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A Study on the Mixed Organic Solvent Dose and Subjective Symptoms of Direct and
Indirect Bonding workers in Shoes Manufacturing Industrial

Jeong-Sik Byun®*, Jeong-Yun Kim*, Young-Chae Cho**, Dong-Hyun Kim***
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Department of Preventive Medicine, College of Medicine, Chungnam National University**
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This study was performed to find out the exposure level of mixed organic solvents, excretion of
urinary hippuricacid and subjective symptoms according to the exposure of organic solvents of
female workers who works on 5 shoes manufacturing industries in Taejon City from 24, september to
20, october 1993. The studied groups were divided into 3 groups that were consist of direct exposure
group(48 workers), indirect exposure group(49 workers) and non-exposure group(68 workers) to the
organic solvents.

The exposure levels of toluene of direct exposure group which 89.86 56.20ppm had higher than
that of indirect exposure group which had 40.23 +47.21ppm. In the exposure level of mixed organic
solvent(R-value), direct exposure group was 2.84 1 1.53 and exceeded approximatly 3 times the R-
value. Whereas, indirect exposure group was not exceeded the R-value as 0.80+0.61. In the excre-
tion level of urinary hippuric acid, direct exposure group was 1.78+1.25g/ I , indirect exposure
group was 1.22+0.93g/ ! and non-exposure group was 0.51 +0.18g/ [ respectively. Therefore both
direct exposure group and indirect exposure group were significantly higher than non-exposure
group(P<0.01).

In the correlation between toluene levels and urinary hippuric acid level, the direct exposure group
had positive correlation(R=0.8309, P<0.01), also indirect exposure group had positive
correlation(R=0.5859, P<0.05) and also in the correlation between the R value of mixed organic sol-
vents and the urinary hippuric acid levels, the direct exposure group had positive
correlation(R=0.4492, P<0.05), and indirect exposure group had ositive correlation(R=0.7911,



P<0.01). In the complain rates of the worker's subjective symptoms at work, both direct exposure
group and indirect exposure group were higher than non-exposure group(P<0.05, P<0.01). But the
sujective symptoms of "floating sensation” of direct exposure group had significantly higher than
indirect exposure group. In the percent of subjective symptoms complaints during the worker's daily
life, both direct exposure group and indirect exposure group had generally more statistical signifi-
cance than nonexposure group(P<0.01), direct exposure group had not statistical significant differ-
ence from indirect exposure group.

As the results mentioned above, it has been analysed that the indirect at the adjacent manufaturing
process are exposed to the considerable amount of solvent. Therefore, I think that there should be the
betterment of surrounding through the complete workng environment management to the occurrence
source of the organic solvent, the changes of health management system to the indirect-exposed

workers, and the systematic management of the special medical examination and the like.
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v
5ml ethanol addition
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Mixing voltex mixer for Smin
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Spectrophotometer at wave of 410nm

Fig 1. Analysis of hippuric acid in urine.
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Table 1. General cheracteristics of study subjects

2 NHUFEIHY R FUI18H L
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23z 3y §F5d3 xcTUite] ¥EE AYER
Zol A 2z 89.86+56.20ppm¥& 26.51+
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8.03+8.99ppmETt BAHE KA YD
(P€0.01). Aoz e ANZ2TY A
$ 20.95+19.91ppm= THHZF=TY 11.99+
2.86ppm Ett BAACE #osA UG
(P<0.05).

UE22ugd) JdEolHlEY v AFPE
279 A% 227 65.88+53.51ppm# 9.47+
5.94ppme.2 NHHEZF9 9,01+1.60ppm,
1.98+0.50ppme 2 AAFRFo] YHERT B0}
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(%)
Variable Non-exposure Direct-exposure Indirect-exposure Total
group group group
Age
<29 11 (16.2) 4( 4.3) 6(12.2) 21(12.7)
30-39 21 (30.9) 25(52.1) 28(57.2) 74(44.9)
40< 36 (52.9) 19(39.6) 15(30.6) 70(42.4)
Work hour/day
8 68(100.0) 6(12.5) 6(12.2) 80(48.5)
9 o(-) 42(87.5) 43(87.8) 85(51.5)
Job tenure(year)
(2 7(10.3) 9(18.7) 9(18.4) 25(15.2)
- 24 45( 66.2) 25(52.1) 33(67.3) 103(62.4)
5< 16( 23.5) 14(29.2) 7(14.3) 37(22.4)
Smoking
Yes 0C-) (2.1 2(4.1) 3(1.8)
No 68(100.0) 47(97.9) 47(95.9) 162(98.2)
Alcohol drinking
Yes 5(74) 5(10.4) 4(8.2) 14( 8.5)
No 63(92.6) 43(89.6) 45(91.8) 151(91.5)
Total 68(41.2) 48(29.1) 49(29.7) 165(100.0)




Table 2. Organic solvents concentration of direct-exposure and indirect-exposure group

[ppm:mean+S.D.]

