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Evaluation of Worker's Health and Occupational Exposure
to Perchloroethylene in Laundries

Sun-Hee An, Jong-Hwoa Lee, Jong-An Park

Department of Industrial Hygiene, College of Environment and Health Science,
Soonchunhyang University Chung-Nam, Korea

In this study we examined several subjective symptoms in an exposed group and an unex-
posed group to perchloroethylene. The exposed group consists of 30 workers employed in 23
dry-cleaning establishments located in Chung Cheung Do, whereas the unexposed group con-
sists of 42 officers employed in a certain university. This study was conducted from October,
1993 to March, 1994. Also we investigated personal exposure levels and area concentration of
PCE, and performed hematological and biochemical examination in blood and urine samples
from the exposed group.

The results are :

I. The exposed group highly complains several subjective symptoms, particularly in neu-
ropsychiatry, eye, respiratory system and digestive system, compared with the unexposed group.
But complaint rates in the exposed group are not related with PCE exposure levels.

2. PCE exposure levels for all dry-cleaning establishment varied widely, from .18 to
37.58ppm. The mean exposure level for centers of chain was 16.85ppm, and for local laundries
was 8.83ppm, while for self-service establishment it was 3.07ppm. Eighty three percent of the
workers were exposed less than the half-level(25.0ppm) of the Korea 50.0ppm standard for
eight-hour PCE exposure. Seventeen percent of them exceeded the half-level] of the Korea TLYV.

3. Statistical correlation exists between the work load(number of operation cycles of equip-
ment and the mass of processed textiles) and the personal exposure levels to be observed.

4. In hematological examination the values of WBC, RBC, Hgb, Hct, MCV, MCH, MCHC
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and PLT in the exposed group were within normal ranges. In biochemical examination(GOT,
GPT, ALP, U-A and LDH) most of the items were within normal ranges.

From this surveys conducted on 23 dry-cleaning establishments, the complaint rates of the
exposed group to PCE in several subjective symptoms were higher than those of the unexposed
group, and PCE exposure levels in all dry-cleaning establishment were below the Koera stan-
dard 50.0ppm. In hematological and biochemical examination the significant abnormalities by
occupational exposure to PCE were not observed. However, the workers employed in dry-clean-
ing establishments are always faced with risk, becauses they are also exposed to several organic
solvents used to remove stains. Therefore, various measures to improve occupational environ-
ment in dry-cleaning establishment should be considered.

Key Words : perchloroethylene, dry-cleaning establishment, hematological and biochemical
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M B

3 2.2 2" W (perchloroethylene, ©18 PCE)
< AN FEA FHY EA AFA, A
FEA AR G, dut A, HHY AHA
AA, dug o L Agie] AFA T 822
wo] Ale¥ 3 e EHelv(Ludwig et al.,
1983; NIOSH, 1976;IPCS, 1984).

PCEE 38719 B%& B3l F2 Al &
Fxjo] Awrzz, 7t 2 A% @el FXdE4
(Schumann et al., 1980). §%¥ PCE% 39
237154 A3tEAA (nixed function mono-
oxygenase system)el o3l thialey, F=2
trichloroacetic acid® #W#He] L& wjd=
(Weiss, 1969; Tkeda & Imamura, 1973), W&
BBO%ol L AE %3 oz wWEdn
{(Monster et al., 1979).

PCEY #3:A7AE A8t 947, oAy
& 5%, &9, Aot gL 4L 2y,
Ast olalg WAV AMRE 4 Utk F, 29 <
Fo] AFol ZztEn o4, TE Fo AspA %
= HE 2t Hamilton & Hardy, 1974). 1
B2, Boh 2z 79" gy 2 gy 2 PN
el Aol zhwk Aol &4 ZA¥ 4+ 3o
(Munzer & Heder, 1972; Rowe et al., 1952).

PCEY 2etAd2 19799 National Cancer
Institute (NCI, 1977)7} shg2eold TAXE F%

o} WA HnshAA AZ|HUL, Mgl FAFs
£ @A dAEQ] ke B &) g2 AR
el (Stemhagen et al., 1983). St. Louis
o] Aex=g4e 53658 tdeR APREdE =
AMgE Baiel A N =d3) ARl 9% AbtEe
oA F7tsEI ey #Hg, A Y o g%
A& Z74eHA] ekskeh(Blair et al., 1990), I
2iuh AlgelAl ol PCEe ZEz:e} detate] 4
FAAAE AP M 2ot B e
ZA7F 88 Aol

PCEE 1 #l3i4de] =T Ay, FHold Al
¥y vizidAolgte A W €&, vis, &
H SoMe LddRe Aghe] AFAR Bol A
£5o] gtk viZe S 196040 o) HRE AME
Hoj & Aldgletiy FRERE FJAT EFEA
(petroleum solvents) W4l PCEE wia)sto
1990 A 75% AHxe] MgdolA AMgstn 9
£ Aeg BasQAtHNIOSH, 1978).

