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— Abstract —

Effect of Soft Drink on Urinary Hippuric Acid Excretion
in Workers Exposed to L ow dose Toluene

Yong JnLee

Department of Preventive Medicine, College of Medicine, Soonchunhyang University

Objectives: To investigate the effect of soft drink containing benzoic acid on the excretion of
urinary hippuric acid after ingestion of soft drink containing benzoic acid before working (Ed-
the deleted section is not an objective).

Methods: Fifty workers (male, 35; female, 15) exposed to toluene in Choongchung province
area were studied. Urinary samples were collected on two days. On the first day, al study sub-
jects were required to avoid any soft drink containing benzoic acid for the 24-hour period before
urine collection. After emptying their bladder before starting work, the total volume of urine for
the full shift period was collected and spot urine was collected at the end of the shift. On the
second day, all workers were provided with soft drink containing benzoic acid before the shift
and the same urine collection procedure was applied as on the first day.

The air concentrations of toluene for each workers was measured with personal air sampling
with 3M organic solvent badge. Personal informations such as age, sex, smoking and drinking
habit were collected by self-administered questionnaire method.

Results: The geometric mean of urinary hippuric acid without ingestion of soft drink contain-
ing benzoic acid was 0.49+ 0.45 g/g creatinine in total volume urine, and 0.51+ 0.53 g/g creati-
nine in spot urine, whereas the equivalent results with ingestion of soft drink were increased to
0.92+ 0.61 g/g and 0.96+ 0.78 g/g, respectively.

Stepwise multiple regression of urinary hippuric acid with air concentration of toluene, ben-
zoic acid and other covariates revealed that 49% and 11% of urinary hippuric acid concentration
in total volume urine analysis were attributed to the air concentration of toluene and benzoic
acid, respectively, compared to 45% and 6% in spot urine analysis, respectively.

On the other hand, taking the difference of urinary hippuric acid before and after ingestion of
soft drink containing benzoic acid as a dependent variable and taking the air concentration of
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toluene, benzoic acid and other covariates as independent variables, stepwise multiple regression
analysis revealed that 14% and 13% of urinary hippuric acid concentration in total volume urine
analysis were attributed to the air concentration of toluene and benzoic acid, respectively,
whereas only 9% of urinary hippuric acid concentration in spot urine analysis was attributed to
the air concentration of toluene, (Ed- note that there is no respective comparison here).
Conclusion: Soft drink containing benzoic acid significantly affected the level of urinary hip-
puric acid after ingestion of soft drink before working. It is recommended that for the accurate
elevation of urinary hippuric acid as an index of toluene exposure, detailed information on soft
drink containing benzoic acid needs to be checked in the process of the health examination of

toluene exposure workers.

Key Words: Hippuric acid, Benzoic acid, Toluene
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Table 1. Summary of study subjects

0 00000 250(50.0%) 00 .

0000 O0OO0OO0O OO OO0 99 mg/dl OO
00 0000 130(26.0%), 100—149 mg/dl O
00 220 (44.0%), 150 mg/dl OO 000 150
(30.0%y0 00O OOOO 132.6 60.0 mg/dl
0000 000 0ODOOo 00 OO0 20 ppm OO
0 400(80.0%)y 0 OOOO ODODODO OOOO
0000 ooob ooo bOboo oo ooo oo
00 9.6 15.1 ppm, OJOO0O 9.6 15.3 ppm
OO0 D00 000 000 (Table 1).

Variables No. (%) Meant SD

Sex
Male 35 (70.0)

Female 15 (30.0)

Age (years) 36.0+ 11.6
<40 31 (62.0)
= 40 19 (38.0)

BMI (body massindex) (kg/m?)
<20 12 (24.0)
20~24.9 26 (52.0)
> 25 12 (24.0)

Exposure time (hrs/day)
4~5.9 21 (42.0)
6~8 29 (58.0)

Alcohol amount (g/week)

Non-drinker 12 (24.0)
1~44.9 11 (22.0)
> 45 27 (54.0)

Smoking (pack/day * year)

Non-smoker 25 (50.0)
<10 12 (24.0)
> 10 13 (26.0)

Benzoic acid (mg/dl) 132.6+ 60.0
<100 13(26.0)
100~149 22 (44.0)
> 150 15 (30.0)

Concentration of toluenein air (ppm) 9.6+ 15.1 (first day)
<20 40 (80.0) 9.6+ 15.3 (second day)
20~100 10 (20.0)

Total 50 (100.0)
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Table 2. Comparison of Urinary hippuric acid concentration by several characteristics in toluene exposed workers

with or without drinking soft drink (g/g.creatinin)
Total volume urine Spot urine
Variable
Without With Without With

Sex

Male 0.47+ 041 0.92+ 0.58' 0.49+ 0.50 0.97+ 0.77"

Female 0.53+ 0.54 0.93+ 0.70' 0.57+ 0.60 0.94+ 0.85*
Age (years)

<40 0.37+ 0.31 0.78+ 047" 0.41+ 0.42 0.84+ 0.64'

> 40 0.69+ 0.57* 1.16+ 0.73" 0.68+ 0.64 1.15+ 0.96*
BMI (body massindex) (kg/m?)

