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= Abstract =
A study on lead exposure indices of male workers
exposed to lead less than 1 year in storage battery industries

Young Hwangbo', Yong Bae Kim', Gap Soo Lee', Sung Soo Lee', Kyu Dong Ahn
Byung Kook Lee', Joung Soon Kim?

Department of Preventive Medicine, Soonchunhyang University College of Medicine',
Department of Epidemiology, School of Public Health, Seoul National University’

This study intended to obtain an useful information for health management of lead exposed
workers and determine biclogical monitoring interval in early period of exposure by measuring
the lead exposure indices and work duration in all male workers (n=433 persons) exposed less
than 1 year in 6 storage battery industries and in 49 males who are not exposed to lead as
control.

The examined variables were blood lead concentration (PBB), Zinc-protoporphyrin
concentration (ZPP), Hemoglobin (HB) and personal history; also measured lead concentration in
air (PBA) in the workplace.

According to the geometric mean of lead concentration in the air, the factories were grouped
into three categories: A; When it is below 0.05mg/m’, B; When it is between 0.05 and 0.10mg/m?,
and C; When it is above 0.10mg/m.

The results obtained were as follows:

1. The means of blood lead concentration (PBB) , ZPP concentration and hemoglobin(HB) in
all male workers exposed to lead less than 1 year in storage battery industries were 29.5+12.4
1g/100ml, 52,9+ 30.0 4g/100m! and 15.2+1.1 gm/100m!.

2. The means of blood lead concentration (PBB), ZPP concentration ahd hemoglobin(HB) in
control group were 5.8:+1.6 4g/100m!, 30.8412.7 4g/100m! and 15.74:1.6 yg/100ml, being much
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lower than that of study group exposed to lead.

3. The means of blood lead concentration and ZPP concentration among group A were 21.9+
7.6 ug/100ml, 41.4+12.6 4g/100m! ; those of group B were 29.81+11.6 pg/100mi, 52.6:+27.9 yg/
100m! ; those of group C were 37.24-13.5 ug/100ml, 66.3+£40.7 4g/100m!. Significant differences
were found among three factory group(P<0.01) that was classified by the geometric mean of
lead concentration in the air, group A being the lowest.

4. The mean of blood lead concentration of workers who have different work duration (month)
was as follows ; When the work duration was 1~2 month, it was 24.1:+12.4 £g/100m!, ; When
the work duration was 3~4 month, it was 29.2+13.4 4g/100ml ; and it was 28.9~34.5 ug/100m!
for the workers who had longer work duration than other. Significant differences were found
among work duration group(P <0.05).

5. The mean of ZPP concentration of workers who have different work duration (month) was
as follows ; When the work duration was 1~2 month, it was 40.6+18.0 4g/100m!, ; When the
work duration was 3~4 month, it was 53.4+38.4 4g/100m! ; and it was 51.5~60.4 ug/100ml for
the workers who had longer work duration than other. Significant differences were found among
work duration group(P <0.05).

6. Among total workers(433 person), 18.2% had PBB concentration higher than 40 xg/100ml
and 7.1% had ZPP concentration higher than 100 xg/100m! ; In workers of factory group A,
those were 0.9% and 0.0% ; In workers of factory group B, those were 17.1% and 6.9% ; In
workers of factory group C, those were 39.4% and 15.4%.

7. The proportions of total workers(433 person) with blood lead concentration lower than 25
1g/100m! and ZPP concentration lower than 50 yg/100m! were 39.7% and 61.9%, respectively ;
In workers of factory group A, those were 65.5% and 82.3% ; In workers of factory group B,
those were 36.1% and 60.2% ; In workers of factory group C, those were 19.2% and 43.3%.

8. Blood lead concentration (1=0.177, P<0.01), ZPP concentration (r=0.135, P<0.01), log
ZPP (1=0.170, P<{0.01) and hemoglobin (r=0.096, P <{0.05) showed statistically significant
correlation with work duration (month). ZPP concentration (r=0.612, P<{0.01) and log ZPP (1=
0.614, P <0.01) showed statistically significant correlation with blood lead concentration

9. The slopes of simple linear regression between work duration(month, independent variable)
and blood lead concentration (dependent variable) in workplace with low air concentration of
lead was less steeper than that of poor working condition with high geometric mean air

concentration of lead.

The study result indicates that new employees should be provided with biological monitoring
including blood lead concentration test and education about personal hygiene and work place

management within 3~4 month.

Key words : lead, ZPP, work duration
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Table 1. Distribution of lead concentration in air by factory group

Lead concentration

Factory group

- Total
(mg/m’) A B C
below 0.05 37(82.22) 27(26.21) 16(14.29) 80(30.77)
0.05 -~ 0.10 2(4.44) 32(31.07) 20(17.86) 54(20.77)
above 0.10 6(13.33) 44(42.72) 76(67.86) 126(48.46)
Total 45(100.0) 103(100.0) 112(100.0) 260(100.0)

Chi-Square = 81.648 p-value = 0.001

Table 29} Z+o] AToll A= 0.013+5.56mg/m*, BZoIA]
= 0.091+3.10mg/mo]R 3L, CTAME 0.181%+3.51
ng/m S 2X 88 Fxo 3642 7T E T

Zt 34 37 F 4 FEE Fgure 13 Zo] of

Table 2. Geometric mean of lead concentration in
air by factory group

Factory group sI:I(:pl(:a fs G.M. GSD
A(1 factory) 45 0.013 5.56
B(2 factories) 103 0.091 3.10
C(3 factories) 112 0.181 3.51

