oel83lz) A32A A45(1999 129)
Korean ] Prev Med 1999;32(4):499-504

of ZZA] Al W& "= Zinc Protoporphyring

kb3 ZHA|

\
Different Effect of Blood Lead on Zinc Protoporphyrin by Gender in Korean Lead Workers
Hyun-Cheol Ahn, Yong-Bae Kim, Gap-Soo Lee, Kyu-Yoon Hwang,
Sung-Soo Lee, Kyu-Dong Ahn, Byung-Kook Lee
Department of Preventive Medicine and Institute of Industrial Medicine, School of Medicine, Soonchunhyang University
Objectives : To evaluate whether a relation between blood lead  significant in linear(8=1.119, p<0.001), exponential(8=Exp(0.008),
and zinc proto porphyrin(ZPP) was modified by gender in Korean  p<0.05), and quadratic model(3= 1.388, p<0.001). In separate
lead workers. analysis, a quadratic relation between blood lead and ZPP was
Methods : A cross-sectional study was conducted with 1,304  shown in male lead workers(3=0.036, p<0.001), but an exponential
male and 101 female subjects in 1997. The relation between blood  relation in female lead workers(8=Exp(0.029), p<0.001).
lead and ZPP were evaluated with linear, exponential, and Conclusion : Our data showed that the increasing rate of ZPP
quadratic models. Then, the different effect of gender on the  in female were always higher than in male lead workers,
relation was examined by adding the interaction terms in the each  suggesting that females were more susceptible to occupational
model. lead exposure than males.
Results : Mean+SD of blood lead and ZPP level was different .
between male(27.7+10 wg/dl and 51.3:23.4 ug/di) and female Korean J Prev Med 1999;32(4):499-504
subjects(22.5+9.2 ug/dl and 78.7 +38.6 ug/dl). After adjusting for
possible confounders, the effect modification by gender was  Key Words: Blood lead, Zinc protoporphyrin, Gender, Interaction
J

STk S Hol  EE HuA A ukgaly] ulgel] A A

N =2 di O1A] AA ]

Aoz d#HA JdHOh-
mori, 1992; Oishi &
o AolZ A% FABAS %
& W] dalis ET A
o F24 QAW F55o] et 4
§}6L7<4 }:l:]§].0] xg f;‘xa thi% H]ﬂé’]—
024 b5t

o ZZA| & zinc protoporphyrin
(ZPP) %=+ free erythrocyte protpor-
phyrin(FEP)2] &7}= €% & 3540
ug/dl = Aol g A7 50-80 ug/

A 019999 49 239, A9 019994 108 119
o s B il A
AR R (IS5 oo gy,

2 tH(Herber, 1980; Schwartz 5,
1980; Piomelli S, 1982). £3, o} }o|A]
8% ZPPY] Wigl= gART e Ay
EoM Frhetr] AlFet7] w4
of W A7 v|Eo] Getof Atk
(WHO, 1977; o]¥ = &, 1999).

T A AAE 22 B9
A FTAEY EF d%E oA
AN EE 4HA e ¥F ZPPY 8F
delta-aminolevulinic acid(ALA)E A7
Aoz At A% AgE Hrlehe
EUH o] =9iHo] o]gHu
AT, 1992). |5 5 ZPPE 4
AZF Al4ata golaim o g =4]

o}

4

it

HE

(HMP-97-M-4-0047)9) <5} =31 &
AN 0417-570-2484, 2

‘ﬂi - 0417-573-4521, email : ahnhc@asan.sch.ac kr)

9 22k mAR A s Bol
ARgsRaL QIekLilis 5, 1977; Gompertz
1981; o]¥ = =, 1987).

