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ABSTRACT

Objectives: The purpose of this study was to assess the correlation relationship between personal exposure and
urinary hippuric acid in biological monitoring for airborne toluene in an industrial complex and in general
environments.

Methods: Personal exposure to toluene and its metabolite, hippuric acid, in urine were simultaneously measured
in occupational environments area near an industrial complex and in general environments. The study subjects
were divided into three types: 137 workers who use organic solvents in the workplace, 210 residents living near
a dyeing industrial complex, and 379 residents living in general environments. The toluene exposures of workers
and residents were measured by a passive sampler for four days. The urine of participants was sampled when
the passive samplers of personal exposure were collected.

Results: The toluene and hippuric acid concentrations of workers were the highest, followed by the
concentrations of residents living near a dyeing industrial complex and residents living in general environments.
The coefficient of correlation between the concentrations of toluene and hippuric acid among workers was 0.749
(p<0.01) in the workplace. On the contrary, correlations between the concentrations of toluene and hippuric acid
among residents living near a dyeing industrial complex and residents living in general environments were all
not significant. The relationship between the concentrations of hippuric acid and toluene in three types could be
described by the exponential growth model.

Conclusions: This study analyzed the relationships between toluene exposure and the concentrations of hippuric acid
in urine in high, middle, and low exposure environments, and could be described by the exponential growth model.
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Table 1. General characteristics of subjects in this study
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Category Workplace Industrial complex General environments
N(%) Mean N(%) Mean N(%) Mean
Male 121(88.3%) 72(34.3%) 157(41.4%)
Gender Female 16(11.7%) 128(61.0%) 222(58.6%)
No answer 10(4.7%)
10’s 4(1.9%) 14.8+2.6 yrs
20’s 24(17.5%) 249+18 yrs  12(5.7%)  233+3.1 yrs = 21(5.5%)  24.2£2.9 yrs
30°%s 41(29.9%)  34.3+2.8 yrs 8(3.8%) 355423 yrs  71(18.7%)  35.5+4.8 yrs
40’s 34(24.8%) 442429 yrs  26(12.4%)  455+2.7 yrs  75(19.8%)  44.8+2.9 yrs
Age 50’s 33(24.1%) 531429 yrs  81(38.6%)  54.7+2.7 yrs  73(19.3%)  55.1£3.0 yrs
60’s 5(3.6%) 61.6+1.7 yrs  43(20.5%)  63.7£3.1 yrs  77(20.3%)  65.0+2.8 yrs
70°s 23(11.0%)  73.0£23 yrs  58(153%)  73.9£2.7 yrs
80’s 4(1.1%) 82.5+2.7 yrs
No answer 13(6.2%)
Total 137(100.0%) 40.6£10.9 yrs 210(100.0%) 54.1£13.6 yrs 379(100.0%) 52.8+15.3 yrs
Yes 58(42.3%) 13(6.2%) 73(19.3%)
Smoking No 79(57.7%) 187(89.0%) 306(80.7%)
No answer 10(4.8%)
Yes 91(66.4%) 83(39.5%) 354(93.4%)
Alcohol No 44(32.1%) 117(55.7%) 25(6.6%)
No answer 10(4.8%)
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Table 2. Personal exposure concentrations (ppb) of airborne toluene

. AMY GM? p-value”
Participants N (SDY (GSD)” Range (AM)
Occupational workers 137 (;;?245‘;2) 22(21187)1 3 2292.00-143221.00
Area near industrial complex 173 (gg(s)Z) (1284053) 0.09-448.91 <0.001
General public in general environments 370 (2966810) (‘3‘.(3)481) 0.11-206.14
DArithmetic Mean, ?Standard Deviation, *’Geometric Mean, ?Geometric Standard Deviation
"One-way analysis of variance (ANOVA)
Table 3. Urinary hippuric acid concentrations (g/g-creatinine) of participants
- AMY GM? p-value”
Participants N (SDY? (GSD)” Range (AM)
Occupational workers 137 ((l)'gg) (gzg) 0.03-4.95
Area near industrial complex 210 (8.3(6)) (ggé) 0.00-2.89 <0.001
General public in general environments 365 (ggg) ((3)-;5‘) 0.00-1.66

DArithmetic Mean, ?Standard Deviation, ?Geometric Mean, “Geometric Standard Deviation

*One-way analysis of variance (ANOVA)
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Table 4. Correlation between personal exposures to
toluene and urinary hippuric acid concentrations

Pearson correlation

Participants coefficient
r p-value
Occupational workers 0.749™ <0.001
Area near industrial complex 0.012 0.871
General public in general 0037 0.489

environments

**: Correlation is significant at the 0.01 level
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Fig. 1. Correlation between personal exposures to toluene and urinary hippuric acid concentrations for the occupational
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Fig. 2. Correlation between personal exposures to toluene and urinary hippuric acid concentrations for the area near
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(b) Log-transformed data

Fig. 3. Correlation between personal exposures to toluene and urinary hippuric acid concentrations for the general public

in general environments
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exponential growth model.
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