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» Foreword

(This Foreword is not a part of American Standard Maximal Acceptable Concentration of Benzene, Z37.4-1960.)

American Standard Maximal Acceptable Concentration of Benzene, Z37.4-1960, has been developed by a
committee, national in scope, functioning under the procedure of the American Standards Association.

This committee was organized to co-ordinate all available information on the various air contaminants
and to establish acceptable concentrations which could be used in the development of means for controlling
such contamination. This standard on the acceptable concentration of benzene is one of a series of standards
which have been prepared by the committee and approved by the American Standards Association.

The initial draft of this standard was prepared co-operatively with the United States Public Health Service.
The first standard on this subject was approved January 15, 1941. The subcommittee which developed the pres-
ent revision of this standard was under the chairmanship of Hervey B. Elkins.

For many years the need for standard acceptable concentrations of toxic dusts, gases, mists, vapors, and
fumes in the air of work places has been recognized. A great deal of information on such concentrations has

been published, but it frequently differs, due largely to the varying conditions under which observations and
tests were made.

While research on the toxic effects of many dusts, fumes, mists, vapors, and gases is continuing in indus-
try, governmental institutions, universities, and elsewhere, the concentration set forth in this standard reflects
information obtained from all authoritative published data and the experience of the members of the committee.

The ASA Sectional Committee on Acceptable Concentration of Toxic Dusts and Gases, Z37, which developed
this standard, had the following personnel at the time of approval:

H. H. ScHRENK, Chairman
O Dow D. IrisH, Vice-Chairman
) Hewnry G. LaMB, Secretary
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The Meaning of Maximal Acceptable Concentration

It is generally recognized that there are levels of
concentration of atmospheric contaminants to which
a person may be exposed without known ill effects or
discomfort. Since it is not practical to maintain com-
pletely uncontaminated air in most industrial situa-
tions, it is necessary to establish maximal acceptable
concentrations of atmospheric contaminants encoun-
tered in industrial operations. These concentrations
in themselves do not represent a scale of relative
toxicity; they represent the concentrations of con-
taminants below which ill effects are unlikely to be
experienced by any but hypersusceptible individuals.

These concentrations are usually based upon data
obtained by one or more of the following procedures:

(1) Laboratory tests on animals

(2) Laboratory tests using human subjects

(3) Environmental and medical investigations in
plants

A common feature of these procedures is that the
experimental exposure shall correspond to the normal
work pattern. This should be taken into consideration
also in the application of maximal acceptable con-
centration values.

Three criteria have governed the establishment of
these concentrations:

(1) Organic or other tissue changes

(2) Functional reactions that have no discernible
untoward effects on health but cause impairments,
such as in-co-ordinations and increased proneness to
accidents

(3) Discomfort or adverse sensory effects

In those cases in which the concentrations have
been established on the basis of organic changes, it
is logical to assume that repeated exposure to con-
centrations significantly in excess of the acceptable
concentration probably would produce injury. When
the level has been established on the basis of a func-
tional change or discomfort, it is logical to assume
that exposure to concentrations not greatly exceeding
the acceptable concentration would not produce
materially injurious effects. Hence it is important to

understand the criteria upor which any such maximal
acceptable concentration has been established.

Though the purpose of the acceptable concentration
is to minimize health hazards, its immediate use is
for guidance in establishing engineering procedures
to prevent objectionable concentrations of toxic or
noxious materials from being present in the air of
work places. Comparison of the results of air analyses
with maximal acceptable concentrations indicates
acceptable conditions or otherwise the need, extent,
and urgency of control measures. Sampling and
analysis should be performed by competent personnel
using an acceptable method that will provide a
reliable measure of actual exposure.

Air analyses in conjunction with acceptable con.
centrations of such atmospheric contaminants as are
encountered in industrial operations serve as a
measure of exposure, but not as a means of diagnosis
of occupational disease. Diagnoses should be based
on a consideration of all factors, including results
from clinical and physical examination, as well as
from air analyses, from means of assessing amounts
of materials in the body, and a knowledge of toxico-
logical effects of the materials under consideration.

In the application of the standards, it should be
kept in mind that:

(1) The acceptable concentrations serve as stand-
ards for good industrial hygiene practice.

(2) They serve as engineering guides. Design and
operation should aim at maintaining all concentra-
tions below the acceptable maximum.

(3) They should be applied and interpreted by
competent individuals with a full understanding of
the basis and limitations of the information from
which the standard has been developed.

(4) It is advised that these standards are con-
sidered to be guides toward good industrial hygiene
and are not intended as legal requirements.

(5) The levels are applicable only for exposure
to a single substance, In the case of exposure to
mixtures, the effect may be increased or decreased,
and controls should be based on the specific situation.




American Standard
Maximal Acceptable Concentration of

Benzene

1. Scope and Purpose

1.1 The maximal acceptable concentration of ben-
zene applies to all places of employment.

1.2 The purpose of this standard is to prescribe the
maximal acceptable concentration of benzene in the
atmosphere of work places for guidance in design and
operation, so as to protect the health of the workers.

2. Properties of Benzene [1] *

2.1 General Properties. Benzene (benzol) is the
lowest homologue of the aromatic hydrocarbons. It
should not be confused with benzine (benzin), a mix-
ture mainly of aliphatic hydrocarbons. Benzene is a
colorless liquid. Commercial benzene is seldom pure
and may be contaminated with xylene, toluene,
phenol, thiophene, carbon disulfide, acetonitrile, and
also by pyridine and other substances.

2.2 Physical-Chemical Properties
Chemical formula: CgHg
Molecular weight: 78.11 (2]
Specif _ 20
pecific gravity: 0879 at—C
Vapor density
(air = 1.00) : 2.7
Boiling point: 80.1C
Melting point: 55C
Vapor pressure at 26.1 C: 100 mm Hg (milli-
meters of mercury)
Flash point (closed cup): —11C (12 F)
Explosive limits (percent
by volume in air) : 14.7.1 (3]
Autoignition temperature: 562 C (1044 F)

2.3 Toxic Properties. Benzene absorption occurs
mainly through inhalation of the vapor. Upon acute
exposure, benzene acts predominantly as a narcotic,
causing depression of the central nervous system.

With chronic exposure, benzene may cause bone-
marrow damage, resulting in a change in the circu-

® Numbers in brackets throughout the text refer to cor-
responding numbers in References on page 9.

lating white blood cells, platelets, and red blood cells.
Individual susceptibility varies greatly.

Absorbed benzene is excreted partly as phenol con-
jugated with sulfate in the urine. Determination of
the ratio of inorganic to total sulfates in the urine is
a useful method of estimating benzene exposure [4].

Medical control procedures should emphasize pe-
riodic blood examinations.

3. Maximal Acceptable Concentration

3.1 The maximal acceptable concentration of ben-
zene {benzol) shall be 25 parts per 1,000,000 parts of
air by volume, corresponding to 0.08 mg (milligram)
per liter at 25 C and 760 mm pressure, for exposures
not exceeding a total of 8 hours per day, with the
understanding that variations in concentration should
fluctuate below this level.

