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In order to obtain a quantitative test for measuring exposure to nitrobenzene, experiments on men
were done, in which nitrobenzene vapours (5 to 30 ,ug./l.) were absorbed into the lungs only.
During an exposure of six hours the retention of nitrobenzene in the lungs diminished from
approximately 87 to 73%. p-Aminophenol was not detected in the urine by the method used.
Another metabolite,p-nitrophenol. was estimated in the urine of the exposed subjects; the quantities
present represented about 13% of the inhaled dose of nitrobenzene. It was found that the deter-
mination of p-nitrophenol in urine could be used as a quantitative test when a single exposure to
nitrobenzene occurred with a precision of approximately ± 8 mg. nitrobenzene. p-Nitrophenol
is excreted in urine very slowly and therefore it may accumulate in the body. To evaluate the
results of the proposed test in the case of a repeated exposure further investigations are necessary.

Salmowa and Piotrowski (1960) and Salmowa
(1961) have shown that the determination of p-
aminophenol in urine could not be used as a test for
exposure to nitrobenzene. It seemed possible,
however, to use another metabolite of nitrobenzene,
p-nitrophenol, which appeared in the urine of
animals and of men exposed to low doses of nitro-
benzene in concentrations sufficient for quantitative
determinations.

In the present investigation we wished to find
out whether the amount of p-nitrophenol in urine
ofman could be related quantitatively to the amount
of nitrobenzene absorbed. The experiments were
done on volunteers from the staff of the Institute,
who were given nitrobenzene vapour by inhalation.
In the urine of these subjects both p-nitrophenol and
p-aminophenol were determined.

Experimental
The chamber used in this experiment was described in

detail by Dutkiewicz (1960a). The preparation of the
required concentration of nitrobenzene vapour in the
chamber was based on the evaporation of liquid nitro-
benzene at constant surface area, using an ultrathermostat
as heating source. The different concentrations, 5 to
30 /lg./l., were obtained at different evaporation tem-
peratures, 25 to 75°C. During each experiment the
concentration was determined every hour. The con-
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centrations were stable and did not deviate more than
+ 5% from the mean value for the day.
In order to avoid any absorption of nitrobenzene

vapours through the skin, the subject remained outside
the chamber and inhaled the air from inside through a
gas mask connected with the interior of the chamber.
The exposure lasted for six hours. In order to calculate
the amounts of nitrobenzene absorbed, the volume of the
expired air was measured continuously by means of a
liquid gas meter. The concentrations of nitrobenzene in
the expired air were determined every hour. Urine was
collected every few hours for two to five days and each
specimen was analysed separately for p-nitrophenol and,
in the first day, for p-aminophenol.
The experimental details were similar to those des-

cribed by Dutkiewicz (1961) in studying the absorption
of aniline vapour by man.

Methods
Determination of Nitrobenzene Vapour in Air of Experi-

mental Chamber.-Two to five litres of air were passed
through two bubblers with porous glass inlets each
containing 10 ml. water. From every bubbler two deter-
minations were made. The second bubbler usually
contained less than 5% of the first one. Nitrobenzene
was determined by the colorimetric method based on
reduction, diazotization, and coupling with R-salt, as
described previously (Piotrowski, 1954a). Readings
were made on the Klett-Summerson colorimeter with the
blue filter, and absorption maximum at 490 mju. Standard
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deviation of the duplicate determinations was ± 3-5 %,
the amounts determined being in the optimum range
15 to 50 jig. in the sample.

Determination of Nitrobenzene in Expired Air.-The
subject breathed the air through two modified Drechsel
bubblers (Dutkiewicz, 1962) so that the inlet ended with a
perforated globule, to break up the air stream at lowr--
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persons were done. The amounts of nitrobenzene
absorbed ranged from 8 4 to 67-6 mg.
The retention of nitrobenzene vapours in the lungs

averaged 80% varying from a mean value of 87%
in the first hour to 73% in the sixth hour (Fig. 1).

In no experiment was p-aminophenol found in the
urine.

-athing resistance. Each bubbler containing 100 ml. Excretion ofp-Nitrophenol in Urine.-The excretion
iter was ice-cooled during the air collection. The rate of p-nitrophenol increased rapidly during the
sorbed nitrobenzene was determined as above. It was exposure. For the excretion rate (ucg./hour), the
own that the absorption rate was not diminished maximum values were usually found during the last
;nificantly by the aeration and the efficiency of absorp- two hours of exposure.
n in the first bubbler was approximately 9500. The concentrations (mg./l.) were usually maximal

