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FIG. 4. Relationship between total exposure (ppm x hr)
and total excretion of urinary hippuric acid from: A,

normal individuals; 0, those exposed 3 hours to toluene
(for the lowest point mixed with m-xylene); and, *, those
exposed 7 hours to toluene; and of urinary methylhippuric
acid from: 0, those exposed 3 hours to m-xylene; D,

those exposed 7 hours to m-xylene; and A, those exposed
7 hours to p-xylene. Means ± S.E.M.s are shown.

these specimens were analysed. The results are
shown in Figs 5A, 5B, and 5C respectively. Each
figure contains three curves: the dashed line repre-
sents the concentrations found; the continuous line
represents the concentrations corrected to a urine
density of 1.024; and the dotted line the excretion
rates in milligrams per minute. In the Figures the
points have been displaced a little to the left or
right in most instances to avoid over-lap. The best
estimates are shown in the accompanying Tables.
In these Tables the values under '200 ppm' were
obtained by extrapolation, as the concentrations
within the chamber were a few per cent less.

In Fig. 5, the standard deviation (SD) and 2 x SD
ranges are shown. As each group consisted of four
or five determinations the 2 x SD range will contain
about 900% of the expected values, i.e., about 5%
of a similarly exposed population are expected to
excrete less and about 5 % more than the amounts
corresponding to the ranges. The ranges of concen-
trations were considerably decreased in nearly every
instance by correcting results to a urine density of
1 -024, and consequentlyonly concentrations corrected
in this way will be considered further. The standard
deviations of rates of excretion were still smaller,
both absolutely and as fractions of the mean values
(coefficients of variation).

Effects of exposure on physiological measurements
The results of these are shown in Table 2.

Pulse rate The pulse rates of subjects exposed to
200 ppm of toluene decreased significantly after 3

TABLE 1
RELATIONSHIP BETWEEN ABSORPTION BY FIVE VOLUNTEERS OF A MIXTURE OF TOLUENE AND M-XYLENE AND

QUANTMIES OF HIPPURIC AND M-METHYLHIPPURIC AcIDs EXCRETED IN URINE

Mixture to which exposed Inhalation

Conc. Ratio Fractions of inhaled vapour Ratio absorbed:
(ppm) m-xylene m-xvlene

toluene Expired Absorbed toluene

Toluene 67 0-21 0-79
1-24 1-37

m-Xylene 83 0-13 0-87

Total excreted Total excreted Ratioexhreted:
Metabolite (mg) minus control methylhippuric acid

hippuric acid

Hippuric acid 643 0 405 4
1-46

m-Methylhippuric acid 636-6 636-6
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Toluene concentration

Sampling (hr) 0-3 0-8

ppm 100 200 0

Uncorrected Mean 2-95 3-74 0-27
(mg/ml) SD 0-83 0-59 0 10
Corrected Mean 2-58 3-71 0 30
(mg/ml) SD 0 40 0-67 0 10
Rate Mean 2-09 3-13 0d19
(mg/min) SD 0 35 0-36 0 07

Bi Hippuric acid

Sampling (hr) 0-3

m-Xylene p-Xylene

ppm 100 200 100

Uncorrected Mean 1-75 3-59 2-11
(mg/ml) SD 0-85 0-65 1 27
Corrected Mean 1 78 3-19 2-26
(mg/ml) SD 0-61 0-46 0-96
Rate Mean 1-69 3-89 1-54
(mg/min) SD 0-29 0-89 0-23
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Sampling (hr) 4-8

m-Xylene p-Xylene

ppm 100 200 100
I

8-19 Uncorrected Mean
2-62 (mg/ml) SD
5 85 Corrected Mean
1-24 (mg/ml) SD
4-61 Rate Mean
0-80 (mg/min) SD

FIG. 5. Legend overleaf
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IOOppm
p-xylene

concentration

Toluene concentration

Sampling (hr) 0-8

ppm 100 200

Uncorrected Mean 2-81 5-74
(mg/ml) SD 0-71 0-60
Corrected Mean 2-55 5 99
(mg/ml) SD 0 55 1-20
Rate Mean 2-54 3-77
(mg/min) SD 0-38 0-72

Sampling (hr) 0-8

m-Xylene p-Xylene

PPM 100 200 100

Uncorrected Mean 1-86 4 56 1-45
(mg/ml) SD 0-48 0 49 0.10
Corrected Mean 2-39 5 32 2 50
(mg/ml) SD 0-33 0-24 0-69
Rate Mean 1-78 4-10 1-75
(mg/min) SD 0 34 0-84 0-21

FIG. 5. Relationships between toluene or m- or p-xylene concentrations in the air and concentrations and excretion
rates of urinary hippuric or m- or p-methylhippuric acids. Concentration, uncorrected, ---- ----; corrected to
density 1-024, ; rates ......o ..... Means, standard deviations (SD), and 2 x SD are shown. All
groups were exposed for 7 hours: A1, A2, urine specimens representative of the first 3 hours of expoure; Bl, B2 urine
specimens representative of the last 4 hours of exposure; Cl, C2 urine specimens representative of the whole period of
exposure.

hours' exposure. m-Xylene tended to decrease the
pulse rate, but not significantly.

