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A Study on the Concentration of Hippuric Acid in Urine
of Workers Exposed to Toluene
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The objective of this study is to examine the correlation between the toluene concentration in the
work environment of organic solvents and the concentration of hippuric acid in urine of workers
exposed toluene, and to acquire the fundamental materials of workers’ health care and to assist the
assessment of the biological permisible exposure limit.

The control groups are 72 workers who had never been exposed to toluene and the case groups are
101 workers who had been exposed to toluene.

This study was conducted to examine the correlation between the concentration of toluene in work
environment and workers’ hippuric acid concentration, to investigate the complaint' difference of
subjective symptoms by means of questionaire, between the case groups and control groups.

The results and conclusions are as follows:

1) The highest mean concentration of toluene in the air is 544.13+7.75ppm in the Printing
Department of mixing organic solvents.

The concentrations of the others are 463.27+5.24 ppm in Department of mixture for organic
solvents, and 393.56+ 45.69 ppm in the Printing Department(l), and 248.38+45.16 ppm in the Printing
Department(2), and 159.38+18.51 ppm in the Printing Department(3).

2) The highest mean concentration of hippuric acid in urine is 6034.84 +1298.35 mg/] in the Printing
Department with mixing organic solvents.

The concentrations of the others are 4798.44+784.53 mg/l in Department of mixture of organic
solvents, and 2883.06+701.90 mg/]l in the Printing Department(l), and 1449.98+905.19 mg/l in the
Printing Department(2), and 598.52+299.43 mg/! in the Printing Department(3).

3) As the toluene concentration in the work environment becomes higher, the concentration of
hippuric acid in urine also becomes higher. It is found that the coefficient of correlation between
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toluene concentration and the concentration of hippuric acid are positive (r=0.868, Y =7.18X +349.57)
4) It is found that the case groups complain of much more subjective symptoms than the control

groups.
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Table 1. General characteristics between groups

unit : yr, %

ftems Control group  Case group P
Age (yr.) 32.30+4,66 32.83+593
Working years 5411313 6.6314.46

(yr.)
Percentage of
smoker 80.6 84.2

N.S

Percentage of it
drinker 87.5 87.2

N. S. : Not significant

Table 2. Toluence concentrations in each work-place

unit : ppm
Work- place Toluence concentration
Organic solvent mixing +
and print 544,13 % 7.75
Organic sovent mixing 463,271 524
Print (1) 393.56 £45.69 *
Print (2) 248.38 £45.16
Print (3) 159.38 £18.51

Results are the mean T standard deviation
* P < 0.05 (significantly different from the correspond-
ing value of toluence concentration in each work-place)

— 230 —



544.13+7.75 ppm, 463.27+5.24 ppm, 393.56+45.69
ppm, 248.38+45.16 ppm, 159.45+18.51 ppmo2 1}
ebst o= (Table 2) A 2] Ad54H 3715 &
A TEE FAALE F9% Aolzk UNTG(p<
0.05), 2T AJ#AF EFA T vlokslod £
A48 + gl

3. =E opmih

HAA Ae] EFallol 225 A ¢ T2 (H2T)
7293 ESal7 w2 Z2A(AYEE) 10198 jake
2§ A A Az AHTY =% A 7
319 F-2 77}t 634.42 mg/1, 1875.05 mg/1(Table 3) =
2§57 25 stuAlgdls FoF zAolrl Yk (p<
0.01). =% "lxAbek B2 ZolA 1,000mg/l °]5}e) =}

Table 3. Urinary hippuric acid concentrations between
groups

unit : mg/l
Hippuric acid concentration
M
ean Control Case
group group
G.M.+5.D.* 634.42 1,375.05
+254.01 +1,791.16
A M%S.D.* 692,91 2,261.25
+300.30 +1,885.95%*

+

Geometric mean * standard deviation

Arithmetic mean £ standard deviation

** P < 0,01 (significantly different mean values bet-
ween control group and case groups)

2AS AT 22 AE =T A o] A7) 587 2
239, 1,001~2,000 mg/lo] 3] wlxAlg sjAdd) 22
A gz AdFe] 13=3 284, 2,001~3,000
mg/10] 319 vl Ag wlAdd TE A Aol 261,
3,001 mg/lo| A wiAd g 22AE Aol 24761gi
(Fig. 1).

Fad3 $F7F AT 2R 23 vhe4l v] Ao =] %]
T A%E 2AE A AT 81, 59 v L5

601
50 Control groups
Case groups
40J
30}
20
104
0
>10 10-19 20-29 <30 /
hippuric acid
{x100 mg/)
Fig. 1. Distribution of hippuric acid concentrations in

urine by groups.

