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— Abstract —

Occupational Lead Exposure of Storage Battery
Industry Workers in Korea

Pil Kyu Kang, Yong Bae Kim, Ik Soo Ahn, Jong Kyu Lee, Ku Seok Han,
Hwa Sung Kim, Kyu Yoon Hwang, Gap Soo Lee, Kyu Dong Ahn, Byung Kook Lee

Department of Preventive Medicine, Medical College and Institute of Industrial
Medicine, Soonchunhyang University

In order to investigate the level of lead absorption of lead workers and to evaluate the
effect of blood lead on blood zinc protoporphyrin(ZPP) and prevalence of lead related
symptoms, 1,782 lead workers(male: 1,506, female: 276) from 8 storage battery industries
were studied. Selected variables as indices of lead exposure were blood lead, blood ZPP,
and hemoglobin (HB). Fifteen questionnaires of lead related symptoms were provided to all
lead workers and filled up by themselves and confirmed by medical doctors. Personal
variables such as age, work duration, smoking and drinking habits were also collected.

The results were follows:

1. While the mean blood lead of lead workers of all lead companies was 31.0£13.0
ug/100m] (male: 31.5+12.9 ug/100ml, female: 27.9+13.3 ug/100ml), the mean blood
ZPP of all lead workers was 66.7%+54.1 ug/100ml (male: 59.6+43.3, female: 105.3%
83.0 ug/100ml). The mean hemoglobin of male lead workers was 15.7+1.3 gm/100ml
and that of female lead workers was 13.0+1.3 gm/100ml.

2. The percentage of lead workers whose blood lead was over 60.0 ug/100ml and 40.0-
59.9 ug/100m] was 2.81 % and 19.08 %, respectively. On the other hand, the per-
centage of lead workers whose blood ZPP was over 150 ug/100ml and 100-149
ug/100ml was 5.89 % and 8.31 %, respectively.

3. The slopes of simple linear regression of blood lead(independent variable) and blood
7ZPP in female lead workers was significantly steeper than that of male lead work-
ers. The slope of storage battery industries with better working condition in terms of
low air concentration of lead were less steeper than those with poor working condi-
tion with high mean air concentration of lead.
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4, Stepwise multiple regression analysis, using overall symptom prevalence as a depen-
dent variables, blood lead, blood ZPP, hempglobin, age, work duration, drinking and
smoking habits as independent variables, indicated that only drinking habit and age
were significantly contributed to the dependent variable,

Key words : Storage battery industry workers, Blood lead (PBB), Zinc protoporphyrin (ZPP),

Lead related symptoms
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Table 1, Mean and standard deviation of age and work duration of lead workers in storage battery

companies
Company Gender No. of workers Age(yrs) Work durations(yrs)

male 306 31.6( 6.4 4.8(3.3)
A female 40 42.5( 6.1) 6.6(3.6)
All 346 32.9( 7.2 4,9(3.4)
male 516 32.9( 8.0) 6.5(6.0)
B female 87 35.0( 7.3 4.54.2)
All 603 33.2( 7.9 6.2(5.8)
male 264 33.0( 7.8) 5.2(4.9)
C female 29 44.6(10.0) 8.6(3.2)
All 293 34.1( 8.7 5.5(4.8
male 171 28.8( 4.1) 3.8(2.6)
D female 7 36.9( 5.6) 5.1(2.3)
All 178 29.1( 4.4) 3.8(2.6)
male 85 36.7(11.8) 5.5(5.8)
E female 15 47.9( 7.6) 5.8(5.9
All 100 38.4(11.7) 5.5(5.8)
male 44 28.2(10.1) 1.7(2.8)
F female 70 42.5( 7.5) 3.2(2.6)
All 114 36.9(11.0) 2.6(2.8)
male 80 28.5( 7.0) 0.5(0.5)
G female 17 42.2(10.7) 0.8(0.4)
All 97 30.9( 9.3) 0.5(0.5)
male 40 37.0(11.9) 3.12.49
H female 11 45,5( 9.5) 3.6(5.3)

All 51 38.8(11.9)
male 1506 32.2( 8.0) 5.04.9)
Total female 276 40.6( 8.8) 4.74.1)
All 1782 33.5( 8.7 4.9(4.8)

