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= Abstract =
The change of vahdlty of blood zinc prot0porphyr|n test by dlfferent cut-off
level in lead workers

'Yong‘; Bae Kim, Hyun Cheol Ahn, Young Hwangbo, Gap Soo Lee,
Sung Soo Lee, Kyu'Dong -Ahn, Byung Kook Lee

Department of Preventive Medicine, College of Medicine, Soonchunhyang Urliizersity T

Measurement of blood lead (PbB) and blood zinc protoporphyrln (ZPP] are most
common blologlcal 1nd1ces to 1dent1fy the individual at risk for excess or t:he health
sequences by lead exposure. Because PbB is known most important and reliable index
of lead exposure, PbB is often regarded as a gold standard to detect lead exposure.
But in Korea PbB is a secondary test item of detailed health check-up with positive fin-
ding of screening test in most occasion. Our lead standard requires all lead workers to
take annual. heath-check twice a year for investigation of their. health effect due to
lead exposure. Blood ZPP is one of most important index to detect high lead absorp-

. tion in lead workers as a screening test. Measurement of blood ZPP is known well to
. correlate with PbB in steady state of Vexposure in most lead workers and is ofte_n used
as a primary screening test to detect high lead absorption of lead workers with the ad-
vantage of simplicity, easiness, portability and IOV;I cost. The current cut- off criteria of
blood ZPP for further detailed health check-up is 100 ug/d¢ which is supposed to mat-
" ch the level of 40 ug/d of PbB accordmg to our standard.

Authors tried to 1nvest1gate the validity of current criteria of cut-off level (100 18
/d€) of blood ZPP and possible another better cuit-off level of it to detect the lead wor-
kers whose PbB level over 40 wug/d. : }

The subjects in our study were 212 male workers in three small scale storage bat-

tery industries. Blood ZPP, PbB and hemoglobin (Hb) were selected as the indices of
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lead exposure.
The results were as follows.

1. The mean of blood ZPP, PbB and Hb in lead workers were 79.5+46.7 wgld,
38.7%15.1 1g/dl, and 14:8+1.2 g/dl, respectively. There were significant differences
in blood ZPP, PbB and Hb by industry (P(0.01).

2. The percents of lead workers whose blood ZPP were above 100 wg/de in the
group of work duration below 1, 1-4, 5-9 and above 10 years were 8.6%, 17.2%, 47.
6%, and 50.0%, respectively. The percents of lead workers whose PbB were above 40
wg/de in those were 31.4%, 40.4%, 71.4%, and 86.4%, respeétively.

3. The percents of lead workers whose PbB were below 40 1g/de, 40-59 ug/d and
above 60 ug/dl were 54.7%, 34.9% and 10.4%, respectively. Those of lead workers
whose blood ZPP were below 100 ug/df, 100-149 wg/dl and above 150 ug/dd were 79.

2%, 13.7% and 7.1%, respectively.

4. Simple linear regression of PbB on blood ZPP was statistically signiﬁcant (P<0.01)
and as PbB was 40 wg/de, blood ZPP was 82.1 welde.

5. While the highest sensitivity and spec1ﬁc1ty of blood ZPP test to detect lead wor-
kers with PbB over 40 ug/dl were observed in the cut-off level of 50 ug/d¢ and 100
wg/dl of blood ZPP, respectively, the highest validity (sensitivity+specificity) of
blood ZPP to detect lead workers with PbB over 40 ug/d¢ was observed in the cut-off
level of around 70 wug/d of blood ZPP. But even with optimal cut-off level of around
70 1g/d of blood ZPP, still 25.0% of false negative and 20.7% false positive lead wor-

kers were found.

As the result of this study, it was suggested that reconsideration of current blood
ZPP cut-off of our lead standard from 100 ug/df to somewhat lower level such as
around 70 ug/df and the inclusion of PbB measurement as a primary screening test for
lead workers was highly recommended for the effective prevention of lead workers

Key words : blood lead, ZPP, cut off-level, lead workers:
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o] SRt A] on) 7184 4000173 5E AHEE ‘Riﬁ}-*
71%0] ol it B3 Ao o AR 719

3707¢] HippocratesA| €] E3-Ab50] gt 7]
£o] 3o 7194 247170 Nicander7} 34,
BiH], Qb Autrlo] sty 7lesidith. A At
&3k 74 AgeRE AT, FANS, 14
A, AINE AR, AR 2 7IEF F4Akge)
Aot HZ AFak Aol F71E FHA AR

o] AX & Anl9) 23Z A3 Ut} (Rom, 1992 ;
Zenz, 1994). AR A ZTRHL ARAZ, 4, FF,
a2 SollA GFely £ HAs=
1EEe w2 7FsA4e] e Aot (Zenz,
1994).

