
TECHNICAL REPORT 7605

PROBLEM DEFINITION STUDIES ON POTENTIAL ENVIRONMENTAL POLLUTANTS

IV. PHYSICAL, CHEMICAL, TOXICOLOGICAL, AND BIOLOGICAL PROPERTIES OF
BENZENE; TOLUENE; XYLENES; AND p-CHLOROPHENYL METHYL SULFIDE,

___ SULFOXIDE, AND SULFONE

JUNE 1976

Prepared for the OFFICE of the PROJECT MANAGER
for CHEMICAL DEMILITARIZATION and INSTALLATION RESTORATION

by

US ARMY MEDICAL BIOENGINEERING RESEARCH and DEVELOPMENT LABORATORY
Fort Detrick
Frederick, Md. 21701 Edited by

THOMAS A. MILLER, MAJ, MSC
DAVID H. ROSENBLATT, Ph.D.
JACK C. DACRE, Ph.D.
J. GARETH PEARSON, M.A. D D c
RAMCHANDRA K. KULKARNI, Ph.D.
JUSTINE L. WELCH, M.S.
DAVID R. COGLEY, Ph.D.
GEOFFREY WOODARD, Ph.D. JUN 7

APPROVED FOR PUBLIC RELEASE; B
DISTRIBUTION UNLIMITED.

US ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
FORRESTAL BUILDING

CO= WASHINGTON. DC 20314
S-



1* NOTICE

Disclaimer

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorized
documents.

Disposition

Destroy this, report when it is no longer needed. Do not return it

to the originator.
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gist, WRD; Mrs. D. Ranum and Mrs. L. Deem, WRD; Dr. R.S. Valentine,
Mr. R.E. Snyder and Ms. M. Tonkin of Atlantic Research Corporation;
and Mr. L.L. Ware, Jr. and Hs. D.C. Daymont of the Scientific and Tech-
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INTRODUCTION

An earlier report in this series' assessed the toxicological and
ecological hazards of benzene, toluene, xylenes,* and p-chlorophenyl
methyl sulfide, sulfoxide, and sulfone at Rocky Mountain Arsenal (RMA).
That assessment included a discussion of the occurrence of these
substances at RV'A and their anticipated behavior in that milieu; the
calculation of preliminary Soil Pollutant Limit Values (SPLV s) for
those substances about which sufficient information was available; and
the identification of information voids and recommendations for research
to supply information needed to adequately assess adverse health and
environmental effects. The organization of technical and professional
personnel, the manual and computerized literature searches, and the
information handling system used in this problem definition study
have been detailed in the initial report of this series. 2

OBJECTIVE

The objective of this study is to provide technical information on
the physical, chemical, toxicological, and biological properties of
benzene, toluene, xylenes, and p-chlorophenyl methyl sulfide, sulfoxide,
and sulfone.

SUMMARY OF FINDINGS

The findings from this study are presented in detail for each sub-
stance in Appendixes A through D. Pertinent information concerning
physical/chemi cal properties, analytical methods, mammalian toxicology,

* environmental considerations, and standards has been extracted from the
appendixes and is sumimarized below.

PHYSICAL/CHEMICAL PROPERTIES

All of the compounds studied are of relatively low water solubility
and high solubility in many organic media. They are therefore extract-
able into water-immiscible solvents. They range, as evidenced by the
boiling points, from relatively volatile (benzene) to relatively
non-volatile (p-chlorophenyl methyl sulfone). There is little evidence
to indicate non-biological degradation of these compounds in the absence
of light. If such reactions occur, they most likely would be air oxida-
tion of the sulfide to sulfoxide And thence to sulfone. There is qu..ui-
tative evidence for atmo:pheric photochemical degradation of the solvents,

* The term xylene, in the singular, refers to any undefined mixture of
o-, i-, and p-xylene.

5. "... . . .



but no quantitative data. References have been given for synthesis of
those compounds (especially the sulfoxide) that may not be commercially
available. Adequate references were located for spectrochemical charac-
terization, e.g., by infrared, ultraviolet, nuclear magnetic resonance
and (in some cases) mass spectra. Information relevant to the subsurface
transport of these compounds is almost completely lacking. Accounts of
biochemical transformations were found for the solvents, but generally
not for the sulfur compounds, except that mouse liver and house fly
microsomes convert the sulfide to the sulfoxide.

ANALYTICAL METHODS

All of the compounds discussed here are best analyzed at low levels
by gas-liquid chromatography. For the sulfur compounds, a sulfur-specific
flame photometric detector gives the most sensitive response.

MAMIALIAN TOXICOLOGY

Benzene exhibits appreciable toxicity beyond the narcotic properties
common to the three solvents. Air concentrations z 200 ppim produce some
narcotic effects and are slightly irritant to mucous membranes, with
xjlerte beir,; :lightly roe irritart thatn benzene or toluene. Benzene,
however, produces bone marrow damage with consequent reduction in red
blood cell counts and changes in the differential white blood cell
counts. While these changes tend to revert to normal in most instances,
a small percent of those exposed go on to develop aplastic anemia and/or
leukemia, eventually rcsulting in death.

The acute oral and dermal LD have been determined for p-cnlurophenyl
methyl sulfide, sulfoxide and sUlone. The data would indicate that these
compounds are not very toxic to mice. However, the sulfoxide produced
some skin reactions on rabbits. No other toxicological studies have been
reported.

ENVIROHMERTAL CONSIDLRATIONS

•Benzene. Benzene can be removed from the soil by volatilization and
is degraded by microbes. Its half-life in soil is less than I month,
although its persistence probably depends on soil type and climatic fac-
tors. Benzene is slightly soluble in water. wacterial degradation of
benzene usually proceeds via dihydroxylation to catechol, followed by
"ring cleavage, in the presence of molecular oxygen, and degradation to
CO2 and water. Anaerobic degradation is little studied, but proceeds
more slowly than aerobic metabolism. Benzene is relatively toxic to
fishes, the 96-hour LC,, ranging from 9.57 to 45 rag/l for adults, larvae
and eggs. Sublethal concentrations increase respiratory rates and have
been implicated in the production of tumors. Benzene, or its metabolites,
may be present in the skeletal muscle of contaminated fish. Benzene is
toxic to insects. High concentrations of benzene are toxic to those micro-
organisms which can normally metabolize it. Sublethal amounts elicit nega-
tive chemtaxis from some microbes.



Benzene is lethal to plants at high concentrations (>6.4 x 10" M/1
of air) and at short (30 min) exposure times. Lower concentrations are
less toxic, and recovery from sublethal effects is possible in all plant
species studied. Carrots, and other Umbelliferae, are less susceptible
to the toxic effects. Plant growth and rooting is stimulated by aqueous
solutions containing low benzene concentrations (0.01-0.1 saturated).
Aqueous solutions containing higher concentrations (0.1-0.15% benzene)
inhibit growth and interfere with metabolisa and cell division. Benzene
is translocat-ed and metabolized by plants, but bioaccumulation probably
does not occur.

There is no conclusive information concerning the effects or trans-
port of benzene in the food chain. However, since such organisms as
rmammals, fish and plants metabolize sublethal amounts of benzene, it is
unlikely that any accumulation of benzene occurs between trophic levels.

Toluene. Toluene is degraded by soil microbes and volatilizes
readily. It is reasonable to expect rapid removal of small amounts of
toluene from the soil. Toluene is moderately toxic to fish the 96-hour
LC50 ranging from 22.80 to 59.30 ppm. Toxicity nmay progressively
increase with length of exposure. Toluene is associated with the inci-
dence of tumors in fish and may be present in the muscle and liver of
contaminated fish, including eels. The noxious odor of toluene-contaminated
tish is not removed by cooking. Toluene is toxic to insects and nematodes.
Toluene is metabolized by some microbes, but is toxic to methane-producing
bacteria at 200 mg/l.

Tolue.ne is lethal to barley plants at high concentrations (4.9 x 10'
mol/I of air) and at short (30 min) exposure time. Lower concentrations
are less toxic, and recovery from sublethal effects is possible in all
plant species studied. Carrots, and other Umbelliferae, are less suscep-
tible to the toxic effects. Plant rooting is stimulated by aqueous solu-
tions containing low toluene concentrations (0.01-0.1 saturated). Toluene
is metabolized by the fruits of several plants, but bioaccumulation probably
does not occur.

i •There is no conclusive information concerning the effects or trans-
port of toluene in the food chain.

Xe 'Xylere can be degraded by soil microbes. It is sparingly
soluble inwater and has an estimated half-life in soil of I to 6 nonths.
Xylene from dietary sources accumulates in the skeletal muscle of pigs,
but is cleared Pfter termination of exposure. It is teratogenic and
lethal to chicken embryos. It 4s roderately toxic to fish, the 96-hour
LC50 values range from 16.94 to .S. mg/l, and can accumulate in the
skefetal muscle. Sowe fish avoid xylene concentrations as low as
0.1 ngfl. Xylene is toxic to insects. Saturation levels of xylene are
toxic to Moordia spp.

7



4Xylene is lethal to young barley plants at high concentrations (2.4 x
10 M/I of air) an( at short (I hour) exposure times. Lower concentra-
tions for shorter length of exposure are less toxic, and all plant
species tested were able to recover from sublethal effects. Carrots,
and other Umbelliferae, are less susceptible. Plant rooting is stimu-

Slated by aqueous solutions containing xylene at concentratioii of 0.01-0.1
saturation. Germination of seeds of some plants is retarded. Xylene
at 100 ppai is effective for the elinination of waterweed. There is no
evidence that xylene is bioaccumulated or metabolized by plants.

There is no evidence to suggest that xylene is bioconcentrated
between trophic levels. In fact, the noxious odor of xylene-contaminated
prey could deter predation.

E-Chlorophenyl 1ethl Sulfide, Sulfoxide, and Wulfone, There are
indications that these compounds are phytotoxic to grasses. Other
consequences of their presence in the environment are unknown,

STANDARDS

The National Institute of Occupational Safety and flealth (!M!OSH) has
recently reviewed the occupational hazard associated with the use of
benzene, toluene, and xylene and has recomiended the folcwln !.ImitS In
workroom air for a 40 hour wok week:

Solvent Tine Wei•hted Avyrage (TWA) Wiqq Volvo

10 benzene 10 32 25 80
Toluene 100 37/ 200 754
Xylene 100 434 200 868

li Te TLV's :5ave been superseded by the above TWA values. There are no
"standards for the p-chlorophenyl aethyl sul fur coqr~urds.

8
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APPENDIX A

BENZENE

ALTERNATIVE NAMES

Benzol; cyclohexatriene; phenyl hydride

PHYSICAL AND CHEMICAL PROPERTIES'- 3

&asic Phyiwo-Chem.Li ca ln6oformation

CAS Reg. No.: 71-43-2

Toxic Substances List: CY14000

Wiswesser Line Notation: RH

Molecular formula: C6 H6

Molecular weight: 78.11

Conversion factors (air, 25°C): 1 ppm = 3.19 mg m 3; 1 mg m" = 0.313 ppm

Freezing point: 5.506'C

Boiling point: 80.1030C

Density: 0.87368 at 250C

Refractive index: nD , 1.49790 at 250C

Vapor pressure: 2 log P - 6.89745 - [1206.350 / (220.237 + t)]
wherN P is vapor pressure in mm of mercury and t
is temperature in 0C. (Thus, the vapor pressure
at 25.10C is 100 rmn.)

Solubility in water: In the range of 100 to 250C, the solubility of
benzene is nearly constant, i.e.,, 0.173% accord-
i ng to Arnold, e~t al.; 4 the data fit the follow-
ing equation from U4 to 690C (where T is in 0C):

S (in % solubility) - 0.1784-7.436x10"4 T + l.906xlO"5 T2 + 1.217xi0" 7 T3

Determinations by Brown and Wasik of the National
Bureau of Standardss (0.179% at 17.90 and 0.176%
at 20.10) and by other authors 6-8 essentially

'. ,U



1.

* agree with these figures. Other stated aqueous
concentrations of benzene, mentioned elsewhere in
this Appendix in regard to testing of biological
effects of benzene, are quoted as stated by the
researchers, even though these appear to exceed
the solubility of benzene.

Solubility in organic solvents: Miscible with alcohols and others;

soluble in most organic solvents.

Partition coefficient between vapor and water: 5.51 at 20.6"C5 where
K Conc. in liq./conc.
in vapor

Partition coefficients between the aqueous phase and immiscible
organic solvent layers have been investigated only infrequently.6,9-12
Typical values for K (K = Conc. in organic phase/conc. in aqueousSd d v
phase) are 120 for sunflower oil, 182 for n-heptane, and 135 for octanol. 9

The odor threshold for benzene in air is 4.7 ppm. 3 Sources of spectral
data are referenced in Table A-l. Benzene is comparatively stable in
air and water, and in contrast with soil, and reacts with other chemicals
only under drastic conditions or with the aid of enzymes,

TABLE A-I. SOURCES OF SPECTRAL DATA FOR BENZENE

Reference

Type of Col lectinn
Spectra Sources of Spectral Collections Number Ref.

4m

Infrared Sadtler Research Laboratories, Inc. SADG-136 16
3316 Spring Garden St., Philadelphia, PA

Aldrich Library of IR Data 15,462-8 17

Ultraviolet Sadtler Research Laboratories, Inc. SAD-198 16
3316 Spring Garden St., Philadelphia, PA

Nuclear Sadtler Research Laboratories, Inc. SAD-3429 16

Magnetic 3316 Spring Garden St., Philadelphia, PA
Resonance

Aldrich Library of NMR -- 18

Mass John Wiley & Snns, Inc. Wiley-102 16
605 3rd Ave., New York, NY

12



Photochemntitq

Benzene is photoisomerized to various valence isomers, but usually
only in very low yields, which depend on the reaction conditions. 3

Oxygen atoms produced by photolysis of ozone and nitrogen dioxide are
capable of reacting with aromatic hydrocarbons. Thus, benzene released

* to the atmosphere might disappear by oxidation.lk In the presence of
nitric oxide, benzene undergoes photolysis to a variety of products,
such as nitrobenzene, o-nitrophenol, p-nitrophenol, 2,4-dinitrophenol
and 2,6-dinitrophenol. .15

Manufactute and Uses

Benzene is obtained industrially by fractionation from light oil of
coke oven gas, light oil of carburetted water gas, coal tar, and aromatic

* • fractions from petroleum cracking and reforming. U.S. production of ben-
* zene for January and February 1976 was 222.6 million gallons, according

to figures released by the U.S. International Trade Commission on
April 26, 1976.

