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The organic parameters reviewed for water quality standards reflect
the four organic chemicals (benzene, ethyl benzene, toluene, and
xylene) reported in: "Preliminary Analyses of Ohio Oilfield Produced
Brines for Selected Heavy Metals and Aromatic Hydrocarbons," (1986) by
D.R. Christ and G. Hudak of the Ohio Department of Natural Resources,
Division of 0il and Gas, Underground Injection Control Section. In
addition, reported drinking water standards for polynuclear aromatic
hydrocarbons and phenolic compounds are included, although these
compounds were hot analyzed in Ohio brines. These chemical classes
are likely to occur since they are reported in: "Analysis for Aromatic
Hydrocarbons in 0il Field Brines: A Preliminary Report." (1984) by the
Michigan Department of Natural Resources, Geological Survey Division,
0il Field Brine Sampling Committee.

Table 2 summarizes the existing health and drinking water guality
standards on selected organic contaminants of brines. Two reference
sources were utilized for reporting on guality standards and risk
assessment: the Wisconsin Department of Health and Social Services
Groundwater Standards for 1985 (benzene, toluene, and xylene) and 1986
(ethylbenzene); and the Installation Restoration Program Toxicology
Guide.

The Wisconsin Department of Health and Social Services under that
state's groundwater protection law-has-been charged with the task of
establishing water quality standards for many existing and potential
groundwater contaminants. For benzene, ethylbenzene, toluene and
xylene, the appended, abbreviated risk assessment summarizes the
following information: ' :

1. general chemical information; 8. teratogenicity/reproductive
2. human exposure routes; effects;

3. acute toxicity; 9. environmental fate;

4, chronic toxicity; 10. risk assessment;

5. human health effects; 11. recommendations and

6. mutagenicity; conclusions;

7. carcinogenicity; 12. references.

Background information on the Wisconsin approach to these standards
are included prior to the individual inorganic chemical reports in
Section 1. A table of all existing federal drinking water standards
and reference to their full documentation are also included prior to
the individual inorganic chemical reports.

The U.S. Department of Defense has identified several facilities
across the nation in which past uses of chemicals has resulted in
environmental contamination problems similar to those observed at
so-called "Superfund" hazardous waste sites. In response the Air
Force Toxic Hazards Division has developed a thorough toxicology
guidance document to evaluate the envirdnmental impacts of selected
chemicals. Such data is directed towards the potential for soil and
groundwater contamination, and therefore it has high relevancy towards
the brine disposal problem.
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Comprehensive summary reports are appended for the four measured
. organic contaminants (benzene, ethylbenzene, toluene, and xylene) in
Ohio brines. Each report contains the following information:
1. Physicochemical Data;
- Persistance in Soil-Water Systems;
3. Pathways of exposure;
4. Health Hazards Data;
5. Handling Precautions;
6. Emergency First Aid Treatment;
7. Environmental and Occupational Standards;
8. Chemical Usage;
9. Detailed Environmental Fate and Exposure Pathways;
10. Human Health Considerations; and,
11. Sampling and Analysis Considerations.

In addition to the four identified organics, reports on the
polynuclear aromatic hydrocarbon, naphthalene, and the phenolic
compound, 2.4-dimethylphenol, are included. The Michigan Department
of Natural Resources had identified these classes of chemicals as
present within selected brine samples.
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. Table 2. Summary of Health and Water Quality Standards on Selected
Organic Chemicals.

a. Identified in Ohio Brines.

Benzene 0.67 ug/1 WI (1985); U.S.EPA
Ethylbenzene 1360 ug/1 WI (1986); U.S.EPA
Toluene 343 ug/1 WI (1985); U.S.EPA
Xylene 620 ug/1 WI (1985); U.S.EPA

b. Likely to Occur in Ohio Brine.

Chemical Class Standard Source
Polynuclear Aromatic 0.2 ug/l EEC Directive
Hydrocarbons (IRP Toxicology Guide)
Phenolic Compounds 0.5 ug/1 EEC Directive
. (IRP Toxicology Guide)

Standards reported as micrograms per liter (ug/l).