AN AREElE Aol o3 ARl o
AEE gEA o feuelA AFE0] Ae
A" 2L 196030 Fut 2 A Il (K
T3, 1968). 1% 197230 B AR A=A
A gz dAFEo] Al on 19839% 9 vhY
AFE AR 198609 B FHA AzAA Y] A

—742—



= AR (018, 1992)8 AXEA o] outspr)
A% g2 =0T HIde AFE9] w0
3) Zaglont olE A7 AAF AYFINE
AFEo] RuH T gk

eyt AkAE Aol E AL s 2
EXol|A 671 goll 18]0]49] A EFANE AAjEe
F A Qlo) (ARlekd R A, 1996). S &
TR 1348} AALR FREEY 13 AL
A4, 83 zinc protoporphyrin (ZPP) ¥E & Q.
% coproporphyrin ¥l RS 243l HH71EE 2
A3k ZRANA 23 YU PR S A%Es)
8% d-aminolevulinic acid ¥WjAH 5L AAlsIEE
Holglth (22 ARG AA74, 1992). ol
A S5A39 BEL uFofA dalsln Y 9 F
#F 22AE dg =l Jolzt Jed) v
FollMe 12kt 22 BAK] TR glo] 8% dEes
718 AL gEo 2 sl Al w2} B 7y
HY9 £55 dYshs B dgstn U (o
B3, 1987). : :

TV AR 1991928 @9 Zate] 2%
71 88 EEE 23R B9 Ade A3
AW Fa7AZPE 2 ARA daidE 13 7
AlIA 22 AR S SRsle] AA & 5 JdeE
Wdsjol 8% ATEE 13} AARIE O 2 AAJE 4
A AL vlEE AT (22 ARG TA,
1992). EF AFEY] Arke 8% e B% AW
Hlg) vl wrlelm @e AlZte] A8 ¥
ZPP F=7} FARAI 100 pg/de | ZEA A
T 8% 9FsY At RasEAEe Bala glo
o 83 PP 5O Ao Z de] AEsE mU
Elgo] o]FojR)= Ao) FAo|r}.

mehA B A7e 4R ARy 22458 g4t
o8 IF A¥EE HABIY Qg 558 #18
I A AN e 83 zep B AALY Fde
E Yol uz) 3. 53] 8% zpp ¥ A A
HI1EE Y 100 pg/dt oFlE Rolsie He
P& W] FF zpp FE A FYTE A5l

AR DE7)1EE WF3A ol 93T 2eAES
wehe TIRARE A 7128 E ATtz
AlEsidet. -

I, gvoia o Wy

A7 o2 e AR AxY I A Ay
B 224 21288 A

AxdE: ARZAN 3 PP 55, 85 d%%, ¥4
£F 2o % A%t 4¥ 0.5mlE 2.5m19)
1%-Triton X-100.2 3|X3}e] BB AAERAT
Al (Hitachi Z-8100, Polarized Zeeman effect AAS)ZE
YT HEZXE standard additiond 0.2 2HAJ3}
ATt E%F PP T A ZA) portable hematof-
luorometer (Aviv model 206)2 01-8‘3}04 &34 spec-
trum 423 nmelH ZRSRT B2 e éyanmethem-
oglobin 0.2 243}5t}.

FR9 AEE AL AFEA QGsta] RaRy
< SAS (SAS Institute, Release 6.11) 57 T2 78S
ol-gsle] L gt A 2elo} B4 Ajsigct.

L ALY AwE R\ Ho) thale] BAab
EAS AFHJT, 7% Fol7t 91 A% Dun-
can’s multiple range testZ 3I¥ch T3 AxE A F
B3] g 9A JARNE Algsiint.

8% zpp F& AN AEr1ES WAs Heq
& W EF zrp T& AL AH 9 HA)Fg 7t
7] $18t4 ROC (Receiver Operator Characteristic) <

AE ol gt

A
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it

M. A7 Zz}
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Table 1. Summary table of age and ‘work dur-
ation in lead workers by industry

Age Work duration
(yrs)® (yrs)®

Industry No. of workers

A , 63. 40.1t1l18a 7.2%65a
B ) 78 30.2+ 6.7b 1.4%1.1Db
c 71 330+ 7.2b 27+5.1b

Total = 212 341+ 96 ° 3.6+52

a, b : Group with the same letter were not significantly

different by Duncan test
*e P-value { 0.01

2. AloiZEiY ol-& X|Fo| i

AEe 82 7pp ¥, 82 A%E, A e
s

K18 Rk ARow ¥F AEE VA AL
oA felg Aol7k AAUT BF PP FEE A ARIF

A, BHarE ¢ AIAAA TE ARdZET fr9

A B (& 2).