Benzene is used mainly as a raw material for the production of such
chemicals as phenol, aniline, cumene, adipic acid, diphenyl, and ethyl-

* benzene, each of which is a starting material for other products. It
is also used as an antiknocking ingredient in motor fuels, and as a sol-
vent for chemical processing, for paints and varnishes, dry-cleaning,
degreasing and extraction.'

Uoc hem, ca PropveAtie

Benzene is metabolically transformed in mammals to phenol and to a
lesser extent to catechol;1s the quantity of phenol in the urine has
been used to monitor the exposure to benzene by both animals and human
beings. 2 0 Radioactive tracer studies have shown that benzene undergoes
the following -ies of reactions in rats: 2 1

catechol

Benzene - phenol - hydroquinone
benzene trans-dihydrodiol

+
trans, trans-muconic acid

It has also been demonstrated 2 2 that the monooxygenase from the
fungus, Cunninghamela bainieri, produces the same transformations as
above. This impiTes the formation of a reactive intermediate, benzene
epoxide (benzene oxide), which gives rise to further reactions. In
the absence of the direct isolation of this intermediate, it was proved
that synthetic benzene epoxide produced the same transformation as above,
with the aid of liver enzymes. 2 2 ,25  Similar epoxide intermediates were
actually isolated in the case of polynuclear aromatics. 2 6



i| I

. By contrast, Gibson and co-workers showed that the dioxygenases from
the bacterium Pseudomonas putida catalyzed the oxidation of the benzene
molecule by molecular oxygen, producing the following series of reactions
through a dioxide intermediate. 2 7

Benzene -. [benzene dioxide] benzene, cis-dihydrodiol

cis, cis-muconic acid catechol

It has also been noted that-benzene accelerates the action of mammalian
histidine decarbonylase and plant plastid phosphatidase, 28 , 2 9 and
that it reduces the oxygen affinity of deoxyhemoglobin. 30  Moreover,
it has been demonstrated that plants assimilate atmospheric benzene,
and cause its transformation into muconic acid, fumaric acid, succinic
acid, and phenylalanine by enzymatic catalysis. 3 1

Adsorption o 6 Benzene by Natu.at Clay MineAtas

Research on the adsorption of benzene and other solvents has not
been carried out for the purposes that motivate the present problem
definition study. For that reason, no data are available concerning
the vapor pressure of benzene at very low benzene-to-soil loadings.
The caveat must, therefore, be added that extrapolations from known
behavior to low loadings risk the possibility that in the region of
interest Brunauer type III or type V behavior, i.e., concavity upwards, 32

rather than the more usual type I behavior, might apply. The complex
interplay of physical structure -- the size and shape of channels,
interstices and bottle-shaped regions -- of chemical characteristics,
and of hydrophilicity versus hydrophobicity, magnify the uncertainty
inherent in generalizing from behavior on one mineral surface to
behavior on another. Microscopic as well as macroscopic heterogeneity
in soil minerals is the rule, rather than the exception, for which
reason the argument presented below should be considered only as a
starting point for possible site-specific determinations.

The present discussion is based on the results of six investigations
representing work in the Soviet Union 33 3 7 and Japan. 38  Most of these
adsorption studies were carried out on heat-dried, heat-activated or
chemically-activated minerals. Activated minerals usually have a higher
capacity for non-polar substances such as benzene than the same materials
before activation; this is particularly true when they have been
heat-treated or vacuum-dried to drive off water. Nevertheless, data by
Ezdakov 36 on air-dried minerals show that the qualitative behavior of
benzene is the same with these samples as with water-free samples. In
fact, without indicating whether the statement applied to all minerals
studied, the author 3 6 states that, "The adsorption of benzene by clays
dried at 18.5 0C [and 52% relative humidity] is accompanied by the libera-

14



tion of water, which collected on the bottom of the exsiccator under the
layer of benzene." Thus, clay minerals, including loess (wind-deposited
soil), might hold small loadings of benzene (e.g., 1 mg of benzene/kg
of soil) without generating a high enough equilibrium vapor pressure of
the substance by desorption to constitute an inhalation hazard; this
could be true even at common relative humidities.

Adsorption data for benzene are often presented as plots of P/P
(abscissa) vs. loading of benzene on the adsorbent (ordinate), wheri
P is the equilibrium vapor pressure and P5 is the saturation pressure
of benzene at the temperature of concern. The shape of these curves
varies somewhat, but a typical (and conservative) type of plot is
Figure A-I. It is of significance that the inflection point B of the
curve OABC invariably lies well to the right of P/P5 = 0.1. (C repre-
sents the loading at saturation pressure, P = Ps.) Thus, the curved
segment OA is hypothetically convex upwards at the pressures indicated
(0.1-1.0). Benzene loadings on various minerals at P/P5 = 0.1 are shown

-in Table A-2; these values have been converted in each case to units of
mg of benzene/kg of mineral. Conservatively, from these data, one would
estimate a benzene loading of greater than 1000 mg/kg at P/P = 0.1.
Hence, according to the above model (Fig. 1) at P/P = 0.000i the loading
would be at least 1 mg/kg. According to Miller, et~al.,39 the threshold

* ! limit concentration value of P/P is 0.0001 ( 7.Ol'T, so that soil contain-
ing 1 mg of benzene per kg should generate less than this limiting
concentration.

C
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TABLE A-2. BENZENE LOADINGS ON CLAY MINERALS AT 0.1 SATURATION PRESSURE

Temperature, Loading,
Mineral 0C mg/kg Reference

Vacuum-Activated at lO0°C

Natural Askanite Clay 20 39,000 33

Activated Askanite Clay 20 101,000 33

Natural Gumbrin 20 23,000 33
(bleaching clay)

Activated Gumbrin 20 39,000 33

Vacuum-Activated at 4000C

L-Zeol ites 20 77,000 34
i•., 94,000

Compressed Silica Gel 0 110,000 38

Vacuum-Activated at 110 0C

Glukhov Kaolinite 24 11,000 35

Palygorskite 24 25,000 35

Kvasov Hydromica 24 14,000 35

Cherkassy Hydromica 24 27,000 35

-; A.r-Dried, 18.5.C, 52% RH

Loess 25 4,400 36
Hydromicaceous Clay 25 19,000 36

P", Bentonite 25 27,000 36

* Opoka 25 19,000 36

Halloysite 25 28,000 .

MontnmDrillonite 25 36,000 36

Vacuunm-Ak.tivated at 1500C

Rutile 30 2,000 37
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ANALYT I CAL METHODS

Benzene can be identified through use of IR, UV, NMR, or mass spec-
troscopy, and quantitative determinations can be made by these methods
when benzene is present in reasonably large quantities. Trace amounts

M1% of benzene in air, water, soil or biomaterials are identified and analyzed
by means of gas-liquid chromatography (GLC) with flame ionization detec-
tion. The details of the method of identification and estimation can be
found in many references. 2 0,4 0° 9  Such analysis can be applied down to 15
to 25 ppb in the sample analyzed. 50  Automatic and semiautomatic methods
of GLC measurement have been worked out.51 ,52

A colorimetric method for trace quantities of benzene has been
reported; it involves preconcentration on activated charcoal, extractior,
oxidation by chromic acid, a second extraction with ethyl ether, and
col orimetry. 53

Silica gel, impregnated with formaldehyde and sulfuric acid, is used
to indicats whether anmient concentrations of benzene exceed the limits
of 50 mg/m in a 6 hour period; above this limit, the indicator turns
brown- red. s'

MAMMALIAN TOXICOLOGY

Ai• The most common route of exposure to benzene is by inhalation, but
absorption through the skin also occurs. The ingestion of fluids con-
taminated with benzene, while uncommon, is also a potential route of
entry. Once exposure has taken place, excretion of unchanged benzene
via the breath accounts for a third to a half of the original dose. Very
little Is excreted unchanged in the urine. Water soluble metabolites in
the urine account for most of the remainder. These metabolites are
phenol, catechol, and hydroquinone, as the ethereal sulfate or glucuronide,
trans, trans-muconlc acid, phenyl mercapturic acid and CO 21 Very little
Ts ex"reftevia the feces. Since phenol is the major metlboltte, and is
excreted in the urine within 24 hours after exposure, urinary phenol may
be used as a measure of benzene exposure. 20 A number of investigators
have suggested that the phenolic metabolites are responsible for the
toxic effects associated with benzene. However, the phenolic metabolites
are normal urinary constituents and radioactive tracer studies indicate
that they are not responsible.55 in recent years more detailed studies
have indicated that benzene is oxidized, by an enzyme or enzymes from

- microsomal systems, to an arene oxide which then either spontaneously or
enzymatically undergoes rearrangement to phenol, a trans-dihydrodiol,
and a glutathione conjugate. The reactive benzene Uide has been sug-
gested as the itumediate cause of the bone marrow toxicity that is seen
in animals and man exposed to appreciable quantities of benzene. 22 "' 5,
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Human Expos.we

Inhalation of benzene in high concentration has produqed fatalities
in man in a few minutes with levels as high as 66000 mg/ms57-60 Lower
concentrations result in an initial euphoria followed by drowsiness,
fatigue, dizziness, nausea, and headache. Continued exposure may lead
to convulsions, paralysis, 3and loss of consciousness. 58  At air concentra-
tions above about 300 mg/m , but below concentrations causing any of the
above symptoms, repeated or prolonged exposures have produced severe bone
marrow changes, in sone cases with a fatal outcome. The bone marrow
changes have been variously described as aplastic anemIa and leukemia. 5 9

Workroom concentrations approaching the TLV of 80 mg/m for up to 13 years
is claimed to have produced "little evidence" of benzene intoxication.
Exposures to these concentrations wer 5 estimated based upon urinary phenol
excretion levels. The TLV of 80 mg/mr seems uncomfortably close to the
levels which have resulted in some fatalities in man. The odor threshold
in water is cited as 31.3 ppm. The odor ýhreshold in air is 8.8 mg/mr,
with a recognition level of about 30 mg/m .61

Benzene has been implicated as early as 1928 as a causative agent in
the development of leukemia in man. A review of cases of leukemia associ-
ated with exposure to benzene reported through 1973 concludes that "a
relationship between such exposure and the development of leukemia is
suggested ....... " Damage to the hematopotetic system as a result of
exposure to benzene is established. 57 A contrary view regarding leukemia
has been reported in 1974 as a result of an epidemiologic survey of
employees of 8 European Exxon affiliated companies.6 2 No abnormal occur-
"rence of leukemia in 38,000 petroleum workers was suggested by the data.
It was also noted that improvement in record keeping, job histories,
exposure data and demographic data was needed. In this survey, it was
found that the occurrence of aplastic anemia was so infrequent that no
statistically valid calculations could be made. Eighteen cases of
leukemia were found, eight in exposed and 10 in non-exposed workers.
The expected numbers, based upon age specific rates in WHO data for
1966, are 6.6 and 16.7, respectively. Worker exposure was estimated to
be insignificant except for several minute long exposures to concentra-
tions of 15 mg/m 3 or less on occasion. In 1968, in a review of the
literature on benzene, Truhaut concluded that the French and U.s.A.
TLV's for benzene are too high and should be reduced to 20 mg/v .63 A
trend in this direction in the USA is expected. 64 Another survey of
28,500 workers in the shoe, handbag and slippers industry in Istanbul for
the period 1967 to 1973 turned up a total of 26 cases of leukemia and six
cases of Hodgkin's disease equivalent to 13 per 100,000 over the 7 year

" !period and 19.7/100,000 over the last 3 years. The incidence in the
general population was stated as six per 100,000. Duration of exposure
was 1 to 15 years, with a mean of 9.7 years. Age ranged from 16-58 years
at time of diagnosis, with a mean of 34.2 years.6 The distribution by
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type of leukemia was 14 myeloblastic, four preleukemia, three erythro-
leukemia, three lymphoblastic, and one each of monocytic and ofEvr• promyel oytic.

Chromosome aberrations in humans exposed to benzene have been reported
by several investigators. 57 ,6 6 - 68 These are said to be non-specific and
similar to those induced by X-rays. They may persist for several years
after exposure ceases. 67 NIOSH, in a report prepared in 1974 on occupa-
tional exposure to benzene, 20 has analyzed the pertinent literature regard-
ing effects in humans, including the above referenced chromosome aberra-
tions, and was unable to determine the significance of such changes. The
NIOSHi report also examines the •uman experiences from exposures in the
neighborhood of 25 ppm (80 mg/ni and noted that abnormal hemograms
occurred in an occasional individual. Although some investigators have
suggested a differing susceptibility to benzene depending upon age and
sex, the preponderance of evidence reviewed in the NIOSH report does not
support such differences.