Sources: WI (1985); U.S.EPA: Standard established by the Wisconsin

Department of Health and Social Services during 1985 and including an

evaluation of current and proposed U.S.EPA Drinking Water Standards
either as National Interim Primary Drinking Water Standards or as
Maximum Contaminant Levels. ‘

WI {1986):fU;S;E?A:wsimi&a£:StandarGS—established by the
Wisconsin Department of Health and Solcial Services during 1986.

EEC Directive (IRP_Toxicology Guide): Standard established by
" the European Economic Community as maximum admissible concentrations
relating to quality of water intended for human consumption. Reported

in "The Installation Restoration Program Toxicology Guide." Vol. 1

(1985) prepared by Arthur D. Little, Inc. for the Harry G. Armstrong

Medical Research Laboratory, Wright-Patterson AFB, OH 45433-6573.
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BENZENE

nzroducziorn:

Benzere is produced by pezroleum refirirg, coal tar distillacion, coal
processing, and coal coking. It is primarily used as a chemical iccermediare
iz the marnufacture of styrere, cyclohexare, detergerncs, pesticides, arnd, in
more moder: times, as a starting substacce for the marufacture of plasties.
Total estimated produczion ir 1984 exceeds 11 billior galloms per year.!
Berzere is soluble ir water to 0.82 g/liter. USEPA samplirg of commurity
wells fourd benzene conraminaciorn ar 0.4 ard 0.95 wg/liter. Iz arother ZPA
survey, 10 water supplies had levels of berzene rarging from 0.1-0.3 ug/iizer
with the highest concencration fourd at 10 ug/liter. Bernzene has been
decected at concentratiors of 1.3-9.5 PPb in 10 commurity wells ir Wiscornsi-.2

Humar Exposure Routes:

Ar estimated 3 million workers are potercially exposed o benzere during the
productior or use of substances concairing the chemical as an ingrediernt or
cortaminart. Human exposure oceurs via irhalation of the vapor and through
skir absorptiorn arnd also, potextially, through irgestion of contamirared
water.

Acute Toxicity:

The following values have been reported in the literature:

*0ral LDsg (rewborn rats): <0.9 g/kg b.w.

*Oral LD5g (l4~day old rats): 3.0 (1.8-5.0) g/kg b.w.
*0ral LD5g (young adult racs): 3.3 (2.6-4.2) g/kg b.w.
*Oral LDsg (old adult rats): 4.9 (3.5-6.2) g/kg b.w.

Rabbits absorbed benzere through the skin and urderwent aresthesia ac
35,000-45,000 ppm. Lesions of lipoprotein membrares was seen ir mice which
ichaled berzere at 60 mg/liter in air (18,750 ppm).l

Chronic Toxicity:

Leukopenia is the most commorly observed toxic effect caused by bernzerne
exposure. Decreases in circulating leukocytes were seern in rats exposed Zo
benzeze at air concercrations of as litzle as 61 ppm of benzere for §
hour/day, 4 days/week for 6 or more weeks. Rats admiristered bernzere

subcut aneously developed leukoperia and weight loss. Oral admiristration of
benzere to rats resulted in developmert of leukopernia and erythrocytopenia at
the lowest minimal effecz level of 50 mg/kg.

Humar Health Effec=s:

Chrocic berzene exposure ir humans causes myelocytic arcemia, thrombocycopezia,
or leukopenia, ard leukemia (parcicularly acute myelogezous azd morocytic
leukemia). Workers exposed Zo bernzeme iz a rubber sheeting factory from
1940-1949 at less than the 100 pPpm stardard showed a significart excess of
leukemia with a 10-fold increase ir risk of death from myeloid arnd morocytic
leukemia. The data suggests Lhat beczene is a leukemogen in humans. Effecss
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of benzene on bore marTow proliferacion iz humars includes ar increased
irciderce of chromosomal aberratioens with aceuploidy acd breakage.

