphate. See Chapter 49.

C2 -HS04
Di(2-ethylhexyl)phthalate. See Chapter 31.

Molecular Formula Unknown

Aroclor ® congeners
See Chapter 52.

Automotive gasoline
See Chapter 65.

Fuel oils
See Chapter 66.

Hydraulic fluid
See Chapter 68.

JP.4
See Chapter 64.

Mineral base crankcase oil
See Chapter 69.

Stoddard solvent
See Chapter 67.

Synthetic crankcase oil
See Chapter 70.
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INDEX 3

CAS NUMBER INDEX

A NCmber e Sec Chapter

50-29-3 57 100-41-4 20
56-23-5 6 105-67-9 2257-12-5 56 10642-3 21
57-74-9 48 106-46.7 27
58-89-9 47 106-93-4 4562-75-9 34 107-06-2 967-64-1 40 107-21-1 43
67-66-3 4 108-38-3 2171-43-2 18 108-88-3 19
71-55-6 10 108-90-7 24
72-54-8 58 108-95-2 36
72-55-9 59 109-86-4 42
74-90-8 56 111-44-4 33
74-95-3 2 117-81-7 31
74-97-5 44 120-82-1 2975-00-3 7 121-75-5 5075-01-4 13 124-4-1 3
75-09-2 1 127-18.4 17
75-34-3 8 143-33-9 56
75-35-4 14 151-50-8 56
75-69-4 5 156-59-2 1578-00-2 54 156-60-5 15
78-30-8 49 302-01-2 5578-87-5 12 333-41-5 51
78-93-3 41 540-59-0 1579-01-6 16 541-73-1 26
79-34-5 11 606-20-2 23
84-66-2 29 1330-20-7 21
84-74-2 30 1746-01-6 63
85-68-7 46 7775-. 1-3 53
86-30-6 35 8006-61-9 6587-65-0 38 8008-20-6 66
87-86-5 39 8052-41-3 6791-20-3 32 11096-82-5 52
93-72-1 62 1105'7-69-1 52
93-76-5 61 12674-11-2 52
94-75-7 60 53469-21-9 5295-47-6 21 6&476-30-2 6695-50-1 25 68476-31-3 66
95-57-8 37 ;38553-)0-4 66
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No CAS Number Assig~ned:

Hydraulic fluid See Chapter 68
JP-4 See Chapter 64
Mineral'base crankcase oil See Chapter 69
Synthetic crankcas oil See Chapter 70

*Numeric designation assigned by the American Chemical Society's Chemical
Abstracts Service which uniquely identifies a specific chemical compound.
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INDEX 4

NIOSH NUMBER INDEX

AG6825000 60
AJ8400000 61
AL3150000 40
CY1400000 18
CZ0175000 24
CZ4499000 26
CZ,450000 25
CZ4550000 27
DA0700000 20
DC2100000 28
EL6475000 41
..G4900000 6
FS91"00oJ 4
GB295500 53
GS7175000 56
GV4900000 47
HP3500000 63
HZ 1 00 066
100525OW 34
JJ980000 35
KH7525(" 7
KfH9275M) 45
K10175000 8
KI052M5 9
KI070CAM0 58
K185750" I I
KJ29"/_00 10
KJ332500) 57
KL5775(XO 42
KNOIR75,00 33
KU9625(XJ 13
KV93(xxJO 15
KV94MM 15
KV942('xx 15.
KV9450(M 59
KW2975O0 43
KX_385000 17
KX455MX0 16
LSR9_m 66
LX3.000oo 65
MU7155c(J 55
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NIOSH Number See C'hapter

MW6825000 56
OAS550000 66
PA5250000 44
PA636 0 3
PA'350000 2
PAS050000 I
P.6125OXt) 5
PB9800000 0p
OJ052500 32
SJ3325000 6
SK26250O 7
SK8750000
SM3000000 39
TDO3500W 49
TF3325000 51
1 H9990000 46
T"0875000 30
TI050000 29
M11925000 31

TP4550000 54
TQ1315100 52
TQ1356000 52
T01360000 52
TQ1362000 52
TS9760000 56
TX9625000 12
tf-L425000 62
VZ75250W0 56
WJ872M000 67
WM400000 50
XS525000 19
XT1925000 23
YZ8061000 14
ZE2100000 21
ZE2190000 21
ZE227500 21
ZE245-000 21
ZE2625.0• 21
ZE5600000 22
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No NIPSH Number Assind:

Hydraulic fluid See Chapter 68
JP-4 See Chapter 64
Mineral base crankcase oil See Chapter 69
Synthetic crankcae oil See Chapter 70

"A unique nine-position accession number (two letters and seven numerals) assigned
alphabetically to each substance in the Ruistry of Toxic Etfqgts of Chemical Substances
published by the National Institute for Occupationl Safety and Health (Rcference 47).
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