G.M. = geometric mean
GSD = standard deviation of geometric mean
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Figure 1. Cumulative frequency distribution of air
lead concentration by factory group
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Table 3. Average age and work duration by
factory group and control group

No. of Wm:k
Age duration
workers (month)
A 113 23.6+13 55%29
Factory B 216 264+57 6.0Xx33
group C 104 254+70 57435
Total 433 254455 58+33
Control
group 49 26.2x+7.1
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Table 4. Age distribution of workers by factory
group and control group

Fact Age
actory
Below Above
ou ~ ~
group 20 20~25  25~30 30 Total
A 0 105 8 0 113
(0.0) (92.9) (7.1) 0.0)
B 40 63 70 43 216
(8.5) (29.2) (324) (199
C 22 49 14 19 104
(212) (471) (134) (183)
62 217 92 62 433
Total
(143) (50.1) (21.2) (143) (100.0)
Control 12 12 17 8 49
group  (245) (245) (347 (16.3) (100.0)

( ) : percent

Table 5. Mean values of lead exposure indices in
three factory group and control group

PBB ZPP HB
Factory group
A (=113) 219+ 7.6 414+126 150+10
B (n=216) 29.8+11.6 52.6+27.9 153+12
C (=104) 372+135 6634407 154%+1.1
ALL(n=433) 2954407 529+300 152+1.1
F - 47.69 18.05 3.96
P-value= 0.0001 0.0001 0.0197
Control roUp 5 ¢\ 1 gxx  30.82127%* 157416
n=49
PBB = 1g/100m
ZPP = 4g/100ml
HB = gm/100m

** = P<0.01 by Student T test compared with
Factory group

ZAME Zt} 21.9+7.6 4g/100ml, 41.4+12.6 g/
100m-& JERRAL, BToAE 29.8+11.6 1g/100m
T} 52,6279 ug/100ml, CEIME 37.2+13.5 g/
100miT} 66.3+40.7 ug/100m 0.2 243 EE7t &
S PUFE HF YT A =N 5 IPP 5t =
kom, Al T3] Fol@ 2pojrt AUAATHP <0.01). 1
Hu Fahake B2 Pl g AT
d3go] 7 ¥ ATNM Rl Wt

(P<0.05).
dzze] 8% 4 % % ZPP 7xo BFE 58+
1.6 4g/100mi, 30.8%12.7 pg/100m& FERHO FHE
of w13t frolshAl Rkt <0.01).
Z AT R 291 e A
Table 63} 2t}

=&Te BE
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Table 6. Distribution of workers by work durations
and factory group

Work Factory groups
duration
(month) A B C Total
1~2 8(11.8) 46(67.6) 14(20.6) 68(15.7)
34 35(27) 19(232) 28(34.1) 82(18.9)
5~6  24(27.6) 44(50.6) 19(21.8) 87(20.1)
7-8  14(23.0) 37(60.7) 10(164) 61(14.1)
9~10  25(29.1) 41(47.7) 20(23.3) 86(19.9)
11~12  7(143) 29(59.2) 13(265) 49(11.3)

Total  113(26.1) 216(49.9) 104(24.0) 433(100.)

() : percent

_4

7} AT wE 2RI 1d vl 22459
2R NLrE 835 4 v HiS Table 72 2}
AT EF A Fxo 270 HEe 1009
FolA 14.1+63 pg/100m o2 7ol ¥sld &
A Eghom(P<0.05), 7~871Y & Aed 3~470
4 o] 3E#} Bl wA] Fo8HA ¥k (P<0.05), &5

713t 3~471 9 o) TEAME AR FF A7} 8L
oy, 27717 1112098 el 25.7£6.5 pg/
100m o2 7} &9k},

BZoME ZF7]7e] 1-20¥Q) oA 24.0+
10.6 pg/100m o8 thZ2Fd) st folslA w3k
(P <0.05), 3~471Y o1 3ws vlmwA] frofstA Wk
..D%(P<0 05), ZE7|70] 3~4749 o]l 2777t

Alolol= Fol@t atelg vehiA] sttt 2571
7& 11~12704Q) FollA 33.3413.44g/100m 22 713
=%t}
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Table 7. Mean concentration of blood lead by work duration and factory groups

Work duration

Factory group

Adjusted mean

(month) A B C Total factorilorgroup
Controls 58+16 58+1.6 5.8
1~2 14.1+6.3a 24.0110.6a 30.2+16.5a 24.1+12.4a 229
34 21.5+7.8ab 31.2+12.2ab 37.5+14.6a 29.2+13.4ab 30.2
5~6 24.946.3ab 33.24+12.2ab 354+12.1a 31.4+11.5ab 31.6
7~8 20.9+8.8a 29.9+ 8.6ab 44.61+12.7ab 30.3+11.8ab 311
9~10 21.7+7.0ab 29.6+10.6ab 36.7+ 9.1a 28.9410.7ab 29.2
11~12 25.7+6.5ab 33.3+13.4ab 41.8+13.6ab 34.5+13.5ab 334
Total 21.9+7.6 29.8+11.6 37.2+135 29.5+12.4 29.5
PBB = 4g/100ml

a : P<0.05 by Dunnett's one-tail T test compared with control group
b : P<0.05 by Dunnett's one-tail T test compared with 1~2month group