Mut agericilty:

The toxic effeccs of berzere on bore marrow cells in laboracory animals, acd
the changes irn chromosome rumber ard chromosome breakage resemble those fourd
{pr humans. Numerous mutagenicity bioassays have not showt berzene to be a
mutagez. EPA-CAG (1980) suggests chat somacic mutatioms may occur at benzene
concercracions as low as 1 ppa in air.

Carcirogenicity: ~

There is limited evidence that berzene is carcirogernic in experimerczal
animals. Rats administered benzere by stomach tubes exhibited an increased
incidence of Zymbal gland carciromas. An increased incidence of lymphoid
cumors was reported in male mice exposed to benzene by jphalation. Sufficient
evidence exists to call benzene a carcirogen in man. Case repor:-s and
epidemiological evidence lirks benzete exposure with leukemia. Two cohort
studies reported an increased incidence of acute nonlymphocytic leukemias in
workers exposed to benzere. Large numbers of leukemia cases, primarily acute
nonlymphocytic, have been reported in a group of workers exposed to benzene.

Tera:ogenicity/&eproduc:ive Effects:

Pregract mice, given subcutaneous irjeccions of acute toxic doses of benzene
(3 ml/kg b.w.) on days 11 to 15 of gestation, produced malformations in some
fetuses including cleft palace, agrathia, or micrograthia.

Envirocmental Fate:

No data was available to assess envirormental face parameters.

Risk Assessmernt:

Berzere is mutagernic, carcinogenic, arnd teracogenic. EPA (1980) determined
that there is substancial epidemiological evidecce that berzere is a human
leukemogen. EPA-CAG estimated that the number of cases of leukemia per year
ir the gezeral populacior due to ambient atmospheric benzene was about 90 (the
95% confiderce interval is from 34 to K L7 [ DT =i

EPA (1984)3 has recently compleced a carcinoger risk assessmerc. The
projecced coccentration for the upper limit 10-6 lifetime cancer risk for
benzene is .00067 mg/1l (.67 w/l). :

Recommendations and Conclusions:

The Deparcmenz of Health ard Social Services recommends adoptirg the EPA's
10-6 lifetime risk determiracion as Wisconsirn's groundwater stacdard for
berzece, .00067 mg/l.

Recommerded Enforcemert Stardard: .67 ug/l (.67 ppb)

Recommerded Preveztive Action Limit faccor: 10% (mutagen,
carcirogen, teratogez)

-
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Refererces:

1. Natioral Research Courcil, 1977. Drinking Water and Health.
Nat ioral Academy Press. Washingtoc, D.C. Vol. 1, p. 688-0691

2. DNR press release, November 1, 1984
3. USEPA, 1984. TFederal Register, 49 (Juce 12) p. 24340

Gereral: National Research Courcil, 1980. Drinking Water ard Healch.
Nacioral Academy Press. Washingtor, D.C. Vol. 3, p. 81-84

PUBLIC COMMENTS FROM NR 140 HEARINGS AND AGENCY RESPONSES:

COMMENT: The groundwater standard that DHSS has proposed for beczerne
serves no praczical purpose regarding the protection of public health
because daily inzake due to water ingestion represents ornly a small
percentage of the total daily exposure to bernzere from all sources.
(Source: WAMC)

RESPONSE: The recommendations for bernzene were developed to protect the
groundwacer resource through the use of health effects data in accorda=nce
with the procedures cortaired iz ch. 160, Stats. The grourndwatez
stardards are based on acceptable risk levels ir water and are oot
interded to concrol other routes of exposures.
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BENZENE

18-1

CMMON SYNONYMS : CAS REG. NO.: FORMULA: AIR W/V CONVERSION
Benzol 71=43-2 C6H6 FACTORS at 25°C (12)
Benzole NIOSH NO.:

Carbon oil CY1400000 3.19 wg/w® = 1 ppm
Coal naphtha STRUCTURE: 0.313 ppm = 1 wg/n?
Phenylhydride =
Pyrobenzol I MOLECULAR WEIGHT:
2 78.11
Benzene may generate heat, react vigorously, and possibly
RFACTIVITY | ignite or explode in contact with oxidizing mineral acids or
' other strong oxidizing agents (507,511,505) .
e Physical State (at 20°C): 1liquid (23)
e Color: colorless to light yellow (23)
e Odor: aromatic (23)
e Odor Threshold: 4.68 ppm (15 ng/m>) (263)
e Liquid Density (g/ml at 20°C): 0.8765 (68)
e Freezing/Melting Point (°C): 5.5 (14)
e Boiling Point (°C): 80.1 (23)
e Flash Point (°C): =11 (closed cup) (23)
e Flammable Limits in Air, % by Volume: 1.3-7.9 (60,504,506)
e Autoignition Temperature _(°C): 560-592 (60,504,510)
PHYS1CO- e Vapor Pressure (um Hg at 20°C): 76 (67)
CHEM1CAL e Saturated Concentration in Air
DATA (mg/m® at 20°C): 319,000 (67)
e Solubility in Water (mg/L at 20°Cc): 1780 (67)
o Viscosity (cp at 20°C): 0.6468 - (21)
e Surface Tension (dyne/cm at 20°C): 29 (23)
e Log (Octanol-Water Partition Coefficient),
~ log K_: 2.13 ) (29)
o Soil AdS8rption Coefficient, K- 1765 (652)
e Henry's Law_Constant (atm-mafmgi at 25°C):
g 'x__;l"O:B : (74)
e Bioconcentration Factor: 6.5 (estim) (659)
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BENZENE

18-2

PERSISTENCE
IN THE SOIL-
WATER SYSTEM

Benzene is expected to be fairly mobile in the soil/ground-
water system. Transport with infiltration water is expected
particularly in sandy soils and soils of low organic content.
Volatilization of material near the surface or in the soil-air
compartment may be important. Transformation processes such
as hydrolysis and biodegradation are not expected to be sig-
nificant in natural soils; however, biodegradation by accli-
mated populations has been reported.

PATHWAYS
OF
EXPOSURE

The primary pathway of concern from a soil-water system is
the migration of benzene to ground-water drinking water sup-
plies. Migration has commonly occurred in the past. Inha-
lation resulting from volatilization from surface soils

mav also be important.

HEALTH
HAZARD
DATA

Signs and Symptoms of Short-term Human Exposure (45,12):

The primary effects of inhalation and ingestion are on the cen-
tral nervous system. Symptoms include headache, dizziness,
drowsiness and nausea which may progress to convulsions, respi-
ratory paralysis and death with high vapor concentrations.
Benzene causes irritation of the eyes and skin.

Toxicity Based on Animal Studies:

LD, (mg/kg) LC., (ppm)
oral [rat] 3800 inhalation [rat] (59)
skin -- no data 10,0007 hr

(59)

Long-Term Effects: Pancytopenia, leukemia

Pregnancy /Neonate Data: Negative

Mutation Data: Mixed results

Carcinogenicity Classification: IARC - category 1; NTP - clear

evidence

HANDLING
PRECAUTIONS
(54,52)

Handle chemical only with adequate ventilation e Vapor concen-
trations of 10-50 ppm: supplied-air respirator or self-
contained breathing apparatus e 50-1000 ppm: supplied-air
respirator or self-contained breathing apparatus with full
facepiece e 1000-2000 ppm: supplied-air respirator operated in
pressure-demand, positive-pressure or continuous flow mode

e 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 1is
possibility of eye contact.

EMERGENCY

FIRST AID

TREATMENT
(45,53)

Caution: Do not administer stimulants e Ingestion: Do not
induce vomiting. Seek medical attention e Inhalation: Move
victim to fresh air; give artificial respiration if neces-
sary. Get medical attention e Skin: Remove contaminated
clothing; wash skin with soap and water. 1f irritation per-
sists after washing, get medical attention e Eye: Irrigate
copiously with water. Get medical attention.