in the first two hours after the end of the exposure.
Determination of p-Nitrophenol in Urine.-The method Later the excretion was rather irregular and
ed was based on acid hydrolysis, separation by extrac- diminished slowly so that in some experiments it
n, reduction to p-aminophenol, and colorimetric was still possible to detect this metabolite after more
termination as indophenol, as described previously than 100 hours. A typical excretion curve, obtained
almowa, 1961). The final readings were made on the ina person expd 3 tlonitrobtainedAleman Jr. spectrophotometer at 630 m,u (cuvettes in a person exposed to 30 ,ug./l. nitrobenzene is
x 150 mm.), using water plus reagents as blank. given in Fig. 2.
The readings of normal urine were found to average Average rates of excretion were found to fit an
)23, and those over 0 045 were statistically significant empirical equation:
r the presence of p-nitrophenol. The blank values for Vt/VO = 066e-0.14t + 0.34e-00115t.(1)
ine did not influence the experimental values of the as shown in Fig. 3. V0 is the maximum rate usually
posed persons to a great extent, being of some impor- found immediately after the end of exposure, and
nce only in the late periods of excretion. The sensitivity Vt is the rate at time "t" in hours after the maximum.
the method was about 0O5 ug./ml. urine, standard From this equation it is possible in principle to
viation ± 6%. calculate the total amount which would be excreted
Determination of p-Aminophenol in Urine.-The indo- from any specimen of urine taken at any time after
enol method was used (Piotrowski, 1954b, 1957). The exposure, and hence to calculate the quantity of
ial readings were made on the Klett-Summarson colori- nitrobenzene absorbed.
eter with a red filter and absorption maximum at 630 m,u. As equation (1) is used to calculate the total
ie sensitivity of this method was about 10 Hg./ml. This amounts of the metabolite excreted, it is important
nple method has been chosen because it had been to see how it agreed with the findings in the individual
commended previously for the routine examinations Of experiments. Thus, the quantities of the metabolite
)rkers exposed to aniline (Dutkiewicz and Piotrowski, found experimentally were compared with those
59, 1961). The extent to which exposure to nitro- calculated for the same time of excretion according
nzene influences the readings of the test for exposure to to equation (1). The results are shown in Fig. 4
iiline was also noted. and seem to agree satisfactorily.

The quantities of p-nitrophenol excreted cannot
Results be considered as complete if based only on the

During this investigation 16 experiments on seven experimental observations. The periods of obser-
vation varied considerably, but even in the longest

100 ones the end of the excretion period could not be
90 determined with certainty. The calculation of the

0. . amounts of p-nitrophenol excreted was therefore
80- based on an extrapolation according to the equation:

D 70 - _vt0m0115 .......(2).........

i.160°; where m
oo
= total amount of the excreted metabolite

____________________________________ _
,'calculated ad infinitum; mt is experimentally-found

excreted amount in time "t"; and Vt is the excretion
r rate observed in the experiment at time "t" (mean

Hours value in the last 24 hours).
G. I.-The percentage retention of nitrobenzene vapour in the

lungs in the course of a six-hour exposure (mean values). The last term in the equation is a close approxi-
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Fio. 2.-Excretion ofp-nitrophenol in urine, in a subject ex-
posed to nitrobenzene concentration (30 gsg.11.) for six
hours.

FiG. 3.-The decrease of the excretion rate of p-nitrophenol
after the excretion maxima, based on the calculated mean
values from all experiments, accepting the maximum
values in the individual experiments to equal 100 (semi-
logarithmic scale).

FiG. 4.-Quanties of p-nitrophenol excreted in urine in the
individual experiments, compared with those calculated
for the same period according to equation (1).
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TABLE
DATA ON POSSIBLE FORMS OF EXPOSURE TEST

Correlation Standard DeviationUnit Unit of Excretion of p-Nitrophenol in Urine Formula Coefficient r of Exposure Test
(±mg. Nitrobenzene)

I Day's excretion (mg.) (first 24 hours including exposure time) y = 0 05x 0-92 8-8
2 Concentration (mg./l.) in urine collected:

(a) last 2 to 3 hours of exposure time y = 0 067x 0-76 14-0
(b) first 2 to 3 hours after end of exposure curving (Fig. 6) 0 90 8-6
(c) from end of exposure up to 5 to 6 hours later y = 0 067x 0-84 11-2

3 Excretion rate (gg./hour) in urine collected:
(a) last 2 to 3 hours of exposure time y = 3-35x 0-86 11-0
(b) first 2 to 3 hours after end of exposure y = 2 60x 0 90 10-4
(c) from end of exposure up to 5 to 6 hours later y = 2 75x 0-94 7 8

From the results the empirical relations listed above were found to hold between the dose of nitrobenzene and theexcretion ofp-nitrophenol.
Formula: x is dose of nitrobenzene absorbed (mg.); y is excretion of p-nitrophenol measured in the units given in column 2.

mation to the exact value for the residual excretion
calculable from equation (1).
The efficiency of the conversion of nitrobenzene

into p-nitrophenol, calculated this way, varied from
6 to 37% of the quantity absorbed, with an average
of 16%. These values include those obtained in
three experiments on one subject who converted
from 24 to 37% of nitrobenzene to p-nitrophenol.
These values were significantly different from those
obtained in 13 observations on the other six subjects.
In these latter, conversion ranged from 6 to 22%
(average 13 %). The high figure obtained in one
subject has been excluded in the further calculations
for the exposure test.
As shown in Fig. 5, the efficiency of the conversion

of nitrobenzene into p-nitrophenol was not de-
pendent upon the dose.