Expet.2menWtt Anink'J26

E` J.The acute oral LD5 0 values for undiluted reagent grade (A.C.S., Spec.)
benzene in non-fasted, Sprague-Dawley rats were: immature 14-day-old
mixed sex, 3.4 ml/kg; young male adults (80-160 g), 3.8 ml/kg and mature
male adults (300-470 g), 5.6 ml/kg. In this same investigation 0.0002 ml/kg
is suggested as the maximum permissible limit for a single oral dose and
was derived by dividing the lowest dose showing signs of biological
activity by 1000. The animals were observed for 7 days following benzene
administration. 69 Other investigators have reported rat oral LD Is rang-
ing from 0.93 to 5.6 g/kg. Another recent study reported an L5 in
male rats of 5.96 g/kg.7 0  Air concentrations lethal to rats and rabbits
after 30 to 100 minutes exposure are approximately 40,000 ppm.20.57

31.• •Rats, guinea pigs, and dogs exposed by inhalation to 817 mg/m3,
8 hours a day, 5 days ger week, for 30 repeated exposures; or to 98 mg/mr
for 90 days or 56 mg/m, for 127 days (continuous 24-hour exposure) showed
very little change in total white count, hemoglobin, and hemat crit. Rats,
guinea pigs, dogs, and squirrel monkeys exposed to the 98 mg/im (30 ppm)
level also showed to changes in bromosulfalein retention, serwu alanine
and aspartate amino transferases, :ao ilkaline phosphatase. Livers of
"the rats and guinea pigs showed no chanles in tyrosine amino transferase,
alkaline phosphatase and total lipWds." eWanling male mice, (strain
OCMBIA6N) after one week aecclimation* woire Injected subcutaneously twice
weekly with a 30% v/v solution of benzene in corn oil in volumes of 0.05,
0.1, 0.1, and 0.2 ml per mouse for the first 4 'eeks, respectively and
0.2 ml thereafter for 40 additional weeks. Following the 44th week,
injections were made once weekly through the S4th week when Injections
were discontintied and the mice were set aside for observation until the
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104th week. The survival rate of the benzene injected animals was
inferior to the controls and cases of bone marrow depletion of hemo-
poietic cells and hepatic necrosis were seen. However, no evidence of
specific neoplasms or of total neoplasms in excess of the rates in con-
trol mice were seen. 72 This evidence of the non-neoplasia producing effect
of benzene in laboratory animals is in agreement with prior studies, one
of which involved skin painting in hairless mice for up to two years. 73

Chromosome abnormalities as a result of benzene exposure (subcu-

taneous injection) have been observed in the bone marrow of rats. 74

ENVIRONMENTAL CONSI DERATIONS

Behavior in Soit and Water

Transport: Benzene can be removed from the soil by volatilization
and is degra ed by microbes. Its half-life in soil is less than I month, 7 6

although its persistence probably depends on soil type and climatic factors.

Degradation. Genzene is attacked oxidatively by numerous microorga-
nisms, especially bacteria. Bacterial degradation usually proceeds via

*. •dihydroxylation of benzene to catechol, followed by ring cleavage requir-
ing molecular oxygen. 77  Hydroxylation may involve monooxygenase enzymes
which introduce a single hydroxyl group onto the ring (e.g., converting
phenol to catechol), or dioxygenases which introduce two hydroxyls pro-
ducing ortho-dihydric phenols from benzene. The net result is that ben-
"zene is converted to catechol prior to ring cleavage. 77  Ring cleavage,
involving the introduction of molecular oxygen between two hydroxyls,
forfs a non-aromatic dicarboxylic acid which can be readily degraded to

• •CO 2 and 112O.

Under anaerobic conditions, benzene would be more resistant to bac-
terial attack since bacteria degrade benzene oxidatively. Still, slow
degradation of benzene would probably occur in the absence of oxygen

: since some bacteria may be able. to cary out hydroxylation reactions
substituting H20 for molecular oxygen.7e The anaerobic metabolism of
aromatics, however, remains little studied. 7? In addition the presence
of benzene in combination with other aromatics (e.g., toluene, xylene)
might result in unpredictable effects on Me microbial population in a
given environment.

Once present in the environment, aromatic compounds such as benzene
may or may not undergo substitution reactions of various types, not
involving microorganisms. The presence of nitro, amino or sulfonic acid
groups or halogens on the ring will almost always render benzene and
related compounds more microbiologically resistant.,77 ' 9
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Background Concentrations. The presence of benzene in groundwater

has been used to indicate subterranean petroleum or gas condensates.
Groundwater from petroleum-free areas or strate contain less than 0.1%
benzene. Groundwater near petroleum deposits may contain as much as
5.3% benzene 6° or 2.4% benzene homologs.s 1  Sagicki 82 estimates thit
the "average" urban atmosphere contains 1 x 10 9g benzene/l,000 m
although an average of 0.015 ppm with a high of 0.057 ppm has been
reported in Los Angeles air.S7 Parkinson83 measured benzene in airborne
vapor concentrations around retail gasoline filling stations and found
benzene at concentrations less than 5 ppm, but they may reach as high as
7 ppm. 57 Gasoline may contain up to 5% benzene. 5 7

Anma

Mammals. Domestic livestock has been treated topically with benzene
to eliminate infestations of screwworm larvae.8 Parman8' observed no
toxic effect on sheep and goats where the wool was completely saturdted
on all parts of the body with benzene. In cases where infestations
occurred in the nmuth, they were treated with 2 to 5 cc benzene, and
special precautions were taken to prevent ingestion. No reports of

Sdetrimental effects to the animals were observed in these and over
3,000 similar treatments for worm infestation in cattle, sheep, goats,
hogs and chickens.

Birds. Extracts of pigeon muscle exposed to benzene exhibited an
increase in the creatine content of the muscle for several hours.$$
The significance of this event is not explained, although creatine and
phosphocreatine are associated with the manufacture of ATP consumed
during muscle contraction.

Fish. The acute toxicity of benzene to fishes is summarized in.
Table--3. Results from the various researchers are relatively consist-

"..A ent as shown by the 96-hour LC,, which ranged from 9.58 to 40-45 mg/I.
.4; These data show benzene to be relatively toxic to fishes. An exception

is the value (386.0 mg/1) presented by Wallen et al.86 for the mosquito
fish, Gabusia affinis, which is an order of 'nit-ude greater than all
other reported values. Pickering and Hendersonl? found no significant
difference in the 96-hour LC 's for fathead minnows, i

Sr mm $,S in soft and hard wAer. Their data also indicate that most of
, y of benzene iS exhibited within 24 hours. IOwever, since all

of their tests were static bioassays, this may actually be a reflection
of the degradation or evaporation of benzene in the test water, and sub-
sequent decrease in the toxicity of the test solution. The toxicity of
benzene to Pacific herring, I= Lwj&L, and northern anchovy,

t eggs and larvae wasitthe sm level as that observed
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Brocksen and Bailey51 exposed Juvenile chinook salmon Onjhycu
tshj~sc!!a, and striped bass, Morone saxatilis, to sublethal concen-
trations of benzene (5.0 and 107.0 ppm)-ro peiods ranging from 1 to
96 hours. Results showed increases in respiratory rates up to 115% above
that of controls after exposure periods of 24 hours for striped bass and
48 hours for chinook salmon. Fish exposed to a benzene concentration of
10.0 ppm for periods longer than 48 hours exhibited a narcosis that caused
a decrease in the respiratory rate. This effect was shown to be reversible
when fish were. placed in fresh water and kept for periods greater than
6 days.

Brown et al .92 have i denti fled benzene as one of numerouss compounds
present in- t-Fox River, Wisconsin, which had a higher incidence of
tumors in fishes than those from a reference area in Ontario, Canada
(4.38% vs. 1.03%). Actual concentrations of benzene were not given.

Funasaka et &J13 showed that fishes living in a river with high hydro-
carbon concentra"Kons had an offensive odor. In fish with offensive odor
the concentrations of toluene, benzene, and xylene in the muscle were
0.25s, 0.23, and 0.02 ppm, respectively. Those values roughly corresponded
to relative levels of these compounds found -in the. river. Some hydroxyla-

* tion of benzene to phenwol reportedly occurs in the kidney and muscle
tissue. 91 Phenol and phenolic compounds have been shown to cause fish.

* flesh tainting.%1  For additional informiation see Appendix B on Tol~uene.

Reosi-es. No information available.

A~lin No irdformation available.,

* .jerftves. Gavaudan. and lmichonss reprt that in. vitro saxples of
the dra ongitud~nal Aus-cle of the eartworm loog!W terrestris
Igggi respond to very smal amouits of boonene."M rato Is chariew
toiiad by amarked. iticrease in tone and amplitudo of rhythmic contractions.

Geniene Is toxic to insecs. Hoortst rtported that 10-20 ag was toxic
to house flos, OMAWV tes when the mnsicts ware exposed in I-iter
flasks for porio~i 0 into47 inutes. Benltne p vduCted 100% *rtal ity
in -dyold house flies when applied to the ventral side of the abdomen

*at 0.651 mllflY.41 Parman*" reported that lamvl serinwomiw ral10ip
"nojjrjj, became inactive in sbout 40 secods when treated Wtoically

* ~ with'buete. When beazoenewas applied to wow*d In cattle# scremeore
* ~larvae survved for 3D to 40 minutest, but vwer killed quickly when the
* ~wound were dried beforw trestment. 1' Bentene caused 100% martality in

2 hours when sprayed on 3rd-instai la#"ae of the bottle fly, Lucilia
* ~ Ban zono i s a repelle tnt to both tMe s crewwom an~~1

Vrly. 9v. anion# is toxic to the American cockroach c~t
a toxic dose was not reported, but the authors stated OR MeI al tifit1
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at the most effective dose was 0.5 that of DOT used as a standard. Benzen~e
vapors are toxic to the grain weevil, Calandra _granaria, with an LD
(actually an LC50) of 210 mg/liter reported by Ferguson and Pirie.M~

K, Benzene prevernts or terminated diapause in eggs of the grasshopper,
Meanplus dlffe rentialis,10  Benzene is toxic to the head louse, Pediculus
huais ca!itis, when applied to human subjects, apparently through ovicidal
7Ciin.1 03

Miroranisms. The only potential problems associated with the. X effects of benzenje on microorganisms would occur when environmental
conditions became anaerobic and/or when benzene concentrations reached
a microblally tOxic level. High concentrations of aromatics can be toxic
even to organisms which. %.an completely metabolize them. Phenol is perhaps
best known in this respect. Young and Mitchell 10 " have shown that certain
motile marine bacteria exhibit negative chemotaxis toward benzene concen-
trations greater than 0.21, even though~ this level is non-lethal to the
microbes. Mitchell et a].1 have discussed the ecological implications of
chemotaxis by enicrobWs Tn nature. They feel that low sublethal levels of
aromnatics in the environsve't may totally inhibit the normal chemutactlc
response of. microorganisms towards nutrient sources. If so, the ab'ilities
of microorganisms-to detect nutrients in nature would be impaired. Benzene
is effective in the control of Pqrnsoatabacina ;n tobacco seedbeds at
a daily dose of 4-.5 liters/lOG ~'~ rashlo? noticed that 200 r-9/1 benizene
pro~iced~ 4 arked reduct. 6h in the C04 fernentation rate of sewage slu~dge.
Fifty m.911 was considered a level safe to the inicroorgan 4saus responsible
for the Cf4 evvlution., Gib onl0l was 'Able to gr" PseudMonas Putf4,
strain Adr, in bteit:ene when benient was introduced in the vapor phase*
Saturating leveli. of betwiene were toxic to P. pytd

Phjrtotpo~ig and Neteiklic Efferts. bentene has a nuotber of effects
on plants ranging f row changes in -growth. and metabol iso to death.

Cianlerl09 -investigated the phytotoxic effect of benzene vapors at
three conicentrations for 1/4 to 4 houm. on young barley plants. Toxic
response. (percent injury) increaed with length of exposure time and
centration. kn~zeno vapors caused 10ft~ injury 24 hours after treatment 4with 6.4 X lO0 M tantene for V2Z hour. Lower Concentration%, 2.2 x 10

and 3. x 10~i~, wth thesame Xposure time, produced only 26%ad 5
Injury, respectively. Plarts exposed to 6.4 x 10O4 for only 1/4 hour
Suffered 40% Injury. ftasureisnts of the plants 1-4 weeks followitig
exposure Indicate that soo* degree of recovery Is possible in the plants
exposed'to sublethal treattents. These results are presented ini table A-4.
Plackard it- aI 10 too found that at atoospheric: pressure,, beniene vapor or
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TABLE A-4. PERCENT INJURY TO BARLEY AS A FUNCTION OF BENZENE
VAPOR CONCENTRATION, LENGTH OF EXPOSURE AND TIME AFTER TREATMENT

Length of Exposure (hrs)
Time After Treatment 1/4 11/2 1 2 4

Benzene at 2.2 x 10-4 M/Liter of Air

24 hours - - - - -

I week 2 25 25 25 25
2 weeks 2 30 25 25 25
4 weeks 0 0 0 0 0

Benzene at 3.2 x 10-4 M/Liter of Air

24 hours 60 85 98 98 -
1 week 60 85 98 100 -
2 weeks 50 75 98 100 -
4 weeks 30 50 100 100 -

Benzene at 6.4 x 10-4 M/Liter of Air

24 hours 40 100 - -

1 week - 100 - -

2 weeks 40 100 - -

4 weeks 25 100 -

2
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S• spray at concentrations above 2% injures tobacco seedlings if the foliageis wet. Dry seedlings withstand concentrations greater than 3%. Currier 0 9* demonstrated the difference in susceptibility among species. Tomato 4barley and carrot plants were exposed to benzene vapors at 3.2 x 10 M.Carrots, like other Umbelliferae, were far less susceptibie to benzenethan were either of the other species at short exposure times. Forexample, carrots were not damaged by exposure to 3.2 x 10-4i benzene* vapors for 1/4 hour, although barley and tomato plants suffered 60 and80% injury, respectively. As exposure time increased, no significant!! difference was seen among species. All three plant species showed theability to recover from sublethal exposure.

