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Comparison of urinary hippuric acid, toluene and o-cresol as biological exposure indicies

for workers exposed to toluene

Jung Ho Hwang*'Joo Ja KimKyung Jae Lee-Jachoon Roh’Jongwuk Won'-Chy Nyon Kim"Hye Jin Lee”

Department of Occupational Medicine, The Soonchunhyang University Hospital, Seoul, Korea

Department of Preventive Medicine, College of Medicine, Yonsei University, Seoul, Korea”

Department of , Kang Buk SamSung Medical Center, Seoul, Kored”

This study was performed to compare the urinary hippuric
acid, toluene and o-cresol as indices for biological exposure
for workers exposed to toluene in air the statistical
differences of various individual characteristics, the
correlations between each biological exposure index and the
concentration of individual exposure to toluene in air, and
the statistical differences of the indices depending on
sampling time points.

The results of the study are as follows;

1. Factors such as age, BMI, benzoic acid containing foods,
alcohol, smoking, drug, coffee did not affect the excretion of
urinary hippuric acid, urinary toluene and urinary o-cresol.

2. For urinary hippuric acid, the correlation with the individual
exposure concentration to tolune in air was statistically
significant (r=0.632, p<0.01) and the correlations for urinary
toluence and o-cresol were r=0.035 and r=0.114, respectively,
thus the correlations were not statistically significant and low.
Besides in cases lower than 10ppm, the correlation with the
individual exposure concentration to tolune in air was
statistically significant (r=0.447, p<0.01) but the correlation
between the concentration of individual exposure to
air-toluene and two biological monitoring indicies (urinary
toluence and o-cresol) was not statistically significant.

3. Diffrence of biological exposure indecise in the begining
and end of shift to indivisual exposure to toluene in air were
statistically significant the urinary hippuric acid, toluene, and
o-cresol in end of shift were higher than begining of work.
However, in cases lower than 1ppm, diffrence of the urinary
toluene and o-cresol were statistically significant in the
begining and end of shift, but urinary hippuric acid was not.

We concluded that, while the individual characteristics(e.g.,
age, body mass index, benzoic acid containing foods, alcohol,
smoking, drug, coffee) did not affect the excretion of urinary
hippuric acid, toluene and o-cresol. But the excretion change
through the begining and the end of shift have the statistical
significance, so sampling time at the end of shift was vary
important.

Although the excretion of urinary hippuric acid showed
significant correlation with the exposed toluene in air, urinary
toluene and o-cresol wene recommended to be used as a
subsidiary index in very low concentration of toluene in air.

Key Words : biological exposure index, toluene in air, urinary
hippuric acid, urinary toluene, urinary o-cresol,
end of shift
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Table 1. Gas chromatograph/flame ionization detector operating conditions for
toluene in air
Descriptions Conditions
Instrument HP 5890 series 1T
Detector Flame ionization dector
Column hp-ffap capillary column (25m x 0.32mm ID x 0.52/m film
thickness)
Temperature Injection port : 210 C
Ditector 2250 C
Column oven : 60 C
Carrier gas N2, 1 m¥/min
Flow rate 100 m¢/min
Injection volume 1.0
Split ratio 100 : 1

Table 2. High performance liquid chromatography/ultra violet detector operating
condtions for urinary hippuric acid

Descriptions Conditions
Instrument

Column

Temperature Column oven :
Mobile phase

Flow rate 1.0 m¢/min
Injection volume 20 1l

Wave length UV 225nm

Varian HPLC 9012 Solvent delivery system
9050 UV-Vis Detector
9300 Autosampler

C18(250mm * 4.6 mm, 5, phenomenex, USA)
25 T (A2
20 mM KH2PO4(ph3.3) : Acetonitile = 85 : 15 (V:V)

Table 3. High performance liquid chromatography/ultra violet detector operating

conditions for urinary toluene

Descriptions Conditions
Instrument Varian HPLC 9012 Solvent delivery system
9050 UV-Vis Detector
9300 Autosampler
Column CI8(250mm * 4.6 mm, 5, phenomenex, USA)
Temperature Column oven : 25 C (A&)

Mobile phase

450 ml Acetonitril + 550 ml (60% Perchloric acid 1ml +

phosporic acid 50 ul + Water 548.5 ml)

Flow rate 1.5 ml/min
Injection volume 20 w0
Wave length UV 191nm
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Table 4. Gas chromatograph/flame ionization detector operating conditions for Urynary o—cresol

Descriptions Conditions
Instrument HP 5890 series 11
Detector Flame ionization dector
Column Ultra-2 capillary column (25m x 0.32mm ID x 0.17¢m film thickness)
Temperature Injection port : 250 C
Ditector 1250 C
Column oven : 80 C
Carrier gas N2, 1 m¢/min
Flow rate 100 ml/min
Injection volume 1.0 @l
Split ratio 10 : 1
Table 5. The concentration of toluene in air (1=56)
C tration (ppm)  No. of work Toluene in air (ppm) R (opm)
oncentration (ppm o. of workers Mean D GM GSD ange (ppm
Total 56 13.281 18.986 5.092 4.810 0320 ~ 85.180
< 1 13 0.559 0.197 0.526 1.449 0320 7 0.820
1 <,<10 20 5.209 2.876 4295 1.997 1100~ 9.410
10 =, <50 19 18.364 9.666 16.616 1.539 10.120 — 44.240
50 = 4 70.840 16.697 69.325 1.274 52980  85.180
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Table 6. General charateristics of study workers.