Organic Direct-exposure Indirect-exposure TLVa)
solvents group(n=18) group(n=19)

Toluene 89.86 1+ 56.20** 40.234+47.21 100
Normalhexane 26.51 +26.60** 8.03+8.99 50
Cyclohexane 2095+19.91* 11.99+2.86 300
Dichloromethane 65.884-53.51** 9.01+1.60 50
Ethylacetate 9.47 £ 5.94%% 1.98+0.50 400
Methylethylketone 1.194£0.17** 1.47+0.50 200
R value” 2.84+ 1.53** 0.80+ 0.61 1

a) TLV : Threshould limit value

b) R value : (CU/T1)+CUT2)+(C3/T3)+ -+ +{Cn/Tn)
{C ; Measurement conc. of organic solvents ]
[T ; Threshold limit value of organic solvents]

* P<0.05 ** P<0.01 : difference from indirect-exposure group

Table 3. Concentration of urinary hippuric acid and number of workers exceed the 1 g/ [ of urinary hippuric acid

(g/ | ;mean+S.D.) (%)

Non-exposure

Direct-exposure

Indirect-exposure

group(n=68) group(n=48) group(n=49)
dok ] )
f ]
Hippuric acid O.Sl{iO.lS 1.7?1 }.25 1.2211-0.93
*k))  *3)
No. of workers exceed 0(-) 25(52.1) 21(42.9)

the 1g/ ! hippuric acid

**1}) : P<0.01(difference from non-exposure group)
**2) : P<0.01(difference from non-exposure group)

*3) : P<0.05(difference from indirect-exposure group)
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Fig. 2. Corrilation of urinary hippuric acid and toluene
concentration

— Direct-exposure group

Y=0.0179 X +0.492

R=0.8309

P<0.01

-+ Indirect-exposure group

Y=0.0179 X +0.251

R=0.5859

P<0.05
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Fig. 3. Corrilation of urinary hippuric acid and toluene
concentration
— Direct-exposure group
Y=0.5484 X +0.222
R=0.4492
P<0.05
-+ Indirect-exposure group
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Rvalue : (CUYTH+(C2/T2)+(C3/T3)+ -+ +(Cn/Tn)
[C ; Mesurement conc. of organic solvents
T ; Organic solvents threshould limit value ]
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Table 4. The complain rates of subjective symptoms for working time of workers [ %]

Non-exposure

Direct-exposure Indirect-exposure

group (n=68) group (n=48) group (n=49)
[rritation in eyes 13.7 54.2 ** 42.8 **
Blurred vision 41.1 41.6 53.1
Nasal irritation 0.0 43.7 347
Unusual smell 3.2 29.2 %% 22.4 **
Sore throat 6.3 52.1 42.8 =*
Unusual taste 0.0 14.6 6.1
Face flushing 8.4 18.8 16.3
Dizziness 12.6 271 * 20.4
Floating sensation 3.1 333+ ¢ [2:2 %
Drunken fleeling 2.1 22,0 ** 122 %
Head heavy feeling 17.0 50.0 ** 38.7 **
Headache 15.7 354 16.3
* P<0.05 ** P<0.01 : difference from non-exposure group
#P<0.05 : difference from indirect-exposure group
Table 5. The complain rates of subjective symptoms for living of workers
(%]
Non-exposure Direct-exposure Indirect-exposure
group (n=68) group (n=48) group (n=49)
Respiratory 6.3 31.3 ** 24.5 **
Digestive 42 104 * 4.1
Irritation related 12.6 56.3 %% 36.7 **
Blood dyscrasia related 1.1 2.1 4.1
Nervous system related 1.1 3.0 2.1
General and others 2.1 12.5* 143 *

* P<0.05 ** P<0.01 : difference from nen-exposure group
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ofzte] Aol Holxm Uy AT UX ke
FdE& Byl o] Fe = F Ztzke] #7484
A7 AFHer &, 2 R B 5§ AT W
q Aoz AREd HAFLFL FLE wol ¢
FaHgolxdy”, "8 o] ofxt}” W "wjelst B
A =AJY oA v E2F HlE HoelA e
(PL0.01) FFelHon, of Ase ¥ Al AH
Zz 3 289 Aole AW vlad dx)ske
BYE B9, o] A AFA Edol Q% 4
7 & AFs Yee #4422 Aggr,

A3 SRzAd gy BhHe R ol
oln YFEeoXe 2EH L FFYAY, 7N

o 744, A4d, FABAFA o w2 )
B Be 8% § BHAQ Ro| s RAolAut
AAGoNA feidate] 2o o aA FedE
Aoz ARt £ TA(M AYPZ2 P AHE
BT HER P H3d A9 TE FEN B
Ao fo¥ xol8 Rolm slou APEZ I
FAFETAME M Heg T482 RE §
AAQ] Reld€ Rolx ¥ Ut &, AY B=g
HAdthe Rt AR RN Y 2ax
o ARFd T odle] Aole e YRE
o] dAshe= el U Y F& AHFRT
A HE2FEG AR5 L g0 L olfE #
HEHS G AP FAEY BERF e
ARt vEgeE 71849 713 LHFES
woldelN 2 AztgA 471 & H|E & A S
Aoz Aladd. E, APESZ I FHESPAN
€ B3 mile 7lEelt dAgte] A %
ol RAI(P0.05), & AA4FgddMe HYPE
273 FAAR Aolg HolA] fkm Y&d ole
AHEZZANT FHEAA E2HE Hol o}
UHE oM 223 SAEAAT Fgo] 0|
AA P& @uNo 2 vaFckn YA,