Benzene can elicit in plants a positive, negative or neutral growthresponse, depending on the concentration and plant species. Currier 1 0 9treated tomato cuttings with 0, 1/100 saturated, 1/10 saturated andsaturated solutions of oenzene. Earlier and more vigorous rooting wasproduced in the 1/100 and 1/10 saturated solutions. The saturated solu-t:on killed the stem. Moore et al.111 and Meites 11 2 demonstrated the stimu-latory effect of benzene at ITw Eoncentrations to maize seedlings andwhite lupine, respectively. Meites'1 2 suggested that the mechanism forgrowth stimulation involves the breakdown of protein by benzene, causing* the release of tryptophan from which growth hormones, principally indoleacetic acid, are produced. Growth inhibition was induced in Triticum*• ' aestivum leaves by a 0.1-0.15% solution of benzene'' 3 while 1000 mg/7 ben-
zene do not inhibit growth of tomato seedlings.'' 4

Other effects of benzene involve interference with metabolism andcell division. Gavaudan et al.'' 3 found that a 0.2% benzene solution com-pletely inhibited chloropyi'-1synthesis in etiolated Triticum aestivumleaves exposed to light. Mitosis was stopped by a 0.1% solution."? Carpentier and Pacault 1 ls applied 0.005-0.1 M solution to young roots ofAllium cepa and ubserved complete mitoclasis, i.e. mitotic disruption,Sw-Te-MeitesI16 noticed an inhibition of mitosis in garlic rootlets treatedwith a nearly saturated aqueous benzene solution. Benzene also initiatesthe oxidation of glutathione by a lipoxidase enzyme in ungerminated peaseeds. Normally, oxidation occurs only in germinated seeds, but benzeneis believed to change the fatty acid substrate, thus making it moreaccessible to the enzyme. 1 17 Benzene increased the Vitamin B content inthe endosperm of treated brown rice1 1 8 and reduced a functional disorderin stored apples called scald. 11 9

Several researchers have proposed a possible mechanism for the phyto-toxic effects of benzene but, unfortunately, no recent work has been doneon the subject. The studies available recognize benzene as a good lipidsolvent. MeitesI 1 6 found that benzene acts as a delipidizing agent in ahistological study of the chondriones of root meristems. Pinckard et al.11opostulated that the toxic action of benzene involved the dissolutiow-oT-thelipid portion of the plasma membrane and, as a result, disturbance ofselective permeability. Currier,' 0 9 too, comes to this conclusion, but
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offers an interpsting explanation for the transport of benzene through
the hydrophilic cell wall and into the plasma membrane. Since benzene
is far more toxic when administered in solution with water than paraffin
oil, and far more soluble in oil than water, Currier explains the toxicity
of benzene or' the basis of partition coefficients. Benzene leaves the
administered aqueous solution, and becomes more easily dissolved in the
lipid-rich plasma membrane. Benzene applied in oil solutions, however,
is less likely to become dissolved in water in the cell wall, enters the
cell in lower concentrations, and hence is less toxic when administered
in this manner.

The gross signs of benzene poisoning include darkening of the leaf
tip, loss of turgor, and bleaching of chlorophyll in bright sunlight.' 0 9

Bioaccumulation. At high concentrations of benzene, quick killing of
plant tissue is a likely result with little or no translocation and/or
accumulation. At sublethal concentrations, and in a steady state condi-
tion, the fatty substances in the leaf (and probably other plant parts)
would have greater amounts of benzene than the aqueous phases. But, thertl
is no evidence to suggest that benzene is bioaccumulated In any quantity.

Translocation and Degradation. Benzene is apparently translocated
and degraded by plants. Durmishidze and Ugrekhelidze12 0 administered
radioactive benzene to the roots of tea, laurel, grape and corn plants.
They noticed that benzene was assimilated by the roots and decomposed
to radioactive CO2 in all parts of the plant, including the fruit.
Later, they conducted a similar study12 1 with tea plants but detected in
all parts of the plart radioactive intermediates such as fumaric acid,
succinic acid and malonic acid which are apparently formed directly from
muconic acid. The proposed sequence of benzane metabolism in plants is
as follows:

benzene -*.phenol - pyrocatechol b-o-benzoquinone --- muconic acid

Their later experiments with tea and grape leaf homogenates support this
* conclusion. 12 2 Tkhelidze 1 2 3 showed that grape berries metabolize radio-

active benzene and emit radioactive CO Apparently the berries contain
an enzyme system capable of breaking the benzene ring into aliphatic com-
pounds. Avocado fruit also have the ability to absorb benzene vapors

* and convert benzene to CO2 and other unidentified compounds. 124

Food Chain

There is no information on the transport or impact of benzene on the
food chain. No prediction can be made of the danger which benzene-ti contaminated plants pose t(, humans or herbivores. However, it is
unlikely that any substantial amount of bioaccumulation occurs. Fish,
and probably other aquatic organisms, absorb benzene from contaminated
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water and store it in muscle and liver tissue. There is no information
on benzene storage by mammals, but xylene, a close chemical relative of
benzene, can be stored in the meat of pigs. However, xylene is cleared
soon after dietary exposure is terminated. Meat or fish tainted with
even small amounts of benzene assumes an odor noxious to humans, and
probably other consumers. For this reason, the danger of exposure to
benzene through food seems limited.

EXISTING STANDARDS

The VIOSH recommended standard for a 40-hour workweek is 10 ppm
(32 mg/mr) as a ti~e-weighted average (TWA) with a ceiling concentration

*.• " of 25 ppm (80 mg/r ).20

.92
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APPENDIX B

TOLUENE

I. IVE NAMES

Toluol; methylbenzene; benzene, methyl; phenylmethane; methacide

PHYSICAL ANI) CHEMICAL PROPERTIES''2

&u.Zc Ph~y~sco-Chem~catt In~o'una~tion

CAS Reg. No. 108-88-3

Toxic Substances List: XS52500

Wiswesser Line Notation: 1R

Molecular formiula: C H8

Molecular weight: 92.13

Conversion factors (air, 200C): 1 ppm =3.77 mg inm 1 ma mn 0.265 ppm

Freezing point: -94.9910C

boiling point: 110.6230C

Density: 0.86231 g/ml at 25%C

Refractive index: n D 1.49413 at 250C

Vapor pressure:2  10910 P 6.95334 -L3393/(1.7 )

where P is vapor pressure in mm of mercury and t is
temperature in 0C. (Thus, the vapor pressure at
26.040C is 30 mm.)

Solubility in water: 0.0566 weight percent at 20.1*C.3 Other values
were close to this.1,4'5

So1lubility in organic solvents: Miscible in alcohols and ethers and
15 soluble in most organic solvents

Partition coefficient between vapor and water: 5.14 (20.06 C),3,5

where K p Conc. in llq./
Conc. in vapor.
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Partition coefficients between the aqueous phase and imm.iscible
organic solvent layers have been determined by a few investigators. 6 ,7
For example, 7 values of K (K1 = Conc. in organic phase/Conc. in aqueous
phase) are 490 for Octanol anA 708 for n-heptane. The odor threshold
for toluene is 2.14 ppm. 8

Sources of spectral data are given in Table b-I. Toluene is fairly
stable in atmospheric and very stable in aqueous and soil environments,
and is affected by other inorganic, organic and biochemicals only Wider
extreme conditions, or through enzymatic action.

TAULL 6-I, SOURCLS OF SPECTRAL DATA FOR TOLUENE

Reference
SType of Collection

Spectra Sources of Spectral Collections Number Ref

Infrared Aldrich Library of IR Spectra 15-500-4 27

Ultraviolet Sadtler Research Laboratories, Inc. SAD-155 8
3316 Spring Garden St., Philadelphia, PA

Nuclear Varian NMR Dita Collections VAR-157 29
Maonetic
Resonance Aldrich Library of NiR Data -- 30

Mass John Wiley & Sons, Inc., Wiley-189 28
605 3rd Ave., New York, NY

...i P(Lotochemiztr y

Alkylbenzenes are photoisonerized to valence isomers in low yields,
the particular products depending on the conditions. 9 Oxygen atoms
produced by the photolysis of ozone and nitrogen dioxide can react with
aromatic hydrocarbons. 0  Thus, toluene released to the atmosphere might
disappear by oxidation. 1 0
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Manufacture and U6 es

Toluene is produced industrially by fractionation of light oil of
coke oven gas, carburetted water gas, coal tar, and aromatic fractions
from petroleum cracking, and hydroforming. It is used largely as a
basic raw material in the manufacture of materials such as dyestuffs,
polymers, fibers, detergents, and synthetic chemicals. It is used also

* •as an antiknocking ingredient in motor fuels, and as a solvent in chemi-
cal processing, paints and varnishes, dry cleaning, degreasing, and
extraction. 1

UBochemZcal Pro peAti'ue4

The methyl group of toluene is readily oxidized by enzymes in mammals
to form benzoic acid, which is eliminated in the form of hippuric acid
in the urine.i1-1 3 Small amounts of benzyl alcohol are also formed, inter-
mediate to the formation of benzoic acid. however, the hydroxylation of
toluene to o- and p-cresol takes place only to 0.4-1.1% of the total.
Therefore, unlike benzene, only very small quantities of epoxides must
be formed by monooxygenases, i.e., on the way to forming cresols. The
mechanisms involved in such oxidations are sunriarized by Jerina et al. 1 4, 1 5

Toluene absorption can be estimated by monitoring the benzoic acid in
urine by GLC analysis."'

Toluene can also be oxidized to o- and p-cresols (through epoxides)
by the monooxygenases uf the fungus Cunningharella bainieri,1 6 and to
the dihydrodiols by the dioxygenases seudomonas sp., through the
formation of dioxy corpounds. 7

ANALYTICAL METHODS

Although spectrophotometry may be used for detection, identification
and estimation of toluene, the standard GLC method with hydrogen flame-
ionization detection can be used efficiently down to 15-25 ppb with pre-
calibrated equipment. Details of this method, using automatic, semi-
automatic or manual procedures, are available in many original articles
and reviews. 1 1, 1 8- 26  The estimation can be made either directly from
the air, water or fluid samples, or from samples of toluene preconcen-
trated by adsorption on activated charcoal contained in a tube. 2 2

MAMMAL IAN TOX I COLOGY

Toluene is the subject of a document published by NIOSH in 1973 and
entitled, "Criteria for a Recommended Standard for Occupational Exposure
to Toluene."1 1 The following paragraph appears in the introduction to
that document:
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: i"For many years, toxicity to the blood and blood forming organs has
been attributed to toluene, primarily because of the close structural

Y isimilarity which exists between toluene and benzene and the established
myelotoxicity of benzene. Toluene has been contaminated frequently with
benzene. Current scientific evidence obtained from human and animal
studies indicates that chemical alkylation of the benzene ring structure,
such as exists with toluene (methyl benzene), results in a loss of the
myelotoxic activity. Benzene appears to be unique among the monocyclic
aromatic hydrocarbons in its myelotoxic properties; therefore, the major
problem of toluene toxicity concerns its narcotic effects on workers by
causing symptoms and signs such as muscular weakness, incoordination,
and mental confusion which may pose a risk to both the worker and others."

Current production methods result in a relatively pure product
(98-100%) and impurities, other than benzene, that may be present appear
to contribute very little to the toxicity of toluene. because of the
presence of benzene in commercial grades of toluene in earlier years,
the toxicology published prior to 1961 is not reliable. Even more
recent publications may be suspect unless the purity of the toluene used
has been specified and the amount of benzene present was less than 0.1%.

Hwnan ExpozuWa

because of the above history, accounts of human exposure in the
* ,workplace are, for the most part, suspect. The most reliable data

have been developed from laboratory experimental exposures on a small
number of subjects. At 200 ppm in the air for 7-8 hours, transitory

I •mild throat and eye irritation and slight exhilaration were noted. These
signs and symptons become more exaggerated until at 800 ppm metallic
taste, transitory headaches, extrem.e lassitude, dim vision, verbosity,
inebriation and slight nausea were reported. 1 1

Repeated dermal exposure to toluene results in skin damage charac-
terized by cracking and dermatitis. These changes are thought to be
the consequence of a loss of lipid components of the skin through the
solvent properties af toluene. Also, toluene is absorbed slowly through
the skin as dc'ermined in experiments on human subjects. The amount of
undiluted toluene absoried varied from 14 to 23 mg/cm /hour. Pbsorption
from aqueous solutions is slower. Toluene vapor in concentrations above
200 ppm and direct splashes of toluene in the eye has resulted in slight
to severe eye irritation with subsequent complete recovery. 11

Habituation to toluene has been seen in a few instances in painters
and "glue sniffers." Such individuals absorb considerable amounts of
toluene, even up to the point of unconsciousness. In most cases such
exposure resulted in no pathological changes. 11 However, one case, in
which renal and liver damage, as revealed by serum creatinine, blood
urea (renal function), alkaline phosphatase, and serum bilirubin (liver
function), has been reported recently. 31
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Of the toluene that is systemically absorbed, about 20% is excreted
in the breath and the remainder is mostly converted to benzoic acid and
excreted via the urine as hippuric acid. Humans and other animals appear
to metabolize toluene similarly. In the rat, small quantities of three
additional metabolites have been reported: benzyl alcohol, o-cresol,
and p-cresol. 12  It appears that other species qualitatively metabolize

*• toluene in the same fashion, although data are lacking for the cresols
and benzyl alcohol. 1 1 These same netabolites probably occur in the urine
of humans, but it might be difficult to determine that toluene was the
precursor.

Experimental An.nnatL

The most recent available oral LD50 for toluene in male rats
(150-200 g) is 5.58 g/kg. 32 Other LD50 values for non-fasted, Sprague-Dawley
rats reported since 1970 are: 14-day-old mixed sex, 3.0 ml/kg; young
male adults (80-160 g), 6.4 ml/kg; and mature male adults (300-470 9),
7.4 ml/kg. Converting these to weight figures the values are 2.6, 5.54.
and 6.41 g/kg, respectively. 3 3

In a study to determine the effect of differences in protein in the
diet on the toxicity of toluene, toluene dissolved in oil was injected
subcutaneously into rats every other day for 24 weeks, at the rate of
1 1 mI/kg. Serti-synthetic diets, normal protein diets and half-normal
proteiin diets were fed to the animals. On the normal diet, the only
groups to be considered here, body weight gain, heratocrit, and hemo-
globin were not markedly reduced over the experimental period.34 While
the study was reported in 1968, the purity of the toluene was not stated.