FWME o] BFso] & 5% Bz A=
AolA PCEE AHEstar gtk 3uie] AEgce ¢
2l g Fdol g ¥XH A A=t e
olr], HIol Mg MAPH AE-HFL (self dry-
cleaning) 7} 4Az gith, PCEE Algshe A"
719 Bee AWEd ddyez oA, F
Fy 25 A" 4o & 9@ Az Y 2t
A o|Fojx 1 It PCEx WA7E X3l
AEH Bkl AL8E R giKov, AEE 3¢
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AEze] &ui7t dF HEE B8 di7] Fo=
257 Wi tr1LEE 48 & Uk

25}t fEvSeA Y] 49| F PCE 24
qE A7E e B AYeln], A"i: AP
W 355 vXe 8o A4 AN
W AT £F 55 Aeolrt. a2 B A7
Are GH Aegie PCE ZFzeo AYze] A%
Fefol i ATE AU

2 279 EX2 PCEE AMg3he 94 A=l
A AJES 3 AZ-Mgt FYAEe) PCE F
2 A8 sobstn, deel Juuera zale ¥
Atz FAHE B TP QA AAlL
Aote] A¥YE BMEm, HE¥X 2AE B9 o
4 A4 AHF 3 ALFEE 2AToEA A
gavie] AAVFE Bo}h FEEHA BeElsh] A9
71228 E AFdte d vk

CHab 3 2y
1. Cha
2 ZARE 19939 109 645 19944 319 20
A7bA] A, 2%, A4 3R, 33 dA Ay
T 4l AXNT 2374428 PCE AH¢ AgarE
gaez st

2 HE ¥ ey

7 ARzl

B ZAY] AlgAH e B4L v 2Rk
BH74 (National Institute for Occupational
Safety and Health : NIOSH)dA 33 2
% A¥¥, Method No. 1003 whe} A3t
(NIOSH, 1984). 7§)1& Al & (personal sample)
€ A8AH AFo vl AFYoE KFE 2P
A8 ARF F7)EFYWE(Gilian dual mode

Table 1. Gas chromatography conditions

low flow sampler)e] ¥4&&(charcoal tube,
0|5 SKCAH & A28ty 0.1-0.2 1/mine g Alg
AT AL AEe AY gl ge} 44
el 641 A= AHSHT AMAE AlRE 2
el ZEAX NN AHAN T, F2rAEE gYya
# #v 24 SYelA A

A BE A gER] F2o] P& Hom
B8 X JEEBs] EMAzZ gon, AmE
DAY Wl B4t

2) ANERY

A8 Y gAEEE =8 fMRE A
AY F g4€ 43 100me} 23 50me TPFE
A€ vzt e Aldwe $1, ol%Iea
CSy 2mAE P& F, HdA 408T EE9
FRA &3yt

4 PCE 2423 R=& 23 (X 1 33)
¥ 7t232ntEa8 (gas chromatography, 4
AEAL model 680D) ol AR HE PFF Ay 2
2WE FRl8l 24 (peak) el BHL 73 & &
o] HA v gl FEE A28}

FEE BE¥ 6719 PCE B589¢ w50 B
A ¥ HgdE 18 A 89 PCEE #2354,

A9 Y=g 73] 98l R BEEa=
& (n-octane) & o|B3letio] 0.08% Eg st
AHEBTE, SR AR S 37 ¥%9 PCEE @4
oo lstd BE 979 AR BAF ¥ 73}
o BAsict
3, BT kol xH W BY

YAl HE 10w A= A3l B A)Y
#oll 931 YFE heparin ¥ A1EE (bottle)
ol Wk A2 AL 3,000rpmelA 1083t
AT ¥ AL BYsiy YAy A
(Hitachi 7150) 2 ¥A#len, heparin Ha¥

