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Health Impairment among Toluene exposed Workers

Young Hahn Moon ond Joe Hoon Roh

Department of Preventive Medicine & Public Health, College of Medicine, Yonsei University

Subjective symptoms, counts of blood cells and liver function test were conducted on 198 male workers
who were exposed to toluene in Kyungin area from September to November, 1986.
" According to the level of urinary hippuric_acid concentration, the total sample was classified into the
high exposure group (concentration=3 g/1) and the low exposure group{concentration<3g/1).
The following findings were obtained by comparing the two group:
1) Contrary to the previous findings, the urinary hippuric acid concentration of toluene exposed
workers showed bimodal distribution. It meant that the toluene exposed workers were mixed with the

non-exposed or minimal exposed workers.

2) The high exposure group showed a lower level of leucocytes counts (6,630 1,860/ 1) than the low

exposure group (6,340+1,960/ ul).

3) The high exposure group showed a higher level of SGOT, SGPT and r-GTP than the low exposure

group (p<0.05).

4) The high exposure group complained much more subjective symptoms (e. g. skin rash, loss of

appetite, palpitation) than the low exposure group.

I. M =

2] o]ze] $A4AE 1 £55) BAHA D S
2w 2 FHE 4005 F] 2319 (Inoue, 1983) 4t
BAH 47142 AP FELY) JYEE Fus
3. slel,

#7144 F2 F/ANE T3 B &
F/1% 39 #9499 A4 A2 SAE

HEE EfA= F5 3 (Oettingen, 1942; Key,
1977; Committee on alkyl benzene derivates,
1980).

Z2A4A FYE K71 8AE ANE S A=

o AR EFAL 52 WFALL 2 ALy
o] Ztel A FeAst Eipale] vixAle] Hol AW
2.2 ejAd€r}(Ikeda, 1969, 1980 ; Baselt, 1980 ;
Carisson, 1982 ; Ogata, 1970, 1980),

RLEEAY IS5 BT GHAAY F1Y HER
He¥xd TLV 7/ A= glo] de] o] 853 Q)
2.9 (Parmeggiani, 1983) EAloll Yolu} x5 4 A
ARE AAHA 250 HFEAY vtuile F2 8
3A st AR 4527t 4493 9o} (Ikeda,
1980).

FEA AS 1FFES AAANEZ R
SFHBALT FHAN LHEAY Z 2] YA EF
vehte g A58 Y5 HE4FrER 4
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b & go] Algatx ¢lrh(lkeda, 1980 ; Brugnone,
1986).

fr7l&Al e Aol 27 Wi YR At &
Aol A Fol3Al Tyl =REHT 1 FellM o
wld glo] At T2AE AN FHEFES A
27l Evjgt A wz= A7 A4 "9
(Husman, 1980 ; Baerum, 1982),

2 d 71 8A AFQFMNA TFe 223
=4 "Jii AzpF el F3 ATz AR
Ao & EFARAD JEE A48l ARz}
£ Axstd e B3 EFA &3 Ae] QEA
Z2xRQ 2F vnA ¥E2F FHslz 2 A
gl AeE Z2xe 15 22 FE3d §
71847} B7de) mA e G Fste] PrA 27
< A7l st wleld,

M. A8y
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€ A7 AAXYd e EFA HAF +F 6
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22 198 S A4
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94 HEH Fd 1197ARA MY o

2. ZAtghy

1) HEEA AR AR Fulse A7 AL A
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Fig. 1. Distribution of urinary hipouric acid concentration before & after working.
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o ¥ e F SMA 12/60=2 2 LDH, SGOT, SGPT,
BUN, Alkaline Phosphatase, Creatinine, total Pro-
tein, Sodium, Potassium, Chloride, r-GTP& & & &}

A,

4) &3 oted 529 58 47184 AT 22
A 19879 Ao el A3ss] WA LA 84
st 104 Apels]) AW E IAE B3 A AL
F 9% 349 54 Aol o) £ g At whmat B

22 294 2d 2 e u (Baselt, 1980) & o]
45t 24 sgon k4l $E RAHL nwuF
B A4 (Ikeda, 1980)-& o) &3l ),

3. EMyy
24N A A Y A Fo ohma FE

FEZE oJASA L ol Fa dde (Fig. 1) AAAL
kAl B % 3g/loldrl,

wp] ZALYAAE vbxAl FE 3g/1 0w F&
A E2 7 3g/1 o]Alel £ & @
22 AwA 54, &7,
74 27 vimstgch,

nm. & =}

1. CHAX(e| ety £Y

ZAPR AR AL oAl X Jg/loukel A
2Fo] 32.77+7.84M ]2 REZFo] 30.52+6.104)
olslem daTEE T3S Fog Aol e}
w2 9k (Table 2).