Table 8. Mean concentration of blood ZPP by work duration and factory groups

Work duration

Factory group

Adjusted mean

(month) A B C Total f; for
actory group

Controls 30.8+12.7 30.8+12.7 30.8
1~2 384+ 7.5 41.3+18.8 39.5+20.2 40.6+18.0 40.1
3~4 38.6t 8.1a 56.8431.6a 69.6+55.8ab 53.4:+38.4ab 551
5~6 43.8+15.3a 60.0+32.5a 62.1+32.5ab 56.04+29.5ab 56.3
7-8 42.4+143a 58.31+31.4ab 77.5+39.9ab 57.8+31.5ab 58.8
9~10 441+154a 48.4+22 9ab 67.0+25.3a 51.5423.1ab 51.7
11~12 38.9+10.2 54.9+27.6a 84.4+40.0ab 60.4+33.2ab 57.8
Total 41.4+12.6 52.6+£279 66.3+40.7 52.9+30.0 52.9

Blood ZPP = yg/100ml

a : P<0.05 by Dunnett's one-tail T test compared with control group
b : P<0.05 by Dunnett's one-tail T test compared with 1~2month group

CEoNE TF71Z0]  1~04Q) oA 302+
16.5 ug/100m o2 thZ7o) ®lsly fojshAd] Hdh
(P<0.05), 2F7120] 120949 & 25713 3~
LT f3 2ol2 UehliRle Ftont &
5 A U PSS ehIRla AntRos ¢
< F2E YT

ANHezE TF7|Zt0] 1~209 ToA 24.1%
12.4 4g/100m 082 2o Hlsh] RolslAl =kn
(P<0.05), 2F7|zko] 3~470Q 2ol v]3le] Heolsh)

woken, 27713 3~70E TelMe 2924134 pg/
100ml-& JERAAT, WA FoAME 28.9~34.5 g/
100mie] 2] & YERRRITE.

zh 34Tl WE QA 1d ulie] 22AEY 27
MYy 8% ZPP s Eo] HYFL Table 83} 2},

ATM 8% ZPP %9 BF S Wz vlud
o 2E7)7ke] 1-0Y ZollAE 384475 ug/100m
O 2 {3 Aol 2oy, 3~471E ik frelRt
Aol 7k AATHP <0.05). 25713 1-2709 T3 Fr9
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Table 9. Mean concentration of hemoglobin by work duration and factory groups

Work duration

Factory group

Adjusted mean

onth}) for
(m A B C Total factory group
Controls 157t 1.6 15.7+1.6 15.7
1~2 15.1+0.6 15.5+1.3 16.2+1.2 15.6+1.3 15.6
3~4 153412 15.5+£1.3 15.1+1.2 153+12 153
5~6 14.8+£0.8 15.2+0.8 154+1.2 151+09 15.1
7~-8 15.0£1.2 149110 15.6+1.0 15.0+1.1 151
9~10 14.7+0.9 154+12 15.140.7 15.1+1.1 15.1
11~12 14.9+1.0 15.5£1.5 15.3+1.0 153+13 153
Total 15.0+1.0 153+1.2 154+1.1 15.2+11 15.2
P-value P<0.05 P>0.05 P>0.05 P<0.05
HB = gm/100m

a : P<0.05 by Dunnett's one-tail T test compared with control group
b : P<0.05 by Dunnett's one-tail T test compared with 1~2month group

@ Aot Q& 2P T YAD R/ 9~
1078949 oA 44.1+15.44g/100m 0 2 71 )T}

BZolA 8% ZPP FE9| B IE7to] 1~
VHLQl ZBI|7FEA 41.3+18.8 pg/100m 22 o)
27T YA g Aol gRioy, Yoz 2%
717y AN BF Uz vlsl folstA wdvt
(P<0.05). 25717 9~1074¥Q) oA 58.3+31.4
1e/100ml o2 714 E3kch.

CZM ¥F ZPP ko] Hie 27770 1~
2709 TolA] 39.5+£20.2 ug/100mi O 2 thETT} &
A& zlolE AQLOLHPD 0.05), 3474 o] A2l Foj
ME 67.0~84.4 4g/100ml 2.2 thZ 2ol B3t RoJ8}
A =%12@<0.05), 910714 F& Adstne %
713+ 1-209 Fofl Bl T F2I3kA FATHP <0.05).
ZH71710] 3~4709 o]l FE Alolole ReF A
ol7} YAtk TE/ZF 11~1204Q FollA 84.4+
40.0 pg/100m 2.2 7} E¢Th.

AAH o2 BF ZPP o] HFL 2F7|70] 1~
VHY FolME 40.6+18.0 ug/100m o2 RETI=
fo @ Aole o), TFIIZto] 3~47HY ol el
FEME 51.5~60.4 4g/100m o8 REFoN} 27
717te] 1~-20€Ql ZED BF fojskA msith

(P<0.05).

Z} Ao M YAk 1d ngl 2EAEY] 2F-
NYeE Ak HFL Table 99} 2t} A2 o
2 TR w2 BAHEMA fol3E Aol 7t e
(P <0.05), Dunnett testA] th
o SAEH o2 Fog 2o =
YATHP>0.05). AAH 2 wZFo] 2FHT} o
b e e ERIZIT

YZE A FES F $E FAIAY 40 4g/100m
o] A4}, 25~40 pg/100ml, 25 1g/100ml u)THo 2 TE-SIS
S d 2 AT L 44N 13 v|ekel ZEASY 2F
71708 222te] ¥ &= Table 100 2t}

ATME Z 1139 2 1129(99.1%)] 4 25
A olsldch. BF A FEI} 25 4g/100ml oleh=
1~01Y FolM 87.5%A wHE 11-1271Y TollM=
429%A1, AAH o7 E 655%AT}

BZoIME % 2169 F 373(17.1%)0] FAIAE
UAda, SRR 38 o] 4L 5~1E ToA
29.6%2 7} Bokth 85 A %7} 25 ug/100m! o
dhe 1~21€Y TollA] 58.7%<1 ¥ 11~12709 ZolA
E 207%01, AAH 2 36.1%%t.