3.2 The maximal acceptable concentration of ben-
zene is based on field studies in plants where benzene
poisoning has occurred. Serious cases of benzene pois-
oning have been reported where concentrations
averaged 150 ppm (parts per million) [5], 105 ppm,
[6], 100 ppm (3 cases) [7], and 60 ppm [8]. Blood
changes were found in workers exposed to average
concentrations of 100 ppm and 90 ppm {9], 80 ppm
{51, 105 ppm [6], and 60 ppm [8].

The concentration of 25 ppm is intended to provide
the average individual with a considerable margin of
safety against serious benzene poisoning. A medical
control program is recommended whenever workers
are exposed to concentrations of benzene vapor ap-
proaching the maximal acceptable concentration.

4., Sampling Procedure and
Analytical Methods

4.1 Sampling Procedure

4.1.1 The sampling procedure shall be in accord-
ance with what experience shows is necessary to
secure a sample which is truly representative of the
actual working conditions at the location tested and
for the period of the employees’ daily exposure. This
implies that the volume of the sample and the rate at
which it is drawn into the sampling apparatus shall

E MCD 000004813
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be such that the taking of the sample does not itself
change appreciably the atmospheric conditions at the
location tested, The volume of the sample shall be
consistent with the sensitivity of the analytical method
employed.

4.1.2 Samples of air should be taken wherever
exposure to benzene in the atmosphere is known or
suspected to be of hygienic significance.

4.1.3 Samples should be taken at the breathing
level, close to the mouth or nose of the worker, with
special attention to the locations near the source of
the benzene and in the path of air currents carrying
it towards the worker, if such condition exists.

4.1.4 Samples should be taken in sufficient num-
bers to indicate whatever differences in concentration
of benzene exist during the working period.

4.2 Analytical Methods. The analytical methods
recommended for use are based on the formation of

dinitrobenzene by the action of fuming nitric acid
and concentrated sulfuric acid. The sample may be
taken originally by passing the air through such a
nitrating mixture, in a suitable bubbler, at a rate of
0.02 to 0.25 liters per minute [10]; or grab samples
may be taken in suitable receptacles and then shaken
with nitrating acid [11]; or the air may be passed
over silica gel, and the latter heated in the laboratory
to drive off the benzene, which is passed through
nitrating acid.

The dinitrobenzene may be determined by the
color produced by methyl ethyl ketone and alkali.

Any other analytical method may be used, pro-
vided it is equivalent in applicability and reliability
to those cited.

NotE: It is understood that the sampling and analysis of
contaminated air as specified above, and the interpretation of
the data in relation to the stated permissible concentration
shall be done only by technically qualified and competent
persons,

MCD 000004814
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On ttie job benzene vapor exposures of less than 5 ppm were
measured concurrent with the 24 hour collection of urine from 52

employees. Urinaiy phenol fevels of the collective study group,
measured as either concentration or weight, showed a positive
statistically significant correlation with benzene exposure.
However, due to variances in individual baseline phenol levels,
determination of benzene exposure at these low concentrations is
relatively weak. Since baseline phenol concentrations exist over
arange of values, adjustment for a single value of each individual's
baseline did notimprove correlation for the collective study group.

A study of benzene exposure versus urinary

phenol levels

GORDON J. ROUSH and M. GERALD OTT

HER Industrial Hygiene Laboratory, Corporate Medical Department, The Dow Chemical

Corporation, Midland, Michigan 48640

introduction

The 1974 NIOSH proposed standard for
benzene' requires the monitoring of urinary
phenol levels of employees with time-weighted
average (TWA) exposures exceeding S parts per
million (v/v air). The correlation between
benzene exposure and increased urinary phenol
levels has been reported previously.” A level of
75 mg phenol/liter of urine (mg/1) is proposed as
a signal of unacceptable benzene absorption
requiring close medical surveillance. This study
was designed to evaluate the proposed technique
of “biological monitoring” in an industrial
environment. It was also intended to determine
if concentrations in the area of 75 mg
phenol/liter of urine are indicative of
unacceptable benzene exposure.

benzene vapor sampling procedure

Benzene is widely used as a raw material and
solvent by The Dow Chemical Company. Five
- benzene-consuming production- facilities were
selected to represent industrial environments
where benzene is handled along with other
chemicals. Over a six month period. benzene
exposures were studied for 52 employees from 25
job classifications, including laboratory
“technician, production opecrator, plant

«_ American industrial Hygiene Association JOURNAL (38} 2/77

mechanic, and material transfer operator.
Usually, samples were obtained from two
employees in each job. Participation was
voluntary since the collection of urine depended
on each person’s willingness to cooperate. Urine
samples and breathing zone air samples were
collected on the same day. Increases in urinary
phenol levels were expected to correlate directly
with inhalation of benzene vapors. Skin
adsorption was assumed to be negligible since
most jobs required the wearing of rubber gloves
when handling benzene. Potential exposure to
other chemicals should not have affected urinary
phenol levels since none were known to interfere
with, or contribute to the metabolism of benzene
to phenol.

Actual TWA exposure to benzene was
determined via personal samplers worn on each
employee’s collar throughout the course of his
workday. Workdays varied from 8 to 12 hoursin
length. A small battery powered vacuum pump
provided a low air flow rate, 100 to 250 milliliters
per minute (ml/min), through charcoal packed
stainless steel tubes. A few “extra large™
commercially available sample tubes were used,
but most of the sample collection tubes were
custom-packed with Pittsburgh coconut base

For more information about authors. see “this issue’s authors . . . an page A-3

67
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activated. charcoal, 12-30 mesh. Charcoal was
used because of its suitability for collection of a
wide range of aromatic compounds which were
likely to be encountered. The custom packed
tubes were approximately .47cm(3/16in.)in
diameter by 12.7cm (5 in.)) in length and
contained approximately one gram of charcoal.
Efficiency of the total sampling system,
including error of analysis, was determined by
spiking sample tubes and submitting them for
analysis with tubes used in monitoring.
“Spiking” of the sample tubes was accomplished
by preparing in a 100 liter Saran® bag a known
concentration of benzene, both by itself and with
a mixture of other chemicals found in the work
place. Air from the bag was drawn through a
sample tube at the same flow rate used in the
plant studies.

Collection of urine began when the employee
started work, and continued for 24 hours. The
“day” sample was collected in a hospital
specimen container while the employee was at
work. A second container for the “night” sample
was taken home and used until he returned to
work the following day. Thus, the two
““combined”™ urine samples represented
approximately 24 hours of urine. A baseline
urine sample was collected by each employee
after being away from work for a minimum of 48
hours. No other restrictions were placed on the
collection of the baseline urine sample.
Information concerning consumption, within
the last 24 hours, of any medication, tobacco, or
alcohol was recorded by each employee for each
urine sample. Anv known chemical exposure
was also noted. lu.ormation concerning
previous or present health problems, particu-
larly of the liver, kidney, or heart, was requested
for each volunteer.

analysis of samples

air samples

The charcoal absorbent used in air monitoring
was desorbed with cold carbon disulfide and
analyzed by gas chromatography using a flame
ionization detector. Specific chromatographic
conditions varied over the several months of
personnel sampling. Column packings included:

20-30% Carbowax
20,000

68

109% SP 1000

5% FAPP

5% QF 1/8% SE 30

10% UCW 98

10-20% Carbowax 20,000

5% SP 1200/1.75%

Bentone 34

109% LAC 2R446

15% Carbowax 4000

10% DC 200

Durapak OPN/Poracil C

80/100
The columns ranged in length from 1.83m (6 ft.)
to 4.57m (15 ft.) and were prepared from .95cm
(1/8 in.) inside diameter stainless steel tubing.
Column temperatures ranged from 183 to
68.3°C (65° to 155°F). Selection of a column
depends on the combination of chemicals
absorbed on the charcoal. A column packed
with SP 1000, Durapak or SP 1200/ Bentone
would be suitable for benzene alone.

urine samples :

Urine phenol analysis was based on the NIOSH
proposed standard for benzene.'! The urine
samples were hydrolyzed with perchloric acid at
95°C for two hours, saturated with sodium
chloride, and extracted with isopropyl ether.
The ether extract was analyzed for total phenol
using a flame ionization gas chromatograph.
The only modification of the NIOSH method
was the saturation of the hydrolyzed urine with
sodium chloride. This step increased the extrac-
tion efficiency of the isopropyl ether. The
chromatograph column consisted of a tube .95
cm (1/8 in.) in diameter, 1.83m (6 ft.) long and
filled with 295 EGA CG-AW-DMCS (980-100
mesh) packing. The following temperztures were

utilized: column at 160°C, injection port at 230-
250°C, and detector temperature at 290-300°C.

Maximum sensitivity under these conditions
was about 2 mg phenol/liter urine.

results

data

Table I lists data collected from air and urine
sample analysis. TWA benzene vapor exposure
concentrations are given as ppm (v/v) and they
are grouped according to the length of the
workday. Concentrations of phenol in urine are

®Registered trademark of The Dow Chemical Company abroad.

Am. Ind. Hyg. Assoc. J. (38) February, 1977
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TABLE |
Results of Air Sampling (ppm) and Urine Analysis (ing/1)

Banzene Number

Concentration Range of Pheno! in Urine, mg/|

TWA of Hours Unadjusted NIOSH Adjusted
Range People Worked Baseline Day Night  Combined Day Night Combined
4.0 1 12 7 51 26 39 51 23 37
25 1 12 3 28 14 23 37 18 30
2.0 1 12 5 14 6 1 26 13 21
15 1 12 8 17 2 6 14 13 14
13 1 12 9 16 17 17 18 26 22
12 1 12 58 67 30 38 73 60 65
1.1 2 12 1-5 46  2.20 3-10 7-11 418 6-15
1.0-0.6 7 12 2-36 2-65  2.83 2-73 4-65  5.90 5-77
£05 15 12 1-32 2-39 218 2-20 2368 3-16 3-16
44 1 8 6 27 51 35 27 51 35
39 1 8 2 aQ 22 25 55 29 34
38 1 8 4 a9 22 32 51 22 33
36 1 8 2 3 9 6 7 17 13
s 1 8 37 46 45 45 61 64 63
3.0 1 8 4 24 21 22 36 28 32
26 1 8 3 14 12 13 22 17 19
25 1 8 6 10 5 7 10 5 6
2.1 2 8 4-5 11-23 910 9-15 18-20 11-15  15-16
20 1 8 75 40 64 57 34 55 49
13 1 8 2 6 2 5 7 4 6
12 1 8 1" 46 25 30 37 18 21
1.0-0.6 4 8 2-6 321 324 4-23 4-18 419 4.18
<ts 5 8 3-R0 216 412 4-13 515  5.11 612
expressed as milligrams of phenol per.hter of Last 2 digits
urine (mg/l). The concentrations are listed as Measured  of NIOSH aver-
measured, and as adjusted according to the Adjusted Concen- age specific
NIOSH proposed benzene criteria. The (gncentration — tration gravity

following equation was used to calculate the

adjusted values.

TABLE 1
Resuits of Air Sampling (ppm) and Urine Analysis (mg)

Last 2 digits of measured

specific gravity

Benzene Number

Waeight Renge of Phenol in Urine, mg

TWA of Hours Actual Adjusted for Baseline
Range People Worked Day Night Day Night
4.0 1 12 32 16 28 12
25 1 12 21 7 19 5
20 1 12 22 7 14 1
15 1 12 8 3 4 -7
1.3 1 12 12 18 5 8
1.2 1 12 16 25 2 -23
1.1 2 12 6 2-11 1t0d 1te8
1.0-0.6 7 12 3-65 4-77 -51t039 -201052
<05 15 12 2-28 2-9 -10t023 -20t0 5
4.4 1 8 21 20 17 18
39 1 8 13 31 12 28
38 1 8 7 6 7 4
= 36 1 8 5 17 2 13
35 1 8 32 82 6 15 .
30 1 8 17 17 14 14
26 1 8 12 18 9 13
_ 25 1 8 4 3 2 -1
2.1 2 8 5-12 10-11 3t010 5t06
20 1 8 15 52 -13 -9
- 1.3 1 8 5 1 4- 1
12 1 8 8 16 6 8
1.0-06 4 8 2-6 2-8 Oto5 1to7
5 8 2-6 5-10 -24102 56103
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TABLE HI

Coefficients from Correlation of Benzene TWA Exposures with Weight of
Urinary Phenol and Urinary Phenol Concentrations

Phenal Concentration
Coafficients

Phenol
Urine Weight NIOSH
Segment Coetfficiants M Adj d
TWA of 8 hour workday {22 men) Day 0.66 0.55 0.66
Night 0.48 0.50 0.63
Combined 0.53 0.52 0.64
TWA of 12 hour workday (30 men) Day 0.44 0.42 0.51
Night 0.18 0.18 0.23
Combined 0.32 0.34 0.41
TWA of combination of 8 and 12 hour Day 0.38 0.45 0.56
workdays Night 0.40 0.37 0.42
Combined 042 043 0.50
TWA of combination of 8 and 12 hour Day 0.57 0.56 0.69
workdays, 5 cases of ""unacceptable’” Night 0.69 0.55 0.69
phenol concentrations deleted Combined 0.72 0.61 0.77
TWA of combination of 8 and 12 hour Day 0.70 - --

workdays, 5 cases of “‘unacceptabie’”
phenol concentrations deleted, 12
hour workday data adjusted to an

8 hour workday

Note: A perfect correlation is 1.0, no correlation is 0.0. Each product moment correlation coeffecient above was

calculated as follows:

Coeff= X:Y,+ X)¥:+...+ XnYn _.(mean value of x) {mean value of y)

{n-1) (5td. deviation of X) (Std. deviation of Y)

Where n = number of observations
X, Y = parameters being correlated

The average specific gravity of urine used by
NIOSH is 1.024. Asa comparison, the respective
average specific gravities of urine samples
included in this report were 1.021, 1.021, and
1.022, for the day samples, night samples and
baseline samples. These values are similar to
thcse recently reported” for a large work
population.

