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DISCLAIMER 

This report has been reviewed by the Environmental Criteria and 

Assessment Office, U.S. Environmental Protection Agency, and approved 

for publication. Mention of trade names or commercial products does not 

constitute endorsement or recommendation for use. 

AVAILABILITY NOTICE 

This document is available to the public through the National 

Technical Information Service, (NTIS), Springfield, Virginia 22161. 
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FOREWORD 

Section 304 (a)(1) of the Clean Water Act of 1977 (P.L. 95-217). 
requires the Administrator of the Environmental Protection Agency to 
publish criteria for water quality accurately reflecting the latest 
scientific knowledge on the kind and extent of all identifiable effects 
on health and welfare which may be expected from the presence of 
pollutants In any body of water, including ground water. Proposed water 

quality criteria for the 65 toxic pollutants listed under section 307 
(a)(1) of the Clean Water Act were developed and a notice of their 

availability was published for public comment on March 15, 1979 (44 FR 
15926), July 25, 1979 (44 FR 43660), and October 1, 1979 (44 FR 56628). 
This document is a revision of those proposed criteria based upon a 
consideration of comments received from other Federal Agencies, State 
agencies, special interest groups, and individual scientists. The 
criteria contained in this document replace any previously published EPA 
criteria for the 65 pollutants. This criterion document is also 
published in satisfaction of paragraph 11 of the Settlement Agreement 
in Natural Resources Defense Council, et. al. vs. Train, 8 ERC 2120 
(D.D.C. 1976), modified, 12 ERC 1833 (D.D.C. 1979) 

The term "water quality criteria" is used in two sections of the 
Clean Water Act, section 304 (a)(1) and section 303 (c)(2). The term has 
a different program impact in each section. In section 304, the term 
represents a non-regulatory, scientific assessment of ecological ef- 
fects. The criteria presented in this publication are such scientific 
assessments. Such water quality criteria associated with specific 
stream uses when adopted as State water quality standards under section 
303 become enforceable maximum acceptable levels of a pollutant in 
ambient waters. The water quality criteria adopted in the State water 
quality standards could have the same numerical limits as the criteria 
developed under section 304. However, in many situations States may want 
to adjust water quality criteria developed under section 304 to reflect 
local environmental conditions and human exposure patterns before 
incorporation into water quality standards. It is not until their 
adoption as part of the State water quality standards that the criteria 
become regulatory. 

Guidelines to assist the States in the modification of criteria 
presented in this document, in the development of "water quality 
standards, and in other water-related programs of this Agency, are being 
developed by EPA. 

STEVEN SCHATZOW 
Deputy Assistant Administrator 
Office of Water Regulations and Standards 
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CRITERIA DOCUMENT 

ETHYLBENZENE 

CRITERIA 

Aquatic Life 

The available data for ethylbenzene indicate that acute toxicity to 

freshwater aquatic life occurs at concentrations as low as 32,000 µg/l and 

would occur at lower concentrations among species that are more sensitive 

than those tested. No definitive data are available concerning the chronic 

toxicity of ethylbenzene to sensitive freshwater aquatic life. 

The available data for ethylbenzene indicate that acute toxicity to 

saltwater aquatic life occurs at concentrations as low as 430 µg/l and would 

occur at lower concentrations among species that are more sensitive than 

those tested. No data are available concerning the chronic toxicity of 

ethylbenzene to sensitive saltwater aquatic life. 

Human Health 

For the protection of human health from the toxic properties of ethyl- 

benzene ingested through water and contaminated aquatic organisms, the am- 

bient water criterion is determined to be 1.4 mg/l. 

For the protection of human health from the toxic properties of ethyl- 

benzene Ingested through contaminated aquatic organisms alone, the ambient 

water criterion is determined to be 3.28 mg/l. 
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INTRODUCTION 

Ethylbenzene (EB) is an alkyl-substituted aromatic compound which has a 

broad environmental distribution due to its widespread use in a plethora of 

commercial products and Its presence in various petroleum combustion pro- 

cesses. The two primary commercial uses of EB are in the plastic and rubber 

industries where it is utilized as an initial substrate reactant in the 

production of styrene (Paul and Soder, 1977). The majority of these com- 

mercial sites of production are geographically clustered In Texas and Louis- 

iana. The amount of EB produced in the United States in 1975 was approxi- 

mately 6 to 7 billion pounds of which about 98 percent was used in the manu- 

facture of styrenes (Table 1) (U.S. Int. Trade Comm., 1976). 

Commercial production of EB currently utilizes a liquid phase Friedel- 

Crafts alkylation of benzene with ethylene. According to Paul and Soder 

(1977), at least 50 percent of the benzene used in the United States goes 

into the production of ethylbenzene. Significant quantities of EB are pres- 

ent in mixed xylenes. These are used as diluents in the paint Industry, in 

agricultural sprays for insecticides, and in gasoline blends (which may con- 

tain as much as 20 percent EB). In light of the large quantities of EB 

produced and the diversity of products in which it is used, there exist many 

environmental sources for ethylbenzene, e.g., vaporization during solvent 

use, pyrolysis of gasoline, and emitted vapors at filling stations. 