Little attention has been paid to the potential carcinogenic, muta-
genic, or teratogenic action of toluene, at least using toluene of known
purity. However, from experiments that have been conducted using pure
toluene, from human experience, and from knowledge of the metabolic end
products of toluene, it can reasonably be expected that toluene in low
repeated doses would have no such potential.

ENVIRONMENTAL CONSIDERATIONS

Lehavio4 Zin Soii and Watem

Transport. Very little information is available on the transport of
tolu-- inthe soil. However, it is known that toluene can be degraded
by microbes. 35 Toluene's adsorptive properties on clays and other soil
particles are not known. U;ased on the data available, if toluene were
present in low concentrations, it would be expected to volatilize or be
degraded within a short period of time. The transport of high concen-
trations of toluene in the soil is impossible to predict without further
information.
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Mainmals. Young dogs have been treated orally with a combination of
toluene (600 mg) and dichlorophen (500 mg) for ti e treatment of the
larvae and adults of Ancylostorna caninun.36 No report of adverse effects
to the puppies was made, but this treatment did eliminate the worms.

birds. No information available.

Fish. The acute toxicity of toluene to fishes is summarized in
Table B-2.

These data show toluene to be moderately toxic. The 96-hour LC o
from acute bioassays ranged from 22.80 ppm for the goldfish, Carassius
auratus, 3 9 to 59.30 mg/l for the guppy, Lebistes reticulatus.Tri-ckering
and Henderson 37 also showed that hardness had little effect on the toxicity
of toluene to fathead minnows, Pinephales promelas, and that most of the
toxicity occurred within the first 24 hours. 6rennian et al.,39 however,
showed the toxicity to progressively increase (LC 's decriase) with time
(Table b-2). Pickering and henderson's values aP Higher, apparently
because they used static bioassays instead of flow-through bioassays.
SMost of the original toluene was probably lost by evaporation during the
first 24 hours, Brennian's 96-hour LC s were lower than those of
Pickering and Henderson, again probably as a result of differences in
test methods. The values reported by Wallen et al.,38 are two orders ofmagnitude greater than all other reported. ThT'fs-ifference in magnitude
of LC5 0 values was not explained.

The only long-term study of the toxicity of toluene was also con-
Sducted by Urennian et al. 3 9 They determined the 720-hour (30 days)

LCr for goldfish t-b-14.58 ppai with 95% confidence limits of 10.73
toT9.96. This is significantly less than their 96-hour LCSO of 22.30 ppm.

Urown et a).,'40 has identified toluene as one of numerous compoundsx present in the-'-ox River, Wisconsin, which appeared to be associated with
a higher incidence of tumors in fishes than those from a reference area in
Canada (4.381 vs. 1.03%). Concentrations of toluene were not given,.

Funasaka et 0.al., showed that fishes living in a river with high
hydrocarbon concentrations had an offensive odor. In fish with offen-
sive odor the concentrations of toluene, benzene, and xylene in the
muscle were 0.25, 0.23, and 0.02 ppm, respectively. These values trughly
corresponded to relative levels of these conpounds found in the river.
Ogata and Miyake 2 showed that eels kept in an industrial water from a
petroleum plant for a week at 5*C, and after being boiled, gave off a
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bad odor. They conf! ned the presence of benzene, toluene, and in-, o-,
and p-xylene in muscle and liver of the eels. They also identified
toluene to be responsible for imparting the odor to the fish. They
concluded that toluene dissolved in seawater is ab.~orbed by eels directly
and infiltrates into the muscle perhaps through bl~od from the branchia,
and it cannot be removed by boiling or cooking. In additional experi-
ments they mixed solutions of benzene, toluene, in-, or p-xylene and
p-xylene each in equal concentrations with seawater containing eels once
a day for 5 days. The eels muscle and liver contained p-xylene, o-xylene,
toluene, and benzene in a decreasing order of quantity. The seawater
contained about the same concentration of benzene, toluene, and xylene,
and the ratio of concentration (ug/g wet weight) of muscle to that (ppm)
of seawater is of the order of o-xylene (1.9) > rn-xylene (1.6) > toluene
(0.8) > benzene (0.2) (Table B-3). This suggests that these compounds do
not significantly bioaccumulate; however, low tissue levels of toluene do
cause fish fles! tainting.A ~ TAi6LE U-3. MEAN COUCENTRATION OF BENZENE, TOLUENE* AN!) XYLENE ISOMERS

IN MUJSCLES AND! LIVERS OF EELS KEPT IN WATER CONTAINING
ADDED AROMATIC HYDROCARBONS (wg/9 body weight)42

uenzene Toluene *-Xylene m-Xylene p-Xylene

Muscle 4.7 12.4 25.1 21.7 30.1

Liver 1.5 4.8 6.1 5.2 26.6

Reptiles. No infonnation available.

_~shibiaws No infom~ation available.

Invertebraltes. Mctylos ona ganinun, hookworvm, eas eliminated in
experimentally in ectea puppies Uy tirteabt with a contbination of

tluene and dichiorophen.3 ~An oral dose of 600 mg toluene and $00*img
didilorophen was 98% effective against fourth-stage larvae and irumtUr
worm~s in the experinvntall y infected puppies. Toluene is also used as
an anthelointic for cats.)'1 Vincent' showed that, very low concentrations
of toluene irdt.ce ft~thimic contractions of leech muscle.

To Iue~ne Is toxic to insects. Foore's reported that-5-10 mg was
toxic to hoi~se flies, husca eamestic,.a wheni the insects were exposed
in ]-liter flasks for periods ranging from 256 to 600 minutes. Toluenie
produced 100% mortality in 3-day-old house flips when applied to the
venter of tne abdomen at 0.0004 and 0.001 MI/ff 1y.6  Toluene is converted
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to benzoic acid when incubated with house fly abdomens or the fat bodies
of locusts, Schistocerca gregaria. 4 7 Toluene vapors are toxic to the
grain weevil, Calandra granaria, With an LD (actually an LC 0 ) of
96 mg/liter reported by Ferguson and Plrie. 4 Toluene prevents or
terminates egg diapause in the grasshopper, fjelanoplus differentialis.49

Microorganisms. Little information was retrieved concerning the
toxicity of toluene towards microorganisms. Barash 5 ° noticed that 20 mg/I
toluene produced a temporary increase in the rate of CH4 evolution of
sewage sludge deposits, and considered it a safe level. A sharp reduc-
tion in the rate of CH4 fermentation was observed following the addition
of 200 mg/i toluene. Saturating levels of toluene are toxic to Pseudomonas
p.uti, strain Ab, but rapid growth on toluene was observed when toluene
was introduced in the vapor phase. 5' Young and Mitchell 5 2 reported that
certain motile marine bacteria exhibit negative chemotaxis toward toluene

•. I concentrations greater than 0.1% (as coh'pared to 0.2% for benzene). A
0.6% level has been shown to completely inhibit the normal chemotactic
response of motile marine bacteria. 53

Bacterial attack on toluene proceeds in a fashion similar to attack
on benzene. Toluene is hydroxylated prior to ring cleavage,.s Toluene
is converted by this mechanism to 3-methyl catechol. Methyl substituents
may also be affected by bacterial action, but may remain intact during
hydroxylation. 5" After hydroyylation the methyl groups may be oxidized
to carboxylic acid groups. Carboxyls may be removed prior to ring
cleavage, but may remain intact on the ring.

".0,• Phytotoxic atd ,tabolic Effects. Toluene has been shown to have
several effects on plants, depending on the concentration. At low
levels, toluene stimulates growth and interferes with the functioning
of certain enzyoe system, while at higher concentrations it can kill
the plant.

the toxic effects of toluene on plants have been studied by Currieross
who exposed young barley plants to three concentrations of toluene vapor
for different lengths of time. This stwdy showed that cncreasing the
concentration of vapors from 0.69 x 10 H to 4.9 x 10 N4 in air pro-
duced an increase in the percent injury to the barley plants. With
plants exposed to low concentrations, doubling the exposure time also
greatly increased the percent injury. Measurements taken from 1 to 4
weeks following the exposure showed that, to some extent, recovery of the
plants oas possible after exposure to any of the concentrations for short
periods of time. Table B-4 summarizes the results.
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TABLE B-4. PERCENT INJURY TO BARLEY AS A FUNCTION OF TOLUENE VAPOR
CONCE11TRATIUR, LENGTH OF EXPOSURE AND TIME AFTER TREATMENT 55

Length of Exposure (hrs)
Time after Treatment T/8 1/4 1/2 1 2

Toluene at 0.69 x 10"4 M/Liter of Air

24 hours - 2 50 40 50
I week -2 25 25 25
2 weeks - 0 25 25 254 weeks - 0 25 15 15

Toluene at 1.3 x 10-4 M/Liter of AirLi24 hours 0 C9810
?"4 r, 9- 9870 810 100
"I week 50 75 98 100
2 weeks so0 600 1 0
4 weeks - 60 50 98 100

•.::Toluene at 4.9 x 10-4 .:/Liter of.Air

•: 2• 4 nours 95 98 !03
•:: [I week us 99 100 -

2 weeks 7C 1 Of 100-
:- -4 weeks 0 100 100--

In tests using thnre plant soecies, Currierss observed that carrot
plants were far less susceptible to toluene vapors at the save exposure
tifes than were tomato or barley plants. Carrot plants suffered no
injury after exposure to 1.3 x 10 ;" toluene for 1/4 hour (Table B-S),
while the sane treataenlt produced 85, injury in tomato plants (Table B-5)
and 709 injury in barley (Table b-4). Little species difference in toxic
response was noticed at longer exposure times, and all species had the
ability to partially recover from sublethal doses, Currier believes that

, resistence to pure aromatic hydrocarbons is a characteristic of mianymembers of the Umbelliferae, including carrot, parsnip, celery, dilland parsley.
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TABLE B-5. PERCENT INJURY TO TOMATO AND CARROT PLANTS AS A FUNCTION
OF TIME AFTER TREATMENT AND LENGTH OF EXPOSURE TO TOLUENE VAPORS

AT 1.3 x 10- •i/LITER OF AIR 55

Length of Exposure (hrs)
Time after Treatment 1/4 1/2 1 2

Tomato

24 hours 85 95 98 100
1 week 75 85 90 100
2 weeks 60 75 85 100
4 weeks 50 6W 7b 100

S/-Carrot

24 hours 0 2 90 98
I week 0 so 83 95
2 weeks 0 63 .75 90
4 weeks 0 50 75 75

Signs of toxicity include a darkening of the tips of leaves, loss
of turgor, and bleaching of chlorophyll in bright .tunlight.-s Damage
to the plasma membrane is a toxic action of toluene. Hiwa et al.,,s
for example, noticed that toluene vapors damaged the smipe-•limlity
of the protoplasma of sweet potatoes, causing a hardened outer covering.
Pringsheins' also noticed that toluene affected the intake of water by
Sseeds of t nus, Z and Pisu•. Toluene appears to enter the plant
readily, probably throug:5 tiWe stomata and cuticlie. Absorption appears
to depend on such factors as the lipid make-up of the cuticle and plasma
..eobraoe, surface tension anid rate of vaporization.ss

Although the toxic wftctanism of toluene is not fully understood,
several researchers have proposed a possible mchanism for the toxicity
of . • close chwescal relative of toluene, based on its ability
to di.•isolve lipids. mei~i.s, for axvaPle, found that benzene acts as
a delipidizing agent in a histologic&l Stu4" 9' the chondriomes of root
-moristems. Pinkard et 41., 5 9 postulated that the toxic attA.,n of benzene
involved the dissolu-Ton of the lipid portion of the plasswa tvorane and,

k. •as a result, disturbance of selective perwability. Currier," too,
comes to this conclusion, but offers an interesting explanation for the
transport of benzene through the hydrophilic cell wall and into the plasma

membrane. Since benzene is far more toxic when administered in aqueous
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solution than in paraffin oil, and far more soluble in oil t'r
Currier explains the toxicity of benzene on the basis of part'l
coefficients. Benzene leaves the administered aqueous solution ,nd
becomes more easily dissolved in the lipid-rich plasma membrane. Ben-
zene applied in oil solutions, however, is less likely to become dis-
solved in water in the cell wall, enters the cell in lower concentrations,
and hence is less toxic when administered in this manner. Toluene toxicity
probably has a mechanism similar to that of benzene.

Currierss noticed that low concentrations of toluene can enhance
growth. Tomato cuttings were placed in hoagland's solution with 0, 1/100
saturated, 1/10 saturated, and saturated amounts of toluene. Rooting was
more extensive and produced earlier in cuttings in 1/10 and 1/1 00 satu-
rated solutions. Saturated solutions of toluene not only inhibited root
formiation, but killed the stem.

k Another effect of toluene is the initiation of the oxidation of
glutathione by a lipoxidase enzyme in ungervinated pea seeds. This is
thought to be due to a change in the fatty acid substrate induced by
toluene, thus making it wore accessible to the enzyme. 11ortially, oxida-
tion of glutath-ione occurs oaly in germinated seees.b0

Bioaccwuiulation. *At high concentrations of tolue~ne quick killing of
planit~e sis a, ik-Vy result$ with little or no translocation and/or
accumulation. At sublethal concentrations and in a steady state condi-
tion the fatty substances in the lOeaf(nd probably other plant parts)
would have Sreater amounts of hydrocarl;on tban the 4quouus phase. B~ut,
there is no evi'lence to suggest that toluene Is bicaccuniulated in any
quantity.

Deqradton Crrerosi in 1951,1, reported that toluene was not
metabolized& higher plants. More recently. however, Tkhelidze~l
found that C-toluene was tetabolized in grape berries during germina-
tion,, grth, and matu ration. An enzyme system it apparently responsible.
for de~irading the benzene ring and transfonning aromatic to aliphatic
covounds.61 Janqen and Olson~z observed the metabolism of toluene to 0
in avocado fruit.