.10/85
II-8




BFENZENE 18-3

ENVIRONMENTAL AND OCCUPATIONAL STANDARDS AND CRITERIA

ALR_EXPOSURE_LIMITS:

 Standards
e OSHA PEL (8-hr TWA): 10 ppm; CL: 25 ppm; PEAK: 50 ppm (10 min)
e Emergency temporary AFOSH PEL (8-hr TWA): 1 ppm; CL: 5 ppm/15 min

k

Criteria
e NIOSH IDLH (30-min): 2000 ppm
e ACGIH TLV® (8-hr TWA): 10 ppm (A2, suspected human carcinogen)
e ACGIH STEL (l5-min): deleted

WATER_EXPOSURL 1IMITS:
Drinking Water Standards - None established

EPA Health Adviscories

Tn the absence of formal drinking water standards, the EPA (383) bhas
developed the following Health Advisories (formerly termed SNARLs) for
noncarcinogenic risk for short and long-term exposure to benzene in
drinking water:

- 1 day: none

- 10 days: 0.23 mg/L

- long-term: none

EPA Ambient Water Quality Criteria (355)
e Human Health
- Based on ingestion of contaminated water and aquatic organisms
(10-5, 10°©, 10”7 cancer risk), 6.6 pg/L, 0.66 wg/L, 0.066
pg/L.
- Basgd on ingestion of contaminated aquatic organisms only
(10°5, 10 ¢, 1077 cancer risk), 400 vg/L, 40.0 wg/L, 4.0 pg/L.

e Aquatic Life o
- Freshwater species

~acute toxicity: mo criterion, but lowest effect level occurs
at 5300 wpg/L.

chronic toxicity: no criterion established due to
insufficient data.

- Saltwater species

acute toxicity: mo criterion, but lowest effect level occurs
at 5100 pg/L.

chronic toxicity: none, but adverse effects occur at concen-
trations as low as 700 pg/L with a fish species exposed for
168 days.

WHO Drinking Water Guideline (666): -
A health-based guideline for drinking water of 10 pg/L is recommended
for benzene. A daily per capita consumptiom of two liters was assumed.

-

L
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BENZENE 18-4

REGULATORY STATUS (as of October 1, 1985)

Promulgated Regulations
e Federal Programs
Clean Water Act (CWA)
Benzene is designated a hazardous substance. Tt has a reportable
quantity (RQ) limit of 454 kg (347,556). It is also listed as a toxic
pollutant (351). Water quality criteria have been set. Guidelines

exist for benzene effluent in the iron and steel menufacturing in-
dustry (354).

Safe Drinking Water Act (SDWA)

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 hazardous waste (U019) and listed as
a hazardous waste constituent (328,329). A non-specific source of
benzene-containing waste is the production of chlorinated aliphatic
hydrocarbons (325). Waste streams from some organic chemicals indus-
tries (production of chlorobenzenes, nitrobenzenes and aniline)

contain benzene and are listed as specific sources of hazardous waste
(326,327).

Comprehensive Environmental Response Compensation and Liability Act
(CERCLA)

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 benzene
but these depend upon the concentration of the chemicals present in
the waste stream (556).

Clean Air Act (CAA)
Benzene is a hazardous air pollutant and is subject to national
emission standards for fugitive emission sources (372).

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-welghted-|
average (TWA) of 10 ppri. A ceiling level of 25 ppm shall not be
exceeded at any time during an 8-hour work-shift except for a duration
of 10 minutes when it may reach a ceiling level of 50 ppm (298).

*10/85
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BENZENE ' 18-5

Hazardous Materials Transportation Act (HMTA)

The Department of Transportation has designated benzene as a hazardous
material which is subject to requirements for packaging, labeling and
transportation (306).

Food, Drug and Cosmetic Act (FDCA)

Benzene is approved for use as an indirect food additive (adhesive
use) (362).

e State Water Programs
California has an action level of 0.7 pg/L in drinking water (731).
Connecticut has an action level of 1 pg/L for drinking water (731).
Florida has set a criterion of 0.02 ug/L for ground and drinking water
(731).
Jowa has unpublished internal criteria for benzene: 6.6 pg/L in raw
water; 22 pg/L in cold water and 198 pg/L in warm water (731).
lovisiana has a criterion of 6.6 pg/L for the public water supply
(731).
New York quality standards for ground water require that benzene not
be detectable (731).

