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Cohort Observation of Blood Lead Concentration
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To assess the effectiveness of the interventions in working environment and personal hygiene for
the occupational exposure to the lead, 156 workers (116 exposed subjects and 40 controls) of a newly
established battery factory were examined for their blood lead concentration (Pb-B) in every 3 months
up to 18 months,



Air lead concentration (Pb-A) of the workplaces was also checked for 3 times in 6 months interval
from August 1987. Environmental intervention included the local exhaust ventilation and vacuum
cleaning of the floor, Intervention of the personal hygiene included the daily change of clothes, compulsory
shower after work and hand washing before meal, prohibition of cigarette smoking and food consumption
at the work site and wearing mask.

Mean Pb-B of the controls was 21.9743.36 #g /d! at the preemployment examination and slightly
increased to 22.7543.38 xg / dl after 6 months,

Mean Pb-B of the workers who were employed before the factory was in operation {Group A)
was 20.49+3.84 ;ng/ dl on employment and it was increased to 23.9045.30 #g /dl after 3 months
(P<0.01). Pb-B was increased to 28.8445.76 #g/dl 6 months after the employment which was 1
month after the initiation of intervention program. It did not increase thereafter and ranged between
26.83 pg/dl and 28.28 pg/dl in the subsequent 4 tests.

Mean Pb-B of the workers who were employed after the factory had been in operation but before
the intervention program was Initiated (Group B) was 16.5844.53 g /dl before the exposure and
it was increased to 28.82+5.66 #g/dl (P0.01) in 3 months later (1 month after the intervention).
The values of subsequent 4 tests remained between 2646 and 2854 pg/dl

Mean Pb-B of the workers who were employed after intervention program had been started
(Group C) was 19.45+344 ug/dl at the preemployment examination and gradually increased to
22704455 pg / dl after 3 months (P<0.01), 23.68+4.18 #g / dl after 6 months, and 24.424+3.60 g/
dl after 9 months,

Work stations were classified into 4 parts according to Pb-A, The Pb-A of part I, the highest
areas, were 0.365 mg/m?® and after the intervention the levels were decreased to 0.216 mg/m?
and 0.208 mg/m® in follow-up tests.

The Pb-A of part [ was decreased from 0.232 mg/m® to 0.148 mg/m® and 0.120 mg/m?
after the intervention. Pb-A of part Ml and IV was tested only after intervention and the Pb-A
of part M were 0124 mg/m?® in Jannuary 1988 and 0.081 mg/m?® in August 1983. The Pb-A of
part IV, not stationed at one place but moving around, was (.110 mg /m® in August 1988.

There was no consistent relationship between Pb-B and Pb-A. Pb-B of the group A and B workers
in the part of the highest Pb-A were lower than those of the workers in the parts of lower Pb-
A Pb-B of the workers in the part of the lowest Pb-A incerased more rapidly. Pb-B of group
C workers was the highest in part T and the lowest in part IV. These findings suggest that Pb-
B is more valid method than Pb-A for monitoring the health of lead workers and intervention in
personal hygiene is more effective than environmental intervention.

Key Words: blood lead concentration, air lead concentration, storage baitery workers, intervention.
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A& AMgste FA% AM9eR FHA Az, AEA
de(7HEd) Az, AL Az, Jig A9E 5 AFE
9} Az7F L (WHO, 1977 ; Rom, 1983 ; Zenz, 1988)
I FAME 2EA A Z7le} tEo] FAHR AR
o AMgE = dol Fo] FA3] FvHE ol M=o
M daHle] o 40% ool FHA AR AMEH
e Aoz Bus i YrtWHO, 1977 ; Ratcliffe, 1981).

do HjHoz EZzde TZAESL Udes E2
o i@ ZAlA Al (exposure monitoring)e A& 83
7+ (biologic monitoring)oll it A7Eo] B2 (Lane,
1949 ; Chiba, 1982 : Kwok % 1982 ; Sakari and Mubisi,
1983 : A &, 1986) 53] 34 T4 I=AES
Heg AP d7Eol o HusE Ack(Williams 7,
1968 ; Williams %5, 1969 ; Tola %, 1971 ; Tola %, 1973
; Williams, 1978 ; Gartside 5, 1982 ; Khoo, 1982 ; Lee,
1982 ; Karim &, 1986 . o|¥ = %, 1987 ; Matte %, 1989).
sy ol AFELS ditkert ofn F2E ZEAE
& oz stod g A o2 AR 97t B (Willams
%5, 1968 ; Williams %, 1969 ; Tola %, 1971 : Lee, 1982
; Karim %, 1986 ; Matte &, 1989) M8 E2d+= 2=
A5E dAdesE AR ZH$(Tola 7, 1973 ; 52
93], 1982)v A8 L AL g ALRX
(intervention)Z 73l #=3F A(ol¥ = F, 1987)
€ A & FHIde vay de 539 Z24) 9
272790 A d7 A7%E Baus5 9] o (Fischbein
S, 1980 ; Kodama &, 1982 ; Neri %, 1982) wald 4
o AgFoz ZasHe ZE2AES YR IR
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534 2335 A (Atomic Absorption Spectrophotometer,
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Table 1. Age distribution of exposed subjects and controls

