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Abstract : Correlation between occupational exposure levels to toluene and urinary hippuric acid
(HA) concentrations were studied for 124 workers at 54 work places. The highest indoor toluene
concentration measured at printing process was 81.116 ppm, and their geometric average
concentration was as high as 12.304 ppm. The geometric average concentration of hippuric acid in
urine samples from workers who are exposed to toluene was 0.714 g/g creatinine. This is almost
five times higher than the average HA concentration from non-exposure workers. Printing workers
showed the average HA concentration of 1.145 g/g creatinine from their urine samples. It is the

highest concentration among the workers exposed to toluene. The correlation coefficient between
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HA concentrations in urine and indoor toluene concentration at work places was relatively high as
r=0.624 (P<0.01). But the correlations of HA with sex, smoking, drinking, age and employment
history was relatively low. We can express the regression equation for the urinary HA concentration
which is Y = 0.037X + 0.562 as exposure toluene concentration is X. The urinary HA concentrations
showed significantly increase depend on indoor toluene concentration at work place.
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Table 1. General workers’ characteristics.
ender i
process 2 age wqumg smoking drinking
male female experience(yr)
office worker® 12 8 31.0 8 15
painting 24 2 43.1 9.54 2 6
mixing 17 0 34.8 5.59 8 18
cleaning 5 2 429 12.7 9 15
printing 30 0 413 10.6 16 24
bonding 15 3 40.7 9.22 18 20
coating 24 2 36.1 6.50 9 13
Total 127 17 Ave. 39.7 Ave. 8.75 62 96
 non exposure group
Table 2. Analytical conditions of toluene by gas chromatography.
parameters conditions
column CP WAX 52CB 0.25um 30m x 0.32mm
column oven temperature 40°C - 80°C - 120°C
injector temperature 210°C
detector temperature 250°C
detector FID
injection mode split (25:1)
flow rate N, (30ml/min), air(300ml/min), H, (30ml/min)
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Table 3. Analytical conditions of hippuric acid by HPLC.

parameters conditions
column eclipse XDB C18 Sum 4.6mm x 150mm
column temperature 25°C
mobile phase KH,PO, 2.3135¢/850ml DW + ACN 150ml(pH 3.25)
detector UV 225nm
pressure 120kg/cm?
flow rate 1.5ml/min
Table 4. Indoor toluene concentration at 6 work places.
process No. range(ppm) GM(ppm) GSD® exceeded
painting 26 0.105-33.0 226 4.18 0
mixing 17 0.273-29.4 10.5 3.09 0
cleaning 7 0.691-39.4 5.26 5.24 0
printing 30 0.611-81.1 123 3.38 3
bonding 18 0.707-49.6 2.99 3.30 0
coating 26 0.589-44.0 4.88 439 0
Total 124 0.105-81.1 Ave. 539 Ave. 432 3

9 geometric mean
" geometric standard deviation
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Table 5. Urinary hippuric acid concentration for 124 workers.

process No range (g/g crea) GM'(g/g crea) GSD® exceeded
painting 26 0.130-1.05 0.392 1.77 0
mixing 17 0.250-2.73 1.05 2.03 2
cleaning 7 0.270-2.46 0.677 233 0
printing 30 0.210-3.55 1.15 2.19 6
bonding 18 0.120-3.21 0.521 293 3
coating 26 0.100-3.53 0.738 2.61 1
control* 20 0.020-0.610 0.131 2.50

Exposure group** 124 0.100-3.55 Ave. 0.714 Ave. 2.48 12

3 geometric mean
" geometric standard deviation
* control : non exposure group

% exposure group : painting, mixing, cleaning, printing, bonding, and coating
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Table 6. Correlation between urinary hippuric acid concentration according to (a) drinking and (b) smoking status.

Case (a) No GM(ppm) GSD® range exceeded
current drinkers 96 0.775 249 0.100-3.53 11
non drinkers 28 0.539 233 0.100-3.55 1
Total 124 Ave. 0.714 Ave. 2.48 0.100-3.55 12

Case (b) No GM(ppm) GSD® range exceeded
current smokers 62 0.893 2.49 0.100-3.53 7
non smokers 62 0.570 2.13 0.100-3.55 5
Total 124 Ave. 0.714 Ave. 2.48 0.100-3.55 12
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Figure 1. Correlation between occupational exposure toluene level and urinary hippuric acid concentration: (a) toluene level
<100 ppm, (b) <50 ppm.
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Table 7. Correlation coefficient between urinary hippuric
acid concentration and various variables.

Variables Correlation coefficient
Toluene concentration 0.624
Working duration -0.110
Age -0.188
Smoking 0.220
Drinking 0.169
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