() standard deviation
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Table 2, List of lead exposure related subjective

symptoms
Abbreviation Symptoms

S1 Loss of appetite

S2 Constipation

S3 Abdominal discomfort

S4 Intermittent pains in lower
abdomen

S5 Numbness of fingers, hands or feet

S6 Weakness of fingers, hands or feet

57 Joint pain

S8 Muscle pain

59 Feeling tired generally

510 Cannot sleep well at night

S11 Feeling irritate at the slightest
disturbance

S12 Loss of weight

S13 Difficulty in concentration

S14 Dizziness

S15 Headache

A% YAFEH=A (Hitachi 8100)8 o)
238}od 238 M (Fernandez, 1975). ¥% ZPP
v SEAEY] ANE 3 UgE Aviagaed dF
¥ hematofluorometer (model: Aviv 206)& ol
f£3la] 2 &Y (Blumberg 5, 1977). 44
#& cyanmethemoglobin W& o] 83}%t}(o]
A &4, 1984).

g9 #4& PC SAS for Windows(ver
6.10) & ol &3tdch.

72U

8 AR Al SRete 1,782%89 BFAF
3 ¥% ZPP ejm ¥MAge] BEE BAPEE
el okt vlmstn, AJAVAF 71FAFe Js
HWig FAAPEE vebd R& Table 33 #Ath,

ZH4A) AL AM B F2p 22RAE] €39
o] BHFL 31.5 12.9 w/100mio|2den, oz} &
229 B2 27.9 13.3 ug/100mio1U 1, 83
ZPP2| e 7tz 59.6 43.3 ug/100m2} 1056, 3
83.0 wg/100micl o, ¥MAgFe B Zzt
15.7 1.3 gm/100m <} 13.0 1.3 gm/100mi°}%}
th ¥ ol ¢ T2 ARES FAER vlwsd

E3r 22450 €59%H ¥F ZPPY BT
& AR E5k3, DA 2ERES] ol
1 dsket MaFdAe ALY Aojzt ¥
AahA] sty W 8 WA A 71FE F
o) 7lEE#EFE B DALY 71 F A3 718
o] 0,019 mg/mo 2 7HF ¥kow, E3ALY] 7]
sl tol 0.3726 mg/me2 7H E3k3, 871 3A}
Al 71% Qo ISP TFLE 0.076 mg/molA
=3

d3A5-& 20,0013, 20.0-39.9, 40.0-59.9¢
60.0 wg/100mic}d o2 TREYE do] X (1Y
DE B9, A A AMRE 20.2 %9 22
Aol BHEAF 20.0 we/100m ©)3}e) & e}
Wla, 222k 57,9 %7t @53} 20.0-39.9
ug/100ml Atel2} gtE& UehdiRlen, ZE23E9
19.08 %, 2.81 %7} ¥FA=ol 40.0-59.9 we
/100mis} 60,0 ue/100ml ©]A9) S Jehiiich
ol ¥FAY FEE 3AMEE Alo)7} AAM D3
Al Z2RAMECNA 40 w/100miol e EEAE B X
7} 0.25 %% ¥, E3lAldlX e 55,0 %9 224}
Eo] A% 40 wg/100mio) -2 VAT

HFAY T8 g BIE d ¢ sapde
Hmg v a3 29 39 2 3a 2EAETY
¥xe Adge o) FHE As: 2R 4z
17.53 %, 60.09 %, 19.26 % % 3.12 %& J¥E}
Wds, Ak HlmoldE DAY AFze B
7 7 Bial, ESlAlA aeEel BE} M
Btk g2} FRAER] BXE A2 4] F
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Table 3. Biological indices of lead exposure by gender and companies

Company Gender PBB(ug/d!) ZPP(ug/dl) HB{gm/dl) PBA (mg/m) *

male 36.0(11.8) 60.4(28.8) 15.9(1.2)

A female 32.9(10.7) 95.2(43.5) 12.9(1.1)
All 35.6(11.7) 64.4(32.7) 15.6(1.5) 0.0685

male 26.2(8.8) 45.6(17.2) 15.6(1.2)