Column

Detector

Nitrogen carrier gas flow
Hydrogen gas flow to detector
Air flow to detector

Oven temperature

Injector temperature

Detector temperature

Inject solution

TOV-17

* FID(Flame Ionization Detector)
: 35ml/min

: 35m/min

* 350ml/min

: 80°C

1 170°C

1 210°C

: C8
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Algee] g2 YRFEA7] (Coulter counter
S-880) = ¥HEHAH £H& A3t

ZdAte] & A Uropaper(Eiken
chemical co. LTD)& °|&8dq k%5 @9 2 @&
235t
4, HEX| =Al

Y #7184 HF AR FAske AJA
& tdez AN AR @Rt 1982 F uig
o2 ZAAEQ PCE AHE MEa: 237049 &9
A 309 e ERFos, HERFoRE Bdidta A}
BAYEFT 2T v AR 4298 9
o} Al ARSI

%, 279, AAF, 59 YA PCE
1A BHFGRS Bl a8 Bz, €A A
o] m7le AREFFE THVIA, NEEA, 237
A, AAA, A, vxA, g 9P 33 =
AT AEE AYJA wrle AT GG EelA
e A& BF XT3 AP o

ZEAREH
1 EAHS ity Jd

Table 2. Background data for surveys

ZAFRAAL 729 B A 2FAE F 9w
HQl B4& ® 29 #Y), F=2T9 HF 43
35.7+£6.984), H|EZ=Fe HF AFE 35.5=¢
6.694 <1, F2Te PTF ZF7ILE 6.7+
7.68d, W E2Te] HE 2R 8.2+4.71d
o2 f9% alole g%

3 APYAILGR A2l v ZR2Fe B¢ 73
Aoz BAIME 2RI, MESid FA¥: F=
T R 10,112 1373 ARistes T 8A
o]’¢ A3 Usdch

H 3944 B uls) o] §F 482 F2E, ¥
Z2F EF ‘43U 18 oig'e 9AE
50%2 vEwi, 38 d¥G 7} ERFo
16.7%< vi#} ¥ Z2FL 26.2%% ¢ ¥4 Je
Wi, ‘F 2-33 st E2FEY 6 E 230
23.3%, 21.4%% A9 ¥l £E2& o)FYoH,
WY eI E E2FO] 10.0%2 B ERT
2.4%°0 vi8 &4 Jent ol vrAe AJAT o
13142

FAL& ¢ HEG 7 F2RL 40.0%, ¥ERT
& 45.2%2 wA e, '10-20708] 7} E2F
< 30.0%, Bl E2TE 31.0%2 A v&d £

Age Work Duration
(RO e B ionkery Mean (yrs) +SD Mean (yrs) +SD
Exposed 30 35.7+6.98 6.7+7.68
Unexposed 42 35.5+6.69 8.2+4.71
Table 3. Drinking and smoking habits
Exposed Unexposed
No. of Workers % No. of Workers %
No-Drinking 5 16.7 11 26.2
1/ week 15 50.0 21 50.0
2-3 / week 7 23.3 9 21.4
Everyday 3 10.0 1 2.4
Total 30 100.0 42 100.0
No-Smoking 12 40.0 19 45.2
<10 cigar 2 6.7 5 11.9
10-20 cigar 9 30.0 13 31.0
20 < cigar 7 23.3 5 11.9
Total 30 100.0 42 100.0




I exposed group
[ unexposed group

N
o
1

Complaint rates(%)

Fig. 1.
PCE

& olFen, EzFo] F3t o Hee Y
A7) 23.3% % BE2F] 11.9%8ch B4 JErt
1, '10708] ol&t 7} BT 6.7%0) Y3 v Fiz
77} 11.9% 3 9 ¥4 Jebsith
2. PCE E2 XgiXje| X{UEY 48

ag 18 ARFY 4 Bl dE £428E Je
d Ao 4100 e UolA AR Ag5de 18
g, H%oA ALY 188E A e B
oA ZEggo] vE2FRT A4FAd g i
&o] o] A Yelgh

A2 BoE&L ZFIAZE 227 30.8%,
v Z2 0] 19.6%, AEBAIE E2F0] 21.1%,
HZ270] 9.2%, 23V|Ale 2o 28.8%,
H ZZ2 o] 12.2%, ANABAAE ERFO|
39.1%, wIEETo] 26.4%, Wl i F4L
Zg7o] 10.0%, ®lE2F0| 11.1%, dlwrldEe
Eg o] 10.0%, BlEZT0] 4.8%°]3, woll o
3 F4e Zggo) 35.3%, HIERTO| 34.8%%
vebgth, E239 AdEAe AAFAA, & %
FNA, 2304, AERA, ¥, BxiAe ¢
o7 FAEEL veiyon, ¥EZE7e AF5de
i, AAFANA, BEA, L3A, 905, AE#
A, A7 A o2 FTA8L e
3 Egigl gl 2SIsY XZEA A

