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ABSTRACT

Objective: This study aims to evaluate the workloads of industrial and automobile storage battery industries and their

association to biological exposure indices. Background: Occupational lead exposure at battery manufacturing workplace is

the most serious problem in safety and health management. Method: We surveyed 145 workers in 3 storage battery industries.

Environmental factors(lead in air, temperature, humidity and vibration)), biological exposure indices(lead in blood and zinc

protoporphyrin in blood) and individual workload factors(process type, work time, task type, weight handling and restrictive
clothing) were measured in each unit workplace. Results/Conclusion: Air lead concentration is statistically significant in

associations with workload factors(process type, work time, task type, and restrictive clothing) and environmental factors

(humidity and vibration), whereas zinc protoporphyrin in blood are significantly associated with work time and weight

handling. And lead in blood is significantly associated with work time, weight handling and temperature. Application: The

results of this study are expected to be a fundamental data to job design.
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1. Introduction

W QU iAol 2 A el =tetaL, #9143
W 2 = w5, AR AR 7Fs A il
A7 A/, FARJNE Az, 8] Az, A Az 2
28 Az, AREAR] S0 ARIRelA del AR AL Sl

(Zenz, 1994; Kim et al,, 2007; Jeon et al, 1998). -3
gholl A ALt = He] 80% o AFEAE FA Az
o] 45 oW (LZSG, 2005), AFEA-E F74] 4 4k
& F4A49] FeF7tE A% F7ketal Atk (Korean
Statistical, Mining and Manufacturing Industry/Energy,
2013).
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Z7FE o] 2008Well+= 199, 2009del= 527, 201039
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2. Methods

AT O AR A8 AFEE F3A
& Ag3ITE 2709 AR Hale
Mg FHAAE Axshs ikl HAEH
FAAE Ak Aateilo] x3E o], ok
Q¥ AR} Q1S AFHFE AT F Q=
o} 2709 HHA] Az AR FX(cast), A
= (paste), 3Md (formation), HxH/AMd(cut/wire
% (weld/assembly) o] 3do 2 FHHACH
ATty FEARE 2719 ARG elA ZF B ellA
she AH] SEAES gitoR, AT Fold e 14
73Tt Table 12 A7 tdAE 3982 /S
sk Zlot},

Az A
TEEH

2 2
2] &
AHA 75}01

(mix), 1

r
25k

Hn: e lo

brush), %

Table 1. Subjects by process

Process | Cast mix Paste | Formation Cuv Weld Total
brush | assembly
Count 15 7 28 17 11 67 145

(%) | (10.3%) | (4.8%) | (19.3%) | (11.7%) | (7.6%) | (46.2%) | (100%)

5
5 AF7
9] 37 %?J%%k% 20€/m1n2£ 360—‘:} OV = AHS
e}t =4 AZo= f31 A (DryCa® DCL—Lite, Bios
Inc., USA)E e BAsITh AFA 5} AL =
AR R AT felEd A4S A
.%}'\:}Ho}ﬁ A& oA AP

A wE3ARRE dF 9 8% ZPPE
9t} (Ministry of Employment and Labor, 2012). 8%
ko] AR A8 0.5mlE 2.5mle) 1% Triton X-
10022 3]sty AFAlm =93] (SSC—-200, Hitachi.,
Japan) 7} F-2hel 3333 5= A (Z—8100, Hitachi., Japan) &
Abgsto] B8kt (Fernandez, 1975). 8% ZPP: A
g A SLE2AESY] AWE 3 Es "ojmd & 547
(Aviv—206, Aviv., USA) & o]&3at] 33 ~FEH 423

=753

nmelA 7389k Blumberg, 1977).

AREAE SAS B TR e o] gale] AyHEAlw
RS AR

3. Results

3.1 General characteristics

Table 2% FAA] Az AAGAA 278k A7 A
224 145900 U@ DE 54S vekdc, A7 oy
A= 40 o]do] 58%E ALY F&AFE 20
o]kl ZEA7}F 38(26.2%) WO E 7P =kar, 10d oA+
A7) 2RAE 92(63.4%) 0% UERgT) vlukA S
(BMD) & 25 o]’dl S2A7F 40(27.6%) Hel%loH, &

I SFE2 474 87(60%) ™, 108(74.5%)HWo R SAS
< fEluet ok 194] o] 3 FAE 48.1%°1 vlskd H]
3 =& FFo7 YER T Ministry of Health & Welfare,
2012).
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Table 2. Subjects and general characteristics