Table 2. Summary table of biological indices of
lead exposure in lead workers by in-
dustry - ‘ : :

ZPP Blood lead Hemoglobin
(e de)* {we/de)* (g/de)

A 63 106.91+56.7 249.2+13.3a 146+1.0b
B 78 71.6+35.1b37.1+119b 14511 b
C 71 63.9%+37.1b31.1%+145¢ 15.1*13a

Industry No

Total 212 79.5+46.7 38.7t15.1 14.8%+1.2

a, b, ¢ : Group with the same letter were not signifi-
cantly different by Duncan test
* : P-value { 0.01

3. 2RIRIY HE 2PP 5T U UE AT 7R
of olE Attt BEKlel B2

257

.

3 9% v BE TR B2 ARG

2] By ¥33 2ok
CAAFoE 2R7)7ro} 143 ZE A 46.7%

(998)2 7P YL ARIPERE A, BAREE 2

Z717ko) 1-4391 22 A7} 742} 44.4% (28%), 60.
3% (479), ¢ AFER2 11d 9] 2247} 47.9%
(34%)2 7F¢ Bkt

ZE717b0] 19 vk, 1.4, 594, 10 o]ARI 2
22 FAM 8F zep FEE J|FoE FTA
100 g/ & ©1 3 222 47} 8.6% (67), 17.2%
(173), 47.6% (108), 50.0% (11%)Jc}.

TR d5 AEE TR wE ARiE 2
2219 B¥e ¥ 49 g o

717k 11d Mgk, 144, 594, 10 o] AR 2
22 FAA 8F AFEE 7IEo 2 FA%AR 40
gl d °13R] 222 242 31.4% (228), 40.4% (40
o), 71.4% (15%), 86.4% (19%)%c}.

4, EE AzTol HE 7pp = FEO| k2 Al
Y 22Kie| 21

83 AFEE 20 wg/d 0T 20-39 g/ &, 40-59
e/, 60 pg/d o132 TR BF PP FEE
50 g/ d |2, 50-99 g/ de, 100-149 s/ dE, 150 1
[d o132 FERE o AdAE Z22A9) X
X 59 2t} _

3 AFET} 20 g/ d V)T, 20-39 g/ dl, 40-59
g/ d, 60 ug/d ©| 3 ZEAE 247t 9.4%(20%),
45.3%(96%), 34.9%(74%), 10.4%(2279)01% 2 B
% ZPP FE7} 50 g/ dl M TY, 50-99 g/ de, 100-149

gl de, 150 pg/de 013 22 A= 217} 26.9%(579),

52.4%(1118), 13.7%(299), 7.1%(15%8)°] k.

APz 9% dFEE 5

wuse dtn 9%
zep BEE FHUFE e T 93 99 33

2% feolglon ¥ 7} guk.

— 744~



Table 3. Distribution of lead workers by.work duration, industry and blood ZPP level unit : person{%)

. Work . .. Blood ZPP level (ug/df) ,
dturati n Industry - — : : Total
year _ - (50 50-99  100-149 > 150
{1 A -(0.0) 4 (80.0) 1 (20.0) -(0.0) ‘5
B 11 (35.5) 17 (54.8) 1(3.2) 2(6.5) - 31
- C " 20 (58.8) 12 (35.3) 2(5.9) - (0.0 34
Subtotal " 31 (44.3) 33 (47.1) 4(5.7) 2(29) 70
1-4 A 4(14.3) 17 (60.7) 7 (25.0) -(0.0) 28
B 8 (17.0) 32 (68.1) 5 (10.6) 2(4.3) 47
C 11 (45.8) 10 (41.7) 2(8.3) 1(4.2) 24
Subtotal . 23(23.2) 59 (59.6) 14 (14.1) 3(3.0) 99
5-9 A 2 (0.0) 6 (42.9) 2(14.3) 6 (42.9) 14
. "B -(0.0) -(0.0) -(0.0) -(0.0)
c . "2(28.6) 3 (42.9) 2(28.6) -(0.0) 7
Subtotal - 2(99) 9(42.9) 4(19.0) 6 (28.6) 21
> 10 A 1(6.3) 5 (31.3) . 7.(43.8) 3(18.8) 16
B . -(0.0) - -(0.0) -(0.0 -(0.0)
C -(0.0) 5(83.3) - - (0.0} 1(16.7) : 6
Subtotal 1(4.5) 10 (45.5) 7(31.8) 4(18.2) 22
Total A 5(7.9) ~ 32(50.8) 17 (27.0) 9 (14.3) 63
B 19 (24.9) 49 (62.8) 6(7.7) 4(5.1) 78
C * 33 (46.5) 30 {42.3) " 6{8.5) 2(2.8) 71

