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TABLE 1
ABSORPTION OF NITROBENZENE VAPOUR THROUGH THE SKIN AT DIFFERENT CONCENTRATIONS
No. of Nitrobenzene Absorbed Doses of Absorption Rate per Unit
Series Experiments Concentration Nitrobenzene of Concentration Notes
(ue. /1) (mg.) (mg. hr.cpg./L.)
1 3 5 11,7, 4 023 Dressed
€]
2 3 10 16, 14, 8 022 Dressed
(13)
3 3 10 19, 16, 10 025 Naked
(15)
4 3 30 80, 37, 46 0-30 Naked
(s4)

Conditions were as follows : temperature 25°C. ; humidity 359% ; time of exposure, 6 hours. Mean values are shown in brackets.

TABLE II
EFFECTS OF TEMPERATURE AND HUMIDITY ON THE ABSORPTION OF NITROBENZENE VAPOUR THROUGH THE SKIN
No. of Temperature Humidity Absorbed Doses of Absorption Rate per Unit
Series Experiments Nitrobenzene of Concentration
(°C) (%) (mg.) (mg.[hr.:pg.[1.)
3 3 25 35 19, 16, 10 025
(15)
5 3 30 25 13, 16, 10 022
(13)
6 4 25 67 18, 34, 18, 24 038
(23)

Other conditions were as follows: air concentration, 10 ug./l.; persons naked; time of exposure, 6 hours. Mean values are

shown in brackets.

exclusion of skin absorption, it was necessary to fix
the vapour concentration at a higher level than the
M.A.C. In the chosen concentration of 10 ug./litre,
i.e., twice the M.A.C., the absorption of nitro-
benzene exclusively through the lungs for six hours
daily (with a o-5 hour pause in the middle of expo-
sure) gave in individuals mean daily doses of 18-8,
182, 24'7, and 19-5 mg., the average volumes of
inhaled air being in the range 2:2 to 2:9 m.2.

The excretion curves of p-nitrophenol are shown
in Figure 1. According to Salmowa et al. (1963), the
total p-nitrophenol, m«, excreted from a dose of
nitrobenzene can be calculated from the formula:—

meo = m; + V,/o-0115,
where m; is the total recovered to the end of the
experiment, and V; is the average amount excreted
° per hour on the last day of the experiment. The last
term in the equation corrects for the extra p-nitro-
phenol which would be excreted if sampling of urine
was continued indefinitely. The corrections in these
experiments are small. From the doses of nitro-
benzene absorbed and the amounts of excretable

p-nitrophenol, i.e., mw, the percentage of nitro-
benzene uptake excreted by each person as p-nitro-
phenol can be calculated. The percentages, mean
value 169, (Table III), are in satisfactory agreement
with an earlier value of 139, obtained after single
exposures (Salmowa et al., 1963).

Figure 1 shows that the excretion of p-nitrophenol
rose for the first few days and became fairly steady
after the third day. With the percentage conversions
to p-nitrophenol calculated as above, by the fourth
day the amounts excreted had substantially reached
the maximum possible, i.e., a steady state had been
reached in which the p-nitrophenol excreted daily
was, on the average, equivalent to 169, of the daily
uptake of nitrobenzene. This finding is in accord-
ance with the results of a detailed kinetic analysis of
excretion after single (Salmowa et al., 1963) and
multiple (Piotrowski, 1965b) exposures.

Figure 2 shows the excretion rates of p-nitro-
phenol when the author took § mg. p-nitrophenol
and 30 mg. nitrobenzene in two separate experi-
ments. When p-nitrophenol itself was given, excre-
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F1G6. 1. Excretion rate of p-nitrophenol (ug./hr.) in urine
from four men exposed daily to nitrobenzene.
(Shaded areas—excretion rate during exposure; dotted
lines—average daily excretion rates.)

TABLE III

DAILY EXCRETION OF p-NITROPHENOL AS PERCENTAGES OF THE EQUILIBRIUM VALUES, CALCULATED FOR THE INDIVIDUAL SUBJECTS
’ FROM THEIR INDIVIDUAL EFFICIENCIES OF CONVERSION

Individual Excretion in Successive Days of Experiment
Subject Conversion
Efficiency 1 2 3 4 5 6 7 8
(mole-%)
1}
I 12 61 73 95 95 — — - —
1I 20 25 34 87 103 85 97 SI 65
III 20 26 42 50 65 125 106 75 55
v 13 44 61 83 92 89 78 61 89
Mean
values 16 39 52 79 89 100 93 62 70

INo exposure.
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Excretion rates (ug./hr.) of p-nitrophenol after oral

intake of p-nitrophenol (I) and nitrobenzene (II), as a
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tion was very rapid, but when nitrobenzene was
given, p-nitrophenol was only excreted slowly. It
follows that the cumulation observed does not
depend on the behaviour of the metabolite but is due
to the slow rate of metabolism of nitrobenzene.