CHFAME & 1048 F 4178 (395%)0) @ 5 F
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A
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Table 10. Distribution of workers by work duration, factory group and blood lead level

Work duration Factory group

blood lead level (ug/100ml)

(month) Below 25 25 - 40 Above 40 Total

A 7(87.5) 1(12.5) 0( 0.0) 8

_ B 27(58.7) 15(32.6) 4( 8.7) 46
C 6(42.9) 4(28.6) 4(28.6) 14

Total® 40(62.4) 20(26.4) 8(11.2) 68

A 23(65.7) 11(31.4) 1( 2.9) 35

3 -4 B 5(26.3) 9(47.4) 5(26.3) 19
C 5(17.9) 13(46.4) 10(35.7) 28

Total* 33(34.6) 33(43.0) 16(22.4) 82

A 12(50.0) 12(50.0) 0( 0.0) 24

s .6 B 13(29.5) 18(40.9) 13(29.6) 44
C 6(31.6) 6(31.6) 7(36.8) 19

Total’ 31(35.4) 36(41.0) 20(23.6) 87

A 10(71.4) 4(28.6) 0( 0.0 14

78 B 11(29.7) 21(56.8) 5(13.5) 37
C 0( 0.0) 4(40.0) 6(60.0) 10

Total® 21(33.5) 29(45.4) 11(21.1) 61

A 19(76.0) 6(24.0) o( 0.0) 25

9 - 10 B 16(39.0) 20(48.8) 5(12.2) 41
C 2(10.0) 11(55.0) 7(35.0) 20

Total® 37(41.7) 37(43.8) 12(14.5) 86

A 3(42.9) 4(57.1) 0( 0.0) 7

H-12 B 6(20.7) 18(62.1) 5(17.2) 29
C 1(7.7) 5(38.5) 7(53.9) 13

Total’ 10(23.4) 27(55.1) 12(21.5) 49

A 74(65.5) 38(33.6) 1( 0.9) 113

B 78(36.1) 101(46.8) 37(17.1) 216

Total

C 20(19.2) 43(41.4) 41(39.4) 104

Total® 172(39.7) 182(42.1) 79(18.2) 433
. Adjusted for factory group ) : percent
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Table 11. Distribution of workers by work duration, factory group and blood ZPP level

Work duration

Factory group

blood ZPP level (¢g/100mi)

(month) Below 50 50 ~ 100 Above 100 Total
A 7(87.5) 1(12.5) 0( 0.0) 8
o B 37(80.4) 8(17.4) 1( 2.2) 46
C 12(85.7) 2(14.3) 0( 0.0) 14
Total® 56(83.5) 11(15.4) 1( 1.1) 68
A 33(94.3) 2(57) 0( 0.0) 35
3.4 B (47.4) 8(42.1) 2(10.5) 19
C 15(53.6) 9(32.1) 4(14.3) 28
Total’ 57(61.1) 19(30.2) 6( 8.7) 82
A 17(70.8) 7(29.2) 0( 0.0) 24
s B 23(52.3) 16(36.4) 5(11.4) 44
C 9(47.4) 7(36.8) 3(15.8) 19
Total® 49(56.0) 30(34.6) 8( 9.5) 87
A 11(78.6) 3(21.4) 0( 0.0) 14
- B 18(48.7) 16(43.2) 3(8.1) 37
C 2(20.0 5(50.0) 3(30.0) 10
Total 31(49.6) 24(39.1) 6(11.2) 61
A 19(76.0) 6(24.0) 0( 0.0) 25
9 - 10 B 26(63.4) 14(34.2) 1(24) 41
C 5(25.0) 13(65.0) 2(10.0) 20
Total® 50(57.5) 33(38.9) 3( 3.6) 86
A 6(85.7) 1(14.3) 0( 0.0 7
-1 B 17(58.6) 9(31.0) 3(10.3) 29
C 2(15.4) 7(53.9) 4(30.8) 13
Total® 25(55.3) 17(32.1) 7(12.5) 49
A 93(82.3) 20(17.7) 0( 0.0) 113
B 130(60.2) 71(32.9) 15( 6.9) 216
Total :
C 45(43.3) 43(41.4) 16(15.4) 104
Total" 268(61.9) 134(31.0) 31( 7.1) 433
* : Adjusted for factory group ) : percent
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IS dAth B ZFVIME A FF FoA
ol T~ TolM 60%= 7P %}‘zlt}. gz 4
E57} 25 4g/100m ©)3R= 1-20Q FollA] 42.9%1)
WA 11-12709 FAME 7.7%) Bapstgda, AAH
o2& 19.2%4rc}
Z 4338 Z 799(18.2%)] @ F= FAIAES
2 9low 397%7F BF A 25 ug/100ml ©|3}E e}
Wt 2R3 mE PF A 40 4g/100ml 03] ¥
IE HY IF7|0] 1~-009Y FellA EF A
40 ug/100m )40 11.2%= 7} l;égk—r 2877k
9~10704Q) oA 14.5%2 FF 7443 AL Aol
e YFE 21.1-23.6%2] EEE YERARIT
¥ZF ZPP F=E 9 T59 FATAR 100 g/
100m ©]4, 50~100 ug/100ml, 50 ug/100m wjgto 2
TFEHAS W 74 AT D A4 1d mER) 2EAE
o] Z2R7|1ZHE 2] X Table 113} 2t
AToAE 1139 Helo] & F5 Tl A o3t
t}. BZoMe F 2169 5 159 (6.9%)] FATAE