B female 17.9(5.9) 59.0(20.1) 12.8(1.1)
All 25.0(9.0) 47.6(18.3) 15.2(1.5) 0. 0287

male 34.4(13.4) 64.8(32.2) 15.5(1.2)

C female 31.4(11.1) 107.2(45. 8) 12.7(1.0)
All 34.0(13.2) 69.0(35.9) 15.2(1.4) 0.1043

male 23.2(8.0) 41.5(13.0) 15.9(1.2)

D female 16.1(5.6) 42.9(8.0) 13.9(2.0)
All 23.0(8.0) 41.5(12.8) 15.8(1.2) 0.0190

male 44,5(14.9) 111.6(82. 1) 15.2(1.4)

E female 37.3(11.6) 187.3(97.3) 12.3(1.2)
All 43.4(14.6) 123.0(88.3) 14.8(1.7) 0.3726

male 43.0(17.0) 120.5(15.8) 15.8(1.6)

F female 37.1(15.0) 114.6(13.3) 13.3(1. 4
All 39.4(16.0) 119.1(14.3) 14.3(1.8) 0.1086

male 31.8(12.4) 56.4(42.1) 15.4(1.6)

G female 22.1(5.7) 59.4(28.0) 13.1(0.9)
All 30.1(12.1 56.9(36.9) 15.0(1.8) 0.2780

male 43.4(13.4) 110. 4(60. 8) 15.2(1.5)

H female 26.5(5. 6) 104.1(68. 4) 13.6(1.7)
All 39.8(14.0) 109.0(61.8) 14.9(1.6) 0.0584

male 31.5(12.9) 59.6(43.3) 15.7(1.3)

Total female 27.9(13.3) 105.3(83.0) 13.0(1.3)
All 31.0(13.0) 66.7(54.1) 15.3.1.6) 0.0706

{ ): standard deviation *: geometric mean
PBR: blood lead, ZPP: zinc protoporphyrin, HB: hemoglobin, PBA: lead concentration in air
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Table 4, Simple linear regression of PBB on ZPP
in storage battery companies by gender

Table 5. Simple linear regression of PBB on ZPP
in storage battery companies

Gender Regression of PBB on ZPP Company Regression of PBB on ZPP
Female ZPP = -16.533 + 4. 362 PBB A ZPP = -15.888 + 1.236 PBB
Male ZPP = -2.595 + 1.972 PBB B ZPP = 25,549 + 0.767 PBB
Total ZPP = -1.675 + 2,206 PBB C ZPP = 16.602 + 1.404 PBB
D ZPP = 29.473 + 0.517 PBB
E ZPP = -67.264 + 4.024 PBB

o] AL T SlAJONA] Aiege] B 7}AF &
o Afek Ul DAMIN AT L} 12 B . Tbb - 4,590 + 5714 P
9\}2—]‘4’, F—%E-g] '\E‘Et‘ Fjl*]'oﬂlﬂ 7}‘;% %S&E}‘. G 7PP = 6.977 + 1.556 PBR
H ZPP = -22.066 + 3.052 PBB
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42 @ Be IR AR WAL PAEE vas
ot Table 4% 2t} ol ZzAse] AAHA
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Table 6, Correlation matrix of biological indicator
of lead exposure in lead workers

PBB ZrpP HB
male 0.588*"
ZPP female 0.696**
All 0.532*"
male 0.007 -0. 260**
HB female 0.131* -0, 097
All 0.081**  -0.344**
male -0.044 -0.066"* -0.036
Stotal female -0.152* -0.159**  -0.049
All -0.051*  -0.102**  0.016**
* 1 p0.05
* 1 0.0l

Stotal : Total subjetive symptoms

¥5d% 3 ZPPAlolole F4d#e] Uk @xt
S2AENY A E2 XNBE Alolo] AL B
g3A3 Aol 7MY & AL ZPPollen,
A ZA o ABAAE Ul A& ZPP¥
o2 AYTE Je 9 FEAEAME ¥F
Ay 7t & ARE Jehd A& ZPPoldle
o, RE47 e Fde) e ¥Hse ¥FA
% 3 ZPPoldion nF 947 @AE JeTh