Age Exposed subjects Controls
(years) No. (%) No. (%)
20—24 70 ( 604) 9 ( 225)
25—29 41 ( 353) 15 ( 37.5)

230 5 ( 43) 16 ( 40.0)

Total 116 (100.0) 40 (100.0)

Mean(S.D.) 246 ( 262) 298 (747) .
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Table 2. Distribution of exposed subjcts by group and
parts

Group A Group B Group C Total
No. (%) No. (%) No. (%) No. (%)

Parts

I 7 (167) 9 (2200 9 (273) 25 (216)
I 11 (262) 14 (341) 7 (212) 32 (276)
m 9 (214) 8 (195) 6 (182) 23 (198)
V15 (357) 10 (244) 11 (333) 36 ( 31.0)
Total 42 (100.0) 41 (100.0) 33 (100.0) 116 (100.0)

Group A : Exposed subjects who were employed before
the factory was in operation

Group B : Exposed subjects who were employed between
the factory was in operation and the initiation
of intervention program

Group C:Exposed subgcts who were employed after
the initiation of intervention program

Parts T : x-met, encapsulation

Parts I :lead strp, oxide, paste mixer, green group

Parts [ : small part, formation, final assembly

Parts IV : engineering, examination, technical part, fork-
lift

100 Aoz 49 s 2 AN 2045 A3
t}(Fernandez, 1975).

AT, T4 1987d 8¢, 19881 1€, 8dol 33,
AMFAE 19889 14, 84 230 2X A% =
ATHol L& 2 g9 Aol low volume air sampler
(Sibata, L-30)& °]&3te 20~30L/min¥ 2~3*|7t
Y FF AXES AANAD ANFAHE 19884
8ol AN¢ F71 £H7)(Dupont, Alpha 1) FYF
QA 229 IFW AX ] BFso 2L /min¥ 4~6
AZE B 3% dREL AL e ¥JE
g2 & 05% ALHHNO,)&do s F&3le graphite
fumaceg #&E AAEFE EFAF=AE olR3td T
AF=E FAsE

FAEE ¢ il 8 28 AN=AE 19879
89 FTeHE Algs, A48A AdzA Wi
2e 4 w71gA HA, ZdFY vt =48 %
FAFHL7] AHRoz vt % FA 2dS FHh

ol AA9 MHzRNZE AGAS HAAste md <]
B Ay, AES AAste Ha2A gyHoez
A9 E RE o AFdT AUFE AR5y
Aabd gtEA £ AA SHER AR deldel &4
A FI9L A9 B AT dele ut=A]

M Aol A WarE 184 w23 g FgatA stgon
17 1883848 58 naugy A48 YA
atgich.

A #¥e Bxzd A% A% F 6/Enx B
Zol 75U 2790l ts AN BF AR} 6
MY Fo| 8% A5Eg uwsho paired t-test2 3%
s,

Zzge A, B CZo dsl 22 o 349 gHoz
Wy B WF AFES A4 ¥F A= vw
dto] Paired t-testz FA}POH 2+ 22 47 BA
2 oM Zzte] RNMEE 28 WHoE BAsm
371% dA%se Asts viusig,

AARME 7% I 1873 825E < 67
4 7oz 38 3% 2% AI¥AMe 0365 mg/m’
Hout Y8 Mz ¥ 0216 mg/m®, 0.208mg/
g Zaddn, AIFAe 0232mg/ m*yed A
ZX% 0148mg/m®, 0120mg/m*y o 2487 )
AzxA F 3715 A= 2R3 ANdAs 19884
19, 89 2AA7F 012dmg/m®, 0081 mg/ m*@ 3 A

BA (o] FRA)E 19883 89l 0.110mg/m*e2 I,

2470 1, T#A Hla& ¥g (X 3).