- —

L*‘ii:r., CRME % 1048 F 168(15.4%)) 4 &

FATAE EAh AAFH R 2770 e
2 ZPP 557} 100 4g/100mt o] 44 22x}e] B3
£ HY IRl 1208 FelA 11%2 7HE
woks 2E7)7k] 11~1219Q) FolA 12.5%2 713
EShon], 27717t0] 9~-1074€4Q &€ Adstae 2
71200l 1 FUFE FLH &) w1, 5 ZPP
FE7} 50 4g/100m ©]3lQ) 22AY] ¥EE E¥ &
27)zk0] 1~2709Q] FollA 83.5%= JHF ko,
3~470Y 23 5~671Y TolA 61.1%, 56.0%Z ERY
A3, TF7IZIe) 5~6709 o)) FANE 57.5~49.6
% 9] EXZ Vel

z 379 37 F @94 7181 = &l oA
g 2t A W2 2N A =F AR Aol
AP s %}0}171 Jale] FBEE Al )

Table 129} {:};&U}
AAHe2E 1 A3 4 A4 s 92 €%
ZPP =% Ajo] ol] 3 A é(P <0 01)°] Al“

Table 12. Correlation matrix of lead exposure indices and work duration in three factory group

Variables Factory group WM PBB ZPP log ZPP
PBB A 0.165*
B 0.196**
C 0.201*
Total 0.177**
Zrp A 0.119 0.219*
B 0.102 0.561**
C 0.212* 0.651**
Total 0.135** 0.612**
log ZPP A 0.087 0.213* 0.977**
B 0.125 0.578** 0.957**
C 0.312** 0.672** 0.945%*
Total 0.170** 0.614** 0.946**
HB A ~-0.219* 0.181 -0.123 -0.096
B -0.046 -0.006 —-0.182** —0.205**
C -0.122 0.020 —-0.044 -0.063
Total - 0.096* 0.079 -0.082 -0.106*
WM : Work duration(month)
* P<0.05
** P<0.01
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o2 Yelxtou, d#AsE 47 1=0.177 1=0.1352
yiokth 2RI AL Aloldls fejd 44#
A(P<0.05p] e Ao Yeltoy FoATE 1=
-0.09622 3] 2t F 4 F=9 ¥F ZPP
=% Alolof] ABAGE 1=06122 YA ATl
AE A2 eIt ovHP <0.01), 823 F A
5= 2 5 ZPPEX Aloldle Roldt Ade] g
tHP> 0.05).

3 7] F 4 52 Vs el ¥ AT
&2 2277219 82 d ¥5 2 83 log ZPP ¥ 5
Atelel dAT7E Btshe = UrEHiﬂ Eavd
3 GF ZPP FE AlldlX e 371 F @ wx 7
st o] 34 F= o|3H0.05ng/m* ] o})°‘ AT &
£ 59 24 0]8H0.05~0.10ng/m?)2! BITolM = &
o]t Fagdol YAL(P>0.05), 3-8 F=9] 24 o]
(0.10mg/me ©]3)R] CTAAAM & FeI3t e o] ATt
(P <0.05).

Y3 4 559 8F ZPP 5% AloldM T 7] F
A Fr9] 7l o] ¥ TUFE JFASI St

_4

e Ao Jeiyt)

239 37 F 4 59 7E T 550 "k
TATYE TR TS SPEs2 gl A
=& AEESF 9 5%, 83 PP FE, UF F
7P 5% 4 FALE FEAFE @ S 497 3
A WAA-E v 2@ v Table 133} 29k}

2 A 5, 8% 7ZPP 5%, F log ZPP Fko

et 371 5 4 =9 7led ol ¥ 34
TYFE 2770 wE SAFAY 71879 A
o] Ax& F& UEI-

TR/ B2 3 A TR AL AT
dME folAdo] gien, BdlAE P<0.0S, CF
drxe P<0.012 foAe] FUBigich AAAeR
AL IR (P<0.01) AP 0.03152 BT

277t BE ¥F ZPP 59 IAWHAL A
T3} BEolA felAe] slden, Caoxe Rl
o] AAUR(P<0.05), AFAc2E & v} FeJ4o] 9l
4o Lh(P<0.01) AL 001812 w3}e}.

TR0 e ¥F log ZPP w2 WY

Table 13. Simple linear regression of lead exposure indices on work duration by factory group

Factory group Regression equation R-square P-value
A PBB = 19.350 + 0.432 = WM 0.0271 0.0815
B ' PBB = 25.417 + 0.682 = WM 0.0383 0.0039
C PBB = 32.358 + 0.793 = WM 0.0404 0.0408

Total PBB = 25.286 + 0.680 = WM 0.0315 0.0002
A ZPP = 38.293 + 0514 = WM 0.0141 0.2099
B ZPP = 47.005 + 0.861 = WM 0.0105 0.1336
C ZPP = 50.901 + 2.519 = WM 0.0449 0.0308

Total ZPP = 45.141 + 1.246 = WM 0.0181 0.0050
A log Zpp = 3.629 + 0.009 = WM 0.0076 0.3591
B log Zpp = 3.740 + 0.017 = WM 0.0157 0.0664
C log Zpp = 3.756 + 0.048 = WM 0.0975 0.0013

Total log Zpp = 3.705 + 0.024 = WM 0.0288 0.0004
A HB = 15.481 + (- 0.078) = WM 0.0478 0.0200
B HB = 15412 + (- 0.016) = WM 0.0021 0.5027
C HB = 15.618 + (- 0.040) = WM 0.0150 0.2158

Total HB = 15457 + (-0.034) = WM 0.0093 0.0452

WM : work duration (month)
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< ATH BTN frefdo] gldoH, CRoMe #
o]de] AN (P<0.01), AAHoZE B off folAL
YRS HP <0.01) B3 & 0.02882 F3ird.