Variable Range N %
Age <20~29 15 10.3
30~39 46 317
40~49 62 42.8
>50 22 15.2
Experience 1~5 34 23.5
6~10 19 13.1
11~15 27 18.6
16~20 27 18.6
>21 38 26.2
BMI bmi < 18.5 1 0.7
18.5< bmi <25.0 104 71.7
bmi>25.0 40 27.6
Smoking No 58 40.0
Yes 87 60.0
Alchole No 37 25.5
Yes 108 74.5

Total 145 100

ol2AE AASE AL £ 0w Waste] T 4]
ol waIA $A9) ularo] ghe Aglolc,

Table 4. Mean(STD) of air lead exposure by process type

Process Subject Lead in air(mg/m’)
Cast 15 0.075(0.065)
mix 7 0.037(0.010)
Paste 28 0.126(0.174)
Formation 17 0.050(0.005)
Cut/wire brush 11 0.188(0.134)
Weld/assembly 67 0.048(0.034)

3.2 Exposure indices by process

48 7 %

5=(PBA), 85 ¥ (PBB), €%
PP 9] Hatel Apol7t Ql=rke A floto] 4
TAREA (ANOVA) & A8kl Table 3¢l LRI Table
3elM BH 3gEE FoaE 0.05004 &7 &
Bagkel Aol7k dlov, €5 dit ZPPe 3R ¥
kel pol7t §lis Ao Ykt

Table 4= 338 371 F & $%9 B2 vehack

N

o
[t

Table 3. ANOVA of exposure indices by process types

PBA(mg/m’) | PBB(ug/dl) | ZPP(ug/dl)
DF 5 5 5
F-value 6.91 0.50 0.20
p-value <0.001 0.778 0.961

PBA: lead in air, PBB: lead in blood, ZPP: zinc protoporphyrin
in blood

Table 4914 B3 F7] &
7 A et o, drgAgo] tgog w2 A
Bl Ao} AP 45549 &

[¢)
7 919 e Avksln, Avkws S4%e Eee] AshE

3.3 Exposure indices by work time

A7) wel 37) F @ s (PBA), 8% 9% (PBB),
5 ZPP 9] Hatol 2ol =7k sk 21k
U AFAHEA (ANOVA) & AAJste] Table 50l YR
Table 5041 B ZFGAIzte] whet /2152 0.05°014 371
% ¥ s=(PBA), 8% @ PBB), 8% ZPP k9] I
o ZFel7F Sl AOE YERTE

Table 5. ANOVA of exposure indices by work time

PBA(mg/m’) | PBB(ug/dl) | ZPP(ug/dl)
DF 1 1 1
F-value 12.28 87.84 3542
p-value 0.001 <0.001 <0.001

PBA: lead in air, PBB: lead in blood, ZPP: zinc protoporphyrin
in blood

Table 6> ZFAGAITFE 10A17F o]Uj2} 10A17F o2
HAZ Uro] 37 5 ¢ 2 (PBA), €% ¢ (PBB),
g5 ZPP vx2 He AolE YEhd Aoz ZhATte]
10AIZE o2l 3971 10412 o)kl A$-RT}t Hd A7)
W o AL B £ 9tk AE XA AAS 1Y
s

BAIZME 71 AAREe R Bfan, Ao A 1Y 2~4

Table 6. Mean(STD) of exposure indices by work time

Work time | N | PBA(mg/m’) PBB(ug/dl) ZPP(ug/dl)
<=10 60 | 0.043(0.025) 10.9(4.50) 34.2(9.54)
>10 85 | 0.100(0.123) 20.2(6.62) 48.8(17.13)

PBA: lead in air, PBB: lead in blood, ZPP: zinc protoporphyrin in
blood
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3.4 Exposure indices by task type
ol THE I Aol w2 Aol wet 37 T
SE(PBA), 9% W (PBB), 9% ZPP X9 Htol
#pol7t le7he A8 flgte] ddAEAS AAls
Table 7¢] WERATE Table 7014 R 2JA gk uleh
o9 0.05°14 +71 T & s=2] Bkl AFol7t 3
Qo % ddy 5 ZPP AAF o wkel gl
Zfol7} Qi Ao Yekth