ALA BF Ad¥Er 279 3 20~244 o]}
70 18.16+4.44 pg / dl, 25~29A o) 10.75+3.91 pg / dl,
304 ool 17.82+4.17 kg /dl2 AFF Vol AT
Aol gied UzxFY 4% 18544304g/dl, 2318
+4.08pg/dl, 19534424 pg/dIZ 25~294 FolA =
A veh) dBE ol fAF AolE nF o (P(0.05)
dgo) E7e4% 85 dwnst sk A% A

Table 3. Mean value of air lead concentration by parts
and time interval '

Air lead concentration (mg/m?)

Parts
Aug. 1987 Jan. 1988 Aug. 1988
I 0.365 0.216 0.208
I} 0232 0.158 0.120
i} - 0.124 0.081
I - - 0.110
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fzFAE 4083 eleMAA 85
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Table 6. Changes of blood lead concentration (Pb-B,
pug/dl) of group A¥ by time interval after

employment
o No. of exposed .
Time interval Mean Pb-B+SD.
subjects

Initial test 40 21.49+3.84
3 mos, 40 2390£5.30"
6 40 28844576
9 39 27.204+517*°
12 39 26.83+£4.41%°
15 40 27.68+4.07"*
18 29 28.28+3.80"°

§ Group A : Exposed subjects who were employed before
the factory was in operation
** p0.01 by paired t-test compared with initial Pb-B
(Note : Paired t-test was done for those who had
been tested on both initial and each follow-
up examination)

Table 7. Changes of blood lead concentration (Pb-B, xg /dl)
of group B¥ by time interval after employment

ATl 19454334 g /dIZ T MY Fo) FF A% Time interval No. S(fb:f:sed Mean Pb-B+SD.
E7F 22704455 pg /dI2 gursivel {4 718 B Initial test 39 16.58+453
KI(p<0.01) 670 23681418 g/ dl, 97 Yol 2542 3 mos, 19 98894566
6 39 27.17+4.56"
Table 4. Mean value of initial blood lead concentration 9 38 2646397
of exposed subjects and control by age group 12 3 27604324
Age Exposed subjects Controls 15 30 2854+291"
No. (%) Mean+SD. No. (%) Mean+SD. § Group B : Exposed subjects who were employed between
(years) (ug / d) (e / dl) z}flei rf;c:‘?gﬂxsprig g;):re;]ration and the initiation
2024 70( 604) 18164444 9( 225) 1854+3.00 ** 140,01 by paired t-test compared with initial Pb-B
25-29 41(353) 19754391 15( 375) 2318408 (Note ?t*:ti;do:;:i ol ::;;;gff;;?u‘;’};arﬁaﬁ';
230  5( 43) 17.82+417 16( 400) 1953+4.24

Total 116(100.0) 18.71+429° 40(1000) 20.68-+4.33%

*t 1 250, p{0.05 compared with controls
# 1 F(2,37)=5.02, p{0.05 for 3 age groups of controls

Table 5. Changes of blood lead concentration (Pb-B,
g / dl) of control group 6 months after employment

Time interval No. of controls Mean Pb-B4S.D.
Initial test 27 21.97+3.36
6 mos, 27 22.75+3.38

+360pg/dlE MAE Z7bsle ARE RAQD(E 8).
oldel X 6,7, 8% AL TF sME AL sFoE
ager Jepd =¥ 13 2ok

AL AYAAL 7)1Foz 4)e BNz FEsid
83 dxx9 wsE 233 49 A1RA, ALRA,
ANV H$ AR 6700l 2427 24534368 g/ d],
30.1416.33/4g/d1, 28844556 ug /dIZ A EAo] W&
AR LR {4 AolE YR oH (p(0.01 =&
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Table 8. Changes of blood lead concentration (Pb-B, pg/dl)
of group C¥ by time interval after employment

No. of exposed
Time interval Mean Pb-B4SD.
subjects
Initial test 32 19.45+3.34
3 mos. 32 22.704:4.55°°
6 29 23684+4.18"
9 31 25424360
12 25 25.151+3.00°°

§ Group C : Exposed subjects who were employed after the
initiation of intervention program
** p{0.01 by paired t-test compared with initial Pb-B
(Note ; Paired t-test was done for those who had been
tested on both initial and each follow -up examination )

0.05), AMFEAMe A4 Mg Tl 26364582 4g/dl
2 frol@ Aol HHTHp0.05).

Fdggel Ad v AIFA7 2388 | 4wd
Z712 Rooy aAgi@Ael Ad F2 AWM} 674
4712 o §48 Frtste o2 veyt.