. Respiratory

. Cardiovascuiar

. Gastrointestinal
. Neuropsychopathy
: Skin

. Kidney

. Eye

O MmMmoOoOOm>

Comparison of complaint rates in each system between exposed group and unexposed group to

A4FeH SrAeHe] dAEe B 40 Jepd
ute} o] ZE7A AzF4e 3-10do] 37.5%,
7w 32EE UEhien, A¥8A A4FY
22 14 o3t TFE HAAAANAM 30.9%2, &
B71A ARFdeME 3-10de] 35.9%9 T4
& HA3, AFFAAL ARFAgelMe 19 s
oAA 53.3%9 EL Tigo| JYehden, A =}
74342 1d oA 19.1%2, A AgE
& 3-10delAM 15,6%, ol t3 Azt34e 3-
10894 47.5%2] 34&E BT, TR
71wt ARle] w7le AzFAe] Eolde
T Fe dAAT 1dolstet 3-10delM ApztEd
& Wol Th3H

37 AUEFHR AEAE T AU AEdH
o BAle & 59 vehd uiel ok SF A ol
F7reel et AhdA Aol wale Aol ol
ZANE F7HEA] 4kEE B F ATk 2§
71Al A2+F4L 100-200 (37.5%) <14 A e}
son|, 4¥BA AGF4L 2008 o4 (25.0%)
oA, 271A AAFAL 2008 ©]43(33.8%),
AWAFNAHA ZALFRE 508 0|8 (47.7%), HF
A4 50 °l8H(12.5%), Hl=rAl A
< 2008 ©]73(17.5%), ¥l g AAFEE 50
g olatel 2004 oldelA 40.0%2 etz 2
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Table 4. Effects of work duration on health status

" *Case (%)
Duration {vrs) A 5 o ) B P G
<1 8(28.6) 13(30. 9 18(32.1) 41(53.3) 4(19.1) 1(3.6 15(42.9)
1 3 7(29.2) 3(8.3 13(27.1) 17(25. 8) 1( 5.6) 104.2) 8(26.7
3 10 12(37.5) 13(27.1) 23(35.9) 38(43.2) 4(16.7) 5(15.6) 19(47.5)
10 < 10(27.8) 9(16.7) 15(20.8) 33(33.3 0(0.0) 5(13.9) 11(24.4)
* ¢ Cases of positive response
A : Respiratory B : Cardiovascular C : Gastrointestinal
D : Neuropsychepathy E : Skin F : Kidney
G Eye
Table 5. Effects of work load on health status
Textiles *Case (%)
Processed A B C D E F G
< 50 7(21.9) 11(22.9) 17(26.6) 42(47.7) 3(12.5) 2(6.3) 16(40.0)
50 100 8(33.3) 5(13.9) 15(31.3) 18(21.3) 2(11.1) 1(4.2) 6(20.0)
100 200 9(37.5) 7(19.4) 10(20.8)  30(45.5) 2(11. 1 28.3 11(36.7
200 < 12(30.0) 15(25.0) 27(33.8) 37(35.5) 2(6.7 7(17.5) 20(40.0)

*

¢ Cases of positive response
A ! Respiratory

D : Neuropsychopathy

G : Eye

B : Cardiovascular
E : Skin

Ad@w el =rle Az F4de #A fle
Ao g Vepsitt
4. JHelZRE Lo AIZHE4tne] WY

ACGIH (American Conference Governmental
Industrial Hygienists, 1993-1994) ¢l i3t
PCE 71388352 Az7tE HTA(TWA) €
25ppm (170mg/m), A F23 (STEL) &
100ppm (685mg/m) & AAE T gom, F2iriztel
HE PCEY AlZW7bE W@AE 50ppm (340me/
), WAIZE E2x) 200ppm (1, 340mg/m?) &2 B3
I (BN, 1993).