In the first, four-day, experiment on prolonged
exposure to nitrobenzene p-aminophenol in urine
was also assayed. None was found in any specimen.

Specificity of the p-Nitrophenol Test In
rats treated as described under ‘Methods’, the dose
of nitrobenzene administered produced concentra-
tions of p-nitrophenol in the urine giving an
absorbance of about 0-7 in the spectrophotometer.
(The efficiency of conversion of nitrobenzene into
p-nitrophenol was about 23%.) A compound was
considered to give positive results if the absorbance
exceeded 0-07, one-tenth of the above value.

Positive results were obtained only for o-chloro-
nitrobenzene and 2,5-dichloronitrobenzene, for
which the absorbances were 34%, and 10%, respec-
tively of those found after an equimolar dose of
nitrobenzene.

All other compounds tested gave negative results,
i.e., m-dinitrobenzene, o- and p-nitrotoluenes,
2,4-dinitrotoluene, 2,4,6-trinitrotoluene, o- and
p-ethylnitrobenzenes, p-chloronitrobenzene, m- and
p-nitroanilines, and 1-nitronaphthalene. All results
refer to urine collected on the first day after injec-
tion. Urine collected on the second day gave nega-
tive results for all compounds including nitrobenzene
itself.

Discussion and Conclusions

The data obtained from man give the following
picture of the absorption of nitrobenzene and of the
way in which it might be evaluated in industrial
conditions. Nitrobenzene vapour is absorbed with
80Y%, efficiency through the lungs and more slowly
through the skin. The latter can, however, contri-
bute appreciably to the total absorbed. The rate is
much less than that of the absorption of liquid
through the skin, which can reach about 2 mg. /cm.2/
hr. (Salmowa and Piotrowski, 1960) and is the main
source of danger in industry through the contamina-
tion with liquid of skin and clothing.

Absorption of vapour through the skin must,
however, be considered in converting the M.A.C.
in air to a maximum allowable dose. As shown
under Results, the M.A.C. of 5 pug./l. corresponds
to an uptake of about 25 mg./day, of which about
a third may pass as vapour through the skin of even
a clothed man.

The metabolism of nitrobenzene in man to
p-nitrophenol is now well known and can be used
as a test of exposure. p-Aminophenol, which has
been claimed to be useful for this purpose, is unde-
tectable in urine if the nitrobenzene absorption is
low enough to be safe, even if the exposure to nitro-
benzene is repeated daily. This does not contradict
the finding of p-aminophenol by Ikeda and Kita
(1964) in the urine of a patient poisoned with nitro-
benzene, and by Piotrowski (1954) in workers ex-
posed to high concentrations of vapour. The
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subjects in both cases had absorbed far more than
safe doses.

Man has been shown here to differ from rats in
that he metabolizes nitrobenzene much more slowly,
so that in man the concentrations of p-nitrophenol
in the urine increased for about four days on
repeated exposure, and the concentration on the
first day was only about 40% of the peak value
(Table III). If the daily exposure is substantially
constant, then the amounts in the urine after the
third day can be related by the data in Table III to
the uptake of nitrobenzene. Three possible relation-
ships are shown in Table IV. The marked superior-
ity of the two methods in which the rate of excretion
of p-nitrophenol is used over the method in which

TABLE 1V

TesTS FOR CONSTANT DAILY EXPOSURE TO NITROBENZENE,

BASED ON THE EXPERIMENTAL VALUES OBTAINED IN THE LAST

THREE DAYs OF THE WEEK, AND THE FACTOR BY WHICH

ExCRETION RATES FROM FOUR TO SIx DAYS EXCEED EXCRETION
RATES DURING THE FIRST DAY OF EXPOSURE

Unit of Coefficient | Factorial
p-Nitrophenol Formula of Increase
Excretion Deviation over
(% of First Day
mean)
Daily excretion
(mg./day) y=o0182 33 26
In urine collected over
last 3 hours of ex-
posure (ug./ml) .. | y = 0212 69 21
Hourly excretion
rate (pg./hr.) | y = 1082 29 24

y = excretion of p-nitrophenol in the given units.
z = mean daily dose of absorbed nitrobenzene in mg.

the concentration of p-nitrophenol in urine is used
is very evident; the coefficient of deviation of the
last is much higher. In practice the daily exposure
fluctuates. A good estimate of the mean daily dose
can, however, be obtained by taking urine specimens
on each of the last three days of the working week,
and this is the procedure recommended.

The p-nitrophenol test appears likely to be highly
specific for nitrobenzene in practice. Only o-chloro-
nitrobenzene gave interfering metabolites.
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