AL#At ADFAE 6749 HAE della A

WH =8 29 2o,

BZg 2d ALRAM, AMRFA, ANFAMAA 3744
o Z}2} 30514+4.84 pg / dl, 29414765 pg / dl, 29.10+4.
Bpg/dE FAE ZIIE 8o ASAN HlE fAT
2712 RolAA(p0.01) HuAE vehdlon AT HA
o] ALE 7MY 25584548 g/ dl2 FO FUME
EHE O H(pC0.01) Ald MA 3 St 15719 A 27
00+364pg/dl2 ARAE RHTh BTAAME 2487
o] 714 U® AIRA7 83 IFEst B%eH HF
Zo AMEAM7 343 F7ste 222 Jedoi(E
10). ¥ 3, 108 43 & O39S E JepE =X 3% 2
oh

CZ& BE AIRA, ANMFAY A$e 3ME3F
Z}zb 23574464 g/ dl, 23984339 g/ dI2 FIF F
715 R (p0.05) AMIFAG ANFHY Fe
6719 o ztzb 234742.004g/dl, 22.21+4.98 g/ dl
2 fFo% F7e RATH(p0.01, p<0.05). HHEH0l
G A TR 8% Azt AYd BA ez
o] XA ZRA ANFEANAM Hlwy A ettt
(% 11). ¥ 3 119 ageg vepld =X 4

Al RO

[= Bka =1
NREAE 97/ldd, 2dx AT#Me A& $7se ¢ 9 2.
Ao UebATHE 9). ¥ 3, 99 A& Yo g
wg/dl
Intervention
3 301 initiated Group B
% 1 S Group A
é 25+ Group C
2
L
K=
§ 20t
i !
:
8 15t
e
8
m 10}
f v 1 i 2 1 ! 1
-3 Q 3 6 9 12 15 18 months

Time interval after operating the factory

Fig. 1. Changes of blood lead concentration by group and time interval after operating the factory.
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Table 9. Changes of mean blood lead concentration (ug /dl) of group A¥ by parts and time interval after employment

. Parts [ Parts 1I Parts [If Parts IV
Time interval

No, Mean+S.D. No. Mean+S.D. No. Mean4S.D. No, Mean+S.D.
initial test 6 18.724+3.90 11 20.871+3.33 9 2050+4.26 14 2094+4.11
3 mos. 6 21.83+4.63 11 24.23+4.39 9 26.36+5.82" 14 22.95+5.74
6 6 2453+3.68° 1 30144633 9 30114593 14 28844556
9 7 24.39+3.12° 1 27.01+4.69° 7 259644.25* 14 29.37+6.18"*
12 7 2600+313** 10 27.11+4.67° 8 25.73+397° 14 276945.19**
15 7 27.37+£297% 1 275644.54"° 7 27114362 15 2817+464"

18 6 27651+3.32" 10 28534373 5 27561348 8 28.901+4.87"*

§ Group A : Exposed subjects who were employed before the factory was in operation.
* p<0.05, ** p{0.01 by paired t-test compared with initial blood lead concentration
(Note ; Paired t-test was done for those who had been tested on both initial and each follow-up examination)

rg/dl

8

Parts [V
Parts [
Parts [
Parts M

Blood lead concentration (Pb-B)

mg/m®
Pb-B: —
<
15 104 4
o, S
g
N 5
10 AN 103 %
= AN
.\\ \\O §
RN TT T T T -=--0Parts [ 102
Rl 8
i T )
S A~\\““——___2Parts[l <
Tt~ Parts IV 01
=4 parts 1
1 i 1 1 1 1
3 6 9 12 15 18 months

Time interval after employment
Fig. 2. Changes of blood lead and air lead concentration of group A by time interval after employment.



Table 10. Changes of mean blood lead concentration (zg /dl) of group B# by parts and time interval after employment

Time interval Parts 1 Parts 1 Parts 1 Parts ¥
No. Mean+S.D. No, Mean+SD. No. Mean+SD, No. Mean+SD,
initial test 9 14134248 13 16.13+4.35 8 17.70+5.24 9 18.68+5.05

3 mos, 6 25.581+548°"" 13 30514484 8 29414765** 9 29.10+4.36"*

6 9 25.594:5.05"° 13 27.33+531%* 8 27.611+4.84"° 9 28.13+249°*

9 7 25114+2.86"° 13 26.88+4.31°" 8 249645.49"* 10 28.074212"*

12 6 26.371+2.66"° 11 28.36+3.85"" 7 2717+3.39"* 9 27.83+2.87"*

15 6 27.004+3.64"° 11 29.534+2.94"* 5 28.06+3.42"* 8 28.63+1.63"*

§ Group B : Exposed subjects who were employed between the factory was in operation and the initiation of intervention
program.
** p<0.01 by paired t-test compared with initial blood lead concentration
(Note ; Paired t-test was done for those who had been tested on both initial and each follow-up examination)

pg/dl

Parts 1l
Parts [V
Parts il

Parts [

25

[AN]
<

Bt

mg/m?