Ethylbenzene (C6H5C2H5, molecular weight 106.16) (Figure 1) is a 

flammable, colorless liquid with a boiling point of 136.25°C and a freezing 

Point of -95.01°C (Windholz, 1976). Its density at 25°C (relative to water 

at the same temperature) is 0.866 (Windholz, 1976) and it has a specific 

gravity of 0.8669 (Cier, 1970). Its vapor pressure is 20 mm Hg at 38.6°C 
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TABLE 1 

Possible Environmental Sources of Ethylbenzene* 

Source EB Production/annum 

Commercial 6-7 billion pounds 

Petroleum Cracking 0.57-0.96 billion pounds 

(2-3% of gasoline (volume) is EB) 

Residues In polystyrene 

Motor vehicle exhaust (and other 
combustion and pyrolysis products) 

0.19 billion pounds 

0.28 billion pounds 

*Source: U.S. International Trade Commission, 1976. 
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FIGURE 1 

Ethylbenzene - Chemical Structure 

(o)- CH2 CH3 

TABLE 2 

Ethylbenzene / Physical Properties* 

Mlecular weight 106.16 

Color 

Boiling Point, 760 torr 

colorless 

136.2.C 

Freezing Point -95’c 

Flashpoint 

Oensity (g/ml) 0 2O'C 

16'C 

0.87 

Vapor Pressure, twr 

Water Solubility wt. % 

20 at 38.6.C 

0.02-+ 

* ;xmrjiG en ram er ; . 

w For all practical purposes, EB is 'insoluble' in water and due to its 
vapor pressure is probably present only in the a-sphere. 

+ EB water solubity 161 pprn at 25'C in distilled water 
111 ppm at 25'C in seawater 
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(Cicr, 1970). The log of the octanollwater partition coefficient for ethyl- 

benzene Is 3.15 (Tute, 1971). Ethylbenzene is slightly soluble (less than 

0.1 percent or 866 mg/l) In water (Hann and Jensen, 1970), but It Is freely 

soluble In organic solvents (Table 2) (Wlndholz, 1976). 
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Aquatic Life Toxicology* 

INTRODUCTION 

The acute toxicity data base for ethylbenzene and freshwater organisms 

indicates that there is not a large difference in sensitivity among the four 

tested fish species and that Daphnia magna has similar sensitivity to ethyl- 

benzene. Algal assays indicated that Selenastrum capricornutum was much 

more resistant. 

There was a wide range of acute toxicity among saltwater species repre- 

sented by three invertebrate and two fish species. This range was from 430 

to 1,030,000 µg/l. 

Acute Toxicity 

EFFECTS 

An acute test with Daphnia magna (U.S. EPA, 1978) resulted in a 48-hour 

EC50 value of 75,000 µg/l (Table 1). 

Pickering and Henderson (1966) conducted 96-hour tests with the gold- 

fish, fathead minnow, guppy, and bluegill and the LC50 values ranged from 

32,000 to 97,100 µg/l (Table 1). Two different investigators' bluegill 

LC50 values, 32,000 and 155,000 µg/l, do not agree well but no explanation 

is available. 

Only three tests have been conducted with saltwater invertebrate spe- 

cies, the 96-hour LC50 for the mysid shrimp was 87,600 µg/l, for the bay 

shrimp the LC50 was 3,700 µg/l, and for the Pacific oyster it was 

1,030,000 µg/l (Table 1). 

* The reader is referred to the Guidelines for Deriving Water Quality Cri- 
teria for the Protection of Aquatic Life and Its Uses in order to better un- 
derstand the following discussion and recommendation. The following tables 
contain the appropriate data that were found in the literature, and at the 
bottom of each table are calculations for deriving various measures of tox- 
icity as described In the guidelines. 
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There is an extreme, and unexplainable difference (Table 1) between the 

96-hour LC50 values for the striped bass (430 g/l) and the sheepshead 

minnow (275,000 µg/l). This extreme variability in fish and invertebrate 

data suggests possible difficulties in testing ethylbenzene in saltwater. 

Chronic Toxicity 

The embryo and larval stages of the fathead minnow have been exposed to 

ethylbenzene (U.S. EPA, 1978) and no adverse effects were observed at the 

highest test concentration, 440 µg/l (Table 2). 

Plant Effects 

No adverse effects on cell number or chlorophyll a production of Selena- 

strum capricornutun or Skeleton- costatum were observed at test concentra- 

tions as high as 438,000 µg/l (Table 3). 

Miscellaneous 

Potera (1975) conducted a variety of 24-hour exposures with the grass 

shrimp using static procedures with measured concentrations (Table 4). Tem- 

perature (19 and 20°C), salinity (15 and 25 ppt), and life stage (larval and 

adult) were the variables considered. The total range of LC50 values is 

10,200 to 17,300 µg/l which small difference indicates that these variables 

did not have a very great effect. The copepod, Nitocra spinipes, was ex- 

posed to ethylbenzene at salinities of 15 and 25 ppt and the 24-hour LC50 

values were both 16,000 µg/l (Table 4). 