< Al 57 (26.9) 111 (52.4) 29 (13.7) 15 (7.1) 212

Table 4. Distribution of |lead workers by work duration, industry and blood lead level unit : person(%)

Work Blood lead level (rg/df)
duration Industry Total
(year) {20 20 - 39 40 - 59 > 60
(1 A -{0.0) 2(40.0): . 2(40.0) . - 1(200) " 0 Tosent
- B o o2(68) 17 (54.8) 11 (355 - 0 -1 (35 e
c 12(35.3) 15 (44.1) 6(177) - -1(29 . 34
Subtotal . 14 (20.0) 34 (48.6) 19 (27.1) 3(4.3) 70
1-4- A -(0.0) 11 (39.3) - 14 (50.0) ©3(10.7) ‘28
B : 1(2.1) .29 (61.7) +-16(34.0) .. 1(21) v/
C ‘ 3(12.5) 15 (62.5) 4(16.7) - 2(83) o 24
Subtotal 4(4.0) 55 (55.6) 34 (34.3) 6(6.1) .99
5-9 A -{0.0) 2(14.3) 6 (42.9) 6 (42.9) 14
B -{0.0) -(0.0) - (0.0 -(0.0)
C 2(28.6) 2 (28.6) 3(429) - (0.0) 7
Subtotal : 2(9.5) 4(19.0) 7 9(429) © " 6(28.6) Sl
‘= 10 A ' -(0.0) 2(125) 7 (43.8) “7(a38) - 16
. B . -(0.0) -(0.0) -(0.0) -(0.0) -
C -(0.0) 1(16.7) 5 (83.3) -(0.0) 6
Subtotal -(0.0) 3(13.6) - 12 (54.6) - . 7(31.8) - 22
“Total .~ A ; -{00 17 (27.0) " 29 (46.0) © 17 (27.0) 63
B 3(3.9) 46 (59.0) 27 (34.6) 2(26) 78
c 17 (23.9) - " 33 (46.5) 18 (25.4) 3(4.2) 71
All 20(9.4) 96 (45.3) - 74 (34.9) <22 (10.4) 212
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Table 5. Distribution of lead workers by blood ZPP level, industry and blood lead level

unit : person(%)

ZPP Blood lead level (1g/d2)
Total
(ug/ &) Industry (20 20 - 39 40-59 > 60 ota
{50 A -{0.0) 3(60.0) 2 (40.0) -(0.0) 5
B , -(0.0) 11 (57.9) 8 (42.1) -(0.0) 19
C 15 (45.5) 17 (51.5) 1(3.0) -(0.0) 33
Subtotal 15 (26.3) 31 (54.4) 11 (19.3) -(0.0) 57
50 - 99 A -(0.0) 14 (43.8) 16 (50.0) 2(6.3) 32
B 3(6.1) 34(69.4) 11 (22.5) 1(20) 49
c . 2(6.7) 16 (53.3) 12 (40.0) -(0.0) 30
Subtotal 5 ( 4.5) 64 (57.7) 39 (35.1) 3(2.7) 111
100 - 149 A -(0.0)  -(0.0 9 (52.9} 8 (47.1) 17
B -(0.0) -(0.0) 5 (83.3) 1(16.7) 6
C -(0.0 -(4.8) 4 (66.7) 2(33.3) 6
Subtotal -(0.0) -(0.0) 18 (62.1) 11 (37.9) 29
> 150 A -(0.0) -(0.0) 2(22.2) 7 (77.8) 9
B -(0.0) 1(25.0) 3 (75.0) -(0.0)
c -(0.0) -(0.0) 1 (50.0) 1 (50.0) 2
Subtotal -(0.0) 1(6.7) 6 (40.0) 8(53.3) 15
Total A - (0.0 17 (26.9) 29 (46.0) 17 (27.0) 63
B 3(3.9 46 (59.0) 27 (34.6) 2(26) 78
C 17 (23.9) 33 (46.5) 18 (25.4) 3(4.2) 71
All - 20(9.9 96 (45.3) 74 (34.9) 22(10.4) 212
Table 6. Simple linear regression of blood ZPP lével
. Industry Regression equation ‘R-square Adujusted R-square P-value
A ZPP =-26.752-+2.719 PbB 0.4101 0.4004 0.0001
B ZPP = 29.935+1.123 PbB 0.1457 0.1345 0.0006
C - ZPP = 12.917+1.642 PbB 0.4104 0.4018 0.0001
Total ZPP = 3.701+1.961 PbB 0.4005 0.3976 0.0001

6. X zPP s ZAle] AT ROC(Receiver
Operator Characteristic) =

8% 7P FEE 13} AEPAE ANl BE A
7} 23 40 g/t o149 Z2AE Az}
F5A2 BN 9 AE71EL Rae) ZejaA
9l d% 7PP FE 100 pg/ oA 10" wg/UR 7oA