TE71 20 wE gAaLge] Hshs AP 7}
 F3F AT feF GBS eIz
(P<0.05), dHE L 0.04782 29yt the ZARZ
ME FoldS JeRiiA] st

V.o &

A AF AFAEY QA TS Hrks) 9 A
=& AR2E A 7R o, o3 5 A B
g 8% d FEE do] Al F5€ AeE Vel
£ ¥¥(lead absorption)?] X|¥o]x, ¥ ZPP =
X, 8% delta-aminolevulinic acid %%, 8%
corproporphyrin A Froll T dARES
FHstke ez °1°l 5101 AAZ AR ol Vet
FEFE 233 Aolti(Waldron, 1980). o] F = A
TEE T A =58 VT A wkgsta A%, A,
AF HAJNF ohFge] dEgE AA wam, T80 b
Ehi7] Al E40] 73] w2 AEEA 2UE
Bol dAAERA 7P $2 Aoz ZEA o
(Zielhuis, 1975). ¥lHo] ¥3 ZPP HE dd] 28
A7 ARAYA} FE e A FEg B @A e
Bkgst7) wEel A F4o 4FE velle ok F &
S AFol 3, A BN #AE S gl 2P 7)3)

7 3 A2 A, 9 o8 FJARD R AEsin
A3 AAHo|m, BE §¥o] HA FaF Y
< 7R AT 5, 1986). £ Grunders}
Moffit(1979)= 8% A%Z F ZPP 5% Aloldl=
E2 A0l JloIM EF ZPP e SHo 2 ¥F
AEE A & Qlu, T Hte] BAY) €5 ZPP
FEE U e 9 23S AES Jehidn
Foteh. 12y FF ZPP FEE A kZ 99
AR QlE Re) ozt 2 R A= W
ol 1, 53] A 2= A% A x=2Qlo) H
B 294 93] 8F ZPP 357t 27K Ao

-1)1

71 &l A A S50 Adkdle WAt & shugt
R Roke g7 B §4ske Zlo] nlazsitt
© A% tHGrandjean 5, 1991; Lilis 5, 1977).

€ AN 2Ty 85 d B2 37 58+
1.6 4g/100ml-& VFERA 1, B S(1996)0) A7}a
52579 WA E ddo @ AT EF A 55
o] W& 5.79(1.8~29.63) pg/100mi)2t K sl
2 d7dde vz an, ¢HtE §(1993)2 A
ol 212%S Ao 14.5+4.1 pg/100ml, 274$
(1993)2 131%9] YaE qw_f; 9.4612.44
100miolE}a B it d8e 7 73 779
o FHE ez 3 A7oA ﬂﬁ g? T
4.86--0.15 ,ug/lOOmlO] 2ln Bl glon, B4Rl
3 A Fhv AU X Fel ula} e 2}
o]7} ﬂt}_l_ o}‘x’E]-(Watanabe = 1985).

oH717hE 19 viRto 2 A3t 2 AfllA 4331
9 d e8P ¥ 85 A B 295+124 yg/
100miolx, HF BF ZPP ¥EE 5294300 ug/
100ml, AT 152+ 1.1 gm/100m-L VER)]
(Table 5), A F5 FFAd B2 5 A ¥ 40
4g/100ml 0143 8% ZPP F= 100 4g/100m 0] 4]
222 22t 18.2%, 7.2%FTh(Table 10, 11). 27
(1995)0] AFelMe & FHR] AZUo] FA}S
At 222} 1,506% (H o 25717k 2 5.0+4.9d)0] &
T 8% 9 TTE 3151129 pg/100mol L, HF &
Z ZPP 55 59.6143.3 4g/100mi, GMATL 15.7
+1.3 gm/100ml& el 1, 4 25 Fo)3tA0) nlg
3 A B 40 4g/100m 0143} HF ZPP £ 100
#g/100mi o}del 22l 2zt 22.38%, 10. 23%&}31_
Eastch =3 SatE S(1991)2 2AdAe] 84
=7 8 &5 E o3l AlgAE tido R dlsle tﬂ
T 85 d 5= 219169 »g/100mic) 1, it =
ZPP =& 21.5+14.5 4g/100m, 2T 159+
09 gm/lOOmlO]SdI’_, ZAMRAAARE 78.5%7} 3d o]

B3 2291, 23 o) 253 22A= 43%Y
Ek o} B dA7oM e eI} HEEE
ojslel AT(113%)0 viud o ATY HF BF

B o oy

fr of

19.
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EEE 219479 4g/100mio) 11, B FF ZPPEEE
4144126 pg/100ml, EMA422 15.041.0gm/100m
& YehliolM 8% A = ﬁ—‘ii\ ZolME Aol 7}
UAAA T 5 ZPP oM & & 2ol & UERIT
2 A7t 2AHAE %ﬂﬂ 1d vjghEdE 2
7]7}: 5.8+3.3 month)ol] 333 AL 12sl] c}%
(1995).F Bt-& F(1991)4 AT} v wE o Azje]
2 A7t glvke AL 257170 149 ool & =%
AREL = AE BHJHYE o|F& Aoz Az
o}.