Food ChaiLn

The dearth of inforination available on toluene's ievact on the
environment mak~es predictions of its effects on the food chain diffi-
cult. HIo prediction can be m'ade of the danger which toluene-. )ntaminated
plants pose to humans or herbivores. Fish apparently can store certain
asounts of toluene In muscle and liver tissue; the corpound is not
removed by cookingA.4", Thie noxious odor of toluerno-contamioated fish
would lim~it human and possibly piscivore exposure to toluene through
food and possibly protect the fish from predation.



'34. EXISTING STANDARDS

NIOSH has recommended that the time-weighted average (TWA) exgosure
to tol uene for a 40-hour workweek be limited to 100 ppm (377 mg/mr).
The maximum exposure concentration to prevent Ihe narcotic effects of
toluene should be limited to 200 ppm (754 m/i/m ). The odor threshold
is reported by NIOSH to be 40 ppm (150 mg/m ).63
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APPENDIX C

XYLENES

ALTERNATIVL NAMES

The three xylene isomers:

o. -Xylene; o-xylol; 1,2-diniethylbenzene; benzene, I. -dimethyl

2. m-Xylene; rn-xylol; 1 ,3-dimethylbenzene; benzene, 1 .3-diniethyl

3. p-Xylene; p-xylol; 1,4-dimethylbenzene; benzene, 1,4-dimetthyl

PHYSICAL AND CHEMICAL PROPERTIES!.2

o-Xylene m-!ylene j,-Xylene

CAS Reg. o.00095476 000108383 000106423

Toxic Substances List: Z[24500Z225 ZE26250

Wiswesser Line Notation: 1RB IRC IRO

Mo~cu~r frmua: 6I4(CH13)2 C6 4(CH3)2  16114 (CH).

Molecular weight: 106.16 106.16 106.16

Freezing point.- -25.182*C -47.872PC 13.263%C
JO

b~oiling point: 144.411'C 139.103*C 138.3510C

Density: (204C) 0.8802 0.8642 0.8610

Refractive index: n1.50545 1,49722 1.49582

Vapor pressure:1  log P *A - b/(C + t) where P is vapor pressure
in Uof meorcury and t' is temiperature in *C.
For o-Xylene. A -7.00289; 8 a1477.519, C -214.024;
For m-Xylene, A - .00669# B 1460.498, C -214.889,
For p-Xylene, A -6.99099j, 8 - 1453.840, C il215.367

Conversion factors (air, 250C): 1 ppni 4.34 mug m"; m 0.230 pgpm

61



Structural formula:

0 0

CH3

o-Xylene m-Xylene p-Xylene

Solubility in water: 3 o-Xylene 0.0228 g/l00 ml water at 220C

m-Xylene = 0.0187 g/l00 ml water at 220C

-1ee w 0.0191 g/100 ml water at 22%

Sources of spectral data are given in Table C-].

Xylenes are miscible with ether.; and alcohols in all proportions
and are soluble in many other organ'c solvents. 2

The partition coefficients for the xylenes for octanol/water and
n-heptane/water have yen listed by Leo Hansch and Elkins.e They lie
in the vicinity of 10

Xylenes are not very susceptible to reaction with environmental
chemicals in the absence of drastic conditions or enzjmes.

Alkylbenzenes are photoisoonrized to valence isomers in low yields,
the particular products depending on the conditions.- Oxygen atoms
produced by the photolysis of ozone and nitrogen dioxide can react
with aromatic hydrocarbons. 10 Thus, xylenes released to the atmosphere

- might disappear by oxidation. 10

Mwiulac.t~aa mid U~e4 o6 Xijtenc

The sources of xylene are light oil from coke oven gas -.r coal tar,
and petroleum naphtha from either selected prime cuts or catalytically
formed distillates. The proportion of the ot.o, me.ta, and puR
Isomers in mixed xylenes, which are the normal corvrcial prodcts,
vary with the production source. The proportions are approximately
01 -25 o~otw, 45-70% m;a and 6-151 j.vAa. Impurities include

toluene, trimethylbenzene, phenol, thiophene, pyridine, and non-aromatic
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hydrocarbons.11 The separation can be carried out by fractional crystalli-
¾ zation of po-xylene at -3.9"C and fractional distillation of m-xylene,

leaving o-xylene in the still. The xylenes are used for making phthalic
anhydride, isophthalic acid, and terephthalic acid for the paint and
fiber industries, and for making xylidenes as antiknocking ingredients
for motor fuels. Either cormnrcial or other blends of xylenes are used
as industrial, cleaning, degreasing, processing, extracting,, or thinning
solvents.2

&ocherica2 Pwtpetta.&

The xylenes are generally susceptible to metabolic oxidation on one
of the m~ethyl substituents, after which they form corresponding hippuric
acids, and are eliminated through the urinary tract. However, very small
percentages are known to undergo epoxidation by monooxygenases isolated
f roP: niamo I i an livers, subsequent transformation to dihydrodiols. and
finally conversion to xylenols. 11.1 The microbiological oxidation of
p. and m-xyleres by Pseudomonas Putida 35/0 (by dioxy enases) is known
to occur, with consequent ormation ofci s-dihydrodio s. The stereo-

Kchemiistry of this transforotation is discussed by Gibson et al.1  mta

Teoxidation oftemethyl susiun nxylenes, (Pam andmt
is also caused by Pseudononas Pxy and Pseudomonas Pxy-40. m-Xylene is
transformed to m-tOrlua~ydef7I, and v-xylene, to- p-tolualdehyde. But
3-methylcatectiol and 3-methylsalicy~ic acid are produced by the action
of Pseudoffpnas Pxy-82 on mn-xylene. The pathways of these transformations
are dicusedby Gibson et al11

The above information on Weatolism (and the effect of microbial
enzymes) conflrmm the fact that the formation of the reactivia opoxido
takes place to a very small exteot only; the major reaction is thp
oxidation of. the methyl side chain through normal modes of oxidation
and d&hydrogenation.

ANAL YT ICA.L !IT 110

Xylenes can be detected#, idenified and estimated by spectral
methods, but the small quantities that generally occur In the enviroa-
went would usually be nea o ed by (WC with hydrogen flame ionization
detection,, either directly or as ptvconcentrated samples. Excellent
orig~inal articles and reviews-are availl;,ble in the literature.16-27

I[A TX SOGY

Xylene is the subjoct of a review document published in 1975 by
KIOSII entitled *Criteria for a Recoumended Standard for Occupational
Exposure to Xylene2'"L& The follwing paragraph has been excerpted
from its introduction:

"I'l. ... ... .. ....



"For many years, myelotoxicity (toxicity to the blood and
blood-forming organs) has been attributed to xylene, primarily because
"of the close structural similarity which exists between xylene and
benzene and the established effects of benzene on the blood and
blood-forming organs. Xylene has been contaminated frequently with
benzene. Current scientific evidence obtained from human and animal
studies indicates that alkylation of the benzene ring, such as exists
with xylene (dimethylbenzene), results in a loss of these blood e.fects.

p'l Benzene appears to be unique among the monocyclic aromatic hydrocarbons
in these myelotoxic properties. Therefore, the major problem of xylene
toxicity concerns its narcotic effects on workers, causing symptoms
and signs such as muscular weakness, incorrdination, and mental con-
fusion which may pose a risk to both the worker and others."

Human Expoauk"4

Since earlier experimental work and accidental exposures were with
a solvent of unknown composition, any signs and symptoms attributed to
xylene may have been substantially incorrect. However, in a study
published in 1975,28 xylene, of the composition shown in Table C-2,
was tested on volunteers for 15 minute exposure period.. Observations
made are shown in 3abie C-3 and indicate an odor threshold of the order
of I ppm (4.5 mg/m ) in air. Xylene used as a vehicle for paint appar-
ently was responsible for the death of one pointer and the anesthesia,
for durations of 15 and 18 hours, respectively, of two painters, as a
result of these individuals working in a confined space where the xylene
concentration was estimated to be about 10,000 ppm. The two survivors
showed an elevated blood urea and reduced creatinine clearance in one
and elevated serum transaoiinase in both, with ultimate recovery to
normal. 29

Xylene is irritating to the skin and mucous r,*vbranes in human-, and
when applied to the skin produces a curious dilitttion of the super-
ficial blood vessels under the skin which persists for several mtnutes. 1 ', 30

The isomers of xylene are converted by humans to the corresponding
toluic (nethylbenzolc) acid, which is then conjugated with glycine in
the case of the Weat4 and pCA4 isomers and excreted in the urine. The
.oAVI isomer is also oxidized to the corresponding toluic acid but
probably is conjugated differently before excretion in the urine, if
one can extrapolate from experiments in anmals.-1 •31  It has been sug
gested that the excretion of methylhlppuric acid in the urine could be
used to vonitor *xposure to xylene.31
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TABLE C-2. COMPOSITION OF MIXED XYLENES TESTED
ON HUMA• VOLUNTEERS

Components Volume Percentb

Non-aromatics 0.07

Toluene 0.14

Ethylbenzene 19.27

o-Xylene 7.63

m-Xylene 65.01

p-Xylene 7.84

Higher aromatics 0.04

Total 100.00

a. Note the absence o- benzene,
b. Determined by gas chroautography.

4
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TABLE C-3. ODOR DETECTION AND SENSORY THRESHOLD FOR MIXED XYLENES
TESTED ON HUMAN SUBJECTS 28

Odor Threshold

Metered concentration, mg/liter 0.0 0.001 0.01 0.1

* Corrected concentration, mg/liter 0.0 0.0006 O.0C6 0.06

Corrected concentration, ppm 0,0 0.14 1.4 14

No. of positive responses in two 0 0 9 12
trials contined (6 volunteers.
per trial; 12 total)

Conclusion: The odor threshold lies between 0.0006 and 0.006 mg/liter
with the most probable concentration being 0.0045 mg/liter•;• or 1.0 ppm

Sensor Thmeshol ds

Measured concentration, mg/liter O.46 1.0 2.0 3.0

measured concentration, ppi 110 230 460 690

Exposure order 2nd 1st 3rd 4th

* Number of volunteers 6 7 6 6

Number detecting odor 6 7 6 6

,tiuuter olfactory fatigue 3 3 3 0

Nua•er throat irritation 1 0 1 2
Nut~er eyeirtto 0 144

?*&ler with tears 0 1 1

Nunber reporting dizziness 0 1 1 4

Nuaber tasting msoething" 1 0 3

4qnsory. Thmsholds

tNuber with effects 1 hr after 1 0 0 0
exposure

Conclusion: A concentration of 0.46 jg/liter (110 ppm) should not be
objectionable to most people
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Expe~me~ntat An~maZ6

Figures shown in Table C-4 have been assembled from the Registry
of Toxic Effects of Chemical Substances.32

TABLE C-4. ACUTE TOXICITY OF XYLENES TO THE RAT

LD5 (mg/kg)

Route Mixed Xylenes' o-Xylene ;--Xylehe P-Gyln

oral .4,30.0 5,00O0 5,000 5,000

Intraperi toneal 2,000 1,500 21000 2,000

Subcutaneous - 2,500 500O00 5,000

These figures indicate little difference in the toxicity of the
individual isomers of x'iene or of ~ixue fiome rs wthheec-
tion of the parenteral routes for o-xylene. By these routes o-xylene
appears slightly uore toxic.

The one modem~ study available using mixed xyfenes of known comiposi-
I tion28 utilized a dosage schedule ol' 6 hours per day* 5 days per week, for

13 wee~s by inhalation. The measured exposure levels were 3.5, 2.0, 0. 77.
anJ 0.0 m.sg/littr of air for both rats and dogs. Nlo lesions that could be
ascribed with certainty to the xyl~ene exoosure were -.een at 3 and 7 week
interim sacrifices or at thpi 13 week termsination. varaevters in the rats
consisted of red cell counts, white cell counts, hematocrit, hemoglbin
and differential 'white cell counts as well as blood chemistry detemuina-
tionts for blood urea nitrogen, glut*amic oxaloatcetic and pyruvic trans-
aminases and alkaline phosphdtase, The saws piswtwters plus blood glucose
and bilirubin were followe-d in the-dogs.

Scattered reports of possible teratogenic -or. nmtagenic activity may
be founid in abstrar~ts of the Eastern European literature. However, since

SIthe purity of the xylene is not. described, these observations are of
limited value.

In laboratory animals, as in humans, about 25% of an absorbed dose
is excreted unchanged via the lungs. with the remainder metabolized to
the corresponding toluic acids which are then conJugated, mostly with
glycneand excreted in the urine." t Small amowts of dimethylphenols



from the corresponding xylenes have been found in the urine of rats.
p-Xylene gives rise to 2,5-dimethylphenol; m-xylene to 2,4-dimethyiphenol;
and o-xylene to 3,4-dimethylphenol, 2,3-dimethylphenol, and 2-methylbenzyl
alcohol.3 3 The two dimethyl phenols from the o-xylene are compatible with
an arene oxide intermediate which would also explain why the o'tho
isomer is somewhat more toxic than the mejta and para.

ENVIRONMENTAL CONSIDERATIONS

hehavioA in Soil and Water

Transport. Very little information is available concerning the
transport of xylene in the soil, but some predictions can be made based
on the sparse information present. Xylene can be microbially degraded. 34

It is probable that low concentrations of xylene are degraded or vola-
tilize within a short period of time. The pathway for high concentrations
of xylene in the soil is impossible to forecast without further information.

Animats

Manmals. Pigs were fed for 55 days on a basal diet which included
fish meal containing 0.17% and 1.17,% xylene. Xylene had no effect on
weight gain, but it depressed the normal increase in the albumin -
globulin ratio. Meat from the pigs fed the diet containing 1.17% xylene
was unsuitable for human consumption, presumably because of odor, when
the pigs were slaughtered shortly after feeding. When the pigs were
removed from the xylene treatment for 2 days, and then slaughtered, the
meat was satisfactory. 3 5

Birds. Jellinek (cited in 36) exposed chick embryos to an unstated
concentration of xylene vapor for 60 to 240 minutes. As the length of
exposure increased, so did the incidence of malformation and mortality.