Summary 

Four freshwater fish species have been acutely tested with ethylbenzene 

understatic test conditions without measured concentrations. The 96-hour 

LC50 values ranged from 32,000 to 15,000 µg/l. The 48-hour EC50 value 

for Daphnia magna was 75,000 µg/l indicating comparable sensitivity with 

fishes. No effects on the embryo and larval stages of the fathead minnow 
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were observed at concentrations as high as 440 ug/l, a concentration about 

one-hundredth of the g&hour LCgo. No effects were observed on an alga at 

concentrations as high as 438,000 ug/l. 

The LC50 values for two saltwater fish and three Invertebrate species 

varied widely with a range of 430 to 1,030,OOO ug/l, no adverse effect on an 

alga was observed at concentrations as high as 438,000 ug/l. t+o chronic 

test with any saltwater species has been conducted. The effect of t-era- 

ture, salinity, and life stage on the toxicity of ethylbenzene to the grass 

shrimp was studied and all LCgo values were within a range of 10,200 to 

17,300 ug/l, which results indicate no slgnlficant effect of those variables 

on the 26hour LCgo values. 

CRITERIA 

The available data for ethylbenzene Indicate that acute toxicity to 

freshwater aquatic life occurs at concentrations as low as 32,ooO pg/l and 

muld occur at 1-r concentrations among species that are mOre sensltlve 

than those tested. tto definitive data are avallable concerning the chronic 

toxlclty of ethylbenrene to sensitive freshwater aquatic life. 

The available data for ethylbenrene Indicate that acute toxicity to 

saltwater aquatlc life occur at concentrations as low as 430 ug/l and would 

occur at lower concentrations among species that are more sensltlvc than 

those tested. Ho data are available concemlng the chronic toxicity of 

ethylbenzene to sensitive saltwater aquatic lffe. 
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Mammalian Toxicology and Human Health Effects 

INTRODUCTION 

The paucity of information available on the biological effects 

of ethylbenzene (EB) in man and other mammalian species is rather 

surprising considering the degree of exposure to EB in our environ- 

ment. EB is present in drinking waters and in the atmosphere. It 

has been shown to persist in man for days after exposure (Wolff, et 

al. 1977). It is present in the respiratory tract (Conkle, et al. 

1975), umbilical cord and maternal blood (Dowty, et al. 1976), and 

subcutaneous fat (Wolff, et al. 1977) of exposed humans. There is 

little reason to suspect that the current sources of EB in our 

environment will be abated. The sources of EB include: (1) com- 

mercial, e.g., petroleum and petroleum by-products, (2) motor vehi- 

cle exhaust, and (3) cigarette awoke. These appear to be integral 

parts of our society. In man and in animals, EB is an irritant of 

mucous membranes. It is this response which forms the basis for 

the current Threshold Limit Value (TLV). The U.S. EPA recommended 

carcinogenicity testing for EB in 1976, but test results are not 

yet available. Similarly, no data exist for mutagenicity and tera- 

togenicity of ethylbenzene. The potential adverse human health 

effects following exposure to EB were stated (40 FH 19110.1034) to 

be: 

1) kidney disease, 
EB is not nephrotoxic. Concern is expressed because the 
kidney is the primary route of excretion of EB and its 
metabolites. 

2) liver disease, 
EB is not hepatotoxic. Since EB is metabolized by the 
liver, concern is expressed for this tissue. 
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3) chronic respiratory disease, 
Exacerbation of pulmonary pathology might occur follow- 
ing exposure to EB. Individuals with impaired pulmonary 
function might be at risk. 

4) skin disease, 
EB is a defatting agent and may cause dermatitis follow- 
ing prolonged exposure. Individuals with pre-existing 
skin problems may be more sensitive to EB. 

EXPOSURE 

Ethylbenzene has a broad environmental distribution due to its 

widespread use in a plethora of commercial products and its pres- 

ence in various petroleum combustion processes. The two primary 

commercial uses of EB are in the plastic and rubber industries 

where it is utilized as an initial substrate reactant in the pro- 

duction of styrene (Paul and Soder, 1977). The amount of EB pro- 

duced in the United States in 1975 was between 6-7 billion pounds. 

Almost all (97 percent) war captively consumed by the producers. 

The majority of these commercial sites are geographically clustered 

in Texas and Louisiana. 

Commercial production of EB currently utilizes a liquid phase 

Friedel-Crafts alkylation of benzene with ethylene. According to 

Paul and Soder (1977), at least 50 percent of the benzene used in 

the United States goes into the production of ethylbenzene. sig- 

nificant quantities of EB are present in mixed xylenes. These are 

used as diluents in the paint industry, in agricultural sprays for 

insecticides and in gasoline blends (which may contain as much as 

20 percent EB). In light of the large quantities of EB produced and 

the diversity of products in which it is found, there exist many 

environmental sources for ethylbenzene, e.g., vaporization during 
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rolvent we, pyrolyrir of gasoline, and emitted vapor8 at filling 

rtation8. 

Ingertion from Water 

In a rurvey of water contaminant8 present in the drinking 

water of ten citier in the United States, ethylbenxene (KB) was 

detected but not quantified in 81x Of ten 8axtple8 (U.S. EPA, 1975). 