3 AFE F(1990)e] A FHA 34 Y
ZEAE ACE 3 FFE AFoMME =2 A 8
Z 4 FEvE 16.58+4.53 ug/100mo|UR Y &
of 28.82+5.66 ug/l00mC 2 FAMA Z7HElod
(P<0.01), 7 3 43 ZH3)= 26.46~28.54 4g/100ml
o2 ¢ ol FUBHA ¢sitln stsit}. Hesleys}
Wimbish(1981)2] -7+l ejata o] Ao A x=Zo] ¢l
AR 20989] & AHP FAlske TEAE E2
2 & AT YA BA EF A FEE a2
2E 154g/100m°) 1L, ©1% 2F 47 EF
A 557} 554g/100m 02 FA3HA) Z1ek o, 4~
6/Hdol = o olde] F7glel HHE o|FUtkn
B oyt vidle)] 83 ZPP EEE AIZA] 16 g/
100mo|Y 1 22 NLA o= 55 4g/100mic] 33}
A1 IF /Y Folle 110 ug/100mi7tR] S7}ste
Byl ol24) iln A% F7leiErin Bast

Ik B dpeie AAHos E o HagFr A
ETE Y A ZEASIA 5.8+1.6 ug/100m-E Y}
o} 471 AT Aolrt Ao, 27713t
1~-209 FAMNE 2414124 4g/100ml, 57
7149 FME 29.2+13.4 yg/100mio 2 EA?) =
7¥atd 21 (P <0.05), 7L o} F ol 28.9~34.5 yg/
100m8] A& UrE}LHﬂ(Table 7. A3& 5(1990),
Hesley S(1981)7} ¥]5:3F b2 pabsigon, ola
n]Fo] Hol 22250 A xZ o|F 8F 4 T2t
o X WY& o]Fx= A7I7L 3~-HYEA Aoz
Ajztach

17t 3~

E IV F A9 kE2EE B gz 3
T 8% d v RE 34T 25773 dist
o fol5hA W¥kn(P<0.05), AN HF de) 2
71708 BEE 1-209Y FollA] 14.146.3 4g/100m!
o2 3~40¥ I} ®lwskd felstA wFka
(P<0.05), Uz ZolME 20.9~25.7 pug/100mS} &
A& YEIAL BrdME 2F7130e] 1~-2H49l
oA 24.0+10.6 ug/100mio 2 k2 2577k o3}

vl fofshAl W3ka(P<0.05), YeiA] Follde
29.6~33.3 4g/100mi®] F£& JEPIRITE. CEAME
ZR7170] 1209 23 3~ F3Y f9d &
ol Eolx| skt ol 25F7Izto] 1-204 ofuf
o 8% A ¥57} 3021165 ug/100mo 2 B
F7F dolwtr] wEoletn gt 2y 3~47)
2 P 37.5+14.6 ug/100m-S VERIG R VR
TAME 35.4~44.6 4g/100mi2] ] Z ERHO] T}
F 3T vst FEE U o2 nlFo
Hol A & Z2AEY 8% A 27t AUloA #
B (plateau)S o|FE= Al7le 4 & FEFHE ﬁrﬁl?}
U A2 BHEEAT oq] dislde ¥t B
T7Fdgstta Aztdct

TR712bel @ F ZPP Fo] HFL Table 83}
Zro] RF(30.8+12.7 ug/100ml)a} ZE7|7F 1~274
9 F(40.6+18.0 »g/100ml) Alolole K3 Apol=
ot 7R o] 2o vlsldE Ro3tAl wkon
(P<0.01), 3~47} g oAl = 53.4138.4 4g/100m O 2
#43] 71t 1, 2771300 3714 o) 1244 o]
ST E AleldlAie FA Rlol7t AT ATME
3744 <1’ 10742 ©18} Tto] thET T} Folg Ao
7t ARLem(P<0.05), 2F7I0 wte Ha dF
ZPP Fx2] 2ol AeHA] gstrh. BEolxe 2571
7t 3~40 Y ol Tl M T Felgt Alelzt AN
3L(P<0.05), F717ko] 7€ o] 1070 ofshrol
A 2EIZE 10083 27 2ol (P<0.0517F S)
Qch. CRA HF F ZPP T 257|7 3~
LA F43% F71 S Jeplitl ol 3 2772
M e BAAL 4SS JehliAl e AT 2
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F717k0] 71 AL E gt SRS Ve

Act. Z I B ol2id Aole A F A
o e 2¥7)%o] ¥gehs A9 oldl oz
AB7yEt}. HesleySt Wimbish(1981)2) A7Zw}s} vl
W3 HAHeZ TRV 3~HEE HF
< B0} o] FRE|E CEYo] B3 ZPPY 9kt
Z717} A4E A whddl] Hesley®t Wimbishe] &7
dME AFHQ 7t FE BYed, ol ¥ 241
7t GRAZAK D, wEpA] ZARAA olp] EALG
T2AEC] miER] R v2E Aos 4zd
T} & T}2 o] 42& Hesleys} Wimbishe Uutdo
2 d ZAANJET A =Fo] 43 A AAGA FAL
dhe TEAE didoE 3] i B 4+ e
A =2 77 22 A% AY & Aok