AZEz #d F AA4FN 34HEE THUFR 8]
I ¥F 4%, ¥3F ZPP, ¥ML, 47, A, &
FAE, FAPSE SPUSE T FARAAN
FE5AF FoAsH rldde S¥E84e WsEe
S7o AF ol

o %

A E2o) g A IS Y o D]
o] AHuiel F+E HEE Jehle A F5(lead
absorption) & ole] uwat 2} AVl JgE Fo
e AAIFHQA A A $5 (lead intoxica-
tion)8] %% U¥ $ 3tk (Waldron, 1980). #
Al SR e A& dohle HAL B HFAF
I aFA%e 3¢ E 4 3o ol v A

Table 7, Mutiple regression of overall prevalence of lead related symptoms on selected variables(PBB,

ZPP, HB, Age, WD, Drinking, Smoking)

Regression equation

R? F p value

Stotal = 5,4238 + 0.0673 Drinking - 0.0334 Age
R*0. 0029 R*<0. 0029
p=0.037 p=0.037

0.0093 7.03 0.0001

- Mate mEFemate
Pravalence (%)

70

60

51 82 83 S84 S5 SB 387 S8

Symptoms

88 S10 S11 S12 $13 S14 818

Fig., 7. Prevalence rate of lead
related symptoms of lead
workers.
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2,905 9 S2AE oz EFALE A vt
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(U.S. Department of Health and Human
Services, 1995), ¥ ZAPollA FHzA] 3|A} dAlg
B ¥3AFo] 31.0+13.0 we/100mlYn =
AHF 40 1e/100mE 238t 2EASL 21.89 %
2A digte] Fad 2agHc} @k}, $eveld
ME 48 XA AL BA 5AFE F7
M} Ze 2yriAes AT v ded olF # =
At Aztel wlwastH AZAbY) F$ 1983d %0l 5
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£ A ME 25.0+9.0 we/100m 2 JERY A3
A Fdzt g 4 2 2EAE d 22 Iee
A ZAAE VeElSE & 5 Yo

g5 ZPPst 592 A3 fEe] Y
H3A% QA 835 ZPPE &A% @ 59 £
T3 A 5 FTE T4 IAE £ sdARL o
AEQ A FE9 Agdde g} F oshunt 33
718tk ¥ BEE SFshe Aol HigAIt
(Grandjean %, 1991). 8% ZPP= 9 29|
oJajAut HEo] sle Aol ofe B AYPA AL
= WFo] 7] Wioltt, 53| x4 ZERES
A% d E271 glol AR Ay o 3 ZPP7}
Z7kske A7 Jdoh. a¥dzm E3sln €%
ZPP2| &AL WA A3 i d $5
Al Harz b AR AA ket (Lilis
=, 1977).

Kononen (1991) & 27 #9 & Z2AEE 4
o2 QAL F 193] 0 85AR ¥F ZPP
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9] WE ATFF =FM AAdFE HE ¥€F
7ZPPE ¢ 2E9 ANFE2AN FHUSE Hezn A
Zzo] AREA YFAFE SYUFE § F-A2H
BAY HARAANN 3¥7IAA o] 77 JYLF
2 IFAASF7E 718 A BaEga ole A
% 24 avd Aoz Mgsict. Wildt F
(1987) 2 <FAIzhel 3H {ANA Fizte] 71 &7)
7t Aozt gllent, orE SAES |
2 22AES] AAAS7E dAEY] ARG An
Bag v glen (Alessio, 1977; Roel 5, 1979
£ 2N E ozt 228 717 dAER
t} gol ARAZZAEANAN T FAT ®sld
ol AF5E AH] ¥F ZPPe] ¥Eo] Avke A
£ ¢ UATh 22 (1995) 2 ¥FAFE =9
W2 8% ZPPE £59FE I FARY A V)
€718 FX3 Bafest olFolaly] HEr) o
Folzl ¥ AAAS7L daskd g gFAH @
& 8% ZPPe FUP} A% vt ole} 22 7))
9] e & HAFYE Huidhe 3 ARE AE
&+ UASE ANE v Ut