Other states follow EPA Ambient Water Quality Criteria.

Proposed Regulations
e Federal Programs —~~ — T T
Clean Water Act (CWA)
Fffluent guidelines for benzene have been proposed in the pesticide
chemicals category (359) and in the organic chemicals plastics and
synthetic fibers category (357).

Safe Drinking Water Act (SDWA)

EPA has proposed a recommended maximum contaminant level (RMCL) of
zero for benzene as part of the National Primary Drinking Water
Regulations (64).. — o =

Resource Conservation and Recovery Act—(RCRA)

EPA has proposed listing spent filters, spent desiccants, light ends
and filter aids from chlorinated aliphatic hydrocarbon production 3s 3
non-specific source of benzene-containing hazardous waste (330).

EPA has proposed listing solvent use (or recovery) activities as
non-specific sources of benzene-containing hazardous waste (781).

Clean Air Act (CAA)
7 standard has been proposed for benzene emissions from coke by-
product recovery plants (380).
e State Water Programs
No proposed regulations are pending.

-
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BENZENE 18-b6

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 aquartic
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 lLabeling of
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 cliect
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.

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 ol "
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 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 polycylic 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)

Benzene is classified as a flammable, toxic substance and is subject to
packaging and labeling regulations.

I1-12 W
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BENZENE 18-7

18.1 MAJOR 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 benzene 1is consumed in the chemical
industry where it is used as a starting material for the synthesis of
other organic compounds (2,518). Prior to World War II, the major use
for benzene was as an octane-raising additive in gasoline. Presently,
its use in this area is minor. Gasoline used in the U.S. contains from
0.8 to 2.0% benzene. When benzene 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).

18.2 ENVIRONMENTAL FATE AND EXPOSURE PATHWAYS
18.2.1 Transport in Soil/Ground-water Systems

18.2.1.1 Overview

Benzene may move through the soil/ground-water system when present
at low concentrations (dissolved in water and sorbed on soil) or as a
reparate organic phase (resulting from a spill of significant quanti-
ties of the chemical). In general, transport pathways of low soil
concentrations can be assvssed 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 portioms of benzene
associsted 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 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 migrate 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
19°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 trans-
ported with flowing ground water.
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BENZENE 18-8

TABLE 18-1

EQUILIBRIUM PARTITIONING CALCULATIONS FOR BENZFNE
IN MODEL ENVIRUNMENTS®

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

Unsaturated
p s C
topsoil

at 25°C 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 partirioning model
(34,35,36); see Introduction for description of model and
environmental conditions chosen to represent an unsaturated
topsoil and saturated deep soil. Calcuvlated percentages should
be considered as rough estimates and used only for general
guidance.

b) Utilized estimated soil sorption coefficlent: K = 65.
(Estimated by Arthur D. Little, Inc.) o

¢) Henry's law constant taken as 0.00543 atmem?/mol at 25°C (74),
and 0.00338 atm'm3/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 Ko

assuming 0.1% organic carbon® Kp = 0.001 x Koc' ¢

In a field study on the removal of river-borne organics by dune-
infiltration (using water from the Rhine River), Piet et al. (226)
actually found increases in the benzene concentration after infiltra-
tion. 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
benzene is easily transported by infiltrating water.

18.2.1.2 Sorption on Soils
The mobility of benzene in the soil/ground-water system (and its

eventual migration into aquifers) is strongly affected by the extent of

10/85
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BENZENE 18-9

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 135, the
soil sorption coefficient (Koc) is estimated to be 65. This is a
relatively low number indicative of weak sorption to soils.

18.2.1.3 Volatilization from Soils

Transport of benzene vapors through the air-filled pores of
unsaturated soils is an important transport mechanism for near-surface
soils. 1n general, important soil and environmental properties influ-
encing the rate of volatilization include soil porosity, temperature,
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 diffu-
sion 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; Politzki 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 10
from the pure compound value.