Blood lead concentration (Pb-B)

< J ;
) 04 <
L0
| &
=]
403 3
10 E
¢
e OTTTmeee © Parts T 1 :
-~ - 'O
- ~ .\~ - §
i A T el Parts I 2
F \\\\\\\ ? Patte [y 101 <
~~- A Parts [

1 . : % : |

3 6 9 12 15 18 months

Time interval after employment

Fig. 3. Changes of blood lead and air lead concentration of group B by time interval after employment.
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Table 11. Changes of mean blood lead concentration (ug /dl) of group C§ by parts and time interval after employment

Parts T Parts 11 Parts [l Parts [V

Time interval

No, Mean4SD. No, Mean+S.D. No. Mean+SD, No. Mean4S.D.
initial test 9 19.06+3.81 7 19.70+2.24 6 20.501+4.26 10 18974419
3 mos, 9 2357+4.64° 7 21.79+3.17 6 2398+3.39° 10 21.814£5.98
6 8 25.39+3.93° 6 2347£2.00°° 4 24.601+4.56 11 2221+498°
9 9 26.71+4.10° 6 26.00+241°" 5 25641£3.11 11 23944380
12 7 25.76+2.00"* 5 25644322 3 27.10£3.48 10 2390+3.25*

§ Group C: Exposed subjects who were employed after the initiation of intervention program
* p<0.05, ** p{0.01 by paired t-test compared with initial blood lead concentration
(Note ; Paired t-test was done for those who had been tested on both initial and each follow-up examination)

ug/dl
2T
Parts [l
Parts |
25 - Parts 11
Parts IV
o A
o 20
&
£
= mg / m®
= Pb-A:----
g Pb-B: —— 504
§ 15k
)
3 —~
<
¥ £
53] 403 <
o
8
10 - §
=
O g
----- O Parts [ 402 §
g
O _ 3
5F a0 TTme—a Parts JI 5
Ao -~ 2 parts N Jo1 <
T~ ~APats I '
1 i 1 1 ‘L
3 6 9 12 15 months

Time interval after employment
Fig. 4. Changes of blood lead and air lead concentration of group C by time interval after employment.
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N. 1

[

A% 7oA 4z 4Y8 A 3ol 48 2
2R 11698 E2FoZ 33 ARF ZEA 408S
daees sl 93 drnel WSS v 2]
% F AYRE 2 AAAR AT e AUEA
2 AdE ¥ ols BUY ¥F dxEo UdE 34
2R,

Ag AT Q) Fads
UHYe AE=N ¥F ABE,

AY el A% x, 85 delta-aminolevulinic acid dehydratase
9] Y% AsiR7 AAH A oH(Urbanowicz, 1971
; WHO, 1977 . Baselt, 1980 ; Chiba § 1982 : Khoo, 1982
: Khoo, 1982 ; Kodama, 1982 ; Virivanondha % 1982 .
AR 5 1986 ; o|¥ =, 1987 : Zenz, 1988). ol&idt A
EE Jled 8% dsE AGHEd tAEAd s
Wale 4 o Ho o Ud 25 sbg &

gati A%, 4, 9%, AF Ee ALHA hFdel ¥

nH s AA gon, AU n# Jted Ao ¥
EE wgst Fa4o] yehur] do vluy 4A &4
o] 7}53t7] WEo MESH FIo Wlvy FEE F
oz F¥sted v AN AY F2 e
4z Uck(Zielhus, 1975 : Kwok %, 1982 ; Marston,
1982).

2 AFAME o]gd FH 2HE T3 o] @
o ZzHy TEAE WALE IIE BFshe ol
A BEEH mUHYe ARE dF AFEE HH3Y
o

Ao dx dAFxEe ZARAolY xdGd d
38 Aolzt e Aoz HuyT U Goldwater
and Hoover ; 1967, Watanabe =, 1985). dt=¢1e] A4
Ao the AFE FAH241(1968)°] 194 A3 @} 160
3 dden & dAFNA 22241084g/dl2 AFE
I 319 3](1982) = 20089 A4 10198 ddez
A7NM 175490 pg/ dIZ B 03T AFA F(1985)
2 194 AFo 17 1208 gz & AFd4
16.544+10.40 #g / d12, 2893 A7 16~2549
29 145% e ez § AFolA 14.83+6.22 g /dl
2L Hustgen, AsiAA 31E(1986)2 10~594]