7 50 1/ d7HA] Y2 WAHRE o 5 zpP F=
A Agre ® 73 2ok A 2EXE Q4L
2 ¥F zep 29 AEIES YA 100 1
/22 BERE 0 UAE, B0, FHIZE, 34
&, AFHE ASHES 47 48%, 9.1%,
97.7%, 68.5%, 0.9%, 55.2%c}.
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Table 7. Validity of blood ZPP test by industry and cut-off level of blood ZPP

NPV

n dustry' Cut-off level Sensitivity ~ Specificity PPV FPR ENR’
* of blood ZPP {ug/df) (%) %) (%) (%) (%) (%)

A 100 56.5 100.0 100.0 45.9 . - 435
90 67.4 9.1 96.9 51.6 5.9 326

80 76.1 88.2 94.6 57.7 11.8 23.9

70 84.8 64.7 86.7 61.1 35.3 15.2

60 91.3 29.4 77.8 55.6 70.6 8.7

50 95.7 17.6 75.9 60.0 82.4 43

B 100 31.0 98.0 90.0 70.6 2.0 69.0
90 41.4 93.9 80.0 73.0 6.1 58.6

80 4.8 81.6 591 71.4 18.4 55.2

70 58.6 75.5 58.6 75.5 245 41.4

60 65.5 49.0 43.2 70.6 51.0 345

50 72.4 22.4 356 57.9 77.6 27:6

C 100 38.1 100.0 100.0 79.4 - 61.9
90 429 98.0 90.0 80.3 2.0 57.1

80 57.1 98.0 1923 84.5 2.0 42,9

70 76.2 88.0 72.7 89.8 12.0 23.8

60 90.5 82.0 67.9. 95.3 18.0 9.5

50 95.2 64.0 52.6 97.0 36.0 48

Total 100 448 99.1 97.7 68.5 0.9 55.2
90 54.2 95.7 91.2 71.6 43 45.8

80 62.5 89.7 83.3 743 103 37.5

70 75.0 79.3 75.0 79.3 20.7 25.0

60 83.3 60.3 63.5 81.4 39.7 16.7

50 88.5 39.7 54.8 80.7 60.3 115

* PPV : Positive Predictive Value NPV : Negative Predictive Value

FPR : False Positive Rate FNR : False Negative Rate’

Specificity
100 80 60 40 20 0
. A A .

6o
80
0 T T T T 100
[ 20 40 ] 80 100
False positive rate
(1-Specificity)

Fig. 1. ROC curves for blood ZPP test by indus-
try and cut-off ievel of biood ZPP

* : Optimal cut-off level of blood ZPP

9% 2P 5 BAE] AR BolxE 7RI
AN HUAET A ES Haslsle HH A
71%E 7] 9% roc F4& 19 13t 2t
A 2228 g3 Je W 3 zep 55 A
Abe] HF o] AE7|EE A F AR 100 g
/AR e 70 1g/de F o)t

Vx &.

Q%1% 2k ALAHE A48 B Liobt
A 47538 1AL Astele 1Moz dxd
2] 99 9% BUEY ¥ U8

A o] ‘
TS Il



7h it AEstd BUEYL dHF 2eAed 4

A2 A dedg WG] g DI
H3} e BRRYHYY Aole ded YEE
=

stz QY FAPAE, TFL, MRS T L
7 5ol weh AFE AU IdF5E 2
QAT 22459 I ¥ Wil 3 o

& 71 g AES 5 T A5 8F dFE

T ol Aol FTE HHE UeplE AFF (lead

absorption) 9] X]E?]‘J—J-, 8% 7PP 5%, 85 d-amin-.

olevulinic acid “H’g%, L’F coproporphyrin( uj A ek |

$& do] §550) 2W159) oPgel eid B

AL A vehles A7 B22E gdolu} &
Hol X 24sks A2 AAE QRS 2 717}
g2 wo} Uehs dZE (lead intoxication)®] X%
o|t} (Waldron, 1980). V&5 X E} UF= AR A}
ololi= 43 BHS WAV Yo} ZANEA wa}
2 AEZ & AED 2sle] AFRS AFEY 5
F& A 02 dopleH) o] g3l 4t} (Granzian-
o, 1994). Aol =28 A =3 HrloA 2
2E 74 ol Al AR 8F AR U
A gk ¥% A%TE A29 AxEe A AW
Gt 9, A, AF £ A0E G dFE F
A 1, 0] Yehr] Aol &40 7h5317] W2
of E3H wUEYe] dAXNE2A] 1 FL R
o2 A4#A YUt} (Zielhuis, 1975). 1Y 83 %
T BHe 34 70d0 4R dithizone'd 08
Aldsg ot el Bgat Rasge] Batsie] 4]
7 287} B 23] giglen olF dx R
3 (AA9)Y] EQlo g EAgHo] tha ZHs|AA A)
e} kg 7H4 ghot ool AJRA HE7)
BoA R o2l Hol BTt webA
70dt) FHRE A9 =&S W 5 e ARE
ARE Fo#e k¥ AAZ free erythrocyte prot-
oporphyrin (FEP), 8% 7PP %%, QF S-aminolev-
ulinic acid (DALA) 'HH’S"%}., 2 §-aminolevulinc
acid dehydratase activity (DALAD) 5 d&{7}A] A&