ARE B ZF 167cm 9ol AFE ZF 60
kg woolglen 2FdFE AF2Fo] 4.8743.12
d, RZ2F0] 4.56+3.1622 T2+ Aol &= ¢
itk (Table 1),

AZZ M e 69.2%7F FA3tdn 2 E 2T A
€ 71.9%7F ¥#493den FdFelv FddFole

=3 u F23 2ole el (Table 3),

L AZ2FNA 11WL 2 28.2%°|% &
27 W»: 2522 16.3%49°2 +FFES T2
Zho EA A F4L ddo(p>0.05 by X2—test)
(Table 4).

ulo

Table 1. General characteristics between groups

Low exp. group®* High exp. group**
Items (n=39) (n=153)
Age (yrs.) 32.77+7.84 30.52+6.10
Height (cm) 167.15+5.20 167.86+6.17
Weight (kg) 60.59+6.44 60.72+6.61
Working 4.87+3.12 4.56+3.16

years (yrs,)

All values are not statistically different at ¢=0.05
level

* Low exp. group: concentration of urinary hippuric
acid<3 g/l

** High exp. group: concentration of urinary hippuric
acid=3 g/l

Table 2. Age distribution between groups

Ages Low exp. group High exp. group
~19 0C 0.0) 4( 2.6)
20~29 17( 43.5) 71( 46.4)
30~39 15( 38.5) 67( 43.8)
40~49 6( 15.4) 10( 6.5)
50~ 1( 2.6) 1¢ 0.7)
39(100.0) 153(100.0)

* p>0.05 by x*-test

Table 3. Smoking habits between groups

Items Low exp. group High exp. group
Percentage of

smoker (%) 69.2(27/39) 71.9(90/153)
Smoking

amount 12.27+6.28 11.92+5.80
(ea/day)

Duration of

smoking (yrs) 8.73+£8.21 9.82+6.35

Table 4. Distribution of drinking levels between groups

Drinking levels Low exp. group High exp. group

No drinking 11( 28.2) 25( 16.3)

Moderate

drinking* 24( 61.5) 120( 78.4)

Heavy

drinking** 4(10.3) 8( 5.2

39(100.0) 153(100.0)

* Alcohol intake: less than 320ml/day of 25%
alcohol

** Alcohol intake: more than 320ml/day of 25%
alcohol
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2. gosty oA

ZAI AR HAHA 2L WY F A2
Fol A 6,630+1,8507 0] 3 LEZFNNE 6,340+
1,950 2 2R 2ol A Fdhs F ¢S Hedid &
A#H A4S ddhh(p>0.05) (Table 5),

AYTTE AFE2TAAM 4.7320.40X10°/pl 0| 2
AEZFAHE 4.76+0.34X10%/pl o) T,

53 A AE2FH E2FANA A
Her o7t gl FEL SGOT, SGPT, total
Protein, r—GPT ¢]¢l2n] E3] SGPT & A% 2 &
23] 19.77+12.69IU/1Z A ZE2F 2 15.284+4.59
IU/1 2o} {234 Ebd(p<0.01),

Total Proteine &2 Fo] 7.29+0.52 g/dl2 =
Z27e] 7.55+0.44g/dl Bt §5A BaHAL
o (p<0.01) r—GTP + x2EZ=2F°] 19.78+14.75
WNRAZ2F9 15.54+7.941U/1 ¥} $-2)31A =
7} 8+ &k (Table 6),

271574 2 W8T % hippuric acid ¥ %
219 A@FAE BA4dd SGOT, SGPT, total
protein, r—GTP ¥ WBCE F&¥MS$E ¥
hippuric acide SE W26 253 A4S T3
A AL s (Table 7).,

AFA 72345 total protein @ WBCe} vl 4b 35
=zve] 3] o] A g}, F total proteind}t
hippuric acide &9 ASZA 7 29 r=-10.024)
FHe7te] AL 5.6%(R*=0.056) o1 W ¥4
o nF vikAb FEZE S A@BAS 9o
(r=—0.056) T 5=7te] A9 2.4% (R*=0.024)
o]},

Table 5. Hematologic values between groups
(mean+S.D.)

ltems  (Unit) LW eXP, group High exp. group
WBC (103/ 1) 6.63+1.85 6.34+1.95
RBC (108/pl) 4.73%0.40 4.76+0.34
Hgb (g/dD) 14.78+1.16 15.07+3.09
Hct (%) 43.39+3.20 43.27+3.30