4 FE9 d4H Adole A a2tes B
R8I AT TEA Thdte AeTFAe] F
2% 2] 7[Fe] goh(Williams &, 1983).

ol¥x F(1991) & HAA AYAIE] g =A}
A Ez ZEAEMME ‘ARt IS =7
o7t 7 Be W ofalellde ‘Eoly el A
BHAY FHzE & v v A Bgn ‘A opst
7t ofsbA AP 7t d BSelA MR A
e, & ZAMe 99 2% &8 f&Ea
sttt 7t 2 gten, H e 3h e oy
I T Aael Agkrh oW T Fol AN Al
1990d eola B ZAME 4-543 39 #A2 A9
Azt 22AHES] F AN #7) <] (stack-
ing)o] thE-F AF3E (A &o Feo] HETh
FojE o] ‘Eol} el A AY FH & v}
o] Fel 340t AdHLE Fof & o] ohdrt
A, =3 oj¥F F(1991) 2 ZAIMe ¢
Wzkel & F4 A&l Fvzke] aolst gldle
b, B ZAeMe ox) S22AEe] F4 3hg]
AR} g RE 22 Ax o2 2RAEe] 39
FT 2o] AR FART Folxl Ao
g},

AA AAFAE FHAFE 3l €FAP, ¥
% ZPP, 93, ¥, &3 ¢ FIP=E SYH
F2 ¢ SRR e SF4 A% To] AP
Wz o] HASHR AF2 AFEBC] AAFA
Bagd Ndile AEe FAHCE foldiA] &
< oz Jepyr) ol dEgs dFAd A
A d%E FA BE A2 B F oy A7y
ZAbe FRAQ A7) ol 2AF A9 A8 A}
A A7) uig FA Tago] EE £ 33,
AEFE, DY, ZIg 3% U AX o] Fo
AEZAT dgE F F Yl AFA F, 1989;
ol¥Z &, 1990), ol tht Hcot HBF Hyby
o] o]l asiH FYH SRAEE ez
ZAAAQ] BRAE B FHFA A7 Heg A
o2 Atz

4 £

2] Zajol 2F3te A FE I2ASS U4
L2 FAHE ZPol EFAF S
£2 AEE #lsln, ¥FAFd % €3
ol ME R ARYAESY AT T T42E UolE
i, obgd IdAYPAES] &5 FA ARVt 9F
BARS A7 24 Tk oJuig JiE FeXE
ot r] Yt Axagitt. A7 o2 E 87
FHA Aol 2F3e 4 AR 1,782%
(11,5067 «:276%) & Hstyon, A &
d E3 AFEEA ¥FAR%n ¥F ZPP 12in ¥
Migrg ditgen], dAPAEd AAFEE =
A7) 98 1588e] 4 22 #A /A4S 4F
< 222 Aol AH VEEE § F A o4
o 2j3} #=HANL W T2AEe A9y, Y,
+F ¥ F93=d B AR WY 24}
A g3 2

1. 80 &A4x A} AT YFAF I
2 31.0 13.0 w/100m (d: 31.5 12.9 we/100m,
o: 27.9 13.3 wg/100ml) ©l%lew, ¥F ZPP2
B 66.7 54.1 wg/100ml (& 59.6 43.3 ue/100
ml, o: 105.3 83.0 wug/100mi) ©131, YAt
B2 F2belA 157 1.3 gm/100mi=} o 2}oliA]
13.0 1.3 gm/100ml o]t}

2. 871 AR A 2EAEY] E53AH 60.0 w
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/100ml ©1%F 2 40.0-59.9 ug/100m B X Z7Z
2.81 %9 19.08 %, YdizAle 54 40.0 w
/100m olste] S Uehich @9 87 2R 3
A} ZEAEC ¥F 7ZPP2 EEE 5.89 %5 8.31
%] #2aEo] €% ZPP 150 wug/100mio1 33} &
Z 7PP 100-149 ug/100mAtol2) &S 7HA 1 919
on, VR] L2AEY ¥F ZPPE 100 ug/100
nl o3k} R AT AU

3. WAL =YNSe ow ¥F ZPPE 4%
FEUre o 9e HARANAN Ao gt 57

7} 2%t =3 2 870 BAke] HAARMA A
AAFE 7159 FEb R B Y3ADo] @
FAte) 7187)7h fekgen agal 9 3Ale)

N oo o X

€7l B3t
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