Systolic blood pressure There was an insignificant
tendency for systolic blood pressure to decrease
during exposure in all experiments. A decrease was
found by von Oettingen, Neal, and Donahue (1942).
A decrease of pulse pressure was also observed.

Diastolic blood pressure and flicker value Exposure
caused no consistent changes.

Reaction time Exposure to 200 ppm of toluene
tended to prolong the reaction time.

Discussion

Our aim was to relate exposure to toluene and
xylene to excretion of hippuric and methylhippuric
acids in such a way that the exposure can be cal-
culated from the amounts excreted, in order to see
whether workers have been exposed to concentrations

in the air higher than those allowed, i.e., the MACs,
200 ppm for toluene and 100 ppm for m- and
p-xylene. Excretion data which can be used for this
purpose are, in descending order of accuracy, total
excretion during and for 18 hours after exposure;
excretion rates during exposure; and concentrations
in uiine, corrected to a density of 1.024, during the
afternoon and morning working periods. Concen-
trations uncorrected for urine density were not
usable, as the variability was too great.

Total exposure (ppm x time) could be best
estimated from the total quantities of hippuric acids
excreted over 24 hours (Fig. 4). It is, however,
impracticable to expect workmen to collect all their
urine over a 24-hour period so that other, less
reliable methods will generally have to be used.
Good estimates of total exposure could also be

made from the total quantities of hippuric acids
excreted during the exposure period. These are

expressed in Fig. 5 as rates of excretion, i.e., total
excreted + time of exposure. Again it is not always
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TABLE 2
EFFECTS OF EXPOSURE TO TOLUENE AND XYLENE ON PULSE RATE, SYSTOLIC AND DIASTOLIC BLOOD PRESSURE,

FLICKER VALUE, AND REACTION TIME OF SUBJECTS IN EXPOSURE CHAMBER

Toluene m-Xylene p-Xylene

Itemns ppm Morning Afternoon Morning Afternoon Morning Afternoon
examined (hours' exposure) (hours' exposure) (hours' exposure) (hours' exposure) (hours' exposure) (hours' exposure)

0 3 4 7 0 3 4 7 0 3 4 7

Pulse 200 87-0+ 3 9 69-0+7-8* 71-0+ 4-8 67-0+ 8-7 79-0+10-0 74 0+ 6-0 76-0+ 6-0 70-0±10-0 - - - -

rate/min 100 82-0±19-0 65-0+13-0 75-3+15-0 69-5+17-0 87-0± 7-4 84-0+ 7-4 91-0+ 7-4 77-5+ 6-0 74-6+ 4-1 66-6+ 4-3 76-2+ 8-1 67-0+ 4-8
0 89-0+ 70 84-0+ 6-0 - 89-0+ 70 84-0+ 6-0 - - 89-0+ 6-9 84-0+ 6-0 - -

Systolic 200 1160+ 401100+ 50114-0± 401110+ 2-0116-0+18-0116-0±11-0116-0±10-0111-0±14-0 - - - -
pressure 100 103-3+110 900+ 30 97-5±11-0 970+ 1-0 122-0+14-4 117-0+12-7 115-0±17-8 113-8±11-1 105-3± 6-1 101-7± 7-7 115-0±13-2 96-0±19-7
(mmHg) 0 114-0+ 6-0 110-0±110 114-0± 6-0 110-0±11-0 -114-0+ 6-0 110-0+11-0

Diastolic 200 57-0+11-0 70 0± 6-0 57-0+11-0 71-0±11 0 70-0+16-0 75 0+17-0 64-0+13-0 77-0±21-0 - _ _
pressure 100 57 3+110 57 0+ 8-0 61-0±i 6-0 66-3+ 90- 82-5+ 9-6 78-3± 8*5 78-3±14-4 78-3+17-6 75 0+ 5 0 70 0+91-7 730+12-5 57 3±129
(mmHg) 0 76-0+ 2-0 71-0+ 90 76-0+ 2-0 71-0+ 90 -_ 76-2+ 2-0 71-0± 90 -