Table 6. Results of liver function tests

Items (Unit) L"W(ﬁ":"gg%“’“p H‘gl(‘n"':x}’53g)r°“p
LDH au/m 65.03+20.72  63.71+22.60
SGOT (Iua/n 18.44+ 5.96  20.96+10.27*
SGPT (IU/H)  15.28+4.59  19.77+12.69**
BUN (mg/dl) 14.61+ 4.13  14.40+ 7.23
fgﬁ';-sp. (IU/)  52.64+11.23  53.84+13.53
Creatinine (mg/dl) 0.83+ 0.14 0.87+ 0.15
T. Protein (g/dl) 7.55+ 0.44 7.29+ 0.52
Na* (mM/L) 144.77+ 1.22  144.82+ 1.40
K* (mM/L) 43.05+ 4.29  42.08+ 3.78
cr- (mM/L) 102.23+ 2.13 102.26+ 2.42
r—GTP  (IU/)  15.54% 7.94  19.78+14.75**

*p<0.05 by t-test
**p<0.01 by t-test

Table 7. Results of simple regressions by hippuric acid

concentration
Variables cli%gfgacsiséggls Intercept R? I;)rlﬁtt’i
SGOT —0.080 20.83 0.002 0.537
SGPT 0.090 18.22  0.002 0.553
T. Protein —0.024 7.48 0.056 0.001*
r-GTP —-0.045 18.98  0.000 0.809
WBC —0.056 6.76 0.024 0.031*

* p<0.05 by null hupothesis =0

Table 8. Results of subjectiver symptoms between

All values are not statistically different at ¢=0.05
level

groups (%)

Symptoms Low exp. group High exp. group
Skin rash 2.6 15.7**
Loss of appetite 33.3 49.7*
Palpitation 23.1 40.5*
Chest tightness 25.6 37.9
Coughing 51.3 60.8
Dyspnea 5.1 11.8
Irritability 38.5 48.4
Mood elevation 17.9 26.1
Easy bruising 10.3 17.0
*p<0.05
**p<0.01
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3. XAEH

ZAA AR ARFALE F2 AT F 4 (eye
irritation, coughing, skin rash) o] ¢l 2.m skin rash
€ 2E52F0] 156.7% AFET0] 2.6%E FA’ A
(p<0.01) € et o A& 3E e 1 Z 2 Fo] 49.7
% HE2 70| 33.3%¢] 3 palpitation & T E2Fo]
40.5% A E2F0] 23.1% % ALFA4 T8 F9
g 2E el g (p<0.01).

9] 9
dyspnea, irritability, mood elevation, easy bruising
ol AF 2T A Thfo] FHo FAYA F4
2 ety A ekgkck(Table 8),

Z A2 2 & chest tightness, coughing,

v, 2 &

S8R A3, B8Y, 5P, TETY 4
W wgE Yorlel T4 wHA Hok(lkeda,
1980; Ovrum, 1978), '

by 59 A BAL $4 1 A5 HoE
stz At A A AR RAE ARl A% AL
7 old = AR A9 ¥E, T2 g
F% 4o 4y Ady) 2T B4 =& BHF
5% 71A 24 " (Husman, 1980).

$718AE AANNA A Aot o)
o] A R E BA =H FH F5 oo A
¥Eo WYMoz Zzgd w2, A4, FF, ¥
25 2204800, AEAAAL BGH 4AE of
Agn $ANA 7)5e) FNE 7}ALcH(Grobski,
1961; Knox, 1966; Nomiyama, 1978).

#7144 A2 BUEAe) AgHE P4
B AWl F579 447 e B4 BA ¥
ZHE AL AV AAYS ALAY 59 &
714A7) HBE A G AN 756 EHE A
% ol g3l 3718 NRE &9 AEo] nFo) v
25t AL Adste 1 E o 4HINE HEH I
Aol N B, Ao Hold, WAREY £ol
Ao 3x7t @ol o) 48m AxAlrld HANE &
2A2Fd EHE R(2FE ) EFAZ Yot
7o) AukA ol th(Takeuchi, 1970 ; Ikeda, 1980).