w3

o] A7l 2588 L hAte g & A7olA 17174787 xg/
dig g rustgrh

A dF Az 222 11699 AgA dF A
FEE 18714+4294g/dl, ARRE Z2A 40%9E 2068
+433pg/dlzA A4 dF dvxz W &3
dow B dAFdqMe AEA BF ABEES IEeE
AZE #Fsonz g gze A9 olst
a7 Al Mo JFE vAAE ¥E Aoz A

sfdenz APeAd v uA] G4 dg o
kA gt dixEd glolMe ARPEE Aolzt
U BAA JEE 4F0)0 F ¥F Iz W
gy g oleld Aoyt AT Addde
A2 g AeR Azt
873 23RS dests o o gddd usiA
o] o AR AL FTIEHI] AHES d
2 shHWHO, 1977) %713 #&E she AS
DAAA ZEE Fse Ao FYsivte FE= AH
(Marston, 1982). 2249 &9 Hx7F €A A1,
I, T¥Ae 22x7 2 Adss 2 fxed4 o
st low volume air sampler2 o|FatHA Zi sl
ANEAE AL 37 FH7IE FEE AFHsA
19874 8Y A& #71F dsEe ATRAZE 0365
mg/m?, AN 0232mg/m*ax Ads =4 U
rtou AaAd g AHRAE AP F 1988
d 199 &AM A 1A e 0216mg/m’ AT A
£ 0148 mg/m®, AMFME 0124 mg / m*H 3L, 1988
8Y =347 ATRA% 0208mg/m*2 &8 7]EX
015mg/m*E z¥ste] PR A7} HASY
371% dsze ¥dF dexe A o3 dAiz
A DB MY At RO i (WHO, 1977 | Ratcliffe,
1981 : Snee, 1981 ; Kodama %, 1982 ; Annest %, 1983
;Manton, 1985) HYgALz ZzdHe A oA
A4 F7F AR dF Az #Ad o
AE ¥aAR Hoew 7E dFE dusrh 93
A7 gop(Willams 5, 1969 ; Kwok 5, 1982 ; Lee,
1982 ; Sakari and Mubisi, 1983 ; Karim ¥, 1986 ; Booher
1968 : Matte %5, 1989).

Williams 5-(1969)2 XA 49 22 3948 o
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oz MAE BVIEYVIE ASSt] RAEE AR
2713 dEEE 937 2Xsle 3 dEne
FAAE 2AR An 24 7|5 AFEE 0.012~0.
218mg /M*A3L 222 F FEEe 271.2~T420g/
diied 715 4559 2249 83 dyee 4
‘dol Ekch

Matte 5(1989)& Jamaicao]A 3709 A 24 =
22 469E udos AHFE AFeA AL
2 ¥, 238 wF 9¥=7 003~53mg/m'e
thorst B¥Z B %11 ZEAY 83 dsxst 60pg/
dl o]4o] 28% Y& Rastgch

Lee(1982) & 6&%«1 37 34 222 2349 o

=

Aoz NP A7 2AHA b gh volume air sampler
2 X3 233 2y 3F A¥E7H 007~038mg /
mig 3t 1;1}94 V2 A TE 485~559 pg / di¥EH)
371%F AeEd 83 dewrt #RhAAS 7RG okt
Ao

Karim %5(1986)->

Sudan®] A 33 22 929
< dgog AP ddiA 2
2d 371% 9% 180~220mg / m*EE 22A
9 842 AFEE 481~807xg/died E7F dF
=9 ¥F d¥Ee H3 fuAdo] i

Kwok 5(1982)& Al7bZoA 2Rz 249 223
g d3ez Agg AFdA "’%%‘ﬂr g ER71=
X3, 23 2AY 3715 dsE7h 0058~0.280mg /
m'gn 2239 ¥F xﬂ;%&.— 46.4~634 g / AT
3715 dFEs 595 Ay A gl

1988d 8U % 9] 2 F715 Ae=rt HA 0.018 mg /
mioj A HI 0.208mg/ m*Pal o] A7l 2=z ¥F
Aexe HA 2394+380xg/dlolA Hi 28364385
pg/died 371F dexd ¥F desie B9
At E & A7 AL JYAF(Williams 5, 1969
:Kwok &, 1982 Lee, 1982 : Karim %, 1986 ; Matte
5, 1989)0 vlah ¥ Awxrl Woked olx dEal
7t el £29 o] tE AR At Y
Aol U& st AdzAE APG A BHE
#2 Aztgd. 28y AdzXF i il E8F
Szt #E7|7ke] mixut 6€ T vl MM
Zbte AE HQ A gFoAe a9 uzrzt
18Y Axmolx HF o] o 1ALE FATH A
o] o 90%7} wWoll ZAsE W FAE do HFF