Thir report indicated that alkylated benrenes were prc8ent in U.S. 

drinking water at pg/l concentration. A broad di8tribution was 

e8timated in a document prepared for the U.S. EPA by Shackelford 

and Keith (1976)r KB wa8 pre8ent in finished drinking water in the 

United Stater, the United Kingdom, and Switzerland. KB was alro 

found in river water, chemical plant effluents, raw water, textile 

plant effluontr, and well water at 15 ppb (Burnham, et al. 1972). 

Inqertion From Food 

The only report in the literature indicating the prerence of 

ethylbenrene in food 18 that of Kinlin, et al. (1972), wherein they 

reported the preunce of 227 organic compound8 including EB in 

roa8ted filbert nut8 (no quantitative data given). 

Styrom food packaging kchniquor repr88ant another pamrible 

8ource of KB cOnt8minatiOn in food productr. Though rtyrene ha8 

been detected in certain food prOduCt8, the pre8ence of KB in there 

prOdUCt haa not Wn reported. 

A bioconcontration factor (BCF) relate8 the concentration of a 

chemical in aquatic animal8 to the concentration in the water in 

which they live. The rteady-8tate BCF8 for a lipid-soluble com- 

pound in the ti88uer of variour aquatic animal8 8eem to be propor- 

tional to the percent lipid in the tissue. Thus the per capita 
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ingertion of a lipid-roluble chemical can be ertimated from the mr 

capita conrmption of firh and rhellfirh, the weighted average per- 

cent lipid8 of conrmd fish and rhellfirh, and a steady-8tatO BCP 

for the chemical. 

Data from a recent 8urvey on firh and rhellfirh COn8~ptiOn in 

the United State8 were analyzed by SRI International (U.S. EPA, 

1980). There data wore used to l 8timate that the per capita con- 

runption of fre8hwater and l 8tuarine firh and rhellfirh in the 

United State8 18 6.5 g/day (Stephan, 1980). In addition, these 

data were ured with data on the fat content of the edible portion of 

the 8ume specie8 to ertimate that the weighted average percent 

lipid8 for con8uaed frerhwater and ertuarine firh and rhellfirh 18 

3.0 percent. 

lo mearured 8te8dy-8tate bioconcentration factor (BCB) 18 

available for ethylbenzene, but the equation ‘K&g BCF - (0.85 

Log PI - 0.70. can ba ured (Veith, et al. 1979) to ertimate the BCF 

for aquatic organlaP that contain about 7.6 percent lipid8 (Veith, 

1980) from the octanol/water partition coefficient (P). Barad on a 

mea8ured Log P value of 3.15 (Hanrch and Leo, 1979), tba steady- 

8tab bioconcentration factor for ethylbenrene 18 l rtimated to be 

95. An l dju8tment factor of 3.0/7.6 - 0.395 can be u8ed to adju8t 

the l 8timated BCF from the 7.6 mrcant lipid8 on which the equation 

18 bared to the 3.0 percent lipid8 that ir the weighted average for 

COn8rPllad fi8h and 8hellf i8h. Thu8, the weighted average bioconcen- 

tration . factor for ethylbenzene and the edible portion of all 

fre8hwater and l 8tuarine aquatic organi8m8 conrmad by American8 18 

calculated to be 95 x 0.395 - 37.5. 
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Inhalation 

KB probably reprerentr about 10 percent of the total aromatic 

compound8 detected in the air and roughly one percent of the total 

organic compound8 detected. Altrhuller and Bellar (1963) detected 

0.01 ppp EB in the air around LO8 Angeler, California. Lonneman, 

et al. in 1968 detected KB in the air around Lo8 Angela8 at a level 

of 0.006 pp~. leligan, at al. (1965) rurveyed five different rite8 

in California; EB level8 averaged 0.01 ppa. There author8 have 

8ugg88ted that cmerCi81 8Ource8 and motor vehicle8 are the major 

contributor8 to El3 in the atmosphere. 

KB 18 prerent in cigarotte smoke. Conkle, et al. (1975) 

mearured trace quantitier of KB in the expired air of eight male 

rubjectr with a range of 23 to 47 year8 of age, median age 38. 

U8ing gar chromatography teChniqu88 they detected EB in five of 

eight 8UbjeCt8 with the 8nokerr in this group having the highert 

level8 of EB (0.78 to 14 x 10.'g/hr). 

Dermal 

lo data are available on the dermal exposure of human8 to 

l thylbentenm. 

PHAEtWACOKIKETICS 

Abrorption and Di8tributiOn 

When 8dminirtered 8ubcutane1ou8ly to 40 rat8 (2.5 ml, 1:l v/v), 

ethylknsone war detected in the blood within 2 hOur8, and the 

levels of EB (lo-15 ppo in blood) were maintainad for at leart 16 

hour8 (Gararde, 1959). 

Although little qwntitive data on the abrorption of EB 

is available, ab8orption ha8’ been demon8trated via the rkin and 

C-5 



ra8piratory tract in a number of toxicity 8tUdie8. Two repre8enta- 

tim 8tUdie8 have reported that 8ignificant amount8 of EB can be 

absorbed through tb skin. Dutkiewicz and Tyra8 (1967, 1968) have 

8hown (Table 1) that when hunan subject8 are exposed to EB, there 

18 a g8ignificant increase in the amount of urinary mandelic acid 

excreted” (8ee l4etaboli8m erection). In addition, Smyth, at al. 