Fish. The acute toxicity of xylene to fishes is summarized in
Table C-5. These data show xylene to be moderately toxic. The 96-hour
LC50 ranged from 16.94 ppm in flow-through tests for the goldfish,
Carassius auratus, 3 7 to 36.81 mg/l in static tests. 38  Values for other
species were intermediate. Pickering and Henderson 38 also showed that
hardness had little effect on the toxicity of xylene to fathead minnows,
Pimephales promelas, and that all of the toxic effects were observed
within the first 25 hours. Brennian et al.,,3 7 however, showed the
toxicity to progressively increase (LU550"'s decrease) with time.

Since Pickering and Henderson 30 used static bioassay, most of the
xylene was probably lost due to evaporation within the first 24 hours.
This is reflected in comparisons of the 24-, 48-, and 96-hour LC• 0
determined by Pickering and Henderson 3 8 and those determined by Brennian
et al. 37
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Funasaka et al. 39 showed that fishes living in a river with high
hydrocarbon concentrations had an offensive odor. In fish with
offensive odor the concentrations of toluene, benzene, and xylene
in the muscle were 0.25, 0.23, and 0.02 ppm, respectively. The values
roughly corresponded to relative levels of the compounds found in the
river. They were unable to determine what compounds caused the odor.
Folmar 4 ° conducted avoidance studies on rainbow trout fry (Salmo
gairdnari) with xylene. He found that the fry were significantly
attracted to 0.01 mg/l and avoided 0.1 mg/l xylene. Although the
avoidance occurs at a non-toxic level, this could have a significant
impact on the trout by influencing their selection of habitat. For
additional information see Appendix B on Toluene.

Reptiles. No information available.

Amphibians. No information available.

Invertebrates. Stover 41 reports that Dowfume H-940 (74% xylene and
26% by weight of bromomethane) appears to act as a nematicide as well
as a fungicide.

Xylene is toxic to insects. Moore 42 reported that 5-10 mg was lethal
* )to house flies, Musca domestica, when the insects were exposed in 1-liter

flasks for periods ranging from 95 to 911 minutes. Xylene produced
100% mortality when applied to the venter of the abdomen of 3-day-old
house flies (0.002 ml/fly). 4 3 Xylene is also toxic to the American cock-
roach, Periplaneta americana, in studies reported by Munson and Yeager.•4
Although these authors did not report the toxic dose for xylene, they
stated that the lethal time at the most effective dose was 0.12 that of

a' DDT used as a standard. Xylene vapors are toxic to the grain weevil,
Calandra granaria, with LD5n (actually LC50 ) of 31 mg/liter (o-xylene)
and 48 mg/liter (p-xylene) reported by Ferguson and Pirie. 45  Xylene
has also been reported to prevent or terminate diapause in eggs of the
grasshopper, Melanoplus differantial is.46

Microorganisms. Xylene is toxic to some microorganisms. In con-
centrations of 500-1000 ppm, xyiene eliminated root rot, Phymatotrichum
orinivorum, on plants, but it also eliminated the host plant.4 7

Xylenes are often microbiologically hydroxylated to xylenols as
a preliminary step towards ring cleavage. 48  Hydroxylation, as with
benzene and toluene, is followed by ring cleavage utilizing molecular
oxygen. The methyl substituents of xylene may or may ;ict be oxidized
prior to ring cleavage.

The potential effects of anaerobic conditions and/or high concentra-
tions of toluene or xylene on microorganisms are essentially the same as
discussed for benzene. Gibson4 9 reports that Nocardia spp. are able to
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utilize xylene as a food source when it is introduced as a vapor. How-
ever, saturating levels of xylene are toxic.

PZants

Phytotoxic and Metabolic Effects. The phytotoxicity of xylene
appears to depend on the type of application, plant part treated, and
plant species. Xylene was applied by spray to alfalfa, tomatoes, dwarf
corn, squash, potatoes and beans at concentrations of 370, 740 and
1480 ppm by volume. This experiment was conducted to determine the
safety of using xylene-contaminated water, from aquatic weed control

c programs, for irrigation. Neither visible injury to the crops nor
reduced crop yield or growth rate was produced. 5  Klostermeyer and
Skotland, 51 however, report that xylene in unmentioned concentrations
is toxic to hops and remains phytotoxic up to 3 years in light sandy
soil. Chinaberry, maple and elm sustained severe injury when their roots
were treated with 500-1000 ppm xylene for the control of root rot,
Phymatotrichum omnivorum. 47

Curriers2 measured the percent injury in young barley plants exposed
to xylene vapors. By using three concentrations, and exposure times
"from 1/8 to 4 hours, Currier showed that percent injury increased with
increased concentration and increased exposurV time (Table C-6). There
was no damage tj plants exposed to 0.20 x 10- M xylene for 1 hour,
while 2.4 x 10 M for the same time period produced 100% injury. All
plants, except those exposed to lethal treatments, recovered at least
partially after 1-4 weeks. In an experiment to determine the compara-
tive susceptibility of three plant species to xylene vapors, Currier 52

found that carrot plan s were injured far less than tomato or barley
plants. At 0.46 x 10 M xylene for 1 hour, for example, barley plants
suffered 95% injury after 24 hours, while tomatoes showed 85% injury
and carrots 2% injury after the same period. All plant species were
able to recover to some extent following sublethal treatments. Mem-
bers of the family Umbelliferae, including carrot, celery and parsley,
appear to have a high tolerance for pure aromatic hydrocarbons,
according to Currier. 5 2

The signs of toxicity of xylene are similar to those of other
aromatic hydrocarbons, i.e., loss of turgor, darkening of leaf tip
and bleaching of chlorophyll in bright sunlight. 52 Xylene is considered
to be less toxic than benzene or toluene 52 but the toxic mechanism for
all three is probably the same. Currier92 believes that xylene, like
toluenie and benzene, disrupts the lipid-rich plasma membrane since it
is a good fat solvent. Although the hydrophilic cell wall acts as a
partial barrier to xylene, since xylene is only sparingly soluble in
water, the lipophilic plasma membrane readily absorbs xylene. Other
lipophilic organelles, chloroplasts, and mitochondria are probably
also damaged by xylene.
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TABLE C-6. PERCENT INJURY TO BARLEY AS A FUNCTION OF XYLENE VAPOR
CONCENTRATION, LENGTH OF EXPOSURE AND TIME AFTER TREATMENT

Length of Exposure (hrs)
Time of Treatment 1/8 1/4 1/2 1 2 4

Xylene at 0.20 x 10 M/Liter of Air

24 Hours - 0 0 0 2 80
I Week - 0 0 0 2 75
2 Weeks - 0 0 0 2 50
4 Weeks - 0 0 0 0 10

Xylene at 0.46 x 104 M/Liter of Air

24 Hours - 75 85 95 98 -
I Week 60 60 75 90 -

2 Weeks - 25 40 70 85 -

4 Weeks - 25 25 50 75 -

Xylene at 2.4 x 10 M/Liter of Air

24 Hours 75 95 98 100 - -
- 1 Week 60 85 95 100

2 Weeks 40 80 95 100 - -
4 Weeks 30 75 90 100 - -
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Other effects of xylene on plants include changes in growth, trans-
location, germination, dormancy and longevity of cut flowers. Currier 52

placed tomato cuttings in Hoagland's solution with 0, 1/100 saturated,
1/10 saturated, and saturated amounts of xylene. In the 1/100 and 1/10
saturated solutions the tomato cuttings rooted earlier and more exten-
sively than controls. Fully-saturated solutions killed the stem.
Moore et al., 5 3 observed a similar effect of xylene on the primary roots
of maize seedlings. Vitamin B in the endosperm of brown rice increased
with treatment of xylene. 5s When pollen grains of Chjsanthemum pacificum
and Lilium longiflorium were soaked in xylene for varying periods of time,
they became temporarily dormant but recovered their initial activity
when removed from the solvent.5 5  The germination of seeds of beans, squash,
radish, oat and lettuce was retarded for 6 to 30 days by xylene, in concen-
trations of approximately 500-2000 qt/acre, alone or in combination with
other chemicals. 5 6 Dormant potato tubers, on the other hand, germinated
sooner after soaking in xylene or treatment with the vapor for 16-24 hours. 5 7

Cotton, however, was planted on soil treated 16 days earlier, with xylene,
and no effects were noted.• 7 Hosticka et al., 5 8 observed that xylene
interfered with the translocation of 2,4D- applied to castor bean
leaves. 5 8 At concentrations of 100-500 ppm, xylene prolonged the life
of many cut flowers including aster, antirrhinum, chrysanthemum, and
acrolelinium, although some bleaching of the petals was observed. 5 9

Bioaccumulation. At high concentrations of xylene, quick killing of
plant tissue is a likely result with little or no translocation and/or
accumulation. At sublethal concentrations and in a steady state con-
dition the fatty substances in the leaf (and probably other plant parts)
would have greater amounts of xylene than the aqueous phase. But, there
is no evidence to suggest that xylene is bioaccumulated in any quantity.

Degradation. No information was retrieved on the metabolism of xylene
in plants. Toluene and benzene, close chemical relatives of xylene, are
metabolized to CO2 by the fruit of avocado and grape plants. 60 ,6 1

Aquatic Vegetation. Frank et al., 6 2 observed the response of three
species of water-weed (Elodea canadensis, Pota mgeton nodosus) exposed
to xylene + 2% nonionic ifier weekly for"4 weeks. They found
nearly 100% kill at 100 ppm and observed no effects at 5 ppm. Thirty
minute contact and subsequent removal at 300 and 600 ppm also resulted in
significant effects.

Food Chain

There is no information available on the transport of xylene through
the food chain. Data on the action of xylene in plant cells is too
inconclusive to permit • prediction of the dangers of humans or herbi-
vores exposed to xylene-contaminated plants. Xylene or its metabolites
appears to accumulate in fish and mammals during sublethal exposure but
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is eliminated in mammals shortly after removal of the xylene source.
The noxious odor of animals exposed to xylene might deter predators
from consuming contaminated prey and limit man's exposure to food
contaminated with moderate amounts of xylene.

EXISTING STANDARDS

* In order to prevent a narcotic effect and to guard against irrita-
tion of mucous membranes, a limit for xylene as a time-weighted average

m ,. (TWA) of 100 ppm has been recommended by NIOSH. 1 1 Limit values recom-
"mended in various parts of the world are shown in Table C-7.

TABLE C-7. XYLENE EXPOSURE LIMITS

m/3
Country mg/rn ppm

Bulgaria 100 2 3a

Czechos lovaki a 200 46
(single exposure) 1,000 230

Finland 870 200

Germany (Federal Republic) 870 200

Hungary so 12

Japan 670 150

l Poland 100 23a

Rumania 200 468a

USSR 50 12 a

Yugoslavia 400 100

a. Equivalent values calculated by NIOSH.
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APPENDIX D

p-CHLOROPKENiYL METHYL SULFIDE
p-CHLOROPHENYL METHYL SULFOXIDE
p-CHLOROPHENYL METHYL SULFONE

ALTERNATIVE NAMES

p-Chlorophenyl methyl sulfide: Benzene, l-chloro-4-(methylthio)-;
chlorephenyl methyl sulfide (pa~a); sulfide, 4-chlorophenyl methyl.

p>-Chlorophenyl methyl sulfoxide: B3enzene, 1-chl~ro-4-(methylsulfinyl)V;
chlorophenyl methyl sulfoxide (y.aAi); sulfoxide, 4-chiorophenyl aethyl.

p-Chlorophen-I methyl sui fowe .1 enzeoe, l-chluro-4-(methylsul fonyl )--4 ~chio-rophenyl m.ethyl sulfone (jp'ui); sulfone, 4-chlorophenyl methyl.