(n=56)
—{General—charateristies—{ugriables) No—afansrkers—04)

. Male 56 (100%)
X Female 0 ( 0%)
29 9 (16.1%)
Age (years) 30 <, =39 32 (57.1%)
40 < 15 (26.8%)
20 15 (26.8%)
BMI (kg/m2)’ 20 <,<25 33 (58.9%)
26 < 8 (143%)
No 16 (28.6%)
Smoking (ea) 1<, <9 27 (48.2%)
10 < 13 (23.2%)
No 27 (48.2%)
Drugs Yes 29 (51.8%)
+ No 35 (62.5%)
Food Yes 21 (37.5%)
. No 55 (98.2%)
Drinking Yes 1 ( 1.8%)
No 18 (32.2%)
Coffee(cup) 1<, <2 27 (48.2%)
3 < 11 (19.6%)

T BMI ; Body Mass Index = The weight of the body / The height of the body2
F Food ; Benzoic acid containing food diet
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(n=56)
General Urinary hippuric acid Urinary toluene Urinary o-cresol
charateristics No. of (g/g creatinine) (mg/g creatinine) (mg/g creatinine)
(variables) workers o GSD GM GSD GM GSD
Total 56 0.986 2201 0.077 294 1.307 1.959
A <29 9 0.969 2.804 0.104 3210 1.571 2.920
30 <, <39 3 1.027 2086 0.065 2914 1.179 1.660
(years) 40 < 15 0912 2209 0.093 2,854 1456 2019
<20 15 1.074 2561 0.119 2663 1.624 2612
BMIT(kg/m) 21 <, <25 33 0.889 2091 0.066 3.050 1.195 1710
2% < 8 1.280 2011 0.064 2681 1.255 1.656
Smoking No 16 1.335 2218 0.086 3011 1.478 1.760
1 <,<9 27 0.903 1.934 0.076 3.145 1.227 1.993
(ca) 10 < 13 0.812 2,629 0.068 2638 1.228 2.188
Drugs No 27 0.846 2425 0.101 3251 1.240 1977
Yes 29 1.136 1.956 0.060 2530 1372 1.959
Food” No 35 1.019 2.101 0.061 2938 1.188 1.668
Yes 21 0.932 2403 0.113 2687 1,532 2387
Dinking No 55 0.986 2217 0.075 2933 1.296 1.966
Yes | 0.963 1.000 0.260 1.000 2.028 1.000
Coffec No 18 0.888 1.836 0.100 3.868 1.195 2087
1< ,<2 27 0.914 2355 0.074 2671 1.260 1.669
(cup) 3 < 1 1407 2325 0,055 2072 1,653 2455

T BMI ; Body Mass Index = The weight of the body / The height of the body2

F Food ; Benzoic acid containing food diet
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Table 8. Correlation between toluene in air and urinary B.E.|

Toluene in air(ppm)

No. of workers (%)

Urinary hippuric acid
(g/g creatinine)

Urinary toluene
(mg/g creatinine)

Urinary o-cresol
(mg/g creatinine)

Whole group

Lower exposure group(< 10ppm)

33 (589) 0.632"
23 (41.1) 0.447"

0.035 0.114
0.098 0.161

#* p<0,01

Table 9. Concentration of urinary hippuric acid in the begining and end of shift to indivisual exposure to toluene in air

(n=56)
Urinary hippuric acid (g/g creatinine)
Toluene in air(ppm)  No. of workers begining of shift end of shift p-value
GM GSD GM GSD
Total 56 0.461 2114 0.986 2.201 0.000
1> 13 0.336 2318 0.447 2.063 0.098
1 <,<10 20 0.505 1.639 1.029 1.938 0.000
10 <,<50 19 0438 2.351 1.231 1.574 0.000
=50 4 1.035 1.461 3.599 1.200 0.005
Table 10. Concentration of urinary toluene in the begining and end of shift to indivisual exposure to toluene in air (1=56)
Urinary toluene (mg/g creatinine)
Toluene in air(ppm)  No. of workers begining of shift end of shift p-value
GM GSD GM GSD
Total 56 0.026 1.601 0.077 2942 0.000
1> 13 0.022 1.489 0.053 2.131 0.002
1 <,<10 20 0.027 1.467 0.094 3.160 0.000
10 <,<50 19 0.024 1.578 0.083 3.545 0.000
=50 4 0.048 2.125 0.066 1.414 0.443
Table 11. Concentration of urinary o-cresol in the begining and end of shift to indivisual exposure to toluene in air (1=56)
Urinary o-cresol(mg/g creatinine)
Toluene in air(ppm)  No. of workers begining of shift end of shift p-value
GM GSD GM GSD
Total 56 0.931 1.778 1307 1.959 0.002
1> 13 0.732 1.489 1.080 1.295 0.012
1 <,<10 20 0.978 1.723 1.401 2.167 0.136
10 <,<50 19 0.928 1.860 1.366 2207 0.009
=50 4 1.622 2.125 1.386 1.684 0.780
FEE m21EY 1%V, 1%01410%  0.3362.318g/g creatinine, A4 0447+ SHOoRL fOF Aok gIsint
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