ANE2 s} A9 71EFEe £ 60 HERd
e} 2tk ACGIHS B%3 9 OSHAS 3HE71E
2] 25.0ppme 1/4 $F<1 0-6.25ppmel N3t
A 90439, 1%) 09, MAZFRFEE 3.49
+1.83ppm, A% $9e 2.68+1.41ppm, T
W & 244+1 38ppmolATH. 1/4-1/24F2
6.25-12. 5ppmell &8 MeEiE 8702 (38.4%)
o]z, 7AEREEE 9.16+2.47ppm, IUF F
t gd#d fle 6.03%

[e]

}e 7.33+3.18ppm,

C ' Gastrointestinal
F . Kidney

2.99ppmelith, 1/2-10]°¢-& 12.5-25.0ppme =
22 (8.7%) A AL FzF=e 13.78+%
0.77ppm, ALY 592 16.89+2.40ppm, TH
# Y9E 14.98+0.07ppmelged, HEF=
25.0ppm< ¥ XL ML (17.4%) 2 MUEFRSF
E% 33.07+5 41ppm, FARF FIL 26.29+
9. 44ppm, THEF $1& 15.46+10 01ppmolArt.

{2 SeldgelMe Had oz PCEE AAA
2 Abgdhe A"t FiED den, Agae
e H TollMe} ol BE Akl A, A
QERg Az -MulAH Fo8 UYHAL st
AP 3 Ak Aghrt 14704(60.9%) =
o Bskm, AIREI}F 6704 (26.1%), AZ-Au)x
o} 3MA(13.0%) & ebstch

olg%F odut AELvE AJAFEFE 8§, 83ppm
(0.17-25.46), 4% F%°! 9.0lppm (1.11-
20.86), tHE® 917} 6.71ppm (0.58-26.65) &2
Jehgon, HQRES MIERFZE 16.85ppm
(3.93-37.58), ZAA F%o] 11.82ppm{ 2.04-
37.34), ot 7} 9.58ppm (2.09-23.06) F 7t

2 g
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Table 6. PCE exposure levels by dry-cleaning industry

Dry Cleaning Personal TWA Area TWA Concentration, ppm
Industry Exposure, ppm Center On Ironing Plate

A 0.17 1.23 0.99
B 1.64 2.02 1.59
C - 2.62 1.33
D 2.94 - 2.62
E 3.18 4.84 3.98
F 3.83 3.97 4,61
G 5.21 1.31 0.58
H 4,70 1.11 2.27
I 6.23 4,32 3.99
J 6.46 6.01 7.39
K - 5.04 1.39
L - 6. 48 5.11
M 6. 54 8.15 9.56
N 7.46 10.99

(6) 12.95 4,17 8.05
P 10.77 13.59 2.09
Q 10.79 4,18 8.61
R 13.01 14.49 15.05
S 14. 55 19.29 14.91
T - 26.53 1.52
U 36.18 11.41 10.59
\Y 25,46 29, 86 26.65
W 37.58 37.34 23.06

Table 7. PCE exposure levels, ranges and means by dry-cleaning industry type

Textiles Personal TWA Area TWA Concentration, ppm
I No. (%
ndustry Type o. (%) Processed Exposure, ppm Center On Ironing Plate

Laundries mean 8.83 9.01 6.71

. . rangs 3.93-37.58 2.04-37.34 2.09-23. 06
Centers of Chains 6(26.1) 2200 16, 85 1182 9 58
Self -sevice range 2.94-3.18 2.62-4. 84 1.33-3.98
Establishment 530 2.7 e 3.07 3.73 2.64

T A Jebhga, 2Z-Auage] MAEFRFEE
3.07ppm (2.94-3.18), 2.64ppm(1.33-3.98)2o2
A wA dehgt), AR xrt AY #A)
U olfe A3 #A) sle Ao H
ARFE viad] 29 AAEEUF 220.0(), A
g7 90.50d), AZ-AujaFe] 26.7T(H) 2
Aol wet £2 E7F UGS B 4 ik
PCE A4 =gjelazy 7A€ Yo Mgy
o2 Yolxed E 8dA RE vlel o) dut
A 1405F AHeste A4 get £2%
=& vms] 2otk dsde] 8MA(5T.1%) & AN
AEZF=E 6.18ppm (0.17-13.01), AFH 3%

4.67ppm{0.55-15.05) 22 vehgeny sutge
67042(42.9%) 2 AEZFEE 11, 48ppm (3. 83-
25.46), AYF FYel 13.72ppm(l.11-29.86),
dEE 97 9.99ppm(1.52-26.65) 2 AHBR
ot =A Jebsict