PHYSIA AND) CHEMICAL. PROPERTIES

Chemical Structures:

p..Chlowrophenyl Methyl Sulfide

p-Chloroplweyl Methyl Sulfoxide

p -th1 orwenvl MethYl Sulfone

Physico-CQiewical Properties:

The mior* iriportant physical properties of the three co pounds are
presented in Table D-i.
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TABLE D-l. SELECTED PHYSICO-CHEMICAL PROPERTIES
OF r-Ci1LOROPHENYL METHYL COMPOUNDS

p-Chlorophenyl Methyl
Property Sulfide Sul foxide Sulfone

CAS Reg. No. 123-09-1 934-73-6 98-57-7
Molecular Formula C7H7CiS C7H7ClOS C7H7CI02S

Molecular Weight 158.65 174.65 190.65

tielting Point (°C) 17-190 37-3901 9902
46-4803 9604
47-480o 9201
4706 97-9807

9708

96.5-9809
98-9906

boiling Pointa 44/,08bbO I06-I08°/0.8mm7 1410/3mm11
7330/1 .5mm' 131 -1 32/2.S5Wi 6

73_750/2nIi Z 135-136•0 /5mm5

1'7`/5nmm14 142-1440 /6mmI 5

104. 5/11nm1 6

1 08V/12mI I
1087/13mm

6

1070/14mm2 7
S, 11 2°/18mmi 8

1180/20mm2.
11 80/23nmil 9
"220-2230/76OM2o
224 0/760mw21

Density 1.202 g/n/(490C)2 Not known Not known

Refractive Index nD20 =1.599717 Not Known Not known

Electric monent 1.83 Uebye units 18 Not known Not known

Molar Magnetic Suscep. 97.322 Not known 103.122

pý of Conjugate Acid Not known -.1.573 Not known

Water Solubllity2  "Insoluble" Not known "Slightly Soluble"

d. From these data the vapor pressure equation for the sulfide was
calculated to be

Logl 0 P(mr) 8.9322 2984.1

" b. NoL in8luded in equation.
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S)eC-tt~os copy

The infrared and Raman spectra of p-chlorophenyl methyl sulfide were
merasured ýn liquid-state samples over a very wide frequency range, 5000
to 40 cm (corresponding to 2-250 micrometers); complete vibrational
assignments were made. 2 3 In vifw of the usual range of an infrared spec-
trometer, i.e., 4000 to 670 cm" (corresponding to 2.5-15 micrometers), 24
not all the infrared vibrations would be significantlfor identification
purposes. Among the more useful bands (units in cm- ) are the follow-
ing; 2 3 CH3 -S stretching, 719 (weak); CH1 rocking; 957 (medium) and 969
(strong); antisymmetric methyl bending ?427 (very strong) and 1437 (strong);
symii-etric methyl bending 1320 (nedium), strong and very strong aromatic
stretching bfnds appear at 1476, 1389, 1112, 1096, I0i1 and 811 cm" .23
The 1096 cm band has been attributfd to - SCH stretching; 1 1 this is
elsewhere designated as the 1100 cm asymmetriý C-S stretching fre-
quency. 1 2 , 25 A strejching frequency characteristic of the methyl group was
reported at 2933 cm" in carbon tetrachloride. 26 Alvibration of theoreti-
cal interest is the C-C stretching band at 1576 cm .fo

The most analytically significant infrared absorptions (cm for
p-chlorophenyl methyl sulfoxide are probably the following:'' SO stretch-
ing, 1062 in CC4 (strong); especially -S(O)CH stretching, 1089;
symmetric methyl bending, 1305; an~isymmetric Aethyl bending, 1115;
methyl rocking, 950. The 1062 cm band is shifted to 1050 cm in
chloroform. 2 7 Alvibration of theoretical interest is the C-C stretching
band at 1574 cm 7

For p-chlorophenyl methyl sulfone the following infrared bands (cm")
are characteristi: 11 Asymmetric SO stretching, 1330;7911 symmetric SO
stretching, 1158; and especially - S(O )CH stretching, 1087.11 Other
interesting absorptions' 1 are: symmetric ýieth.l bending, 1318; anti-
symmetric methyl bending, 1418; and methyl rocking, 965. A vibratic,• of
theoretical interest is the C-C stretching band at 1584 cm

p -Chlorophenyl methyl sulfide has ultraviolet absorption maxima at
214 nm (F 6,600)16 anId 'I1 nm (c = 13,800)16 or 260 nm (c - 12,190)26
with a shoulder at 292 nm (c- 1,000).16 The corresponding sulfoxide
exhibits maxima at 222 nm (c = 10,700) and 240 nm (e a 6,500) in ethanol,
with a shoulder at 258 nm (: 2,900); the 240 nm peak shifts to 255 nm
in cyclohexane (c = 5900). The ultraviolet spectrum for the sulfone was
determined by Truce and Vriesen, 9 showing a maximum at 228 nm (E- 14,800)
and a minimum at 210 nm.

Proton magnct-r resonance chemical shifts are available for all
protons in 1~he three p-chlorophenyl methyl sulfur compounds (Table D-2).
Moreover, C nuclear Tagnetic resonance data have been obtained for
all the carbons of these compounds. 29
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A mass spectrum has been determined for p-chlorophenyl methyl
sul fone. 30

Polarizations, refractions, dipole moments and molar Kerr constants
have been measured in benzene and carbon tetrachloride for p-chlorophenyl
methyl sulfide. 19

TABLE D-2. PROTON MAGNETIC RESONANCE CHEMICAL SHIFTS FOR
p-CHLOROPHENYL METHYL COMPOUNDS

p-Chlorophenyl Chemical Shift in Parts Per Million (6)
Methyl Aromatic H

Compound r-tho to 5 Meta to S Methyl H Solvent Ref.

Sulfide 7.1,a -CDC1 31
7.21 - CDC1 147.1 c 2.44 CCl 6
- 2.335 CCl 4  324

2.39 CCl 19
1.94 C H 19

Sulfoxide 7.58 7.40 - CDC1 3  31
7.50d 2.59 CCl 4  6

Sulfone 7.86 7.54 - CDC13  31
7.94 7.55 3.03 CDC1 3  33
7.88 7.52 2.93 CC1 4  6

a. Broad singlet for both types of aromatic proton.
b. AB quartet for the aromatic protons.
c. Attributed to meta position in the reference.
d. One value for both ortho and meta positions in the reference.

Manu6actuAe, Origin and Laboratory Syrthewe

The three sulfur compounds are intermediates in the manufacture of
the herbicide Planavin. 34 They are currently available from the Parrish

* Chemical Conmany, Provo, Utah 84601.

p-Chlorophenyl methyl sulfide is manufactured by the methylation of,
p-chlorobenzenethiol with chloromethane in the presence of alkali. 34

Dimethyl sulfate can also be used for this nethylation. 11 ,1 7 ,2 0

A Japanese patent describes a synthesis by pyrolysis of S-p-chlorophenyl-
0-methyl dithiocarbonate.1 3
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p-Chlorophenyl methyl sulfoxide is found in trace amounts in
p-chloropqnyl methyl sulfone, an intermediate in the manufacture of
Planavin. Tile sulfoxide arises from the incomplete tungstate-catalyzed
oxidation of the corresponding sulfide with hydrogen peroxide. 34 ,35

Another possible environmental source of the sulfoxide may be air oxi-
dation of the sulfide after the latter's discharge. p-Chlorophenyl
nethyl sulfoxide is formed in good yield by the action of a variety of
oxidants on the sulfide: Hydrogen peroxide in acetone or acetic acid;1S
sodium periodate in aqueous methanol;1l acid-catalyzed hydrogen peroxide
in aqueous ethanol; 5 ,36 30% hydrogen peroxide at low temperature; 1 , 2 2 chromic
anhydride at low temperature; 2 2 t-butyl hypochlorite in methanol at -800
to -700;3 bromine in aqueous methanol ;37 perbenzoic acid in chloroform
at -5' to -00.27 Industrial production of the sulfoxide by oxidation of
the sulfide with a mixture of oxygen and nitrogen dioxide appears to be

' I efficient and clean. 3 5

p-Chlorophenyl methyl sulfone may be formed from the sulfide or the
sulfoxide by more vigorous oxidation than is used to make the sulfoxide,
although the degrees of difference between sulfide and sulfbxide towaras
various oxidants under different conditions is not very well described.
ioliott, Modena and Sedea 3 7 say that oxidation of arylalkyl sulfoxides to
sulfones is at least 50 times slower than oxidation of sulfide to sulfoxide
by excess bromine in 2:1 methanol-water at 250. In specific examples,
the sulfide was oxidized to the sulfone by peroxyformic acid,' by 30%
,hydrogen peroxide in acetic acid at elevated temperature,11,22 and by
peroxybenzoic acid in aqueous dioxane. 5  The sulfone can be made from
p-chloroaniline by the following route (where Ar = p-chlorophenyl):

SAN+ S02' H 2 0 CH3 1
+ 2 ArSO2Na- ArSO2CH3

Cu, ri2so4  C2 H5 0H 23

The intermediate ArSO Na may also be made by reduction of ArSO2Cl with
sulfide. 3 8  It can al~o be made by Friedel-Crafts acylation of chloroben-
zene with methanesulfonyl chloride and recrystallization of the product
from aqueous ethanol. 39 The patent by Sanderson and Swift 35 describes
formation of p-chlorophenyl sulfone, for Planavin production, from the
sulfide or sulfoxide; the oxidation is conducted with mixed oxygen and
nitrogen dioxide in sulfuric acid; the product contains some 3-nitro-4-
chlorophenyl methyl sulfone, which is in any event desirable as an inter-
mediate in Planavin syntnesis.

Chejiuc~aZ Reactivity

p-Chlorophenyl methyl sulfide forms a charge transfer complex with
iodine in carbon tetrachloride with bands at 304 and 340 nm.40  The
yellow color, corresponding tu the 457 nm band observed at higher sul-
fide concentrations, is attributed to iodosulfonium ion, two resonance
forms of which are shown:
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Cl S/ 01. - 3  Cl ~ S CH3

The relative ease of oxidation of sulfide to sulfoxide is apparent
from specific instances referenced above. To the oxidants cited there
may be added organic hydroperoxides, 4 1-4 3 even though these were not
studied with p-chlorophenyl methyl sulfide. Numerous studies have been
carried out on the kinetics and mechanisms of such reactions. 36 , 37 , 4 1 , 4 2 ,•4

Strong acid catalyzes the oxidations by hydrogen peroxide 46 and by
4organic hydroperoxides, 41 , 2 though not by peroxyacids 45 or bromine. 37

In acidic medium, halogen oxidation, especially by iodine, is reversible. 3 7

There seems to be no direct evidence on the air oxidation of sulfides
(or of sulfoxides), bit the fact of nitrogen-dioxide catalysis 35 of
oxidation of both the sulfide and sulfoxide by molecular oxygen argues
convincingly for the thermodynamic feasibility of catalyzed air-oxidation
processes. Furthermore, the ability of certain hydrocarbons to autoxidize,
with formation of hydroperoxides (which oxidize sulfides, as shown above),
suggests that mechanisms for organic co-oxidation of sulfides, if not
catalysis of oxidation, may exist in the soil. If one adds potential
biochemical pathways' to the foregoing, it becomes apparent that at least
p-chlorophenyl methyl sulfide and p-chlorophenyl methyl sulfoxide should
exhibit some interconvertibility in the environment.

The kinetics and mechanism of oxidation of phenyl methyl sulfoxide
and a series of substituted-phenyl methyl sulfoxides by peroxybenzoic
acid was studied at 25* in a ue~us dloxane.S The parent substance showed
a rate constant of 4.1 x 10 M sec , and the rate constants for the
phenyl-substituted sulfoxides differed by a factor of less than 3. It
is obvious that the rate of sulfide oxidation by peroxybenzoic acid would
be many orders of magnitude greater. 45

b The chlorine of p-chlorophenyl methyl sulfoxide is somewhat activated
by the sulfonyl group towards alkaline hydrolysis, 4 ,4 7 but not nearly so
much as by a nitro group. 4  Drastic conditions are required for such
reactions.

6i-ochepJicaC PropvAtez

Mouse liver and house fly nOicrosomal preparations oxidize p-chlorophenyl
methyl sulfide to the sulfoxide but not to the sulfone. 1  The sulfide
inhibits sulfoxidation of the insecticide phorate by plant root extracts.4 8
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ANALYTICAL METHODS

Water containing p-chlorophenyl methyl sulfide, p-chlorophenyl methyl
sulfoxide and p-chlorophenyl methyl sulfone has been analyzed by the
following gas chromatographic procedure: 4 9 The water sample is filtered
through a 0.45-micron membrane filter. One hundred milliliters of this
filtrate is extracted with two 5-ml portions of chloroform. The extract
is adjusted to 10 ml, and a lO-microliter aliqiut is injected onto a
1/4" x 6' column of 80/100 mesh Chromosorb W loaded with 10% FFAP. The
injection port temperature of the Tracor MT-222 gas chromatograph is 225%C
and the sulfur flame photometric detector temperature is 2050C. The
column is maintained isothermal at 1300 for 8 minutes, programmed at
100C/mm up to 215%, and held 14 min at 215%C. Elution times are 14.1 min
for the sulfide, 21.5 min for the sulfoxide and 27.1 min for the sulfone.
The detection limit is about 10 ppb. Extraction efficiencies were found
to be 90%, 90% and 98%, respectively, for the three compounds.

The compounds were also identified by gas chromatograph/mass spec-
trometry on "silicone" columns temperature-programmed to 2100 at the•i, Environmental Protection Agency's Environmental Research Laboratory in

•:' Athens, GA. so

An isothermal gas chromatographic procedure was described by Nigg
et ai.1

MAMMALIAN TOXICOLOGY

Human Expozwtes

No information available.;I

ExpeximentaL Aninals

The limited information available on the acute toxicity of these
compounds is presented in Table D-3.

Severe skin reactions (edema with scale formation and brownish
discoloration) were reported in rabbits treated dermally with the
sulfoxide derivative.,

The sulfone has been reported to have anticonvulsant properties
when tested on rats. 8

* 8
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TABLE D-3. ACUTE TOXICITY OF p-CHLOROPHENYL METHYL SULFIDE,
SULFOXIDE, AND SULFONE

Oral LD50a Dermal LD50
).p-Chlorophenyl Methyl Compound Mouse, mg/kg Rabbit, mg/kg

p-Chlorophenyl methyl sulfide 710 (48 0 - 10 50 )b 2000c

p-Chlorophenyl methyl sulfoxide 933 (8 52 -102 0 )b 445 (200-990)

p-Chlorophenyl methyl sulfone 570 (36 5 - 8 85 ) 2000
i; •° "2000o

a. 95% confidence limits shown in parentheses.
b. Reference 51.
c. Reference 2.
d. Reference 8.

ENVIRONMENTAL CONSI DERATIONS

""Sehavior in So~i and Wate.

No information available.

Anbmats

No information available.

Ptant6

Very little information was retrieved concerning the phytotoxicity of
these compounds. In one study52 six grass and herb species were tested
using three methods of application at two dosages. Foliage application of
all three compounds produced no damage, but soil application and solution
application of the compounds produced minor to extensive damage at the
higher concentration used. A summary of the results of this study is
presented in Table D-4.

p-Chlorophenyl methyl sulfide interferes with the enzyme system
responsible for phorate sulfoxidation in root extracts of several plant
species. Phorate, a plant systemic insecticide, is normally rapidly
oxidized to phorate sulfoxide. but when phorate is present at a 1:10
ratio with p-chlorophenyl methyl sulfide, phorate sulfoxidation is
significantly inhibited.48
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Food ChaiZn

* No information available.

'1 EXISTING STANDARDS

No information available.
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