Calculation of Exposure Test.-The excretion of
p-nitrophenol in urine can be expressed quantita-
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FIG. 5.-The efficiency of the conversion of nitrobenzene into p-

nitrophenol in the individual experiments, calculated according
to equation (2) at different doses (extreme values obtained on one
subject are not included).

tively in different units, such as the total day's
excretion, the concentration in the urine, or the
excretion rate in a given time. From the toxicological
point of view every unit can be valuable if two
conditions are fulfilled: (i) the correlation of the
test applied with the dose received is good enough
to permit the amount absorbed to be calculated;
(ii) the test is a practical one for routine examina-
tions.

In the Table are shown the correlations together
with their standard deviations between the amount
of nitrobenzene actually absorbed and that cal-
culated on the basis of the different units used to
express the excretion of p-nitrophenol.
The best results can be obtained using as a test

of exposure the following units of p-nitrophenol
excretion: (a) the day's excretion; (b) the con-
centration in urine collected two to three hours
after the end of exposure; and (c) the excretion rate
for five to six hours after the end of exposure. Each
has some disadvantages. The collection of a 24-hour
urine sample cannot be accepted as practicable for
routine examinations of healthy people who are not
in hospital. The collection of the urine during the
period up to five to six hours after the end of the
day's work seems to be difficult. To use the con-
centration of p-nitrophenol in urine collected two
hours after the end of the work, the calculations
must be based on the non-linear curve (Fig. 6).
Should the exposure exceed the range used in this
investigation, the evaluation of the amount of
nitrobenzene absorbed would be difficult.
However, if the urine is collected during a known

time interval, it is possible to determine both the
p-nitrophenol concentration in urine (unit 2(b),
Table) (Fig. 6) as well as the excretion rate (unit
3(b), Table) (Fig. 7). This relation between excretion
rate and dose is linear in character, enabling an
extrapolation to be made. The mean value based on
the simultaneous readings of both these test forms
seems to be more adequate than when each of them
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is determined separately, the standard deviation of
the dose evaluation being only ± 7-5 mg. nitro-
benzene.

Nevertheless, each of the units mentioned in
the Table can be applied as an exposure test, using
the formulas given in column 3 of the Table.

Discussion
The kinetics of the metabolism and excretion of

nitrobenzene in man seems to be a complicated
process. The diminishing retention of the nitro-
benzene vapours in the lungs observed in the course
of a six-hour exposure may be due to the comparably
low rate of conversion of this compound in the body,
leading to blood saturation. Similar effects have
been observed with benzene (Srbovai, Teisinger, and
Skramovsky, 1950) which also has a limited solubility
in water. This effect was not observed with aniline
(Dutkiewicz, 1961).
The data on the excretion of the nitrobenzene

metabolites in the urine seem to be especially
interesting.

It has to be stressed that we did not succeed in
determining p-aminophenol in the urine of people
given nitrobenzene in amounts up to 70 mg. We
used the method of low sensitivity employed in the
evaluation of the exposure of workers to aniline.
These negative results confirm our recent statement
that low doses of nitrobenzene do not interfere in
the measurement of exposure to aniline by means of
the p-aminophenol test.

Because of the low sensitivity of the method used
in this work, the negative results obtained do not
enable us to claim that in man the conversion of
low doses of nitrobenzene into p-aminophenol does
not occur. As shown in Fig. 6 the highest con-
centrations of p-nitrophenol in urine were of the
range 5 mg./l. Such concentrations ofp-aminophenol
could hardly be detected by the method used.
On the other hand, the choice of the method for

p-aminophenol was of little importance when an
eventual practical application of the p-aminophenol
determinations as an exposure test for nitrobenzene
was considered. If more sensitive methods are used,
traces of p-aminophenol are detected in normal
urine (Dutkiewicz, 1960b), so that concentrations
ofp-aminophenol below 5 to 10 mg./l. are of doubtful
value for detecting the absorption of a foreign
compound that might ultimately form p-amino-
phenol.