The Henry's law constant (H), which provides an indication of 3
chemical's tendency to volatilize from solution, increases signifi-
cantly with increasing temperature (28). Moderate increases in H are
also observed with increasing salinity due to a decrease in benzene's
solubility (517).

18.2.2 Transformation Processes in Soil/Ground-water Systems

The persistence of benzene 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). Benzene that has been
released into the air will eventually undergo photochemical oxidation;

. tropospheric lifetimes on the order of a few hours to a few days have
been estimated (10).
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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.

Available data on the biodegradability of benzene are somewhat
contradictory (10,55,519,520). Certain pure and mixed cultures can
apparently degrade benzene under environmental conditions, but the
chemical must be considered fairly resistant to biodegradation.
Biodegradation in acclimated wastewater treatment plants (e.g., acti-
vated 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. No data are available on the possibil-
ity of anaerobic biodegradartiorn.

18.2.3 Primary Routes of Exposure From Soil/Ground-water Systems

The above discussion of fate pathways suggests that henzene 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.

Volatilization of benzene from a disposal site, particularly
during drilling or restoration activities, could result in inhalation
exposures. The potential for ground water contamination 1s high,
particularly in sandy soils. Mitre (83) reported that benzene has been
found at 94 of the 546 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, & were positive with a range between
trace-17 pg/L. The National Organic Monitoring Survey (NOMS) (90)
found that out of 113 samples, 7 were positive with a mean of positives
at 0.4 pg/L.

The results of the USEPA (531) Groundwater Supply Survey (GWSS)
are as shown below:

Median
Occurrences* of Positives  Muximum
Sample Tvpe No. % (pg/l) (pg/L)
Random
Supplies serving <10,000 people (280 samples) 1 0.4 0.61 0.6)
Supplies serving >10,000 people-(186 samples) 2 1.1 9.0 15.0
Non-Random -
Supplies serving <10,000 people (32 samples) 5 1.6 1.6 12.0
Supplies serving >10,000 people (158 samples) 3 1.9 27 12.0
*Samples having levels over quantification limit of 0.5 pg/L.
s -
10/85
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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 are 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 Groundwater
Supply Survey (CWSS) 1s 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
pg/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, re-
sulting in direct ingestion exposure;

e Aquatic organisms residing in these waters may be consumed,
also resulting in ingestion exposure through bivcaccumulation;

® Recreational use of these waters may result in dermal expo-
sure;
® Domestic animals may consume or be dermally exposed to con-

taminated 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 biocon-
centration factor for this compound is expected to be low, -suggestirg
limited bioaccumulation in aquatic organisms or domestic animals.

18.2.4 Other Sources of Exposure

Benzene is a widely used chemical, in the synthesis of other
organic compounds (ethylbenzene, cumene, cyclohexane, and other benzene
derivatives), as 8 solvent and as a pe%ticide among other uses. It is
also an important constituent of gasoline. As 3 result of emissicns
during production, use, and disposal and because of its high volatil-
ity, benzene has become pervasive in the environment.
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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%7 in
finished surface water.

Although benzene is readily photoxidized in the atmosphere, Iits
volatility 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 benzene, they had data for 2789
locations. 1In rural and rcmote locations, the median concentration was
4.5 pg/m3. In urban and suburban locations, the median concentration
was 8.9 ugimz, and in source-dominated areas, the median concentration
was 9.6 pg/m>. These results suggest that inhalation exposure 1is very
important for people living in urban, suburban and source-dominated
areas, and for people who live in rural and remote areas as well.

18.3 HUMAN HEALTH EFFECTS
18.3.1 Animal Studies
18.3.1.1 Carcinogenicity

Although laboratory animals were once considered to be poor models
for the potential carcinogenic activity of benzene to humans, recent
ctudies indicate that benzene is carcinogenic in animals. Administra-
tion of benzene (99.7% pure) by pavage to groups of S0 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 1in both species.
Doses of 0, 25, 50 or 100 mg/kg bw benzene (in corn oil) were adminis-
tered 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 carcin-
omas of the oral cavity. Male rats also displayed an increased inci-
dence of squamous-cell carcinomas of the skin. Both sexes of B6 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 carcino-
sarcomas of the mammary gland (801).