<20 0.42+ 0.48 0.71+ 0.61" 0.43+ 0.53 0.67+ 0.61

20~24.9 0.52+ 0.49 1.06+ 0.62' 0.55+ 0.54 1.11+ 0.89'

> 25 0.49+ 0.35 0.85+ 0.55* 0.50+ 0.53 0.92+ 0.64'
Exposure time (hrs/day)

4~5.9 0.32+ 0.32 0.66+ 0.58" 0.35+ 0.46 0.69+ 0.69'

6~8 0.61+ 0.49° 111+ 056 0.70+ 0.59 1.16+ 0.85**
Alcohol amount (g/week)

Non-drinker 0.78+ 0.57° 1.03+ 0.74 0.79+ 0.65 1.01+ 0.92

1~44.9 0.28+ 0.232 0.78+ 0.40' 0.34+ 0.28 0.85+ 0.61"

> 45 0.45+ 0.40% 0.94+ 0.63' 0.45+ 0.51 0.98+ 0.80'

Smoking (pack/dayx year)

Non-smoker 0.58+ 0.51 1.01+ 0.65 0.56+ 0.55 1.05+ 0.85'

<10 0.27+ 0.25 0.70+ 0.54' 0.45+ 0.57 0.88+ 0.83*

> 10 0.51+ 041 0.96+ 0.57' 0.47+ 0.48 0.86+ 0.61*

Benzoic acid ingestion (mg/0 )

<100 0.54+ 0.56 0.85+ 0.65' 0.54+ 0.57 0.82+ 0.83*

100~149 0.43% 0.37 0.77+ 0.56" 0.46+ 0.57 0.90+ 0.72

> 150 0.53% 0.46 1.21+ 0.58' 0.56+ 0.45 117+ 0.85
Concentration of toluenein air (ppm)

<20 0.37+ 0.34 0.78+ 0.48' 0.38+ 0.37 0.76+ 0.58'

20~100 0.95+ 0.54° 1.51+ 0.75** 1.03+ 0.74* 1.75+ 1.00%*
Total 0.49+ 0.45 0.92+ 0.61' 0.51+ 0.53 0.96+ 0.78'

* : p<0.05, " : p<0.01 by paired t-test between without and with group
¥ 1 p<0.05, ¢ : p<0.01 by student t-test or ANOVA of within group
ab - the same letter was significantly different by Duncan test

480



0ooo- 0 00 000 00000 00000 OO0 000 ooo oo

ugoboooob,oooo ooob, oo, 000, d
oo, d0dono o0 0oooo bobooo oo bo
0 ooooo 0o bob bboooooo boo
oo.

ooog 0o bobo 0ooob0 0ob 000 bo

0 0 000000 000 000 000 0000
000 0000 000 000 000 0000
(p<0.01) 00 000 0000 0000
000000 Y=0.325+0.017 Toluened 000
000,000 000 000 000 0000 O

Table 3. Comparison of difference of hippuric acid concentration without and with ingestion of soft drink on vari-

ables (9/g.creatinin)
Variables DHAT DHAS
(Meant S.D) (Meant S.D)
Sex
Male 0.45+ 0.49 0.48+ 0.74
Female 0.39+ 0.32 0.36+ 0.49
Age (years)
<40 0.41+ 0.35 0.43+ 0.50
> 40 0.46+ 0.57 0.46+ 0.90
BMI (body massindex) (kg/m?)
<20 0.29+ 0.30 0.23+ 0.68
20~24.9 0.53+ 0.45 0.55+ 0.78
=225 0.36+ 0.52 0.42+ 0.29
Exposure time (hrs/day)
4~5.9 0.33t+ 0.35 0.33+ 0.51
6~8 0.50+ 0.49 0.53+ 0.78
Alcohol amount (g/week)
Non-drinker 0.25+ 0.44 0.22+ 0.75
1~44.9 0.49+ 0.26 0.50+ 0.47
> 45 0.49+ 0.49 0.52+ 0.71
Smoking (pack/dayx year)
Non-smoker 0.42+ 0.52 0.48+ 0.73
<10 0.42+ 0.38 0.43+ 0.60
> 10 0.45+ 0.35 0.38+ 0.66
Benzoic acid ingestion (mg/0 )
~99 0.31+ 0.42% 0.27+ 0.64
100~149 0.33+ 0.428 0.44+ 0.49
150~ 0.68+ 0.42° 0.61+ 0.90
Toluenein air (ppm)
~19 0.40+ 0.32 0.38+ 0.57
20~100 0.56+ 0.77 0.71+ 0.98
Total 0.43+ 0.44 0.44+ 0.67