The weight of phenol measured in the urine
samples is shown in Table 11. Phenol weight was
of interest as an alternative to concentrationasa
means of measuring benzene exposure.
Measuring weight instead of concentration
would eliminate the problem of low phenol
concentration due to the intake of large volumes
of liquid. This dilution of urinary phenollevels is
handled in the NIOSH criteria by measuring
Joecific gravity, comparing it with a traditionally
used average, and adjusting the measured
concentration accordingly.

correlation of data parameters

Two main parameters, urinary phenol
concentration and phenol weight, were

10

correlated with measured employee TWA
benzene exposures. The correlation coefficients
and the equation used in calculating them are
shown in Table I11. A correlation coefficient is a
measure of the strength of relationship between
two variables. In Table III, most of the
coefficiants exce:d 0.3, a value reprascnting the
highest correlation which would be expected if
random numbers were substituted for the
reported sample values. This value assumes a
sample size of 52 observations and a confidence
fevel of 95% or p <0.05. Since most of the
coefficients exceed 0.3, in most instances a
positive significant correlation exists between
TWA benzene exposure and the two different
measures of urinary phenol levels. Figures 1 and
2 are plots of the strongest relationships for
phenol concentration and phenol weight
respectively.

Besides comparing two methods of reporting
urinary phenol levels, Table III indicates the
different ways in which the experimental data
was analyzed. Obvious subgroups exist in the
total of 52 observations reported. Examination

Am. Ind. Hyg. Assoc. J. (38) February, 1977
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Figure 1-TWA benzene expsoure versus adjusted con-
centration of phenol in urine (.5 cases of high baseline
concentrations deleted).

of the data included analysis of these subgroups
as well as the total group. Two of the sub-groups
in Table 1II resulted from the sampling of
employees with two different length, 8 and 12
hour, workdays. A third sub-group with the high
baseline urinary phenol levels became evident
after the data had been collected. High baseline
levels are apparently normal for some

" individuals and these individuals may exceed the
concentration of 75 mg/1, proposed in the
NIOSH document as an unacceptable level of
“absorption.” The five individuals with high
background phenol levels- will be discussed in
more detail later. They were deleted in the last
two correlation groups in Table 1] in order to
determine the degree of influence they exerted
on the collective group.

The last correlation in Table III was an effort
to further examine the relationship between
excreted phenol weight and benzene exposure.
Since the data had been collected using two
different length workdays, it was logical to
expect a higher weight of phenol to be excreted

in the “day” samples by persons working the

longer day. This was assuming vapor exposures
were fairly equal throughout the workday. The
individual phenol weights collected during the
12 hour workdays were reduced by 1/3 to
equalize them with the 8 hour workday. The
correlation of this adjusted “day” weight of
-phenol is reported as the last section of Table I11.

This study agrees with previous studies
showing a good correlation between benzene

American Industrial Hygiene Association JOURNAL (38) 2/77
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exposure and urinary phenol levels. The highest
correlations in Table I1I occurred when the five
persons with high background phenol levels
were deleted from the data. These correlations
are statistically significant at the critical level, p
<0.005. If persons with high baselines are
included in the data field, the best correlations
are significant at 0.0005 <p <0.005. However
Figures I and 2 show the unpredictability of this
associaticn at relatively low exposure levels.
These figures are plots of data, excluding high
baseline phenol levels, which generated the
highest correlation between phenol concen-
tration/weight and TWA benzene exposure.
Plots of data which included persons with high
baseline phenol levels showed an even wider and
more unpredictable scattering of points. The
solid line in Figures 1 and 2 is a least-squares

"plot, or regression line. The broken lines

represent plus or minus two residual standard
deviatiuns and should contain between iliem
approximately 95% of the data points. Efforts to
use the regression line to predict benzene
exposure resulted in the equations shown in
Figures ! and 2. The ppm value for two standard
deviations is given below each equation. Two
standard deviations for these, the best two
correlations, represent an unacceptable 35-40%
of the experimental (0-5 ppm benzene) data
range. For example, assume an employee’s urine
was monitored and it contained 25 mg/l of
phenol. Based on Figure 1, the best conclusion
that can be drawn is that the employee is 95%
sure his TWA benzene exposure was between 0.4
and 39 ppm. Or, if 100 employees were
monitored for one day, and all of the urine

TwaA 001 008 W)
2500 Dev. 1T gy

TWA Beazens Eaposce, opm

L

Vet ol Pronci i ruwe g

Figure 2-TWA benzene exposure versus weight of
phenol in urine (5 cases of high baseline concentrations
deleted).

n
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TABLE IV
Correlation Coefficients for TWA Benzene Versus Urinary Phenol Weight,
Adjusted and Unadjusted for Background Phenoi Leveis

Urine Unadjusted ’ Adjusted

Segment for base for base
TWA of 8 hour workday {2 men) Day 0.66 0.59
Night 0.46 0.59
Combined 0.63 0.60
TWA of 12 hour workday {30 men) Day 0.44 0.38
Night 0.18 0.15
R Combined 0.32 0.29
TWA of combination of 8 and 12 hour Day 0.38 0.36
workday Night 0.40 0.40
Combined 0.42 0.41
TWA of combined 8 and 12 hour workdays, Day 0.57 0.41
5 cases of "unacceptable’” phenol Night 0.54 0.58
concentrations deleted Combined 0.65 0.53
TWA of combination of 8 and 12 hour Day 0.70 0.45

workdays, 5 cases of “unacceptable’’
phenol concentrations deleted, 12 hour
workday data adjusted to an 8 hour workday

Note: Perfect correlation is +1.0, no correlation is 0.0.

samples contained 25 mg/1 of phenol, one could
assume that approximately 95 out of the 100 had
had a TWA benzene exposure between 0.4 and
3.9 ppm. Less than 10% of the time will an
employee’s actual exposure fall on (within 0.1
ppm of) the regression line. Urinary phenol
levels are not an accurate method of predicting

TWA benzene exposures in the range of 5 ppm
or less.

Another observation exists. It is that
NIOSH'’s recommended procedure for adjusting
“spot™ urine samples to a standard specific
gravity slightly improved the correlation of the
24 hour urine samples. NIOSH recommends this

TABLE V
Summary of Employees* with High Baseline Urinary Phenol Levels

Urinary Phenol Levels, mg/|

Madi.at.0on History o~
Benzene. used at time medicai V.ork hours Measured NIOSH Adjusted
ppm TWA Age of survey problems per day Day Night Base Day Night Base
0.2 57 Esidrex Hi blood 8 16 12 80 15 12 68
08 pressure - - - 12 - - 9
08 48 2 Aspirin day No 12 65 83 26 65 91 33
of 1st base Problems - - - 93 - . - 108
) - - 62 - - 64
1.2 23 Diet medica- No 12 67 30 58 73 60 87
tion during Problems - - . 44 - - 51
workday - - - 63 - - 58
sampie, Rolaids
on 3rd base
2.0 33 None No 8 40 64 75 34 55 64
Probiems - - - 59 - - 64
- - 36 - - 32
35 27 2 Aspirin day No . 8 46 45 37 61 64 47
of 2nd base Problems - - - [ - - 7
- 84 . - 77

*All male employe~s

12 -
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Figure 3-TWA benzene exposure versus unadjusted weight of phenol in urine.

procedure when a single urinztion is sampled, io
allow for dilution of phenol concentrations due
to large volumes of liquid intake. When this
adjustment was applied to the various urine
segments, Table III, the resultant concentration

correlated better with TWA benzene exposure.’

background phenol levels

Table IV, and Figures 3 and 4 present the result
of adjusting measured urinary 'phenol levels