Table 7. ANOVA of exposure indices by task type

3.5 Exposure indices by weight handling

Table 9% S%F& AT T Wt 37 & & ¥%
(PBA), 8% |%(PBB), % ZPP 59| ol 2|7}
AE7HE A st dPEAHEA S AAg Aajolt),
Table 994 B ZQJAIzhel] wle} F-2]5F 0.059014 &
W} ZPP= Batwkell Afol7k Qo 37 T 3 =
o] Hatgkolli= Aol Sl AoE UERsit)

Table 9. ANOVA of exposure indices by weight handling

PBA(mg/m’) PBB(ug/dl) ZPP(pg/dl)
DF 3 3 3
F-value 0.38 7.55 3.75
p-value 0.765 <0.001 0.012

PBA(mg/m°) PBB(pg/dl) ZPP(pg/dl)
D.F 5 5 5
F-value 4.20 0.99 0.62
p-value 0.001 0.426 0.681

PBA: lead in air, PBB: lead in blood, ZPP: zinc protoporphyrin
in blood

Table 82 ZAele] e 7] T & T=(PBA) S 3
1 AolE UERd Zo®, AAFE 7} o)Fo] EAIshE B¢
of 13" ARt 37 T & FE(PBA) S AL =
2 o7 L}E}%} 7% Eo] B AR () >
7h 8- %ﬁ o B9 FelE {A getsiAg vlate

¢

B, 22 AP £EAE Wt
£21900] slown clE A} Pl ool 1ale] B
23 AR B gobd e Lehilct,
Table 8. Mean(STD) of air lead exposure by task type
Work type N PBA(mg/m’)
Fixed(no weight handling, slight motion) 13 0.037(0.017)
Fixed(weight handling, active motion) 27 0.026(0.009)
Move(no weight handling, move within 5m) 12 0.059(0.012)
Move(weight handling, move within 5Sm) 56 0.110(0.142)
Move(no weight handling, move more than Sm) | 20 0.107(0.078)
Move(weight handling, move. more than 5m) 17 0.050(0.005)

PBA: lead in air

PBA: lead in air, PBB: lead in blood, ZPP: zinc protoporphyrin
in blood

Table 102 S%E FHF FA0 wel €5 3%(PBB),

%5 ZPP &9 Hatol] xolE UEhd Jo=, F3%=
w FA7E 10 15kg 7ol BHEA7F AY e 5S 2
T Stk 5kg o8t} 15kg oS A8 SHAA Ax=3A
OM T2 7] o8 thpolAlE FarARl FHe wele

¥ FAlol™, 5~15kge AFFE FAA] AxzFPAA F

il

2 AE EE A Ab] M E el thReiA s B
o g @9l FAOITh WA, FHE AT Aelre
AEShE WARE A Al Rk 9%
dF ZPP w7k YA dehdeha s @ S gl

;

3

Table 10. Mean(STD) of exposure indices by weight handling

Handling weight N PBB(pg/dl) ZPP(ng/dl)
<5kg 48 18.2(6.84) 46.9(17.77)
5~10kg 40 17.5(7.32) 41.9(13.79)
10~15kg 29 10.9(5.50) 34.9(10.80)
>15kg 28 17.3(7.81) 45.0(18.40)

PBB: lead in blood, ZPP: zinc protoporphyrin in blood

3.6 Exposure indices by restrictive clothing

BT g A3 7] § i w=(PBA), EF
W (PBB), 8% ZPP 19| Bell Aol7}t ke 47
a17] $18ke] UAFAHEA (ANOVA) & 41A18H] Table 11
o] UFEbdlth Table 110014 B 3782 Fo]45 0.05]
A E7) T o w5l Bkl Aot Aslou, EF Wi
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3} 7PP+= FAEE gt xpol7t =

Ao 7 vebst)

Table 11. ANOVA of exposure indices by restrictive clothing

PBA(mg/m’) | PBB(ug/dl) | ZPP(ug/dl)
DF 2 2 2
F-value 8.62 2.88 0.00
p-value <0.001 0.060 0.997

Table 13. ANOVA of biological exposure index by temperature

PBA(mg/m’) | PBB(ug/dl) ZPP(ug/dl)
DF 2 2 2
F-value 1.64 4.89 0.73
p-value 0.198 0.009 0.485