(1962) reported an LDso for KB (via skin application) in rabbit8 of 

17.8 ml/kg. 

Dutkiewicx and Tyra8 (1968) also compared the ekin absorption 

of meveral other organic solvents, and they concluded that by com- 

parison 8ignificantly more EB was ab8orbed (Table 1). 

EB is readily abrorbed by inhalation (8430 Table 2). Symptoma- 

tology a88OCiated with acute intoxication of EB by this route in- 

cludes coordination disorders, narcorir, convul8ion8, pulmonary 

irritation, and conjunctivitis (Ivanov, 1962) (see Effect8 8ec- 

tion). 

Ingertion of EB ha8 been reported by a number of investigators 

to produce a variety of do8e-related toxicities in saveral differ- 

ent rpacier (rea Effect8 section). The evidence presented above 

indicate8 that KB can be ab8orbad via reveral different router of 

adaini8tration, producing systemic effect8 in various species of 

animdlr including man. 

Mtabolimp and Excretion 

The metabolism of EB ir rurmnarixed in Figure 1. These data 

were taken from a rerier of different studies on rabbit8 as adapted 

from the work of Kiere and Lank (1974) (Table 3). Thir propored 

metabolic outline is conrirtent with report8 on thd meta&lic fate 
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TABLE1 

Skin Absorption of EB in Man+ 

EB concentration 
Rata of Abrorption 

(mg/cm2) hour 

240hour mandelic 
acid excretion 

(8 of absorbed dO8e) 

112-156 mg/l 0.11-0.21 4.6 

*Source t Dutkhwicx and Tyrar, 1968 
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TABLE 2 

Hman Rerponre to Ethylbansene Vapors* 

Concentration 
Wl Pm 

mporura 
time -8pOIl80 

21.75 5000 -W 8eCOnd8 Intolerable irritation of 
no8e, eye8 and throat. 

8.7 2000 Few 8ecOnd8 Severe eye, no8.e and mucou8 
membrane irritation. 
Lacrimation. 

8.7 2000 6 minute8 Central nervour ryrtem 
effectr. Dirrine88. 

4.35 1000 Few 8econdr Eye irritation. 
4.35 1000 Minute8 Eye irritation dbUini8hs8 

0.87 200 Thre8hold limit. 
0.043 10 Few mCOnd8 Odor detectable. 

l Sourcet Gerarde, 1963 
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TABLE3 

EB Hetabolites Found in Urine 
of Rabbits given 1 gram i.p.* 

% of administered EB 

phenaceturic acid 10-20 

mandelic acid l-2 

p-hydroxyacetophanone 0.13 

m-hydroxyacetophenone 0.03 

o-hydroxyacetophenone 0.1 

hippur ic acid 22-41 

l-phenylethanol 30% 75% D(+),25% L(-) 

*Source: Kiesc and Lenk, 1974 

Similar data were obtained by El Masry, et al., 1956. 

c-10 



of EB in dogs (Nencki, 1878; Nenckc and Giacosa, 1880; El Masry, et 

al. 1956), rat liver microsomss (McMahon and Sullivan, 1966; 

McHahon, et al. 1969), and in man (Bardodej and Bardedjeva, 1970; 

-gemann, et al. 1964). The data presented in Table 3 indicate that 

the major metabolites of EB are l-phenylethanol, hippuric acid and 

phenaceturic acid. 

The study reported in Table 4 is excerpted in a modff ied form 

from Bardodsj and Batdedjova (1970). In this study of the metabo- 

lism of EB by human volunteers, there are several significant omis- 

sions which hamper a clear interpretation of the data. These in- 

clude IK) indication of number, age, or sex of subjects or of their 

physical condition prior to EB exposure. The methodologies des- 

cribed in the text include spectrophotomctry and paper chroma- 

tography. These were probably not sensitive enough to detect many 

of the metabolites. Indeed , the authors were unable to detect sev- 

eral common metabolites of ethylbenxene, including acetophenone, 

phenylethyleneglycol, Q) -hydroxyace tophenone, hippuric acid, and 

mercapturic acid. Despite these shortcomings, this study contri- 

butes to our understanding of EB metabolism in man. A considerable 

amount of EB was absorbed in the respiratory tract; only traces of 

$B were expired by the end of the experiment (Table 4). The major 

metabolites found in the urine included mandelic and phenyl- 

glyoxylic acid, 64 prcent and 25 percent respectively, and l- 

phenylethanol, 5 percent. These authors (Bardodej and Bardedjova, 

1970) also indicated that if the concentration of EB is increased 

above 85 ppa (level not specified), subjects reported fatigue, 
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TABLE4 

Metabolism of EB in Man* 

EB concentrations in 
inspired air (pp) 

Duration 

% of vapor retained 
in respiratory tract 

(arithmetic average) 

Excreted in expired air 
by ths end of the 
experiment 

retainsd dose 
eliminated in the urine 
as nandelic acid 

as phenylglyoxlic acid 

as l-phenyle than01 

23,43,46,85 

8 hours 

64 

traces 
(2-a%) 

64% 

25% 

5% 

*Source t Bardode j and Barded jova, 1970 
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aleepimss, hsadache, and mild irritation of the eyes and respira- 

tory tract. 