<)

Y R 42 o R o A

o] o 27:deln] Ay|7t Aol Z29 A
E9 o 25%7} Wol £AE do] Foz wA U
Holebe AR (WHO, 1977 ; Ratcliffe, 1981)% 18
s 222 83 dFEe Alzte] A wet ,\1
A3 e ZAeR F2Ev. was 22 8F
o dig A& FATFe] Fasictn *Mr%ﬁ}
Tola 5(1973)0] A%¥%7 H1 2~4mg/m
QA% e AR Fgel Ao 2RIE et
293 3399 Z2xE deR ¥F dvsg #F
& Az Z2 209714 wiF FAH3 2790 o 40
pg/dlol olE2R3 12 F MM FriHo] T2 60Y0]
% 50ug/dIZAA] F7HE ¥ BP L olFE AL BFRY
E’r.

%

757 ZYs(1982)= A FAA AxAd A=
44%1 e 22AE gdes 2 2ol 8% dvxy
H3lE BT Ay X2 T 7dd AgARG Fost
A =X AAM3E Frtste 23¥ 371F AF=7 A
2A 012mg/m’, ANHA 023mg/m? A [#A
038mg/mil X ¥F A¥z Ztzh 388+94pg/d]
3501750 /d), 6294+242pg/di} & BuE FIF
dFEe ¥F demst vEHEA Y58 FRsAG
Gartside 5(1982)2 AT &A%
97299 22AE 7
F dEze Y Ao 3 TF
FH S BdAL WA EJ) ol E
F As=g 2R 83 dvre #UAe| %4y
Eo 222 ARANE A% 2JUHAHA 3T 9%
=2 22z 8% A%xE ez FHse S
AAstA] Eabe] WlsA] F AFEE J|T0E ALY
Rg FAs9d
A B, CTolA Z2 F 3MYA d8F Ax=7st A
EAlel w3 frolstA Frlshe e ded o AT
o] 79 2390+530xg/dl, B&o) A$ 28824566 #g/
dl, C#9 2% 2270i455#g/dli dFdY 22RE
o] ZFste YA 7l T dw=vh 19874 8€4
vy g2 £EUL LEW o ‘QT Az F7)
APAF(Tola 5, 1973 ; S5 #F3), 1982)9 A
o wla} diFog vk FFo] shEHr) Hel ¢
AMgH AT E2 2oldle A8 F vlad e F
o =250 MY Ao IF drrrl HdFez
Baro @ ££2 nYS Aoz AAHY 6L

0{)1 i
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ol 9% dA¥Ey 28844576 pg/dlE A A7} HlR
& BZ MEA 85 dxxe 2& FFoUn 1
T 43]9 ¥F A ol A el o A
T3 Bitol 337Hs olf 9o Fz2d Awr} vxd
S vepdttn & £ Ak AMZRAF QAL Cdl
A e 2718 B AL AdER ¢ ALANY A
A leoﬂ o% Az Azdd Az ¢ 69 F
A% 3MY 39 ¥F drxrl vi FhEAY
BYE o]F AE Y3 2 AA A4 A=A
#HEAL Wds Fe 2H2 AR o8 d Ade
oj= %5(1987)9 Ay9® Rl Aot
T AYede] Zy] o ENE ¥F dez 4
7} A, B, CZdlM 2% & ZME Bolx| gu #HYHF
1% dFse vdste #A4S JehlA g2
AL AYAN F71F dE=d ﬂid BE ARE 3
gozx 7% A¥Ert 52 A4 IRse 2824
Zo] AAQH Aol that MMz Aol o AAE) Al
SHT Bd#y ZdHME AAAAN 2 Hdus, 4
g 59 Zeads zrd FFHez A 9E
oz AAgn. omeld A fAddMY A=A
23 o & J4%L 3 Ao g E gHez
Ligoﬂ ojEste] 22 ¥F ABnE
FAste A2 B4 flon uas 223
2 dade 37
FEE ARR 3
: Gartside 5, 1982)
e},