In a resolution of the International Symposium
on the Maximal Allowable Concentrations in
Industry, Prague, 1959, studies on the conversion
of nitrobenzene into p-aminophenol were recom-
mended in order to obtain a test for exposure to
4
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FiG. 6.-The concentration of p-nitrophenol in urine collected two
to three hours after the end of exposure, as a function of the
absorbed dose of nitrobenzene.

this compound. According to our findings, this
path of the nitrobenzene metabolism seems to be of
no value for this purpose.
The determination of another metabolite of

nitrobenzene, p-nitrophenol, gives positive results.
In the low dose range an average of 13% nitro-
benzene is excreted in urine in this form. The
efficiency of this conversion does not clearly depend
on the dose of nitrobenzene. The fluctuations in the
individual cases were rather great, ranging from
6 to 22 %. Moreover, in one person the efficiency
was extraordinarily high, 24 to 37%. We accepted
this last case as an exceptional one, but we are
not able to predict how often exceptions of this
kind may occur. It does not seem possible to
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FIG. 7.-The excretion rate of p-nitrophenol in the urine collected
during the first two to three hours after the end of exposure,
as a function of the absorbed dose of nitrobenzene.
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elucidate this question in further experiments on
man.
We have shown that the determination of p-

nitrophenol in urine can be applied as a quantitative
or at least semi-quantitative test for exposure to
nitrobenzene when a single exposure has occurred,
because there is sufficient correlation between the
dose of nitrobenzene and different units of p-
nitrophenol excretion.
The form of the exposure test recommended in

this paper consists in determining the p-nitrophenol
concentration in urine (mg./l.) and at the same time
the excretion rate (ug./hour) in a urine sample
collected in a period of two hours after the end of
exposure. On the basis of the curves in Figs. 6 and 7
the amounts absorbed can be found, the mean
value being the most adequate one. In this test the
urine has to be collected twice: the first time
immediately at the end of exposure to empty the
bladder and the second one two hours later, the time
interval in the urine collection being of importance.
In the second urine sample, collected over a known
period, the volume of urine and the concentrations
of p-nitrophenol are to be determined and on this
basis the excretion rate can be calculated.

If the p-nitrophenol excretion is very high and
exceeds the range determined experimentally and
depicted in Fig. 6, the amount of nitrobenzene
absorbed can be calculated approximately on the
basis of the excretion rate only, according to the
equation:

yx=.. -(3)
where x is absorbed dose of nitrobenzene (mg.);
and y is excretion rate of p-nitrophenol (,ug./hour),
supposing that this correlation also is linear in the
higher range.
The accuracy of the proposed test should be

sufficient for practical purposes.
Unfortunately, in the toxicological examinations

in the industry the application of this test is limited,
because exposure to nitrobenzene is usually repeated
day by day. The complications arise from the
possible accumulation of either nitrobenzene or
p-nitrophenol. The half life of the excretion of
p-nitrophenol in the second phase is about 60 hours.
The test can, therefore, be used only for people who
are exposed periodically to nitrobenzene. If regular
and repeated exposure occurs, this test can be used
only to determine the maximal possible exposure.
We had available the results obtained recently of

the urine examinations from workers exposed to
nitrobenzene in the industry (Salmowa, 1961). The
concentrations of p-nitrophenol at the end of the
work had been determined, so the exposure test
form 2a (Table) could be applied. We calculated
that in a factory producing nitrobenzene the workers
absorbed quantities not exceeding 70 mg. per day.
In another factory producing dye-stuffs, the amount
of nitrobenzene absorbed did not exceed 80 mg./day,
and in most cases was less than 35 mg./day. Thus
the working conditions of most of the workers
examined could be accepted as reasonably safe.
The maximum allowable dose of nitrobenzene,
corresponding to its maximum allowable concen-
tration in the air may be calculated to be about 35 mg.
daily, similar to that proposed recently for aniline
(Dutkiewicz and Piotrowski, 1961).
We do not pretend to understand fully the pro-

longed excretion of p-nitrophenol observed in this
work. Salmowa (1961), working on rats and rabbits,
considered the excretion rate of both nitrobenzene
metabolites (p-aminophenol and p-nitrophenol) as
a simple first order process, the elimination constants
being approximately 0-08 to 0-09/hr. Salmowa and
Piotrowski (1960) succeeded in excluding the in-
fluence of the accumulation of nitrobenzene on the
p-aminophenol excretion by following it for a whole
week in rabbits given nitrobenzene daily. It now
seems that the extrapolation of those results from
animals to men was premature.
We intend to study the problem of nitrobenzene

accumulation in men in further investigations.

The authors wish to thank all colleagues from the staff
of the Institute, who took part in this research. We
are also indebted to the former Director of the Institute,
Dr. J. Nofer, and to the present Director, Dr. T.
Dutkiewicz, for their valuable help.
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