EFBECTS 

Acute, Subacute, and Chronic Toxicity 

Gerarde (1963) has reviewed the acute toxicity data in hmans 

to EB via inhalationt these data are srnanarixed in Table 2. 

The acute toxicity data on EB in both rat and rabbit via the 

oral or dermal route indicate. the low toxicity of this compound 

(Table 5 1. In the study by Wolf, et al. (1956) young adult white 

rats were intubated via a rubber stomach tube with either undiluted 

EB or an olive oil or corn oil solution of EB emulsified with a 5 to 

10 percent aqueous aolutidn of gum arabic. The total volume admin- 

istered never exceeded 7 ml. Ths EB used in these studies was 98 

percent pure (ultraviolet and infrared spectroscopy), BP 136.2’C 

with a specific gravity (2O’C) - 0.86. 

These authors (Wolf, et al. 1956) also assessed the response 

of administration of EB on the eyes of rabbits. Two drops of EB 

ware placed on the right eyeball. Observations vere made at three 

minutes; one hour1 and one, two, and raven days. A 5 percent 

flourescein dye solution (water) was used to assess external injury 

of the cornea (after three minutes). EB produced a slight con- 

junctival irritation but did not produce any injury to the cornea. 

Wolf, et al. (1956) administered EB via the oral route to ten 

vhite rats for approximately six months. They received daily sin- 

gle doses of I5 (98 percent pure) dissolved in olive oil, five 

days/veak for six months. The total daily volume administered did 

not exceed 2 to 3 ml. Controls for this study included 20 white 
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TABLE 5 

Acute Toxicity of Ethylbenzene* 

Rouk of Spscies sex lo. of 
Administration Animals LD5o 

oral rat both 57 3.5 gm/kg’ 

oral rat Pale 5 5.46 sil/kgb 

skin rabbit male 4 17.8 ml kgb 

inhalation rat fmale 6 4000 pp x 4 hrs.b 

*Sources: 

aOOolf, et al. 1956 
bSayth, et al. 1962 
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rats that received 2.5 ml olive oil emulsified in gum arabic. The 

findings (Table 6) indicate that repeated oral administration of EB 

produced histopathological changes in both the kidney and the liver 

at 408 and 680 ng/kg/day. The authors reported that at these doses 

of EB no effects on the hematopoietic system were observed, as 

indicated by bone marrov counts of nucleated cells. 

wolf, et al. (1956) also evaluated the ability of EB to pro- 

duce injury to the skin (rabbit). EB was tested undiluted, 10 to 20 

applications to the ear and onto the shaved abdomen for two to four 

weeks. BB produced moderate “erythemal” edema, superficial necro- 

sis, skin blistering, and chapped appearance and exfoliation of 

large patches of skin. 

The effects of repeated exposures of EB via inhalation are 

slmtmarired in Table 6. Matched groups of 10 to 25 rats, S to 10 

guinea pigs, 1 to 2 rabbits, and 1 to 2 rhesus monkeys were used in 

tbse studies. Exposure in the chambers was for seven to eight 

hours daily, five day8/veek. These author8 (Wolf, et al. 1956) 

concluded that a no effect concentration of EB is 200 ppm (rat, 

guinea pig, rabbit). Effects with EB were observed at doses equal 

to or greater than 400 pp~t these effects are primarily only slight 

changes in liver and kidney veights. 

FQhan acutely exposed to ethylbenzene vapors at concentrations 

of 1,000 to 10,000 ppa, guinea pigs developed leukocytosis (Yant, 

et al. 1930). Ivanov (1964) reported a study in vhich rabbits were 

subchronically exposed to BB via inhalation. The animals were ex- 

pod ~a approximately 230 ppa EB, four hours/day for seven months. 

This author reported “changes in blood cholinesterase activity, 
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d_acroased plasma albumin, increased plasma globulins, leukocyto- 

sis, reticulocytosis, cellular infiltration and lipid dystrophy in 

tbe liver, dystrophic changes in the kidney and muscle chronaxia.” 

Synergism and/or Antagonirra 

Pertinent data could not be located in the available litera- 

ture regarding the porsibl~ synergism and/or antagonism of EB with 

other substances. 

Teratoqenicity 

Pertinent data could not be located in ths available litera- 

ture regarding the terotogenic activity of EB. 

Mutagenicity and Carcinoqcnicity 

Pertinent data could not be located in the available litera- 

ture regarding the mutagenicity of EB, although four common metabo- 

lites of EB (d-l-mandelic, phenylglyoxylic, and hippuric acids) 

gave negative result8 in the Ames test using the five tester 

strains (Salmona, et al. 1976). 

Pertinent data could not be located in the available litsra- 

ture regarding the carcinogenicity of EB. 

