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Abstract : This study aimed to examine quantitative relation between ethylbenzene (EB) in
air (EB-A) and un-metabolized EB in urine (EB-U) for biological monitoring of occupational EB
exposure by urinalysis for EB. In total, 49 men in furniture production factories participated in
the study. Time-weighted average EB-A was monitored by diffusive sampling. Urinalysis for EB
was conducted by head-space gas-chromatography with end-of-shift samples. Data were subjected
to regression analysis for statistical evaluation. A geometric mean (GM) and the maximum (Max)
EB-A levels were 2.1 and 45.5 ppm, respectively. A GM and the Max for EB-U (observed values)
were 4.6 and 38.7 ng/l. A significant linear correlation was observed. The regression equation was
Y=3.1+0.73X where X is EB-A (ppm) and Y is EB-U (pg/l) (r=0.91, p<0.01). The significant correla-
tion between EB-A and EB-U coupled with a small intercept suggests that biological monitoring
of occupational EB exposure is possible by analysis for un-metabolized EB in end-of-shift urine
samples. Further validation studies (including those on applicability to women) are envisaged.
The feasibility should be examined for biological monitoring and the applicability of the equation
among the workers exposed to EB at low levels.
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Introduction

Ethylbenzene (EB) is present both in petroleum prod-

13 and in coal distillates® as a minor component, and

ucts
usually detected in combination with major components
such as benzene, toluene and xylene isomers. Thus, EB is
present in automobile fuel (including diesel oil) and auto-

mobile emission> . In residential areas, outdoor source of
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EB may be highway traffic’¥. EB in indoor air” might be
from varnished materials'”. Smoking may be an additional
source for EB'?. Thus, it is clear that EB is everywhere in
occupational as well as non-occupational setting in life, al-
though usually at low levels even in occupational settings.
Since the pioneer work by Baododej and Bardodejova'"
followed by Gromiec and Piotrowski'?, biological moni-
toring of ethylbenzene exposure has been conducted by
means of urinalysis for EB metabolites such as mandelic
acid, phenylglyoxylic acid, or the combination'*™'®). The
present study was conducted to detect successfully a
significant correlation between air-borne exposure level of
EB in workroom air (EB-A) and the level of EB in urine
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Table 1. Basic data on ethylbenzene exposure

T KAWAI et al.

EB in urine
P . Age! EB in air . ; .
ara-meter B R
(yr) (ppm) o ¢ SG

(ng/) (ng/g) (ng/h
Min 18 0.24 1.1 0.95 0.59
Max 60 45.45 38.70 83.38 40.13
GM 39.8° 2.053 4.57 5.96 4.13
GSD 1186 3.084 2.12 2.33 2.24

n=49. ' Age for 12 men were unknown. As observed (i.e., no correction). *Divided by creatinine concen-
tration (g/1). *Adjusted for a specific gravity of 1.016. SAM. °ASD.

of workers involved (EB-U). The success will be an ad-
ditional example for the use of un-metabolized solvents
in urine as indicators of occupational solvent exposures
at low levels. To the knowledge of the authors, this is the
first study to report quantitative relationship between EB
exposure and excretion of un-metabolized EB in urine.

Materials and Methods

The data on EB exposure, previously reported in
short'?, were analyzed in detail in the present report.
Male workers (49 subjects) at the ages of 18 to 60 yr were
engaged in furniture production, and they were exposed
to several solvents such as ethylbenzene, with toluene,
xylenes and others'”.

Diffusive samplers with activated carbon-cloth were
employed for the measurement of time-weighted average
solvent exposures'”. Urine samples were collected at the
end of work of the day, and were immediately transferred
to designed vials to be analyzed by head-space gas chro-
matograpy'” for EB. The lowest limit for determination
was 0.1 ppm for EB-A and 1 pg/l for EB-U. For urine
density issues, WHO’s quality assurance guidelines for

sample exclusion'®

were applied, i.e., <0.3 g/l or >3.0 g/
| for creatinine concentration, or <1.010 or >1.030 for a
specific gravity of urine.

Regression analyses followed by comparison between
two regression lines were employed for statistical evalua-
tion after Ichihara'?).

Each of the workers submitted his informed consent and
the study design was approved by an institutional review
board!?. Creatinine and specific gravity of urine were

measured by colorimetry and refractometry, respectively.
Results

The exposure-excretion data are summarized in Table 1.

EB exposure was generally low with a GM of 2.1 ppm, but
the maximum was as high as 45.5 ppm. Correspondingly,
EB excretion in urine (EB-U) (as observed) was in a range
of 1 to 39 pg/l with a GM of 4.6 pg/l. Correction for urine
density did not induce remarkable changes except that cor-
rection for creatinine gave the Max of 83 pg/g. This was
due to the 2nd highest EB exposure (40 ppm) resulting
in the 2nd highest EB in urine (30.1 pg/l) coupled with
relatively low creatinine level (0,36 g/1).

The correlations between EB in air and EB in urine are
depicted in Fig. 1. The equations for the regression lines
are summarized in Table 2. It should be noted that the
correlations were all statistically significant (p<0.01), ir-
respective of correction for urine density.

The figures appear to suggest that two cases at the
upper-right corner in each figure may affect over-all corre-
lation coefficients. This concern will be discussed in detail
in the Discussion section.