c2AEe] YA ALFY IA28F HY
AR F2T 9 UERFE 2F ASFH 13
4 ERAALZE 9 AAA ALl 54
&9 Aol AT L ¢olgen, APE=FH
HE2ZNNE B8 PHAM {4 & Holix|
gkovt BF BF ulERF vy ASFA4A 2
23%, TEA A R AAA ALl
AR RASA e FEIAD(PO.05)
(P€0.01). olsizte A3 T48&E A7
A 2 adEe] BEHA AUl B £ ey
HEZF Hoke 2] FHEEFNAN Tdgo] B
vehd A AYPgoiMe] faEdd ge 225
PFFAE oAz A&HH7] & Aoz 4z
Hoy, £ 2ARPA PP S2AEL] o) Y
@70] @ebdtrhe 4ol gMe UM Jeht ¥4
d #E AE Aol AlgH

olgfte ¥HAENE T4 B W LHEEFo)
APFHRF B} 2AHY A9 RE ¥F § /04
AERA, vt 9 2l FRdoz o
A 3 g Boln glov #HERZa ¥,



2 2 237t 2% vls@ AR ¥o gich we}
A FET F B2=§ A gou e
AQg M Ao IR SEAEA 8
Hade] ¥ % A4 Wkl 87EH, olg@
AddE i 28AA A8 Belst A4
olfolAol & Ao Algdr). o&3 oW ¥
A0 diEAe AFAFNE 22AE Bulo] opy
2 SHE RN ASiZle 22X g dHAx
tSH #dE Zn gAdAd #28 A7) o) R
ol & ez ¥

g £

AdA zG A FAJlL v FEAEY] f7]4
A Z2RHE AR - 2 HFRFos FEI
o {718Ae] 2o T2AEY 2F vhkAhg
o] BAE Lotin EZAdH] o AEee
ZAEte] {718 AiAe] A}l @3 #eEg
Ao Y3 22AEY A7 E 9% JIxA=
& AF=A 19939 949 249 FE Fd 109 209
A ARG AX T HAAE AHgshe 5 4
LA zRA ] 22AE ddes HAAE ¥H A
|3te 222 489 AFERE, HAAE FF3
2 ot WA QAslg APE e 22A
499 DHZET 9 HEAZRYA 224 684E
Hzzoes FR3d R84 5 EFao1e4 2
B 8F vlaiteEE BAstn AgEAtd dig
AE2A & e 039 g,

1. AJBAN 715 /7184 TrEe EF40] 3
HEZ270A 89.86+56.20ppmoE P EE T
40.23+47. 21ppm Bt FAHCZ KA 3
% (p<0.01). BFH7144 3871F 2o R
#e AYEZFo] 2.84+1.5328 FEE2 oF
39 293z, PHEZFS R L 0.80+0.61
2 38U |EE 20X gston, APEeFo] 3t
FE2E 2 EFAH2z f9d8A =3 p
<0.01).

2, AREZRF, HERF @ vESYRF 8
F et 2 7z 1.78+1.25/1, 1.22+
0.93/1 % 0.51x0.18/1 2 Yepton, vEag
Bt} AYE2 2T AP E2F0] FAHLE §93
A ®#%1(p<0.01), WHFEF B} AP EZFo|

AR R EtH(p<0.05).

3. JUERIH MAEF2TY 71T 494 =
% 23 vixdExs] Fddde 44 JuAS
R=0.8309(p<0.01) & R=0.5859(p<0,05) 2 A4
BBAE HA3n, BER7IEA HENE 23 4R
R 8% vhicibeEstel 4RBAGME 22t
R=0.4492(p<0.05) ¢+ R=0.7911(p<0.01)2 A4
#AE L.

4. 22489 A e ALY ThEe
AP EZETT HUFEFL v EZ P vy Th e
ol #%%, AYEFRTAM ‘FF dUe AAY
=AY ghe ] AWER T BPFRF
2o} fel3tA w3k (p<0.05).

5. YANRA AAFY T2 ¥ FR T 1)
8 AYE2IH FHER AN FAHE fojst
A #3931 (p<0.0), JFZ2IH IHZT2FA
Ae frel € BolA) ¥t

ol Ze AAE Hol B=E Y AFHA e
o AT RN AL e THERIEAE
AerEe f18Ad ZaHn e Aes B
At #7184 Gl g AAG AU|A
#2E B AJYA A3 HAERI2AE
e BAde]gee) W d S543409 59 A
=] #27h ojok ¢ ez Algdch
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