PCE 714 35¢9385e Ay B
B 9o Jehd uie} 2oh PCE 714 sH2$9%
1-33] 7FE8E 8714 (34.8%) 2 NAER¥E}
4.91ppm(0.17-13.01), &AL Fdo] 7.69ppm
(1.23-26.53), €% 9971 4.43ppm (0. 99-15. 05)
o2 JEg:, 4-73 71AE EREY T
(30.4%) 2 MAEZF=7F 8 Tlppm (2. 94~
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Table 8. PCE exposure levels. ranges and means by equipment type in local laundries

Equipment Type  No. (%) Textiles Personal TWA Area TWA Concentration, ppm
Processed Exposure, ppm Center On Ironing Plate
ange 0.17-13.01 1.23-14.49 0.55-15.05
Open 8(57.1) 725 O 6.18 4.88 467
range 3.83-25.46 1.11-29.86 1.52-26.65
Closed 6(42.9) 170.0  mean 11.48 13.72 9.99

Table 9. Effects of operation cycles on PCE exposure levels

Operation No. (%) Personal TWA Area TWA Concentration, ppm
Cycle 0. Exposure, ppm Center On Ironing Plate
0.17-13.01 1.23-26.53 0.99-15.05
‘ - range
13 8(34.8) mean 4.91 7.69 4.43
range 2.94-14, 56 1.31-19.29 0.58-14.91
47 7(0.9 mean 8.7 7.27 5.50
(34.8 range 3.98-37. 58 1.11-37.34 2.27-26.65
810 8348 own 17.26 13.15 11.04

Table 10. Effects of work load on PCE exposure levels

Textiles No. (%) Personal TWA Area TWA Concentrat%on, ppm
Processed Exposure, ppm Center On Ironing Plate
range 0.17-13.01 1.23-14.49 0.99-15.05
¢ 50 8348) 458 5.48 4.57
range 3.83-14.55 3.97-19.29 4,61-14.91
50 - 100 4a7.4 mean 10.5] 8.48 8.31
range 3.93-12.95 1.31-26.53 0.53-8.05
100 - 200 4(17.4) mean 739 9.46 338
range 4.70-37. 58 1.11-37.34 2.27-26.65
200 = 7(30.4 maan 18.15 13.21 10.30

14.55), &AQ4A FYo| 7.27ppm(l. 31-19.29), o+
B 997b 5. 50ppm{0.58-14.91) 22 1-33 Rt}
=74 Jebga, 8-103) 7HEshe 8714 (34.8%)
NJEE5E 17 26ppm (3.93-37.58), &
# ¥%71 13.15ppm(1.11-37.34), 9d#
917F 11, 04ppm (2. 27-26.65) 2.2 7F% A e
wch o] A#g Hol PCE 71A &F7Hg3 sl u
2 A% VFeErt 7 ¢ F AJT
aeln AgEs A% N1EFEde] e &
100] Wbt uis} 2}, AEtae] &5 50 olstd
7% PCE 714 7Ve3te Agate MdFesse

o, o

4.58ppm (0.17-13.01), &AFF F¢ =
5.48ppm(1.23-14.49), dd# 99 F=E
4,57ppm (0.99-15.05) 2.2 27 vhekskch. 50-100
4 cgolagdydd® o MAF2F e
10.51ppm (3.83-14.55), &% $U°] 8.48ppm
(3.97-19.29), 3%t 97t 8.31ppm (4.61-
14.91) 2.8 5098 olsluct 7)FExst A9 201%
T oSS ¢ F sith EF 200 o) Y

+ 22yl 08 F7tReEd MIEEEE7t
13.21ppm (1.11-37.34), ©&% 17} 10. 30ppm
(2.27-26.65) 2.2 EA el
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Table 11. Relationship between exposure levels and health status