Snyder et al. (197) observed an increased incidence of thymic
lymphoma in C57BL/ J6 mice which 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

10/85
II-18




BENZENE 18-13

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).

Maltoni et al. (201) recently completed a series of studies which
show that benzenme is carcinogenic imn rats by both the oral and inhala-
tion routes. In the oral studies, Sprague-Dawley rats were adminis-
rered benzene (purity 99.93%) im olive oil at doses of 50 or 250
mp/kg/day, 4-5 days weekly for 52 weeks and then kept under observation
until death. Mortality was higher in the benzene-treated ETOUPS and
was dose-correlated. There was also a dose-related increase in the
incidence of hemolymphoreticular neoplasias ("leukemias") and of
manmary carcinomas. The incidence of "leukemias" was 7.7% 4n the
high-dose group, 3.4% in the low-dose group and 1.7% in controls. The
{ncidence 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.

In the inhalation studies, Sprague-Dawley rats Wwerc expesed to
vapor concentrations of 200-300 ppm, 4-7 hours daily for 104 weeks.
The investigators found a 2.3% incidence of hepatomas and 2 26.6% and
| .47 incidence of mammary carcinoma and leukemia, respectively (201).

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

18.3.1.2 Mutagenicity

Benzene is not mutagenic in bacterial systems. Studies conducted
with Salmonella typhimurium, Bacillus subtilis, Saccharomyces
cerevisise, and Escherichia coli have all proven negative (202).
Chromosomal abnormalities in bone marrow cells as 3 result of benzene
exposure 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 given
elther subcutaneously orT intraperitoneally. Most of the induced
abnormalities were chromatid breaks or deletioms. In addition, rTats
exposed to benzene vapor at concentratioms of 1, 10, 100 or 1000 ppm
for 6 hours showed a significant increase in chromosomal abnormalities
at the 2 higher exposure levels (192). A recent report noted that
benzene induced statistically significant cytogenetic effects in blood
lymphocytes and micronuclei in bone marrow polychromatic erythrocytes
of both rats and mice after 6 hours inhalation of benezene at 1 ppm
(710). Micronuclei are chromcsomes OT small fragments of chromosomes

-
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that are not incorporated into daughter nuclei during cell division.

They may be induced by agents that bresk chromosomes and/or that affect
the spindle apparatus.

18.3.1.3 Teratogenicity, Embryotoxicity and Reproductive Effects

Chatburn et al. (193), in evaluating the benzene teratogenicity
studies, have concluded that there is no evidence that benzene consti-
tutes a teratogenic hazard. In the studies that were conducted,
benzene was administered in concentrations up to 220 ppm by inhalation
and 4 mL/kg subcutaneously. The feature common to all the studies was
2 decrease in maternal weight gain, accompanied by retardation in fetal
development.

18.3.1.4 Other Toxicologic 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). Rabbits expcsed to vapor concentrations
ranging from 35,000 to 45,000 ppm underwent slight auesthesia 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). Benzene does not
appear to cause immediate injury at the cellular level; however, oral
LD50 values in the rat varied from 3.4 to 5.6 mL/kg depending on the
age and strain (12). Oral LD_. values of 4700 mg/kg and 3800 mg/kg
have also been reported for the mouse and rat, respectively (59).

The local effects of benzene liquid or vapor on the eye are
slight. In the rabbit eye, it is a moderate irritant, causing conjunc-
tival 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). Application of benzene to the
skin of 1laboratory animals indicates that it can be absorbed to a
moderate degree. Absorption through monkey skin after a single appli-
cation has been estimated to be 0.17% (191).

18.3.1.4.2 Chronic Toxicity |

Leukopenia (i.e. reduction of white blood cells) is the most com-
monly observed effect of chronic benzene administration to 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). After inhalation of 17.5 ppm

"

! 10/85
IT-20



	~3196860
	~5151774
	~5434949
	~0971820