PBA: lead in air, PBB: lead in blood, ZPP: zinc protoporphyrin

in blood

PBA: lead in air, PBB: lead in blood, ZPP: zinc protoporphyrin
in blood

Table 12+= B35 2-gof5 A0PHE 37] T 5
o] s vERlET, /b BSE 2Hgatoiof sk 4]
oM o] Fatgtol v AR w2 depdd F4
Azl M sk Faldaks | 22X 9 F, A |

£, 2% 4718312 371 Bolnl, 0|59 A A9l

O

[e]
T

1 &l ofgt mEo

A%291

&
2

Table 12. Mean(STD) of air lead exposure by restrictive clothing

Process Subject | Lead in air(mg/m®)
Rubber boots, grinder's

goggles, industrial rubber 68 0.049(0.047)
Face mask 60 0.115(0.138)
Tarpaulin coat,

Restrictive protective clothing 17 0.050(0.005)

3.7 Exposure indices by temperature

Table 132 L (245 o]3}, 24~32%, 32K ©]
el e F71 T @ F=(PBA), % HF(PBB), EF
ZPP 9] Hatol| Aol7} Ql=rHe A Slste] dd
FAHRAS AA S Aot Table 13914 B fo4F
0.05014 29 250 w dF \J=Fe] Fatglels Aol
7F Ao, 371 T @ st dF ZPPo Btk zlke]
7} fl= Ao UEhth

Table 14= &A% &%(24°C ol8l, 24~327TC, 32T
ol ol W A% 9= (PBB) o HES U=, 24~
32TCoNAM EF FHe] BoX7) 9 YeR

A4 AxelA Fo EFEE 25F 400T oS

4917 &

SAIsloloF Bz, o] £ (400~500T) = § Fol WAl
Hsd exoltt i FE EEE B Al Fgol
7] Wl 320C ol 1e AU ¥F 9L ol
A0% AHS & 5 vk EH, 24T ol3 AYL
2PN D FLHOE ol FolA W §H

ol

Ao qlate] W Foll ot wmFo] gl A ow siAHL:

Table 14. Mean(STD) of lead in blood by temperature

A

A

&

st AAIZ17] A8l A1) RIS #E-skar Qo
g or

Temperature Subject Lead in blood(pg/dl)
<247C 81 17.9(7.02)
24~32C 49 13.9(7.16)
>32C 15 15.6(8.30)

3.8 Exposure indices by humidit

Table 1562 2{17ge] F7]oiol et 371 & & &=
(PBA), 8% ¥ (PBB), 8% ZPP ¥k8 Hatol xfo]7}
Ae7he A Slete] ddBAkEA e AR Aotk
Table 15014 B o] 0.059014 2917de] F7]oiH
of wet 371 T & = Fdgkel Aol7t oy, EF
W ZPP= Batgkel zol7tk fls Ao R YEhkt

Table 15. ANOVA of exposure indices by humidity

PBA(mg/m’) | PBB(ug/dl) ZPP(ug/dl)
DF 2 2 2
F-value 474 0.74 0.03
p-value 0.010 0.481 0.969

PBA: lead in air, PBB: lead in blood, ZPP: zinc protoporphyrin
in blood

Table 162 219789] &7]ei ol me %71 F ¥ 5E
B el w717 s 44199
7 gelt B2t sEE gegurt 3
st QA om BAlo] nAteh A9l



264 Kwang Sung Cho - Byung Yong Jeong

J Ergon Soc Korea

> e
> 1o
B
e
o
Ify
1
2L
e
lo

Table 16. Mean(STD) of air lead exposure by humidity

Process Subject | Lead in air(mg/m’)
Normal 68 0.049(0.047)
Working continuously in the damp 60 0.115(0.138)
Continuous handling of wet articles 17 0.050(0.005)

3.9 Exposure indices by vibration

Table 17 #YF2 Msolfol wg} 37 ¥ & 5%
(PBA), 8% 9% (PBB), €% ZPP %9 ol zfo]7}t
NETHE A Aste] dLEAREAS AAS Aol
Table 17914 B F2)4F 0.05°014 24 52| 2545
of W} 7] 5 9 TR Hgkel X7t o), g%
ST ZPPE Hargkel Aot gl Ao yElsth

Table 17. ANOVA of exposure indices by vibration

PBA(mg/m°) PBB(pg/dl) ZPP(pg/dl)
D.F 1 1 1
F-value 5.94 1.45 0.49
p-value 0.016 0.231 0.434