B0l TR (O1EF F, 1984). ol F AREF
h-E3 zPP L é@% ZHAg :;’?FEH% hematofluor-
~ ometerS 7HEFO M AT eSS T
o AAE I F A HAY (Blumberg 5,

1977). 8% PP ¥5v ¥F 9%%, 8F 9%%

FEP, DALA; DALAD S#% & A#4< Jeho]
Axzo] 43 AHEYol FTHIAJUG (o= 5,
1989). 2L} B2 zpp BEE AxSo) SaMur =

7H e ol ohzt AR 294 o] A& Al

= 3717 digd 438 dF=Ed Adde €%

Az o} B2 7pp FEES o] AABR= Ro] ulet
ZJs}ct (Lilis %5, 1977 ; Grandjean 5, 1991).
Zielhuis (1975)€ 8% V&) 40 /& 131

A% ATEAY 2P f3A @0t ol s

o2 FAL Yo wHoNE 371% 8%

EE Aok 7|F0E F AFE 40 g/ dE H3lo]

ol AFHE 715 AFE 0.05 mg/mE HHIH T
(Hernberg, 1979). S-EUNMANE BF FFE 40 18
[&E E71FeE Aol 4559 FIAR H3}

_ 9t

F 2R $71 1008 VRl AR 44
Az Vi gAle) G 224 0298 oz
E a7 8F dFxY HAFS 38.7+15.1 wg/do]
QAo Fol3H o] 4R 2EAle 96H o 453%u
ek £ AR Mz 82 AT £ 3jo]
£ Ho] A7RY 23R AZGAIE dAxd &
Fo] Aol7} 2& BAFYT. 2% (199)E &,
Z, o F29 2AA A2Y 8/ gAY 224} 1,568
e o & ATN ¥F %I} 8.4a%116
/)T o8 o4l ZEAte) ulgo] 15.8%
2 B0 o]g} u|male] B o} Apre] A A
A9 Axd FF0] e Ere AL & £ 9
ok : . »

2B77k0] 1d gkl 287} 08% 8% A%
7k 298 o] AR e A= 2240 2 31.4%E JE}
o] 5 B (1996)9] ATl 18.2%%h= B
Aoz} Qled] o2 A v g S A7
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7k 8% Awre HFo] 29.5+12.4 /e H|2H

diZo] A2 ARIFES tgez & A7 &

woletal Azt

= 7pP 5 S 7|1E0E FATAR 100 pg/de

oAl Z22k= 20.8%Ndl Hla) F AFEE 7IE
02 o340 pg/d o) TEAE 53NEE
& zlol7} it =& PF 7P TEE VTR F
O3 njukel Z2AFAN BF AFEE VTR
e vl o34 oAkl 22} 31.5% U HUL
AR E A ARl 54.1%, B ARAA0l 29.4%,
c ARl 20.6%E A3 T HES eI
ol AT AR ARl #AZE AMD #
Adle 8% zpp TR AATLEE AxE FFES
A% & AT 2 H2dE ARl
o] JjXgo] % dAFEe] Hol AARTE Bl
ol E5) "8 AFEI}t 30 wg/d VS B
3% 7pp ¥EY 8% S-aminolevulinic acid WA
o} Ao olF kst glojAA ol AREE
A FES F7RRE AL oEgol dvkn a3
o (Nuyts 5, 1993), TlFolv fHel Aeole ¢
Uziohs 22 9% 7Pp 555 AEAAE AAEHA|
oy AL HFshs BE 2EAE ez 8% 4
F29 AAE AdEtn den (Castellino, 1995),
1996 A9] 1= ARIAIAL 3] (ACGIH) Y o] A
288 =& AR (BENNE FA 100 g/ dZE
33 A d3 zep wEO) Uig 7IEo] AgE
12 At 7129 30 pg/dE TR Yt
(ACGIH, 199). S