Exposure NS *Case (%)
Level, ppm ? A(%) B(%) C(%) D(%) E (%) F(%) G(%)
0 -6.25 9(30.0) 6(16.7) 12(22.2)  22(30.6) 41dL4) 62220 4(1L1) 16(35.6)
6.25-12.5 13(43.4) 21(40.4)  21(26.90 36(34.6) 57(39.9) 2(6.9) 6(11.5) 26(40.0)
12.5-25.0 4(13.3) 6(37.5) 3(12.5) 6(18.8) 13(29.5) 0 1(86.3) 6(15.0)
25.0-50.0 4(13.3) 4(25.0) 2(8.3) 5(15.6) 18(40.9) 1(8.3) 1(6.3) 8(40.0)
* ¢ Cases of positive response
A ' Respiratory B ! Cardiovascular C : Gastrointestinal
D : Neuropsychopathy E : Skin F ! Kidney
G ' Eye
Table 12. The results of hematological examination
WBC RBC Hgb Het MCV MCH MCHC PLT
- 10° < 10° g/dl % fl e g/dl - 10°
Mean 7.1 4.7 14.7 42.9 91.1 31.4 33.6 253
SD L5 0.5 1.4 3.7 6.4 2.5 3.9 55.9
Table 13. Relationship between exposure levels and hematological examination
Exposure N (%) WBC RRBC Hgb Het PLT
Levels, ppm ° mean( - 10% mean( - 107 mean {g/di) mean (%) mean( - 10%
0 6.25 12(29.3) 6.83 4.61 14.3 42.7 238.4
6.25-12.5 15(36.6) 7.06 4.79 14.8 43.3 251.3
12.5-25.0 5(12.2) 7.84 4.71 14.8 42.7 260.2
25,0-50.0 9(21.9) 7.19 4.71 14.8 43.5 261.3

£ 119 Yehd v} ol E2F e} 21zb3Ada
2] 3282 3FVIA AL e E2FEr)
6.25-12. 5ppmelld 40.0%2 7Y &L 342&S
HRR 22 wmoA A¥EEA AZ35, 2314
A EAME PRI R 26.9%, 34.6%9 B
& Baon, AARFNA 243 iy 2
FAdAME ERFE 0-6.25ppmolA 41.4%,
22.2%9 34£EE BHYow, vwA ALEAL
Z22%% 0-6.25ppm¥ 6.25-12. 5ppmell A
11.1%, 11.5%=% A v¥sd T4 Jeile
W, o d# A4 £2FE 6.25-12. 5ppm
7} 25.0ppm o]AdollM 40.0%9 FYF TAh8E
eRRRIC),
5. HHSIE ZAF MH

A AAbH o gA HYPFS, HYFS, o
Arg, HYF §4&, MCV, MCH, MCHC %
iy 5 Y F 129 2o AP 7ol AYT

49 z+zt HHEAE T.1+1.5(- 109, 4.7+0.5(-
1090]3, B YMAFL 14.7+1.4(g/dl), HF
YT £H &L 42.9+3.7(%), HF MCVE
91.1+6.4(f1), BT MCH¥ 31.4+2.5(pg), %
# MCHC= 33.6+3.9(g/dl), B¥ ¥auFe
253.0£55.9(- 1002 Jehgen, AMqRez =»
€ At A AAE AR Yehg,

#E 139 Yehd uie} o] EzPxol Hoystz
AAL A3} Alolols R A HolAl kgt
6. Eoe| elateisty Z{Al MY

FE 140 veld kel Zo] 7% AAR GOT,
GPT, ALPY Bdae 22k 30.1+22.9(1U/D),
24.0+12.1(IU/), 78.2+19.9(IU/NM=E BAHo
2 vehgen, a9 U-A, LDHY H#e
4.6+0.9(me/dl), 393.7+70.5(IU/NE AAHe
2 Jepyth

PCE 7I0Z2%=9) Hode] JAaztely Ha) 4
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Table 14. The results of biochemical examination

GOT GPT ALP U-A LDH

aum g/ aun (me/dl) awm

Mean 30.1 24.0 78.2 4.6 393.7

SD 22.9 12.1 19.9 0.9 70.5

Table 15. Relationship between exposure levels and biochemical examination
Exposure No. of GOT GPT ALP U-A LDH
Level, ppm Workers (%) mean (IU/1) mean (IU/1) mean (IU/D mean (ng/di) mean (TU/1)

0-6.25 12{29.3) 26.3 20.5 67.8 4.2 367.4
6.25-12.5 15(36.6) 34.4 26.0 85.6 4.8 407.7
12.5-25.0 5(12.2) 25.8 16.0 73.6 4.7 415.8
25.0-50.0 9(21.9) 30.1 29.9 82.1 4.9 393.0

e ® 159 VERd whe} o] T AF Aolo] @
A& Hojx] gl
T AL MN
ZAA} 332 2%E k% protein, glucose 7
AL ARE F 169] JERE viel @t =% pHe
5-87bA] EA A1, BEAE pH 6. 2%
Protein®} glucose® ™¥¥2 ZAMRAZ}F nega-
tive® YERGI, protein® 30mg/dl °]3sl7} 34,
glucosets 100mg/di ©|8}7F 39eIU5L, 100-250m
/di7} 2o 8 A vhgTh

oo

PCET dWrgAlet AFARZ Adel] de] AleH

Table 16. Levels of protein and glucose excreted in

urine
Level No. of Workers
Protein Glucose
30 28
+ 3 3
—+ - 2

Protein and glucose in urine was measured by
Uropaper. (Eiken chemical co. LTD)
' negative
+  protein ; less than 30mg/dl, glucose : less
than 100mg/d!
. protein ; 30-100ms/dt,
glucose ; 100-250me/dl