Speculation on mutagenic and carcinogenic activities may be 

l ppropr fate. Gillete, et al. (1974) have reviewed certain consid- 

erations of drug toxicity including those related to possible car- 

cinogens. EB or its known metabolites in man and in animals 

(Bardode j and Barded jova, 19701 Afere and Unk, 1973, 19741 McMahon 

and Sullivan, 1966) do not fit into any of the presently known 

physical/chemical categories of mutagenic and/or carcinogenic 

agents. Although EB netabolites do not shov any mutagenic activf- 

ty, styreno, an EB manufacturing product, can undergo metabolism to 
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an epoxide intermediate (Salmona, et al. 1976), which is a possible 

carcinogen and which demonstrates a positive mutagenic response in 

the me8 tast. 
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CRITZRION FORHULATIGH 

Existing Guidelines and Standards 

Th8 U.S. Occupational Standard for WpermissableW exposure has 

bean set 8t 100 ppm (435 *gb3) (Merican Conference of GovernlPmn- 

tal Industrial Bygienists (ACGIE), 1974, 1977t U.S. EPA, 19761 40 FR 

1910.1034). At this level of exposure eya irritation is minimal. 

The Soviet standards (TLV) for EB are approximately 8-fold less 

than current U.S. TLV standards (ACGIH, 1974). 

Current Levels of Exporure 

Airt Several invmstigators have reported that ethylbenxem is 

presant in the ambient atmosphere at a level of approximately 0.01 

Pm= (Altshuller and Bollar, 1963r Lonneaan, et al. 19681 Weligan, 

et al. 1965). 

Watart Shachelford and Keith (1976) reviewed the literature on 

EB contamination and concludad that it was detected in most of the 

potable vaters testad. lo data vere reported on the levels of EB in 

potable waters. 

Food: With ths exception of the report by Ilinlan, et al. 

(1972), EB has not ken reported to b8 prosant in food. 

Indurtrialt EB can be found in a nrnber of volatilr compounds 

with vidaspread indurtrial usa [including gasoline and solvents). 

Special Groups at Rirk 

Thom individual8 uho are involved in the use of pmtroleua by- 

products, l .g. , polymritation workers involved in styrwm produc- 

tion, say ba at risk. In a study of 494 styrme workers, Lilis, et 

al. (1978) reported variour neurotoxic manifestation8. These in- 

cluded prenarcotic symptoms, incoordination, dirainors, headache 
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and nausea (13 percent of worker group), and a decrease in a radial 

and peroneal nerve conduction velocity (19 parcent of vorkers). In 

50 percent of the workers, distal hypoasthesia involving tha lover 

limbs was observed. It is difficult to assess occupational reports 

evaluating such a sitwtion since these wdrkers are exposed to a 

numbsr of different precursors, by-products, and end products. In 

this particular study, toxic effects were reported, but there was a 

general lack of symptoms among workers vho were exposed for many 

years, suggesting that the risk of severe neurologic deficiencies 

may be minimal. Recently, however, Harkonen, et al. (1978) report- 

ed on tha relationship betveen rtyrene exposure and symptoms of 

central nervous system dysfunction in 98 occupationally exposed 

workers. Urinary mandelic acid concentration vas used as an index 

of exposure intensity. Although no exposure-response relationship 

was observed between symptoms of ill health and urinary mandelic 

acid concentration, the exposed group expressed significantly mora 
symptoms than the unexposed group. Symptoms included abnormal 

electro-encephalograms, and impaired psychological functions such 

as visuomotor accuracy and psychomotor performance. 

A lational Institute for Occupational Safety and Health 

(HIOSH) report by Rivera and Rostand (1975) on worker exposure to 

various lacquer constituents (including EB in a baseball bat manu- 

facturing facility) concluded that no health haxard existed with 

the exception of mucous membrane irritation and the potential for 

contact dermatitis under the conditions at tha plant. This occu- 

pational situation again illustrates the fact that the8e workers 

Vera exposed to more than one cheaical in addition to EB. 

c-20 



Cfgar8tteS Contain 7 to 20 x lo-bg of EB per cigarette (John- 

stone, et al. 1962). Conkle, et al. 1975 have reported that moder- 

ate cigarette smokers expired up to 14 x 10 -6 g/hr of EB (during an 

eight-hour measurement). 

Groups of individuals who am exposed to EB to the greatest 

extent and could represent potential pools for the expression of EB 

toxicity include: (1) individuals in commercial situations where 

petrolerm products or by-product8 are manufactured (e.g., rubber or 

plastics industry)1 (2) itiividuals residing in areas with high 

atnospheric smog generated by motor vehicle emissions. 

Basis and Derivation of Criteria 

The threshold limit value (TLV) of 435 mg/m3 (100 ppm) EB 

represents what is believed to b a maximal concentration to which 

a vorker may be exposed for eight hours par day, five days per week 

over his working lifetime without haxard to health or well-being 

(ACGIH, 1977). To the TLV, Stokinger and Woodward (1958) apply 

term expressing respiratory volume during an eight hour period 

(assumed to ba 10 n3) and a respiratory absorption coefficient 

appropriate to the substance under consideration. In addition, the 

five-day-per-week occupational exposure is of ten converted to a 

seven-day-per-veek equivalent in keeping with the more continuous 

pattern of exposure to drinking water. 