B dApolNE AR YUY YAREE 7}
4 959 g7 dsss A3% due FlE
(gold standard) 0.2 4o} % A¥EI} 40 1/dl ©]
A SEAE AU 4ed Q9 A
#9a) 91 BF op FE A 4E71Ee |
2] 100 sg/de ol5t2 SEolrln H gkt 83
7PP FE o] AW7|FEo] 50 ug/dA 7P &S NG
=2 Jeiou JuFoz Bolxge 7P Wk,
100 g/ AAE BolEr} 71 RO WAEE

gk

7F3 vttt zkme} Bo|xg F7HA7H A ROC
MG o] g3le] T3 P35 zPP FE HAM] HH
7138 d3 FTAIR] 100 pg/dd Bk W70
peldol 2 o etk Ed B ATl
g2 A%rs YT 3l 85 PP FEE T
&85 e 9F 493 IALAA EF A
= 40 pg/d) 333he 8F ZPP FEE 100 pg/dl
2o} B £33 821 gldd S & F U A
ARt} o] B (1984)9) ATNAME F AFE 40
e/l tleEhe EF 7pp BEE 80 we/dE A3}
o g% zpp FEY FYEE PR | g &
o|=7} A7} 91.9%, 76.8% 2 VERIA AAYAES
#e)71Eo s 8% zpp T AHIIES 100 wg/de
olgtz o] HEshe Ao| uigAsirha F451
2 A7e} vk A9E Jepllth mety €3 A
T 7P A Fole 95EY ARE 7FE
o2 Adspr] 3 1A AEANZE BFzer B A
AR gvhd |8 B R FOIgHAR] 100 g/ AR
the 3o £3dA HH9 A8715S A3slq A
F 2EATC] WAook Aor Y. 1
Zu 8% zpp 59 AANIeE AZAAES Y,
ke A4S 2 aold HHe] dyriges A3e
g3 PP ¥E 70 1g/ &S ALY AtolE AEAHE
3 FAECl 47 25.0%, 20.7%2 Heht A4
Ae] Aole 85 ATt 0 wg/d ol 3UuE &
Fal Ao 2 WA o] AFE dg 3t ofF
A 27} o] Fo)AR) g HlEAElA] L AFHE
2 F Ak ole FAd Y ARHAES
T8k M R AAF gE wAlg ad)
2 Wolsd Q&0 o]21 glov ARl dBL:9]
o A= YA Al Y5 AFE A
A 13} BAE o 2 A Bt AEE o] x¥
3131 21t} (Ogata, 1991). S
Saete ol o] ARZoA At 3
v 8% axxy AAp | AR 13k 2AEE
of X350l Holx 1o 13] o] 718 EF
PP 5% A Bysd 8F Asz FAPhol
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Fold 7 A=E A 5577 Amst sjadsolor &
Al ¢ gicka Az,

£ F7E o1F8] ¥ &R FAA) Az
TEAE QAR 3o F7|] FH2 2EA}
o] TP glom g Wil vg A=
TEO] B ARIRE e @ dFolEE 24

Uzte] A QAR 283710l gl 9o

B o} B 93T ZE2AE ddeR & It &
o2 g Ao 474y,

V.ZE ¥ 29

2 Ad7e A Az SEAES YR g
EEE DR dxd £FEE st A
A

3

l_

mx ofN

,_4

A = 8% zpp 55 FANY B Ao}

5
Hiz} 3
9] 100 g/ d OJHE RFo)7h HE3S o)
T PP FE A BT EAske] HF9
Br71EE A4 olg AFT TEASS B
ZIEARE et 712ARE AFsiaat Az
t}.

ATRYLE B 214 A=Y 70 gAY P2
A 224 21288 AN dxEAEEA ¥
% IPP 5%, 8F A%%, §MAE s

AV the T 2t '

L GFHF 22ASY] YF YF zer B, 8F 9
T, QAAE 47} 79.5+46.7 g/ dl, 38.7+15.1 s
/&, 148+1.2 g/dollh. ARIPER V5 7PP 5
£ 8% Az 44t F% 2ot Akl (p
(0.01).

2. ZE71ZEE 1 gl 149, 594, 100 o)A
2 FEYE O FF zep FEE V|1F0E FH
2l 100 wg/de 1) 2EAR= 42 8.6%, 17.2%,
47.6%, 50.0% LM VF VTEE 71F0E FoF
AR 40 g/ & o)) 22AE 242t 31.4%, 40.4%,
71.4%, 86.4%%At}.