A2 590 3 2 A9RS e
R ERECEIEEE R
(1995)8] AT dF AF Z]—7]-
AREY AdHer wgo
ZPP] 100 w/dl o)Ab= oz
Sttt Barsoich g =

ow1zﬂﬂ:LH41a4grﬁl
= 93 2P 45 9l e
g AATE vud 97 W
A8t ozl A o]F AF7t o &
ASE YR oH(FET 5, 1993) E
% ZPP(:+ FEP)& ilbﬁﬁl—(loga-
rithmic transformation)sfo] = oz}
9 #EAE AT °d?°ﬂ*1¢ A

o{ﬂ

1

i -}{N' —|—' _L [‘[0

}o*ﬁ_“m?.“..
o 2L g2 ofN



F7h GAR ARl A 2 Aoz g
wo(Stuik, 1974; Roels 5, 1975). 71
U AL 5(1998) 3 gHA 5(1999)¢]
Ty AT AN = I35 ZPPY EF
A sAATIE o wet I
AT AolE wAsHA] Fsto] @l
EYPgtoge oY HAAL AHa]
dlv AeA] efvhar shgivk whebA A
of we} ojz{ gt -uk3 BA Q] Wol A

o o] #A} Tt A

R

iy
fol 12
2 ore g
oo
to o
foh
‘0,
ob
N

oo r
i)
oﬂi_g
o 4
2L o
s
e

n
RCANN

oXx
(-t

off O pE o X ob i & o
fuj
riu
>
it

s HU R
N
1o

2

hw
a

‘_

o
jo
.
ol
9‘14’
R
=
>
2
o

tlo wxt

i
=
B
o
o%
o

i of

of
2

offl
i)
N I
flo &
rlow
e
rE
o

ot N
b
0
rir
2
1

i

L
g

1A @ol(Castellino &, 1995;
1999) AaAde) e 9 #HaA
2ol Hol1 9t}

oo & AFoME A AFGFelA A
AHoz A L2HI e ZEAE Y
Foz Ado wet 85 A%y} ZPPY
#AA A Aol7t GAEAE

o, E
ofl
ree ol

=2

FA2 seer] slate] o
o W AR ndg A8de 45

199714 4€5E 19979 119747 =
0 13 AEY, FRX Az AR
2 3y AxdE o 157) A AR
A A 2R3 9= A Ak Iz}

=22k 1,535 oz} 222 173S

N

z

)

datik ols AT EAT HEH,
ek, B, N 23714 Aot
g dly 9le ZEale g2

2. BMYY
P

Qo] 5 7PP 5w AU Y &
Al &o]-& Hematofluorometer(Aviv mo-
del 206)E o}4-35}9 &% spectrum 423
nmel| A EF-E4A 42%% EHE v
2 2235 YtHBlumberg %, 1977). A+
71 5 AEAEE Aot IF PN
22 olgdjel WMoz BAe A%
T8 st en wolAlF 10% oy
A AZE TAHNY 5 AL
flameless atomic absorption spectropho-
tometer(Hitachi Z-8100)E o] &35}
NIOSH (National Institute for Occupa-
tional Safety and Health)®] F3M
W o 7 B39 th(Femandez %, 1975).
2% ALA 55 YARE A F 8
Tomokuni 9 (Tomokuni &, 1992)2
o] &3}lo] High performance liquid
chromatography(HPLC)Z 7 g5 3t
F gHToR HASIT B3 A
+ cyanmethemoglobin'§ 0.8 27
31, A1 A 8] 2k2) $2(body mass index)¥ A
F(kg)/ A Hm)y 2 HE315

3. AN

EABA2 SAS(release 6.12)9} SPSS
(release 9.0)Z 2 1H-g o] g5le] Q3
FAAYE APt bA 712
HAE ol43dled ZE ¥ge YHd
o B 2 238 FE

249 Agsle] F sy BAZ 4

EPEIE SRR SR e
AL B AToE T4USE UF
ZPP 3= A9, F Auss o
2 A%0E so] 2HARYL AP
St 1, A A, S84, F
% 2% ol 59 W7k ol Bl
BGS F & 9o BE BAH 2oy
= 02 ES & 23519k Lowess

(locally weighted scatterplot smoothing)
g olgste] el we 5 d=y

jz.
3
a
=
o
o,
e
=
:
it
= f
et
2

o e T
S

n
i)

A Bgten, SR7I3tE o7t 9.3+
4430% I 64154308 y¢E
o} oA 22At AR 73
ol ZEHI = AR YEHh A &
TAREY F A% orjellA 225+
9.2 ugldl & B9 277410 we/di BT}
gston), Bostd B4R 8%
ZPPE 03| ozt 78.7+38.6 ugldl
2 Y7 5134234 ue/dl B §93}
Al =R AR RAFE oA} 23.2
+2.5 kg/m*o} 9l 1L, FA}= 22.5+2.7
kg/m?o]t}. 85 ALAFEE AR
o3 abol= YAtk oA g At B
T alEdag oy Ik 73.1%7F
3 2oz Jepdon, 159 13] of
o] &FE & vl &0l HAdAE
714%= oj7te] 5.8%¢ H)ajA w3t
Al =94}