Volume of Urine

Specific gravity
Day Night Base Day Night Base
375 850 a4 1.026 1.025 1.028
- - 25 - - 1.031
1000 -~ 925 78 1024 1022 1.019
- - 140 - - 1.022
- - 225 - - 1.023
235 - 1450 1.022 1012 1016
- - 235 - - 1.021
- - 255 - - 1.026
T 385 820 260 1.028 1.028 1.028
- - 55 - - 1.022
365 1.027
690 1825 695 1.018 1017 1.019
- - 13 - - 1.021
445 1.026

/jmericgn {Industrial Hygiene Association JOURNAL (36} 2/77

accordiag to each individval's normal baseline
level. A baseline urine sample was collected after
each volunteer had been away from work or any
known chemical vapor exposure for 48 hours.
Each baseline phenol weight was calculated and
subtracted from the total weight of phenol in
their *“day” and “night” urine segments.
Theoretically, this adjustment should have
compensated for persons with normally high
urinary phenol levels, leaving the adjusted
weights of phenol entirely related to benzene
absorption. Figure 3 is a plot of unadjusted
urinary phenol weight for all 52 observations.
Figure 4 illustrates the effect of subtracting the
baseline ground weights of these 52 individuals.
Table IV compares group correlation
coefficients for TWA benzene exposures versus
both unadjusted and adjusted weights of urinary
phenol. In most cases, the unadjusted measured
weights have a higher group correlation than the
adjusted weights. This finding indicates the
difficulty in using a single value for baseline
urinary phenol levels. For any individual, a
baseline range should be determined to
accurately assess what phenol level is “above”
normal. The negative phenol weights in Figure 4
also indicate that unknown factors are causing
greater fluctuations in baseline levels than those
resulting from low benzene exposures. A study
of non-exposed controls is underway and will be
reported in a future publication.
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The tenzene rirg will net react yith walar ar hydroxyl ions unless it *
is substituted with a number of electroregative groups (Ayers and *
Muder, 1964). Without this substituticn, the hydrolysis of benzene *
will occur only under srecialized rondi*ons of temperature and *
pressure. Oxidation wi'l occur only in tha presence of catalysts *
and/or elevated temperature (iHoward and Uurkin, 1974), Benzene can be *
photolyzed at wave lengths lesc than 290 nm (Howard and Durkin, 1974); *
Kaplan et al. (1971) demonstrated onz of the photoproducts of aqueous *
benzene to be 1,3-cyclopentadiene~l-cartoxaldshyde. Benzene can be *
photnlyzed in smog or hoavily polluted air. The Tong-term stability *
of benzene under atmosphere ~paditicns s unknown, but it is not *
completely inert {Howard 1nd'9urk1n, 12713, *
Toxicology Data *
Plants *

Dunstan et al. (1975) exposed Skeltonema costalom (diatom), *
Amohidinium carterae (dinoflagellate), Cricospaera carterae *
(cocrolithophorid) and Dunaliella terticlecta (green flagellate) *
Cultures to various concentrations of spectro-grade benzene. In *
Amphidinium, growth was inhibited at cnncentrations from .001 to 100 *
mg/1, while the growth cof Cricosphaera carterae was inhibited at *
benzene concentrations of 10 mg/1 to 100 mq/1; Dunaliella tertiolecta *
growth increased slightlv at these concentrations. *
q *
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Invertebratag

Tigriopus californicus, a tide copepod, was exposed to four different

concentrations of benzene (0.87, 0.44, 0.22 ard 0.087 mg/1) by Barnett
and Kﬁntogiannis (1975). Tre two highest concertrations proved lethal
to 40 percent of the copepods within the first two days of exposure.
0f the copépbds exposed to the lower benzene concentrations (0.22 and

0.087 mg/1), 70 percent survived the 7 day obsarvation period.
Vertebrates

In a acute toxic{ty study performed on s*riped bass (Morone saxatilis)

in a continuous flow bioassay, the 72-hour and 96-hour LC50 values for

benzene were identical - 10.9 + 0.2 ul/1, 9.6 mg/1 (Meyerhoff, 1975).

Korn et al., (1976b) examined the effects of 3.5 ul/1 (3.07 mg/1) and
6.0 ut/1 §§.27 mg/1) benzene on the behavior of striped bass, Morone
saxatilis, in a flow-thorugh bioassay. Fish were examined at 7 day
intervals for 28 days. Benzene caused decreases in dry weight, wet
weight and percent fat, but no differences was observed in
kilocalories per gram weight between the two groups. Hyperactivity
and changes in feeding habits were observed in ¥ish exposed to 5.27
mg/1 benzene; fish at the lower concentration were only moderately
affected. By one week after initial exposure, behavioral and feeding
habits began to return to normal in both groups.
5
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Pickering and Hendersan {1266) studied *te acute toxicity of benzene * 143

to fresh water fish under static biocassay conditions. In soft water * 145

(20 mg/1; EDTA) 96-hcur Tim values for fathead minnows (Pimephales * 145
promelas), bluegill {Lepor s macrochirus', goldfish, (Carassius * 146

auratus) and guppies (lLepistes reticulatus) were 33.47, 22.49, 34.42, * 147

and 36.60, mg/1, respectively. In hardwa.zr (360 mg/1 hardness; EDTA) * 149

the 96 hour Tlm was 32.00 myg/1 for fatheads. * 150
Struhsaker et al. (1974) examined the effects of benzene * 152
concentrations ranging from £ to 55 ppm-vol/vol on egg and larval * 153

forms of Pacific herrina, Clupea harengus pallasi (exposed for up to * 154

96 hours) and on the northern anchovy, Engraulis mordax (exposed for * 155

up to 48 hours) in static bioassays. Herring eggs exposed to an * 156
initial mean concentration of 35.2 to 39.6 mg/1 of benzene exhibited * 156
50 percent mortality after 96 hours, as well as delayed or abnormal * 157
development of the larval forms hatched from the exposed eggs. All of * 159
the Tarvae that survived longer than 33 days appeared normal. Initial * 160
mean concentrations of 7.6 to 22 mg/1 caused 50 percent mortality in * 161
herring larvae exposed for 43 hours and observed for 7 days. * 161
Mprtality was due to closure of the fore- and hindgut, resulting from * 162
changes in feeding habits. All concentrations greater than 8.8 mg/1 * 164
caused a delay in larval davelopment, retarded growth, an increase in * 165
respiration and an interruption of normal behavior. The authors * 167

stated that the benzene concentration in the assay decreased gver each * 168

24 hour exposure perfod (e.q., 39.6 mg/1 decreased to 10.6 mg/1 or * 169
6 * 3
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Tass after 24 hours), due tn wniitilization. Archaovy larvae * 170

experienced 50 percent rmortality a3t 17.¢ to 22.0 mg/] benzene after 48

* 171
haur exposure. At a ccncentration cf 4.1 mg/1 for & single 24 hour * 172
exposure, benzene caused a slight acceleration of larval development. * 173