3. 85 AEET) 40 wg/d U, 40-59 ug/de, 60

]
9%

fr rx lo mlo

422

Sttt 3] 85 zpp BE ZAN AEVIE

wg/d ORI 22 747} 54.7%, 34.9%, 10.4%%
t}. 8 d%F zpp X7t 100 1g/d MIT, 100-149
weld, 150 wg/de o)A 22A= 4zt 79.2%, 13.
7%, 7.1%K e} ‘

4. 8% J¥=E SYPASE 3ln 835 2pp FEE
FEUFE s O 93 39 PRAL A
o2 fofon (p(0.01), 8% AEE 40 1g/deo] A
3= 85 PP BEE 82.1 g/ deoIUT}

5. 8% PP B& RIS AHPAIR HAls 85
AEET} 40 /& o)) TEAE AR P
3 Aot} Frle $Ash] 3 83 e 5 4
AR A 7188 A3 100 g/ & ©)3H2 M7AEA
H4PL o F zpp & AANY HH 9 AYrF
& 70 g/ o] 233 AT Uehton, S
Ak Eo] 242} 25.0%, 20.7%%th.

olde] AHZ ¥F zpp & HA] ddY A
71E2 100 g/ dRTh R FFoA HH o] Ay
& ABsld AT ZEAEC] HHAok 9
THHLE ¥F A% A 4 5439 1”7
AR 23 o] 71Ee] 85 zpp FE AAlH
Hyate] o]Fod £ AxE A EHT AXE A
A& B} gk

HD23

AR, o BE. AZ2 9 NEH AHEA PF

Zinc protoporphyrin®| 8] ¢|¢]. 7158 t)§} o8}
2 =83 1984;37(4):939-951

EER IR ARG AAFA. =52 o
1992

EFF AAGH R AT, AL, 1996, F 110

oy, nFe AFE oA, =9 Agjelst
1987;26(1):1-8

olyz, AT, o] L, o]2Y, YA, dAlE Fy
AE0|A 9] GEZ 20 FHE HEH AFEQ)
FEBA. 2= AR ol3t 1984;23(1):1-7

ol ot Hele. QIS nAHeA ¥
% ZPp 2749 9]9]. 329] AR} )3} 1989;28(4)
:110-115

~750—



o=, QHF AR Al a3 fraidAbe
AL Ee. Ay JAEVIR F A
A3} 5'_:‘1/‘1. FAAGETE APRAATY.
1992, % 9-22

AT, E°1°ﬂ*14 AFT WH7ITe 4 AT
anuzs} 1968;12:137-150

FEUet @ AAAEY AF2 FE AP

ﬂ?. A 3 e e
ek 1996

s, 180, 23kE, o4, SIS, o3, 14
T S8A AZYAA A 1 i gk Al
£ ¥ =3 ARA} AT A7 eI
1996;29(4):747-764

ACGIH. Threshold Limit Values for Chemical Sub-
stances and Physical Agents and Biological Ex-
-posure Indices. ACGIH, 1996, pp. 63

Blumberg WE, Eisinger J, Lamola AA, Zurckermann
DM. Zinc protoporphyrin level in blood deter-
mination by a portable hematofluorometer ; A
screening device for lead poisoning. J Lab Med
1977;89:712-723

Castellino N. Prevention : In Inorganic lead exposure
metabolism and intoxication. ed. by Castellino
N, Castellino P, Sannolo N, Lewis Publisher Lon-
don, 1995, pp. 459-466

Grandjean P, Jorfensen PJ, Viskum S. Temporal and
interindividual erythrocyte
zinc-protoporphyrin in lead exposure workers.
Brit J of Industr Med 1991;48:254-257 ‘

Granziano J. Validity of lead exposure markers in di-

variation in

agnosis and surveillance. Chn Chem 1994 40(7)
:1387-1390

Hernberg S. Programme on Internationally Recom-
mended Health based Pemissible Levels for Oc-
cupational Exposure to Chemical Agent. Geneva
WHO report, 1979 ‘

Lilis R, Fischbein A, Eisinger J, Blumberg WE, Dia-
mond S, Anderson HA, Rom W, Rice C, Sarkozi
L Kon 8, Seilikoff 1J. Prevalence of lead disease
among secondary lead smelter workers and bio-
logical indicators of lead exposure. Environmen-
tal Research 1977;14:255-285

Nuyts GD, Elseviers MM, De Broe ME. Healthy wor-
ker effect in a cross-sectional study of lead wor-
kers. JOM 1993;35(4):387-391

Ogata M. Biological monitoring in Japan. Proceeding
of the International Symposium on Biological
Monitoring and Industrial Medicine in Asia,
Hayashibara Inc. , 1991, pp. 8-17

Rom WN. Environmental and Occupational Medi-
cine, 2nd ed. 1992, pp. 740-744

Waldron HA. Metal in the environment, Academic
Press, London, 1980, pp. 155-197

Zenz C. Occupational medicine, 3rd ed. 1994, pp.
509-528

Zielthuis RL. Second 1nternatxonal workshop permiss-
ible levels of occupational exposure to inorganic
lead. Int. Arch. Occup. Environ. Health
1975;39:59-72

~751—