47184 25 A AAgEoz AP4AY, 9

4A7, dA7A, now, xs2dUdxd a9n
SGPTS 2] 2715 A 4H8 A Beh, ol & Al A &
27e] dedE g gugAre o FEAT W5
A%, ARNSAA, HAAARAE AMs 4 E
§4 TUHYSE uF obidl Wd%e EH

Esqe chagel AN} ot ATYE et
H 2¥gdE 9o F94 EFAS WAL ¥4
s& %7k WoH(Walkley, 1961), |

ERd9 5 A8 BFA, NP AFEH
¢ oy Fr] xEHW Py Az WP E
Qo 77 x29W F29) FFEH2 F247
& wapel vhehds W, ¥, ¥4, FFY A3
Zapo] dehde nEEAME %, EFAU #
A71% o} (Husman, 1980), A 2HAu siglEe) 3
e} & &5 Hyperchloremic acidbsis, ferllal
tubular acidosis, hypokalemia, hypopho_sphatemiaﬂ
471 Aol AAH 2 3lck(Rey, 1977).

Ao EFA $59) A ERAY YREe
¥l & 4} (benzoic acid) &2 thAbs]o] kel X F2 Al
(glycine) & 2§38t v}x 4 (hippuric acid) el ¢
sWog WAEEY 36 S257 G AT
5% ohuAbe 0.7-1.4g/l0] HE AL FeiA 3l
t} (Ikeda, 1969, 1980; Baselt, 1980; Cérisson,,,1982;
Ogata, 1970, 1980), A xA|71E 47} 6] Z 24
) grol wld) 7R BE AAE YR £F 447
o] st} WA, E%a, 2¢d 13 sYaT
2 Jgde nF GAE 2ol H4 9o (Ikdea,
1980), A A<l 2 X F 4 hippuric acid “ﬂ’é%v—’i‘;i A}
F39 A P22 FE FA 8o glycine ©] 5
o 2 AE¢ 435 2714 cH(Ogata, 1986). A
232l ¢} %% hippuric acid Wl Ad g2 ¥-X+= Poission
®XE& w2v phenold uw|Ad3FE Polya-Eggen-
berger %+ £ & el it (Park, 1976), 4wty o2 A
A AYE A AARES ¢ od 4Ee
A 49 BE TAE 2einw Fo] FANE
oJArZAE vehdch wety B ATFAL #7144
232 19899 %% hippuric acid s} Ad ekl ¥ ¥
S ATAE vehd AL 2 HAA FA F7]
24 E2as v E 2R (2E A0IY 2245} Y
8 AL vlse] SR AN F AR LA A
A AT FAER AA e ARGE A
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2 Adsls Ao uigAsida A€,

d71% EF94 Fx9 xF hippuric acid 9 43
FAE v Z 229 A$ %F hippuric acide] ¥E=+€
1.4g/l, 47)1% EFd =7 50ppmd A+ =F
hippuric acid¥ 1.26—2.93 g/l°1 9, 200 ppma 725
4.12-8.65g/12t 2 = ¥ 3 9 o} (Pagnotto, 1967;
Ikeda, 1969).

@epA] & dFE FARAALS] 23 hippuric acid
sjAdgge] X FHAA AAXNY 3g/1€ 7|FL2 3
Z2Z7 AZagoer FEsHc

EFq F27229 Y93y FA24 SGOT,
SGPT, r—GTP 59 ZALE st 454 v
g Hejatx EASHLR ogglA SGOT v
SGPT 7} ¥4 vetds Ao &8 den 294
LDH, LAP HALE AAIStY 4FFF A= 434
A r—GTPZE AAs7I= FFc}(Shiojima, 1983),

® E29E F418 rate] ZH2 2 ol 4 mitochondria
o] ¢+ 9 WA %7181 microsomal enzymee] %
7} 8k 43 o} (Ugvary, 1976),

BZ2ANAE %2 F2FAA SGOT, SGPT, r
~GTP7t A4 5o 92 T. Proteine] stz gl
w £3| T. Protein® hippuric acid ¥%¢ $9 4
FAA N} depd S sl B EF o] 7%
& AsAAgE AE & 5 Ao

V. # =

ARG e EFA AF AdH 62 22
2} 19892 iAo 2 19854 9YNE 1197R "dH
ZAh, g g @ AT HAE AAlEe o
9 AAE A

1) ZA ALY uF vlnAl FEo ¥XE 3g/]
£ A2 o] 4% (bimodal curve) & ©l ¥k,

2) EAAALE vk Ab vl A g}ol] aie} A HF2F )
2EZFOE FFst FAHAE AT A HY
F37h AEZTFol 6,630x1,8500 /ul ZEZF o]
6.340+1,95070 /ule g nEZFo] i HFE
el ol

3 AN AAN AR HEZEH nFZ 2L
SGOT, SGPT, total protein, r—GTPe)| %2 § 3}o)
7} Ao (p<0.05).

4) AZFA AR AEZFNA skin rash, loss
of appetite, palpitation?] Z4§°) HZ2F R} §
o) stA Edeh(p<0.05),
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