Figure 1% Ao wet 85 AF
ZPPete] FA7} oW g AR E &
B7] 95}l LowessE o]-23lo] Al

2 o

M2 e

2
3L

2

1



Table 1. Summary statistics of study variables by gender

Variable Male (n=1,304) Female (n=101) p-value
Age (year, mean+SD) 336+ 75 45+ 59 <0.001
Work duration (year, mean+SD) 64+ 54 93+ 44 <0.001
Height (cm, mean+SD) 1690+ 5.8 1539+ 52 <0.001
Weight (kg, mean+SD) 642 + 88 549+ 70 <0.001
Body mass index (kg/m’, mean+SD) 225+ 27 232+ 25 <0.001
Hemoglobin (g/dl, mean+SD) 146 + 1.0 122+ 1.0 <0.001
Blood lead (ug/dl, mean+SD) 277 £ 100 225+ 92 <0.001
ZPP (ug/di, mean£SD) 513 + 234 78.7 &+ 38.6 <0.001
ALAU (mg/L, mean+SD) 1.8+ 07 1.8+ 06 0.734
Cigarette smoker (number, %) 953(73.1) 0(0.0) NA*
Alcohol drinker (number, %) 1,009(77.4) 5(5.8) <0.001

ZPP: zinc protoporphyrin, ALAU: urinary aminolevulinic acid
NA*: Not applicable
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Figure 1. Scatterplot and Lowess curve between blood lead and zinc

protoporphyrin by gender.
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Table 2. Linear regression results for interaction between blood lead and gender

Model & SE p-value adjusted R?
Model I with blood lead on ZPP 39.4%
Blood lead (ug/dl) 1.243 0.056 <0.001
Gender (male=0, female=1) -8.582 5.766 0.137
Blood lead X Gender 1.119 0.225 <(0.001
Model II with blood lead on logZPP 42.6%
Blood lead (ug/dl) 0.020 0.001 <0.001
Gender (male=0, female=1) 0.076 0.082 0.356
Blood lead X Gender 0.008 0.003 0.018
Model T with PbBm® and PbBm’ on ZPP 42.7%
PbBm (ug/dl) 1.061 0.058 <0.001
PbBm’® (ug/dl) 0.036 0.004 <0.001
Gender (male=0, female=1) 23.983 3.485 <0.001
PbBm X Gender 1.388 0.235 <0.001
PbBm® X Gender -0.014 0.021 0.523

a): Each f8 was adjusted for age, hemoglobin, body mass index, cigarette smoking and alcohol drinking status.
b): PbBm was centered according to mean blood lead.

Table 3. Separate regression model of blood lead on ZPP by gender

Model il SE p-value  adjusted R?
Male workers(n= 1,304)
Zpp = Blood lead 1.242 0.053 <0.001 34.2%
LogZPP = Blood lead 0.020 0.001 <0.001 38.0%
ZPP =PbBm” 1.086 0.054 <0.001 38.6%
PbBm? 0.036 0.004 <0.001
Age 0.167 0.069 0.016
Hemoglobin 4313 0.522 <0.001
Body massindex  -0.029 0.194 0.881
Cigarette smoker  -1.158 1.219 0.342
Alcohol drinker -4.925 1.274 <0.001
Female workers (n=101)
zpp =PbBm” 2.361 0438 <0.001 35.7%
PbBm? 0.021 0.035 0.555
zpp = Blood lead 2499 0.370 <0.001 36.2%
LogZPP = Blood lead 0.029 0.004 <0.001 38.2%
Age -0.003 0.007 0.707
Hemoglobin -0.115 0.037 0.002
Body massindex  -0.011 0.015 0.444
Alcohol drinker 0.091 0.168 0.591

a): Each £ was adjusted for age, hemoglobin, body mass index, cigarette smoking and alcohol drinking status by
gender.
b): PbBm was centered according to mean blood lead by gender.
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