o

3

=

il

s FNE

n o

Azt g2 e g5 o
Aol ] Evde FA(Williams, 1978
& Az Qzt

1r

w2 & gle

v.2 <%

247 329 AW A5 A A AX
zA7} 224 8% A%5d om ¥
B st AZ YW 274 g Puy 2
23 11698 Aoz AN dF A¥ES 2ysn
198713 2¥%E of 3/4Y tFo=zm 12~18/0¥% &34
BESG. BB T AABA 2 2ad AAA
o MPENE APstdn 19879 8YRH 674Y 747
om 338 AP B/1% A¥EE AL E A
2y 2za 4098 gaPor Mysd 159 9%
Aol WHE BAFAAUG. LJBH ARE Fau)y)

e E

FA AAG viete AFHAQD AYAR APEA =
M A8 A, HaAl A, A4 A &R, A9R
W &9 2 2A4F EA, 282 vpa3a Zgodu,

27 409 F 6/197A 8% deme @] 7}
TR 27900 Y84 FF Aot 21974336 42/
dleln 67043 22754338pg/dl2A F98 Zre
Ak

4ol 7HEH7] Aol YA AFS E2 A % 4
27t 20494384 pg /dIG T E2A7 3719 Fol 23,
9045304/ d2 F94F 48 229 (p{0.01), 67
4 ZNAZA 11E5)dle 28844576 1g/dl2 B
F7HE A oY 1% 43 A= 2683~2828pug/dI=
o ol Z713kR gttt

FZo] 7HEE F ANZXIL AP Aol QA
BZ9 A% 24 d% 9%E7) 16584453 4g/dSA
I 3MEERNZA 1NYEE) 2882456648/ dI2
F23 271809 (p0.01), 1 F 48 2= 26.46~28.
54 pg /dIZ ol ZotetA] ol

MAzA7E AdE & dAs CEANE 44 8%
AF T} 19454334 pg /dIF T 370859 S Axn
7} 22704455 4g /dl2 /¥ F71E B 2(p0.01),
670 Qo 23.68+4.18 g /dl, 97 Holl 25424-3.60 g/ dl
2 A3 F718ke A4S By

19873 8¥%H 679 tdoz 33 AARFe 23
st AR TF Ao wel 474 E pEs
o 1 AL B ATRAE 0365mg/m*d o, 7
ob:;:_}z-;z Az F 247+ 0216 mg /m®, 0.208 mg/m®

Z2ER1, AT E 0232mg/ m*Ped ARz

1]? 0.148mg / m®, 0.120mg /m*gow, AP AE MM
ZAE 239 ANEAE 19889 19, 820l 247 0.124
mg/mé, 0091 mg/m*Y3 MNEA(]EHAM)E 1988

9 gl 0.110mg/m*2 [, N¥A7F I, [3Ao) H
8 @i

Zb 2l vweld Ads Bie #%F
71% A= vHsA g d3E B el
AU 2 AT Mo 23818 85 As=rt #a 7
d&Ao] & AMPMAN o 343 % Ads=r}
Z7bstgeh CE2 AT 4AM e 85 °d¢°=57} A =
I OJERAR AN A Y Yol FrF e
5 d3% Alojd 43S BEAHE urEhHZI °‘%kt+

oldel Autz Hol AXF LAY UHYL F

AFEE 3

(4
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F dexit 8% d¥ze F40 Hea A4
AANAE FastA AAAY A AdxA7} 2
g o azzols dzrdrt.

(2 =9 Aesds 244 =28 #4 ¢
g Agdes A et FEAY
A AAERYS)

G|

o
-

b
o

s
=

2459 w44
1985, 24(1) : 10-

2

P

.
o i

19

A, Ao}, o]FH, o]2], HAE. AW FAAE

Ao @Mx ¥% 9 2 ¥%F zinc protoporphyrine] &
A 33 Adelst 1986, 25(1) - 1-8

1985; 6(3) : 427-436

gAYy, Ad @3 209 ¥F dFm FYIuUA
1985, 10(4) : 353-361

Add, 2E5A 952 ARG RAAX ) B} A o
o8+ 8] 4] 1986, 19(2) : 167-176

SE, HBEH. 7714 FE2A €% 49 =¥ 49 w3k
so| Abejoldt 1982;21(1): 11-15

FAA. A5 @e A = A4A W] g F A
Zolh disled. FSHAFA 1968, 5(2) 0 129-134

9% A5 T 22 F dEIY % slmga o
Wepol B 2AF A, ouelstB A 1981; 14(1); 111-
116

oy vlel A% ot
(1):1-8

o=, o] F&, ¢hit%. = AHF ARAFNIAM Y AJu A}
gol 22a AREFAC] vAE AW FT9 Aels
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