Table 4. Urinary hippuric acid concentrations between smokers and no smokers

unit : mg/fi
Control group Case group P
Smoker 724.11 £325.97 NS 2,422.16 £ 1,914.61 NS
No smoker 563.88 +200.49 2,391.87 £1,731.73
N. S. : Not significant
Table 5. Urinary hippuric acid concentrations between drinkers and no drinkers
unit : mg/fl
Control group Case group P
Drinker 691.63 £310.51 2,426.89 £1,726.58 NS
No drinker 737.28 £335.65 1,830.50 £1,207.97

N. S. : Not significant
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Table 6. Toluence concentrations and urinary hippuric acid concentrations in each work-place

unit : ppm, mg/l

Work-place Toluence

Hippuric acid
G.M. S, D.*

A M, £S5, D**

Organic solvent mixing and print

54413 7.75

6,034.84 £ 1,298.35 6,094.00 £ 928.69

Organic solvent mixing 463,27t 524 4,798.44 £ 784.53 4,826.55 £ 564.18
Print (1) 393.56 £45.69 2,883.06 * 701.90 2,924,25 £ 494,56
Print (2) 248.38 £45.16 1,449.98 = 905.19 1,473.41 £269.51
Print (3) 159.38 £18.51 598,52+ 299.43 633.83 £210.34
¥  Geometric mean ¥ standard deviation
** Arithmetic mean % standard deviation
ka/l1 Bh AV 598.52+52+299.43mg/l E3 FEs}
544.13£7,75ppmA¥ =% =hmAleke 6,034.84+
., 5000 1,298.35 mg/12. 371% anu FE7 AR E
£ % vhateke] Frlslglen (Talbe 6), %% wlxAbek
2% % 3% TR ¥R ARASE 1=0.868(p<
M 0.0) 22 Fofdt Azt WAL vetllch(Fig. 2).
;51 3000
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2 20001
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%%00° e 3488 AAASTANG e £ 2l £
ol L #AeE o3 Felsb Ak (e<0.0D) |
100 200 300 400 500 {ppm)
Tol in ai
i ) ' oluene In air IV. :'_ g
Fig. 2. Relationship between toluence concentrations in
air and hippuric acid concentrations urine.
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4. 3715 €FY S92 & F opp M
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4,798.44+784.53mg/l, <A (D)% A 2,883.06+
701.90 mg/1, A4 (2)F4 1,449.984:905.19mg/1
24 (3) %4 598.52+299.43mg/12 7 By w3 v}y
AbFE 23 Abolst 9IgitH(p<0.01),

271% %9 57} 159.38+18.51 ppmAs] 23
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Table 7. Subjective symptoms classified according to groups

Symptoms Groups No. Yes.
Overall control 257 (89.24) 31 (10.76)
case 189 (48.71) 197 (51.29)%*
Irritation of mucous membrane control 67 (93.06) 5( 6.94)
case 45 (46.39) 52 (53.61)**
Symptom of central nervous system control 64 (88.89) 8(11.11)
case 47 (48.45) 50 (51.55)**
Kidney dysfunction control 66 (91.67) 6( 8.33)
case 38 (39.18) 59 (60.82)**
\rritation of skin control " 60 (83.33) 12 (16.67)
case 59 (60.82) 38 (39.17)**

Parenthesis are percentage.

** P <0.01 (Significantly different mean values between case groups and control group).

Aito 24 wF vluslgfo] EFol 2o Y A E2
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=z 9leh(Tada, 1972; Ogata, 1985).

7ol FEsA ¥E FAUdY nF =lupAalEke
700~1,400 mg/1% ¥ 1392 (Ikeda, 1969; Ogata,
1970; Baselt 5, 1980; Carisson, 1982) Hawk$}
Bergeim (1944)-& S4& A& 7l 2 Ao]7} gle
SR el E = et Al Aol glelA 700 mg
olsteln B syl Seki(1972)+ FA R4 #-¢ 1,000
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AlAE Rt vk o, = AR H Aol e A
Abole] wlx Al v AdEke 1,000 mg/ln)al, FoAlE
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2 TR o,

279 uF vluslzdke BF 634.42mg/12 ut
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~544.13ppmE vEbREH FAPEA AAE o)
ACGIH®} &=2] Abigbd 2714 o) ¢]8-7]F 100 ppm
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oA AH-g-3tE a8t BRI EA R £359 3
4349 2] (ACGIH, 1985)2 A &35l 3 -27]F 27te]
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