+

i glen, 53] FulAdoe e ARE Agi
A 7Hd Wol AHgste MA Aotk $-2luelelA
%= PCEE AHedle A"garlt Fvishe FAlold,
£3] FHIoe dF BenAd (ME, daujR)on
PCE®] 43 1 #3) Alezl #8Hm2 <la] A
g FARR g Aga Q2FT 9 A"gAE o) g3}
ZHlAHEo] PCEY 8l distd aA ¢
i e Aol

Perchloroethylene (tetrachloroethylene,
PCE) & 341744 ¢ T &4 s, o
AR E wEHNEY TRAAFLE dodle B
Az od2ix 9t (Hughes, 1954; Stewart,
1969). = PCES] 8 tAHEQl trichloroacetic
acidell &% 1 SA|F2] F213 AF M PCES
ok AAude] &4 2 A Foko] fido] B
532 (Green et al., 1990; Zoldworthy et
al., 1988), Algzedl FAbete AYAEQ ARl
A g8 AbA A=Y @ AR 23 Apg
&l fofsd F/HEATdE Bn FoE Q3
PCE®l Abgtel]l loirel whebie] oAz QU
(Blair et al., 1990}.

2 AT zA 931H PCE E27#(PCEE A}
3te Aga FARD) & v EET (Doiste] ALRZ
FAAD Bt A ] el g w2 AdEa
< Thgon, B3I FEIVA, HEHA, L8
1, A7AF4AA 2 vx=rlAled g AL5d 124
ol Et} H2 T v|EFE#e A AF
F, A 3o vegelx Bysln, E2P)

.
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A B A4FY £428E Bole A& PCEY ¢
Aol hF KT 2R ¥ T op ) wEZFHEG
F2 FUAM AE & AYPE AT PI)
g & Ao Azt

Z2g27e] 27dd 9 AJFEE AEshe AR
o] a3 AAEA F2E7e] BAE vas) 2
A3 Mz FEPYL Bolx] gt 233 1dvw
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Azt AdEd A& 9TE e 8ol
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Ta7b 2-39e 4N Agdv)l FEE o]R: gle
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A¥)z7E A& Woi A VA& 7HEdhe Self-
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A AGAES] AAPEs £ E9E o8
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d, oA Y 9 oF #4AFY Fol Uk diR
o gMeR s & At e ALe
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g E o AR B4io] o]FAA = UUTH

2 dF9 zAAEe $3A 4ui9 PCEE A
3 AgaE F 2304909, 1F A A=
&7 14(60.9%) h&, MALF7E 6(26.1%) 74,
A -xu| 2 o) 3(13,0%) 7RA

Z9xte] PCE £2¥%E 23%¢ 24d Ry
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50.0ppm2 50%9% 25.0ppm ©°lddon,
25.0ppm ©]3 AgiE N2 (17.4%) 2, &
B A A"gate R o] 2% PCE
g AHgghe AEie AQEAe] HaX 2 ds
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ARHEA 9§ EZHYEE 2AFo 2N el
Aoz Yz}
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A9 =4 AYAte] PCE Z2%5E 33% 2
3, A9 Heo) wiE Mg fu 27
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3& 9 A} § FdA o] oA ‘dry-to-
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¥ d7-9 FdHA9 Materna2 d3g vlms) B
H el MEde] 759 ARl & pEEn
de Ao Yehgsd), ©le Materna?l ZAME
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vias] EH AQQERY HF AUF2EZe
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Hel 9glo] & 4 sl o] ¥ Yejej sirjde A
JEE FxE dE viuws] 29 Ay A =
2Fx7t BE 6.18ppmelx, ds¥ol 11.48ppm
o2 2H¥e] A% AP ¥ BL %9 PCE
o =&sHw A2 Yeigoy, duYg AHdde
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Z L XA ge Ao e,
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41749 AdAES] €9 9 =8 s st
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