Yolk utilization and effects cn egg development were directly related * 174

*»

to the lengih of expecsure to benzene. A 24 hour exposure to 4.1 and 175
8.2 mg/1 increased yolk utilization, while 40 hours of exposure to the * 176

sama concentrations delayed utilizatian; davelopmental rates declined

*

177
with increasing concentrations and length of exposure. Anchovy and * 179
heriing eggs were more vasistant to berzene toxicosis than the larval * 180

forms of both species (Struhsaker, et al., 1674). * 180
Non-Humar Hammals * 183

Spracue-Dawley rats of differnt ages raceived oral doses of undiluted * 186

benzene to determine the oral LD 50 (Kirura et al., 1970). Acute LD * 188

50'c ae: Limmature rats; 3.4 mg/kg: younq adult rats, 3.8 mg/kg; old * 189

aduli rats, 5.6 ma/kg. A concentvation of 0.87 mg/kg body weight * 191
proved fatal to newbern rats. Deichman et al., (1963) exposed * 193
Sprague-Dawley rats tn 15 to 831 ppm tenzene vapor for 20 hours/week * 194
for € to 31 weeks. Rats oexposed to a mean concentration of 65 ppm for * 195
26 out of 39 days showad a decrease in white bload cell count after * 196
tvc weeks in males and after four weeks in female rats. Animals * 198
exposed to 47 ppm and 31 ppm exhibited abnormalities of the spleen and * 199

lunys. Rats exposed to 831 popm for 32 or 46 days showed a decrease in * 200
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whita blood cell count ‘b2t yemaiped covstant *hroughout the period of * 201
2xXnuUsre. * 201
Hiraki et al. (1963) injected § “amala 24 6 male mice with 0.1 ml of * 204
a 1 percent solution (N.87 ma) each vealk . fwo imice died in 8 weeks; * 205
the remaining 8 mice weve treated for 100 wecks. Of these, 2 males and * 206
3 females developed subrutaneous sarcomas. Three of these tumors were * 207
transplantable into :yquneﬁc mice. lNeo controls were reported. * 208
Humans * 211
Dobashi (1974) measured the cell renewal rate as well as the rate of * 214
DNA synthesis in cultured human Teukocvtes and Hela cells exposed to * 215
benzene. Both cell *tvres evhihited 50 parcent inhibition of growth at * 216
2.2x10-31 (1717.6 mg/1). 1he rate of DNA synthesis was 50 percent * 218
inhibited in leukoccytes at 2.2x10-31 (371.6 mg/1), while this * 219
phenomenon occurred at !.1x10-31 (95.8 mq/1) benzene in Hela cells. * 220
In man, acute benzene poisoning is cherocterized by nausea, vomiting, * 221
ataxia and excitement, folloyed hy deprression and coma. Death is * 223
usually the result of respivatory or cardiac failure (Holvey, 1972). * 224
Aksoy et al. (1976) reportad that, of 21 patients, six patients having * 226
been exposed to 150 to 210 pom benzere vapor for up'to 28 years (mean * 227
exposure: 11 years) vere diagnosed as having Hodgkin's disease. * 228
Twenty other patients, also exposed to benzene, were later diagnosed . * 229 .

8 * 3
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as Jeukemics. Based on case studies. the :uthors stated that benzene, * 231
because of its toxicity to both the hematrooietic and * 232

reticulcendothelial system, is etiologically related to the onset of * 233

Hcdgkin;s disease. Alternatively, the aurhars nroposed that benzene * 234
may act with cther unknown factors centrituting to the onset of this * 235
proliferative disorder. * 23%

Aksoy gg;gl, (1974) determined the distritution of types of leukemia * 237
in 34 patients (shoe workers exposed on the job) with chronic benzene * 238
poisoning. The incidence of leukemia was determined to be 13.5 in * 240
100,000, which is greater than the inciden-e of leukemia in the * 241
general population (6 in 100,000). Paticnts were chronically exposed * 243
to 210 to 640 ppm benzene vapor for up to 0 yearc and most frequently * 244
exhibited acute myeloblastic leukemia. [relevkemia, erythroleukemia * 245
and acute lymphoblastic laukemia were alsi diagnosed. The authors * 247
noted that the number nf cases of leukemia imong shoe workers declined * 248
in 1974; benzene usage was prohibited in the factory in 1969. The * 250
authors also stated that, in 3 of the woriars, genetic predisposition * 250

to leukemia by virtue of a past family medical history of leukemia was * 251

contributory to the onset of the disease. * 252
Thorpe (1974) reported the results of a ton year study of workers * 254
chronically exposed to benzene vapors. [n a population of 38,000 * 256

workers exposed to low levels of benzenc. the numbers of leukemics was * 257

- not abnormal when compared to the genera! population. * 258
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Environmental Fate and Effects

* 260
ggnzené is susceptible to breakdown by microorganisms. While this has * 263
been proven under laboratory conditions, the extrapolations to * 264
environmental situations are difficult to maka. Studiec indicating * 265
that benzene can be degraded, with degradation rates j;pending on * 266
acclimation and incubation of the organisms, have been performed * 267
(Bogan and Sawyer, 1955: tialaney, 19605 Marion and Milaney, 1963; * 267
Chambers et al., 1963), but thase studies with mixed cultures indicate * 268
only the possibility of degradation, and at a very slow rate. * 269
Atlas and Bartha (1973) indicated that the biodegradabi!ity of benzene * 272
in the marine environment is severaly hampered by the l1imiting * 272
concentrations of nitrogen and phocphorus. It must also he considered * 274
that the possibility of microbes using brnzene as the sole or * 275
predominant  carbon soruce is rare, * 275
Korn et al. (1976a) investigatad the uptake, distribution and * 277
depuration of 14C-benzene in the rorthern anchovy, Engitaulis mordax, * 278
and the §fr1ped bass, Morone saxatilis. Anchovies were exposed to * 280
initial concentrations of .00069 ul/1 (.00061 mg/1) to 3.7 ul/1 (3.3 * 281
mg/1). Bass were exposed to an initial concentration of .088 ul/l * 283
(.08 mg/1). Exposure ta 14C-benzene was static for 48 hours, followed * 284
~ by resumption of water flow for the duration of the experiment (to 9 * 285
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days}. Benzene concentratiors ‘v rha woer docreased exponentially

throughout the experiment.

The authors reported no deaths du:ri~g the tests. Accumulation in the
bass was greatest in the 1all bladder, “ollcowed by the colon, liver,
intestine, brain, gill. heart. storach, and muscle. The gallbladder
accumulated up to 53.4 and 8,450 timas the initial water concentration
and the muscle accumulatad up to 1.11 and 135 times the water
concentration in the hass and erchyry -espectively. Maximum
concentrations were attainad from .25 to 4 days after exposure. Gall
bladder, fat, and gill fissue retained Tabeled residue the longest.
Bepuration in the bass tegan on dav 2 ur te day 4 or 5 after cessation
of exposure. Residues were undetcctable in muscle tissue within 24

hours after exposure eniod,

Anchovies showed greate untake t:un di4 the bass, with maximum levels _*

maintained the long2ct n brain, wnscle and intestine. The liver

accumnlated up to 309 times the [niitel water concentration.