According to the wdel, the amount of ethylbenxene 

absorbed without effect can be calculated as follows: 

that may be 

435 mg/d It 10 m3 It 0.5+ x 5/7 week - 1555 &day 

(TLW Respiratory 
Intake 
Term 

Respiratory Proportion Maximum 
Absorption of weak Noninjurious 

Coefficient Exposed Intake 
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A safety factor of 1000 is used since no long-term or acute inges- 

tion h-an data are available, and there is very little information 

f ram experimental animals (Wational Academy of Sciences (WAS), 

1977). Thus, 1555 mg/day divided by 1000 - an allowable daily 

intake (ADI) of 1.555 or 1.6 mg/day. 

To calculate an acceptable amount of EB in ambient water, the 

methodology assumes a maximal daily intake of 2 liters of water per 

day, the consumption of 6.5 grams of fish/shellfish per day, a bio- 

concentration factor of 37.5 for fish and 50 percent absorption. 

(x) (2 + 37.5 (0.0065)) 0.8* I 1.6 mq/day 

WPr Oral Gastrointestinal MaXiXiurp 
Intake Intake Absorption Woninjurious 
Limit Term Coefficient Intake 

Solving for x, the value derived is 0.89 mg/l. According to Stok- 

inger and Woodvard (1958), 

This derived value represents an approximate limiting 
concentration for a healthy adult populationt it is only 
a first approximation in the development of a tentative 
water quality criterion.. . . several adjustments in this 
value may be necessary.. .Other factors, such as taste, 
odor and color may outweigh health considerations because 
acceptable limits for these may be bslow the estimated 
health limit. 

It should also be noted that the basis for the above recom- 

mended limit, the TLV for EB, is the prevention of irritation, 

rather than chronic effects (ACGIH, 1977). Should chronic effects 

data become available, both TLVs and recommendations based on them 

will warrant reconsideration. 

*Given the chemical and physical properties of ethylbenzene, these’ 
absorption coefficients seem reasonable. They are recognized to be 
somewhat judgemental due to the limited data; however, their ef- 
fect on the final criteria is minimal. 
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A mcond approach in calculating an allowable daily intake 

(ADX) level of ED in hlnoans involves the use of the no-observable- 

adverse-effect level (DOAEL) in the six month toxicity study by 

Wolf, et al. (1956). Table 6 indicates that 136.0 mg/kg/day of EB 

produced no observable effecm followfng oral administration in 

rata. A 70 kg man could then ingest 9,520 mg of EB/day. Using a 

safety factor of 1,000 (WAS, 1977), this daily intake would be 

reduced to 9.5 mg of EB/day. Using the same equation aa above, 

assuming 2 liter8 of water and 6.5 g of firh ingested per day the 

equation becaner: 

X (2 + 0.0065 x 37.5) l 0.5 - 9.5 

1.12 x = 9.5 

x - 8.5 rag/l 

Therefore, using two different endpoint8 a criterion of 1.4 mg/l or 

8.5 mg/l va8 calculated. Although both criteria are defensible, 

the criterion based on the TLV is recommended for tvo reasons. 

?ir8t, the animal toxicity rtudy involved an exposure period of 

only six months. Secondly, the TLV reprerents a body of human 

experience with the chemical vhich is apparently protective. It 

should be noted that the crfteria are not substantially different. 

The arrmptionr used to derive the Acceptable Daily Intake 

(ADI) uere bared on the TLV for ID. Several of these assumptions 

can be rupported further by published datar (1) Although the TLV 

of 435 *g/m3 war baud on irritation, Bardodej and Bardedjova 

(1970) reported a IXXL of 370 mg/m3, with higher levels causing 

fatigue, 8l~pina88, and headache, in addition to eye and reu- 

piratory tract irritation; (2) although a 50 percent inhalation 
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absorption factor was used, Bordode j and Barded jova (1970) reported 

that 64 percent of the I5 vapor war retained (absorbed) in the 

respiratory tract1 (3) the Wolf, et al. (1956) dosing study, upon 

which a no-effect dose level for EB-contaminated water is ba8ed, 

was carried out with ethylbenzene di88Olved in olive oil. It ha8 

been demonstrated (Withey, 1976a,b) that the rate and extent of 

uptake from the G.I. tract of lipid soluble compound8 is greatly 

reduced when solutions in vegetable oil rather than water are used; 

(4) a safety factor of 1,000 was wed since no chronic toxicity 

8tUdfeS or report8 on the teratogenicity, mutagenicity or carcino- 

genicity of EB are available? and (5) extrapolating the dou 

effects from rat to man based on thm no-effect data of Wolf, et al. 

(1956) a88uma8, in part, equal absorption, distribution and excre- 

tion of EB. Extensive animal data are necessary before a defini- 

tive value can be determined. It is to be StreSSed that this cr i- 

terion is based on inadequate chronic effects data and should be 

re-evaluated upon completion of chronic oral toxicity studier. 

In amary, bared on a threshold limit value and an uncertain- 

ty factor of 1,000, the criterion level for ethylbenzene correapond- 

ing to the calculated acceptable daily intake of 1.6 mg/day is 1.4 

rig/l.. Drinking water COntribUteS 89 percent of the assumed expo- 

sure, while eating contaminated fish product8 account8 for 11 per- 

cent. The criterion level can alternatively be expressed as 3.28 

mg/l if exposure is a88mIed to be from the consumption of f irh and 

rhellf irh product8 alone. 
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