3 d Ev Ol 49 A F59 g
UYepln ¥F ZPP 52 5 < T A Ay
AslE Jehl7] dgiel] F 84 Aloldle 3~14(#
o] Hen) A= ARATE dvkxn siglen
(Ness, 1996), Hesley 9} Wimbish(1981)= o]2]3} A]7F
ato] diiel] F Aol FYE o olFdx ¥F
ZPP k9 F7P} ASdEtt sigon, ek
5 gk 232 AAPYoEM EF ZPP BEE
AR W B2 Fo7 g gt st

o] BAA(1991)0] Tehe 17532 AgdlS
23} Healthy People 2000004 ‘Aol w&5= 224}
E A ER = €F @ T2} 25 4g/100ml 0] &
M she ZE k&S AASK: Aolgtx g, 3
A ol2ld BRrlEd sPshe 223k ATAE
65.5%R 1, BRAME 36.1%Q1, CRAME 19.2%
£ Yehlol(Table 10) T3] A ©rg & 3}
o|E HYt}. o]& g 71Fd) olx A FsleiH 2]
B3 =S FHolx FEIIE ol AAIshs Aol
g gsicta Az

F ZPP FEE A F5 T3 (100 pg/100ml)
o)A}, 50~100 yg/100ml, 50 4g/100m! wgro.g2 FE-35}
& wj(Table 11), ATNME & 1137 Aol A F
E Fo3H olslin EF ZPP 557} 50 4g/100mlo]

31 2EAE 27713 TEE 94.3~70.8% HH W
o e Z zfolE VERA] gotr A wFofl o
& 2879 FFol & AoE AZEAUTE. BToA
€ % 2168 F 15%(6.9%)0] FAAE dA 3, ¥
% ZPP %7} 50 pg/100ml 01319 22 A 2F7\7H
o] 1~1¢Y FollA 80.4%H 1 7Y o] TN e
63.4~474%°] FEXE YEpULE. ClMe F
104 ZF 16%(154%r] A 55 FAMAE BU3,
8% ZPP ¥57} 50 4g/100mic]d}e]l S22 AR 257
7to] 1~DHEFolA 85.7%F L 1 o] 11~170¥
2 770 271l wle} 53.6%, 47.4%, 20.0%,
25.0%, 154%2 F&3) dhdhe 23S Yepide
g ole d =&Vl ahg 2¥A9] o] A& F
7HE7) HEelgn et Ao & 4339
T 319 (7.1%pP] @ F5 FAMAE dn deH, =
3 €= ZPP ¥57} 50 4g/100ml o]3le] 8] &L AL
oA 82.3%, BEANXE 60.2%R32, CEAM = 43.3%
o £zt Fe 2A$Ad T 2 Aol & BT

Z} 339 371 & 4 w29 71T £ dA
g 2 3T WE SF7I0T A 2E AF Alele]
AzHEPL AqHc2e TN EF A 5=
2 F ZPP F% Aloldle 9@ 484 (P<0.01)
o] & AeZ Jeyiov, AdAFE 47 1=0.177,
r=0.1352 ottt Z2E1(1995)%] Ao oahd &
7 A T=9 85 ZPP %, 5 log ZPP x4
#AFE 242 1=0.588, 1=0.6498} 1 B0 u} B &
7o %t 2HE el ot ael ¥ ZPP
FE R ¥F log ZPP wko HHAFe 44 1=
-0.260, r=—0.258& UeRfe] xlol7} A} EF
d 2o F ZPP 3= Alololx 7] F 4 B9
71 Ee] #& TYFE FHAIt Fvlske Ao
2 gyttt o3t Adake 4 34T A4 At
oo g ¥ZF A & ol =y fiEQ] Ao
AzrE}.

T3] T F 4 w9 73 TE £F0 gE 4
TRATER FEB 2NNE SEEeR sl @
=& AFEF 4 55, ¥F PP T, U5 ¥F
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ZPP = R FALHE FTEHUSR & U 43} 3
A WA v b €5 A 5%, 8F ZPP FE,
Y3 log ZPP 5= sl ¥/ 3 9 559 7j3t

BE $30l £& 2Y4E 257120 nE HAYY
o) 718719 49o) AR Py YEHIT. o)
& Ahe v 29 AP w0l Be 25

2 1d vgel 2EAse) @ 4 2 Ao A% 9%
& vlmshe AE2A A8 5 slgka Azkact.

£ dFellMe F12] Azl FAlske A7\t
1d wjgkel dat 22at A3t A AR Aol Hdsl
A IR 4998 ggeE 5 A ¥&, 3 ZppP
TE, QUL F 59 A 3 ANF9) AYPA L 2A}

A =& A EFXE Q)
L&A F5 FoH
HZAL]7] ] Eeo]

QA W3LE AAskedE AEA
ol it} 13y tE drdafoAe} npasix 2 4
&2 FE0] 2RI 01 ~470€EQl FolA oln] o
L 3% #H3P4e ol23 27707 1d vlgkel 2=
A9 A =& A KA ]' AR —:4 39]’*‘—4 il
xZ A F2) % 2 Aol7t ol

S tdoz & Aol the SulE w9 z—&"é

FHafre ot 2 Aoz Azher]. ajaba 2t *]"ﬁ% 7‘]’

A xE TEAE o

X E AU S A w8 BET 3go] of

& Fol7t AuiF oz Bese, RABYAQE
AYAIE hskd Aojx ZH|ZE 3~4748 ol
9 8% A ZAE T A3HA YEAHY =Y
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