Benzene appears to accumulate in “iziue: that exhibit a high 1ipid
content (Korn et al.. I197€a) or :euresent major metabolic sites. The
major route of depuration in thn !'uo enecies of fish appears to be
liver, gall hladder, intastines zrd chrough the colon. In bass, most

residues were not detectable beyond 7 days,

11
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Daichman et al. (1362 eurcsed rats to o

vapor. Biood tenzere 'soals ranged he'ioon

1.2 mg/1) after 180 dava

Of avrasare o li‘e
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Criterion Formulation ' * 341

Based aon the biocaccumulation properties of tenzene an application * 343
factor of 0.01 is used. When the 0.0} aprlication factor is * 344
multiplied by the 96-hour LC50 of 9600 ug/1 for the striped bass, * 345

Morone saxatilis, an economically important food organiém, a criterion * 345

of 100 ug/1 is derived. Since benzene is considered to be a suspected * 347

carcinogen, all human exposure should be avoided. . * 347
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CRITERION DOCIHMENT ’ 8

. }
POLYN'ICLEAR AROMATIC HYDROCARBOMS )2 ;@’ 10
o — e I
- ,h6 g
Criterion An interim vaLué(of 0.2 w1/l total polycyclic aromatic | 14
- Nl -7
hydrocarhons is recomm>nded for aimbient waters. | 15
Because many polynuclear aromatic hydrocarbons are 16
carcinogenic in animals, human exposure should be 17
minimized. " % 17

Introduction 2# ' . 19
Polynuclear aromatic hydrocarbons (MAH'S) represent a'larqe class 21
of compounds, many of which are tumnrigenic in animals. PAH's 23
are formed as a resulh: of incompletr combustion of organic 24
compound s without sutricient oxyagen I'his leads to the formation 25
of C-H tree radicals which cdn palyw:riza to form various PAH's > 26
(Groll, 1933; =1llis, 13137). Domesti - and industrial soots are/ 27
the products of incomplete combustion of cérbonaceous materials 28
such as wood, coal, and oil. The correlation of exposure to :30
goots and disease was first reporte? by the British surgeon, | ER |
Parcival Pott (1775), who observed s high incidence aof scroﬁal 32
cancer in chimney sweeps. Three ye2a:3 later, as a result of 33
Pott's finding, the Danish Chimney .seeps Guild suggested that s
its members remove soot from their ~fiothing and bathe daily. A 35
century later, Butlin (1892) revealrd that, as a result of these " 36

1 3
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vrecautions, scrotal =Fin cancexr became relatcively rare. Thus,
~he first example of dinease prevrenti~n by reduction in direct

2xpnsure to the carcinogenic agent(s) was ravealed.

Butlin (1892) observed greater incidences of skin gﬁncer among
workers in contact wi+th <oal-tar and oitch, which are residual
products of coal distillation. Naturally form=3d oil in shale and
pstroleﬁm, formed by heat and pressure in the ecarth's crust from
decomposed animal. and v=zgetable matter, contain PAB (Berenblum

and Schoental, 1943; Catchpole et al., 1971).

The first case of skin carcinoma as a result of exposure to shale

oil was reported by Bell (1876) and the carcinogenicity of shale

0il was later shown hy Leitch (1.222).

-

The following list- shcws PAHs that have been identified from

various sources (IARC. 1973).
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Tahnlz !
Some Sources of oly~vells Aromatic

Hydrocarbons

COAL-TAR SHALE CRUDE
HMPQUND PTITCH 500T OIL OIL
nzo (1) pyrene + + + +
vz {a) anthracene
nzo (b) £luoranthene 8 +
“anz (a,h)anthracene - +
hanzo(a,e)pyrene
.

enzo(a,h)pyrene 2
henzo(a,1l) pyrene
rysene : + .
nzo (j) Eluoranthene 1 +
teno(l,.2,3-cd)pyrene
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Caneentrations of UhMin carhonebliack wnob have been caported aé”
it ag 20610 ngska for hearafejpyuranae and henzo{a) pyrene (Falk
~+ al., ],959). All femponpede 1ieto] ip Table 2 have been shown
Fy be carcinogenic in Paibow-tavy animal ect3. These components
alone of in combination are helies? ko he responsible for the
carcinegenic effects ¢f thnse pyrolytic products. Pyrene and
fluorene, which are inlckive coreinoagens:, have been found in coal

cars (WPindholz, 137A).

Polynurtear aromaric nviracarhons find their way to waterways
‘
Adgorhed onte asrnsolt v hacteria [Aod2lman and Suess, 1970).
Although their eninhility in vaker is essentially zero, they may
ewigt in ﬁgter in asenciarien writh organic matter or colloids
(micelles) as formed "y ayntheric datargents. Andelman and Suess
(1370} raported thak ~arcipogonic PR concentrations in
groundwater wors, 0.00L +*n~ 001 ug-l; treated river and lake
rrater as, 0.0L ko w0.02% uyL: and surftace water as, 0.025 to
7100 uasl.  In highly cont2minated gsurface water levels greater
“han 0.1 ugs/l were o, Borneff ond Kunte (L969) have examined
e ound wafer concentraticns of six oasily detected polycyclic
cromatic hydrocarbons, Elnaranthene, 11,12-benzfluocranthene, and

', 12-benzperylene, which bava nat heen shown to be-carcinogenic

»>nd 3,.4-henzfluoranthaone, 1,0 -henzoyrene and

‘ﬁdeno(l.2.3*cd\pyron”- whiali have Loen shown to be carcinogenic.

e

76
17
78
79
80
82
82

N2

84
85
87
89
89
89

o1

23
gu
95
96
97
97

98



> .136 ug/l, from 48 samplings. Since these levels would ke
difficult to remove for drinking water purposes, the authors
recommended that a maximum concentration of total polycyclic
aromatic hydrocarbons be limited to a level not to exceed
0.2 ug/1 for humﬁn consumption. The #orld Health Organization
(1970) has also recommended 0.2 ug/l in drinking water as a

maximum level for the safety of consumners.

Contaminated waters can have seriously large PAER concentrations.

Andelman and Suess (1970) have also quoted benz(a)anthracene

concentrations of 0.025 to 10 ué/l and benzo(a) pyrene

concentrations of 0.001 to 1.84 ugsl in industrial and bitumen

contaminated effluents. Waste water from households, ﬁrades,
>ads, and industrial sourcas had up ' 31.4 ug/l

benzo (a) anthracene and 34.5 ug/l benzn (a) pyrene.

Physical and Chemical Properties

Polynuclear aromatic hydrccarbons are a diverse class of
compounds consisting of substituted aud unsubstituted polycyclic
and heterocyclic aromatic rings. They vary in color from white
to yellow crystals with diverse meltinra points (e.g.,

benzo (c)acridine 108 degrees (Beilstein's handbook) ;

dibenzo (h,rst) pentaphene 320-321 degress (Beilsteint's handbook)).

PAHS are not very soluble in water. A few compounds in which
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qeee produced erithelial nratifsrat Do bur nn tumors.  Qf the

“rooce o dibenzanthracane soaa the mieotb potant

Arplication of 1,2,5,46~dibenranthracense ~r 3, 4--benzopyrene to the
1wputatéd tail of the newt, VTrituwrus viridescens, failed to
produce tumors; howewer, th2 rate of tail regeneration was
markedly reduced by *heses compoundis (Fi-riarellou, and Wolsky,
lQGS);. Lecamp and Delsn) (1247) reported also that
3,"~benzopyrene did nct ‘nduce tomers in regeverating limbs of
the toad but jinhibited “hea rata of rageneration and abpearance of
the formed limhb. Simiiar rasuits ove observed by Prada (1946)

in Triton vulgaris.