PBA: lead in air, PBB: lead in blood, ZPP: zinc protoporphyrin
in blood

Table 182 24] F9] B3] B 4139 37 F
W Fne BEe ekl Wl 9t 444 3]
F 9 vk Al 9 F9gnn FEgel wA et

How AEE A7l et 37) Fol A BA
HJAHEES Bheb) shan, Al Slo] HAE g X
o5& 7HAsh A A8 Y sk 2l
Fo) shjoltk. 5714 A=Yel A% w #2119 wyolet

==

Table 18. Mean(STD) of air lead exposure by vibration

Process Subject Lead in air(mg/m’)
Normal 58 0.052(0.052)
Task with vibration 87 0.093(0.119)

3.10 Biological exposure indices by ail lead exposure

371 = 9§ ¥ (PBAY & 32A1(<0.05, 0.05~
0.10, >0.10) & 273t dF F, 5 ZPP &9 4t
o] x}o]7} Y=7tE AASte] Table 199 YEFATE Table
19914 B9 25 0.050014 371 5 @ 5% 5ol w
g} g% Wk 5 ZPP w59 HAurkel xolvt gl A
22 YElgith

Table 19. ANOVA of biological exposure indices by PBA

PBB(pg/dl) ZPP(ug/dl)
D.F 2 2
F-value 221 2.20
p-value 0.113 0.115

PBB: lead in blood, ZPP: zinc protoporphyrin in blood

4. Conclusion

w A AxE dell % e

A3} 4]
solw BRI tEolAE QAR el wFo] H4
& FANE FAS BA Sabvl, AxFYol Asd >
% 57 HelA AF 2PTHAAE 19 FF 5.4-6.0
=

o FAE vFA Hrh webA, v
Foh= AAFHE Hola glo] Ayt Aglof wE <&
2] ARyt Avka & 4= 9ok

W A 54 witel @ AR SEAES BET F
o] &gl Hof glo] AP g wmFel gt A F
A5 A S ok a8y B3] ofatag 9
S a8y AYx7 Sl wEk e 2hgo] es)
A Z3te] AW ' 57F 57 S Aok (Shim and Lee,
1992; Lee et al, 2004). 71&9] &4A d5S L83
A AR 22AES) AR ATE AgATEL0]
g 29 gt S og 17 o)

TE OIFTE HZelE A 5400 g3 dE

Dl oo
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B ATelME ' ARIES e R s Al Y] 54
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Aol A AaE okt Zlow U] T H sk
(PBA)= 37, AJARY, 2978, Baly 28, 55,

| A=

A% Qo) 9 S = Flo
e 2Rzl "4 3 s &
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Table 20. Summary of relationships between variables

Lead in air Lead inblood | ZPP

Lead in air -

Process types o

Work time o [ J [ ]
Task type [

Weight handling [ [ ]
Restrictive clothing [

Temperature [ J

Humidity [ ]

Vibration [ ]

@ significant difference at 0.05

Zenz(1994) & v A AT FE50) 9BYS 2%
S olow wek Bl Mok A4, T
P19 2F, Q) BET RARY 0|2 wata

& 4
otk $E AARE Mg A4 YFOIE 2EAE

o) e B (ERE 1 Bk E 1
o Sl A48 Sl el

= %‘?Q—%}oﬂ Oéff}% RS %E}. =3 A
Ql B 9] HE B S gz AL 349 ujgo] =
& FlA well st ARl AEFS Fab] e T
o7 olgy glormg FEAEY AN ES HAAT| AL
Bl HEel HERe 7] eAd e A8 HellA Hulg
TS A& & Qe Flo] AgE oo} gt}
B AT AR el F3tE BadTE sivhs Hy
APAT7E AL Gl dSelA Fdste] B ARE vl
=] g], :g_

ok @ FAe SEARES] 1 fElecle Azt
T2 | AR ' ARk A7), ] S EE, o
w7 9 AAgr] a8, A9 2 Rl AT S
kS o (Kim, N.S., et al, 2007), T3 M=
AJAE, TFLY, BT gy 9 g8 up

1999). ujehA
T A et A 119 Apolvhs

olE wHWHII} EA|Eo]of FX|HE E A
A9 Aol

TR BPEL AT
& 544 A% A}?;P%ﬂ*i ﬂ?j
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