Flicker 200 - - _ - 1000 106-0+ 1 0 103-0+ 6-0 98-0+ 8-0 - -

value** 100 1000 1000+ 19 1043+ 49 941+ 1-9 1000 935+ 4-2 955+ 0-8 907+ 6-3 1000 87-1+ 4-4 107-1+13-9 90-6+ 2-1
(%) 0 100 0 89-0+14-0 - - 100 0 89-0+14-0 - - - - - -

Reaction 200 134+ 3-4 21-2+ 09 18-2+ 4-4 27-6+ 2-9 18-9+ 2-4 18-7+ 01 143+ 3-1 19-2+ 2-7 - _
time 100 260+ 33 - 255+ 1-1 259+ 0-9 15-1+ 4-3 16-5+ 2-7 178+ 38 178+ 0°9 - - - -
(10-' sec)

*Difference from controls significant at 5% level
*"Percentage of value just before exposure

easy to obtain all the urine over the relevant period.
A rather less reliable approach is, however,

practicable. The concentrations of hippuric acids in
urine are related in a complex way to the previous
exposure, and strictly the relationships between
concentrations and exposure shown in Fig. 5 are
only true if urine sampling is carried out in the
particular way described here, and if the concentra-
tions of toluene and xylene in air are steady. It can,
however, be seen from Figs 1 to 3 that fairly steady
concentrations were soon reached, and that their
measurement should give an indication of the
exposure during the preceding 1-2 hours.
For screening, the presence of more hippuric acid

in the urine of a man than that corresponding to
2 standard deviations less than the average quantity
excreted by subjects exposed to the MAC should
be taken as evidence that the man may have been
exposed to a concentration greater than the MAC.
This will be true of about 5% of the men. (Standard
deviations were calculated from results on only four
or five subjects, so±2 SDs should contain about
90% of the total population.) The screening
quantities, as defined above, are listed in Table 3.
These are given both for excretion rates and for
concentrations.
The screening concentrations of hippuric acid after

exposure to 200 ppm of toluene (the MAC) was
2'37 mg/ml from 0-3 hours or 3-37 mg/ml from
4-8 hours after the beginning of the exposure period.

TABLE 3
SCREENING LEVELS OF HIPPURIC ACID OR METHYL-
HIPPURIC ACID IN URINE OF WORKMEN EXPOSED TO

MACs OF TOLUENE, M-XYLENE OR P-XYLENE

Exposure period (hours)

7 0-3 4-8
(mg/min) (mg/ml)

Toluene 2-33 2-37 3-37

m-Xylene 110 0-56 1-13

p-Xylene 1 33 0 34 1 45

It will be noted that the screening level was higher
in the afternoon than in the morning, as the
concentration depended upon the total exposure over
several hours preceding sampling and not just upon
the exposure during the immediately preceding
period. This is obvious from Figs 1 to 3, which
show that the concentrations began to fall shortly
after exposure ceased, but did not fall to control
levels for several hours.

In considering exposure to mixed vapours, it
must be remembered that the MACs for toluene and
xylene are different - 200 and 100 ppm respectively -
so that it is necessary to estimate hippuric and
methylhippuric acids separately. It is likely that the
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toxicities of toluene and xylene are additive, and
that the likely total exposure should be calculated
as if this were so. The fraction of the combined
MAC likely to have been present can then be
calculated from equations of the form:

Conc. hippuric acid
mean conc. for MAC of toluene

Conc. methylhippuric acid
+I

as 200 ppm of toluene caused in our subjects a
prolongation of reaction time, a decrease in pulse
rate, and a decrease in systolic blood pressure, we
do not consider that 200 ppm of toluene is safe on
the basis of our physiological observations.
On comparing toxicities in mice, Lazarew (1929)

found the descending order of toxicity to be p-xylene,
toluene, and m-xylene. This is in agreement with our
observations.

mean conc. for MAC of xylene
= fraction of combined MAC

Concentrations of excreted acids in urine can be
found in the Tables accompanying Figure 5. For
instance, for urine taken in the afternoon the
equation would be:
Conc. hippuric acid

5 85 mg/ml
Conc. methylhippuric acid

+ 2@63 mg/ml = fraction
Values of the fraction greater than 1 would indicate
that the subject had probably been exposed to a
total concentration greater than the combined
MAC. Screening levels could be calculated similarly
by substituting the screening concentrations from
Table 3 in the equation instead of the mean values.

In the preceding discussion we have taken 200 ppm
of toluene as an allowable concentration. However,

We should like to thank Dr. H. Osaki, Mr. K. Hitomi,
and Miss T. Hasegawa for their help and Mrs. K. Muroi
for technical assistance.
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