Matoltsky (l987) report-d no trwor formation in the amphibians,

Rana esculenta and Triton cristatus injected with a 0.3 percent
sclation of 3,4-benzopyr2ne. However, he observed hemorrhﬁging
ir the kidney and live+w, parenchymal degeneration, fatty
deqeneration, and necrotis. In the frog (R. esculenta) he
obsexved pnlmonary edema, callular ‘nfiltration, and edematous
swelling of the alveals>r walls as well as edema of the skin and
abdomen. Bonte (1950) 2lso failed o induce tumors in frogs with
3,U-benzopyrene, implanted or painted on the skin; however, the
cortpound produced atrorhy and rearessjion of the mucous glands of

the skin and increaged the permeahiljty of the skin to water.
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nontenwill (1953) observed inhibition of cleavage and
disturbances in the formation of blactomeres and neurolation in
Triton and Axototl eggé exposed.to unspecified concentrations of
3,4-benzopyrene. Colombo (1948), however, found that

benzo (a) pyrene cbncentration§ of 1:2,700 to 1:20,000 had no

effect on the development of the ova, morula, or gastrula of the

frog, Rana esculenta. Ruhland and %Weiss (1954) observed that
l:l,OOO to 1:10,000 solutions of benzo(a) pyrene reduced the
motility of the sperm of Rana fusca: however, eggs fertilized by

these sperm developed normally.
Birds

“ntratracheal administraticn of 3-mettylcholanthrene (dose not
specified) to ducks producés acute and chronic inflammation, and
prolonged administration of the compa'nd produced a variety of
palmonary tumors. Administration of 3,4-benzopyrene also
produces chronic pulmorary inflammaticn, but no tumors (Rigdon
and Neal, 1965) . Benzopyrene does not appear to be acutely toxic

to ducks or chickens given 2 single ~ral dose of 250 mg (Rigdon,

and Neal, 1963).

Administration of up to 2.5 mg benzonvrenesg of food for 24 days
goeé not affect the growth or surwvival) of chicks, nor does a diet

of 0.1 mgrg of food have ~uy effect on the sperm, ova, egg
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fertility, or chicks from eqas obtained frowm treated hens
(Pigdon, ana Neal 1963) . Hatchahility of fertilized chicken eggs
was determined after injaction of 0.1 ugseqgg of different pPaH
(Peno, 1968). The imtchability was reducad te S1 percent of the
meontrols for benzo(a)pyrene; 73 percent for benzo(k) fluoranthene,
70 percent dibenzo (a,h)anthracene, 55 percent
dibenzo(a,j)écridine and 76 percent ben o (r,s.c) pentaphene.
Qifferént combinations cf these PAH led to a greater than

additive effec+t.

Mammals

.

In an in vitro study on the effect of 5 PAH compounds on the
activity of selected ~nzymes, Cemant (1967) observed that the
activity of catalase, an en=yme that acts on hydrogen peroxide
and thus regulates the amount of this compound in tissues, was
reduced by up to 50 percent by the FAH compounds. In order.of
decreasing inhibition potency, the compounds were
3--methylcholanthrene, 3,4-benzopyrane, 1l,2-benzanthracene,
g.LO-dimethyl—l,2~bennanthracens, and anthracene, which suggests
that the catalase-inhibkiting potency of the PAH compounds is

related to their carcinogenic potency. None of these compounds

had any effect on the activity of peroxidase.
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L Activity of lipoxygena .. another «xidoreductase, was only 352

4 pavgcent of the control lewel in the presencz »f 352
1, 4-benzopyrene, the mest potent inhikitor, and only 46 and 353
51 percent of the control value in the presence of 354
methylcholanthrene and dimethylbenzanthracene. 0Of the three 355
carcinogens, dimethylbenzanthracene inhibited that activity of 356
ribonuclease most and benzopyrene was least effective. None of 357
rhe carcinogens had any @ffect on the activity of trypsin. 357
In mice injected with 1.25 mg of 3,U4-benzopyrene or 2.5 mg of 360
3~-methylcholanthrene (Dreganov, 1966), a significant increase 360
aoccurred in succinic dehydrogenase activity in lung tissue 60 362
éays after injection but nct at 30 days after the injections. He 363
i _orted that enhanced =uccinic dehyirogenase activity occurréd 363
at the same time that pathotoéical changes in the lung tissue 364
were observed. Zinnari (156¢) observed that same effect in liver 365
tissue, but enhanced succinic dehydrogenase activity occurred 366
much more rapidly. In mice indiected with a 2 percent solution of 367
3,4-benzo(a)pyrene, the activity of succinic dehydrogenase 367
increased about 3-fold above the control level on the second day 368
and gradually decreased to near control levels by thne 30th day. 369
gpwever, the degree of morpholcgical changes in the liver 370
mitrochondria increased with time, rather than with enhancement 371
of ;uccinic dehydrogenase activity. 371
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The effect of PAH compounda o the wowjvity nf cathepsin from

st rellular fractionn - f vak live- ' 'mogenwnies wvas investigated
v lomsadze and cowoxkovn (1549) They found that

dimethylbenzanthracene. !-methvichnlanthran=, 1,2-benzo{(a)pyrene,
and anthfacene lowered the activity ~f the enzvme at a
concentration of 0.0051. ~“nthrarene wvas lease effective. These
investigators‘also frnad A redastion in cathersin activity in the
rat liver 2 to 5 menths ifkar 3 single injection of 5 mg of

dimethvlhbenzanthracans tn wats,

Deluca (1969) reported no chanaes in liver glutamic-oxalacetic
transaminase (GOT) or qlucnse-f-pheosphate activity in rats
injected with 0.1 mg 3,“-henzn(alpyr~ne; however, at a dose of

N.5 mg, the activity f 50T —ae enhancad,

Intravenous injection of 2.5 ma of anthracene, pyrene, perylene,
3,4-benzopyrene, or *,2,5,6-ihenzanthracene caused an increase
in liver SH levels in mica —ikhin 1% minutes to 1.5 hours.

Subsequently, the SH levels droppad to below normal.

A list of several PAH~ are given iun Table I with carcinogenic
data for different animal specicea. This table represents only a
f~w of the PRHs tested nd a7= irclnded in the list of PAHs
selected by the Internatrinnal Agency for Research on Cancer
working Group (1973} haacd ~n their carcinogenicity in animals.
16
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2 PRHs were administered orally, in the diet or applied on the 397
skin. 397
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~mpound

*enzo(a)ahthracene
enzo (h) fluoranthene
)enzo(j)fluoranthene

enzo (3) pyrene

‘enzo (a) pyrene

: hrysq ne
lihenz (a,h) anthracene
'irenzn(a,e)pyrene
libenzo(a, h) pyrene
'ibenao(a,i)pyrene

‘ndeno, (1, 2,3,cd) pyrene

Tahle 2

Animol

mice
rice

mice

rabbits
mice
mice
mice
mice
mice
mice

.
mice
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papillomas hepatomas.

papillomas,

carcinomas

stomach tumors

mammary tumors

papillomas,
carcinomas

papillomas,
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carcinomas

papillomas,
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papillomas,
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