Discussion

Significant correlation between air-borne solvent and
un-metabolized solvent in urine has been reported for two

major components of toluene'”* 2 17)

and xylenes" " in petro-
leum and coal distillate products. It is now made clear that
the same strategy may be applicable to a minor component
such as EB. The experience with toluene revealed that
the best indicator in urine for solvent exposure varies as
a function of exposure intensity and that the level of un-
metabolized toluene in biological materials such as urine
is the most practical marker of low level exposure. Thus,
un-metabolized toluene is much more sensitive than the
traditional marker of a metabolite such as hippuric acid in
urine??.

Diffusion is considered as a mechanism for excretion
of un-metabolized solvents in urine. The ratio of solvent

in urine over solvent in air has a close correlation with a
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physico-chemical parameter of P,y (octanol-water partiti-
tion coefficient)’" ??. The observation is on line with the
consideration of diffusion. Therefore, the risk of modi-
fication due to competitive metabolic interaction®® ** to
modify the parameter level in urine should be small.
Regarding EB exposures in factory workplaces, Inoue

and others'

previously reported EB exposures at the
level of 1.8 ppm as a GM (the Max at 44 ppm). Reports
are rather scarce on workroom EB exposure in recent
years. Among the few reports, Martins ef al.” observed
that the EB exposure was at the level of <100 pg/m3 or
well below 0.1 ppm. EB exposures have been confirmed
also in association with petroleum distribution works>.
Rather exceptionally, Mao et al.?® reported EB exposure
at 40 ppm (as an arithmetic mean) among spray painters
in a shipyard. Further studies are apparently envisaged
to confirm applicability of ‘EB in urine’ approach for EB
exposure monitoring in present day industries.

On the chronic toxicities of EB, International Agency
for Research on Cancer classifies EB in Group 2B (i.e.,
possibly carcinogenic to humans)?®). With regard to
occupational exposure limits, both Japan Society for Oc-
cupational Health?® and American Conference of Govern-

2" maintain the occupational

mental Industrial Hygienists
exposure limits at the levels the same with that for toluene
(i.e., 50 and 20 ppm, respectively). These limits are set in
reference to local irritation, suppressive effects on the cen-
ral nervous system and effects on the renal system®® 7).
The adoptions of 20—-50 ppm as occupational exposure
limits may suggest that the exposure to EB will stay at the
present levels.

A major problem as a study limitation is that the close
exposure-excretion correlation (Fig. 1 and Table 2) appears
to be strongly affected by the two high exposure cases
(at 40 and 46 ppm). In fact no cases were available in the
exposure range of 15 to 35 ppm in the present survey. Nev-
ertheless, a tentative regression analysis excluding the 40
and 46 ppm exposure cases (thus with remaining 47 cases)
resulted in a regression line equation (Eq. 2 in Table 2) very
close to Eq. 1 (with 49 cases). Statistical comparison of Eq.
1 and Eq. 2 revealed no significant differences (p>0.05)
in the intercepts and slopes although the correlation coef-
ficients were different (0.913 vs. 0.563; Eq. 1 and Eq. 2 in
Table 2). The same were the cases when urine density was
corrected for creatinine concentration or a specific gravity
of urine of 1.016. In the present study, urine samples were
collected only at the end of shift. Thus, it was not possible
to examine the possibility that un-metabolized EB may be
excreted earlier whereas the excretion of metabolites (i.c.,
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Fig. 1. Linear regression between ethylbenzene in air (ppm) and
ethylbenzene in urine (pg/l or pg/g creatinine).

The lines in the middle are calculated regression lines, and the curves
on both side of the line show 95% confidence ranges. Each dot repre-
sents one case studied.

[A] EB in urine as observed (i.e., no urine density correction)

[B] EB in urine as corrected for creatinine concentration (i.e., EB di-
vided by creatinine concentration).

[C] EB in urine adjusted for a specific gravity of 1.016.

The equation for each regression line is given in Table 2, Eq. 1, 3, and
4 for Fig. 1 [A], Fig. [B] and Fig. [C], respectively.

mandelic and phenylglyoxylic acids) may take longer time.
It was not possible to conduct surveys on the same day
of the week, although it was made in the second half of a
working week as far as possible.
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Table 2. Regression line parameters

T KAWAI et al.

Parameters
Correction for Equation n
Intercept () Slope (B) T )4
None Eq. 1 49 3.065 0.729 0.913 <0.01
Modified! Eq. 2 47 3.267 0.654 0.563 <0.01
Creatine? Eq.3 49 4.121 1.165 0.743 <0.01
Specific gravity? Eq. 4 49 3.138 0.633 0.780 <0.01

The regression lines are calculated for Y=a+pX, where X is [EB-A (ppm)] and Y= [EB-U (ug/l or pg/g creatinine)].

"Modification by removal of two higest exposure cases (EB-A=45 ppm and 40 ppm).

’Divided by creatinine concentration (g/1).
3Adjusted for a specific gravity of 1.016.

Another limitation is the lack of data for women. How-
ever, no gender-related difference in exposure-excretion

relation was observed in a previous study'®

when expo-
sure conditions are comparable. Therefore, the present
men-based conclusion might be applicable also to women.
Further studies are necessary to examine the possibility
if the present men-based conclusion is applicable also to

women.
Conclusion

Biological monitoring of occupational ethylbenzene
exposure is possible by means of urinalysis for un-me-
tabolized ethylbenzene. Confirmation of the applicability
to detect low-level ethylbenzene exposure in current day
industry is envisaged.
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