DHAT : Difference of hippuric acid in total volume urine (-without)
DHAS : Difference of hippuric acid in spot urine (with-without)

T 1 p<0.05, * : p<0.01 by student t-test or ANOVA of within group
ab: the same letter was significantly different by Duncan test
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U000 0000 34%, UDO0OO0OO0O Y=0.310+ goog oo oooobo 0o ooo booo o
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Table 4. Correlation matrix among variables

HAS1 HAS2 DHAS HAT1 HAT2 DHAT Toll Tol2 BA Age BMI Alcohol

HAS2 .528**

DHAS -171 T46%*

HAT1 833¥*  B27**  -.042

HAT2 JT49¥*  BAO**  388**  .687**

DHAT 184 .620**  575** -.070 677**

Toll .626**  .659** 274 .586** .698** .364**

Tol2 614> 671** 297 581** .700** .374** .999

B.A .089 .230 .198 .078 309 345+ -034 -.032

Age 273 .333* 173 344 406%* 209 .421%*  419** -.069

BMI -.015 .022 .037 015 -009 -027 232 232 -048 264
Alcohol -.207 .048 217 -225  -.030 87  -072 -.073 241 -239 .014
Smoking  -.079 -.182 -149 -073 -075 -030 -214 -221 195 .033 .012 .266

** 1 p<0.01, *: p<0.05

HASL: Hippuric acid without ingestion of soft drink in spot urine in Toluene exposed workers
HAS2 : Hippuric acid with ingestion of soft drink in spot urine in Toluene exposed workers

HAT1 : Hippuric acid without ingestion of soft drink in total volume urine in Toluene exposed workers
HAT2 : Hippuric acid with ingestion of soft drink in total volume urine in Toluene exposed workers
Toll: concentration of toluenein first day

Tol2 : concentration of toluene in second day

DHAS:: Difference of hippuric acid in spot urine (with-without)

DHAT : Difference of hippuric acid in total volume urine (with-without)

B.A : Benzoic acid

BMI : Body massindex

Table 5. Stepwise multiple regression of urine hippuric acid concentration in toluene exposed workers without inges-
tion of soft drinks containing benzoic acid on selected variables

Variable Partial R? Coefficient Fvalue Significance
HAT1

Constant 0.325 0.000

Toluene 0.344 0.017 25.160 0.000
HAS1

Constant 0.305 0.000

Toluene 0.392 0.022 30.910 0.000

HATZL: Hippuric acid without ingestion of soft drink in total volume urine
HASL: Hippuric acid without ingestion of soft drink in spot urine
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9% (p<0.05) O OO0 (Table 7).

Table 6. Stepwise multiple regression of urine hippuric acid concentration in toluene exposed workers with ingestion
of soft drinks containing benzoic acid on selected variables

Variable Partial R? Coefficient Fvalue Significance
HAT2
Constant 0.203 0.160
Toluene 0.491 0.027 46.221 0.000
Benzoic acid 0.110 0.003 12.958 0.001
HAS2
Constant 0.189 0.354
Toluene 0.449 0.034 39.205 0.000
Benzoic acid 0.063 0.003 6.134 0.017

HAT2: Hippuric acid with ingestion of soft drink in total volume urine
HAS2: Hippuric acid with ingestion of soft drink in spot urine

Table 7. Stepwise multiple regression of differences of urinary hippuric acid concentration on toluene exposed work-
erswith ingestion of soft drinks containing benzoic acid on selected variables

Variable Partial R? Coefficient F value Significance
DHAT
Constant -0.027 0.849
Toluene 0.139 0.011 7.782 0.008
Benzoic acid 0.128 0.003 8.570 0.006
DHAS
Constant 0.321 0.005
Toluene 0.088 0.014 4.633 0.036

DHAT: Difference of hippuric acid in total volume urine (with- without)
DHAS: Difference of hippuric acid in spot urine (with-without)
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