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— Abstract—

Model Between Lead and ZPP Concentration
' of Workers Exposed to Lead

Dong-Wook Park’, Nam-Won Paik’, Byung-Soon Cho#’,
Tae-Gyun Kim*, Kwang-Yong Lee’, Se-Min Oh‘ and Kyu-Dong Ahn*

'Korea National Open University, *Seoul National University, Deparmment of Public Health,
‘Dong Kook University, *Industrial Health Research Institute,
‘Soon Chun Hyang University

This study was conducted to establish model between lead and ZPP concentration in blood of
workers exposed to lead. Workers employed in secondary smelting manufacturing industry showed
85.1 pg/dl of blood lead level, exceeding 60 g/ dl, the Criteria for Removal defined by Occupational
Safety and Health Act of Korea. Average blood lead level of workers in the battery manufacturing
industry was 51.3 pg/dl, locating between 40 pg/dl and 60 pg/dl, the Crteria for Requiring Medical
Removal. Blood lead level in the litharge and radiator manufacturing industry was below 40 pg/df,
the Criteria Requiring Temporary Medical Removal. Blood lead levels of workers by industry were
significantly different(p<0.05). 50(21 %) showed blood lead levels above 60 pg/dl, the Criteria for
Removal and 66(27.7 %) showed blood lead levels between the Criteria for Requiring Medical
Removal, 40 - 60 pg/dl. Thus , approximately 50 percent of workers indicated blood lead levels
above 40 pg/dl, the Criteria Requiring Temporary Medical Removal and should receive medical
examination and consultation including biclogical monitoring. Average ZPP level of workers
employed in the secondary smelting industry was 186.2 ug/dl, exceeding above 150 pg/dl, the
Criteria for Removal. Seventy seven of all workers(32.3 %) showed ZPP level above 100-150 ag/dl,
the Criteria for Requiring Medical Removal. The most appropriate model for predicting ZPP in blood
was log-linear regression model. Log linear regression models between lead and ZPP concentrations
in blood was Log ZPP(ug/dl} = -0.2340 + 1.2270 Log Pb-B(ug/dl)(standard error of estimate= 0.089,
7=0.4456, n=238, P=0.0001). Blood-in-lead explained 44.56 % of the variance in log(ZPP in blocd)
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PAF droe 2249 FFdcla FA4HA
EE2AR2AN 7 dutEoz ol4Ha U
(ACGIH, 1995; Chavalitnitikul %, 1984;
Hesley %, 1981; Hopkins 5, 1990; Kononen
%, 1989; Matte %, 1989; Vemschoor %, 1987).
o|RL ool trE AAxA e RRo|v EHP
Hoe AHs17r mstn {29 @ g 3
BE AFY £ 7] dRolr), <HF o|fE BY
F deEe "FureTe] FAGA, FFHos o
453 Stk @l O 2824 =2 2L FFE R
o 3% @) dsMe e JEtEAASss
FHAA #HHse Aol Fasit)l EFE A E2A
ZPPE=7 FH=3 Ut (Chavalitnitikul ¥,
1984; Hesley &, 1981; Matte ¥, 1989; Vers-
choor &, 1987). ¥4¢] wsin F&s7] wWE
of 22a FEUAE % AEPA B2 o] 4H
= Utk AEHA RFE A ATAA g d
F(King 5, 1979; Chavalitnitikul ¥, 1984;
Matte %, 1989; Hammond ¥, 1985; Jinbei 5,
1982; A3 5, 1984; FAT &, 1986: o=
1983; MFS 5, 1982 & ®ol F3H st =
271 222 2AgeY EL48E e e &
H& 7R3 flevt AFAnit F3she 2do] ot
2r}, Chavalitnitikul 5(1984) & 234 I3
SLEASS Ui AT d7dA F7F S
EFLs ZPPEESE AAE Vel de ded
#3 d¥3HRdol Y ARsickn UG
{Chavalitnitikul %, 1984). Ulenbelt 5 (1990)
T FF g 29% 99 #AE deuad 4
gudo] APstE Yt (Ulenbelt ¥, 1990).
AEHH AFg e A4E @A G 2dS 5
A ge] Fre F5L &3, °lE 2EBA R
A#sie) o] &5t o, Y, AESA 28 FA
®dg 7Eez 223 RAANE A ge=
AT FPAEE o Sshe A+ o8] 71 EAFo
A7l 8 & AU, 95 AFENA ¥HEE U9 |

AS 43€ 9 AYLE A= 290 &
F . 843 93 ZPP, AW & ALA{ami-
nolevulinic acid in Urine, ALAU), Hb{He-
moglobin) 5& T YEHA AFE AE 79
#A ] g Bde] AEe] AgAfo] o]Fo] X
2l gAY (King %,1979), =& 7|3HE FE3EA
@t ol (Cha-valitnitikul 5, 1984 Matte
5, 1989). 843 47} ZPPHA =de 3o F&
% FES d3ske ARE olgHER oS Fo3)
o ¢34, TV, 2Eln ¥Rl B4Ee
T o ¥ FEY BHL AR Q=24
Qe BES AAZH Aol Wasith B A7ezy
< eI A, J5E 995 d= ZPPY 5
To] FE& dol £} =4, Y45 I3} ZPPy
Fxe FE dolim, vt 9 viFe] I
ZIES vlm Hrigith AA, 4FE E€9F 9@
ZPPe] Fxe A RS AAF, 2 AFHI:
HHE 2242 ¢dEEeR 3 4 ¢ Yde
A8 889 5 & 3= /g

I. APChAL o uhgy
1. CHM

Z 4 A 439 1274 AN g2 HFEe
379 2387 Z=2A4E AL E sigich 23 M-
d 208, WY A=Y 80%, WA A=Y 93
B, 223 AR () A2 4570190t

2 Uy

=229 AHE 92 dol TIHA ¢S v
Aoz Ael¥ (heparinized) BAAFH ol Y
F A ERENACL Iee boxol Habeie] Ao
hkstm 29 ofdle] £43Y,

oL EFdzgArE 23d QAFFEREEA-
(Spectra AA-300/400 Zeeman, Varian, Austr-
alia, Pty Ltd) 2 & 13 &2 oz A3kt
1 %9 Triton 100& Argsle] 4L {38,
800= ol4e] =& 82X (ashing tempera-
ture) ol de] &4 wAdta AFE FFAFY



Table 1. Analytical Condition of AAS with Graphite Furnace

Furnace Parameter
Instrument Parameter

Step Temp. Time  GasFlow  Gas Read

No. () (sec) (L/min) Type Command
Instrument mode absorbance 1 85 50 30 Normal No
Calibration mode standard additions 2 95 40.0 30 Normal No
Measurement mode peak height 3 120 100 30 Normal No
Lamp current (mA) 5 4 300 50 3.0 Normal No
Slit width (nm) 0.5 5 800 10.0 3.0 Normal No
Wavelength(nm) 283.3 6 800 30.0 30 Normal No
Measurement time(sec) 2.1 7 800 2.0 0.0 Normal No
Background correction on 8 2300 1.1 0.0 Normal Yes
Maximum absorbance 2.00 9 2300 20 0.0 Normal Yes

10 2600 2.0 30 Normal No

11 2600 40 3.0 Normal No

A% modifier24 (NH,),HPO, (diammonium & Z33Ach@FFAAtA 3, 1996). ol

hydrogen phosphate) & AH&3ch(Eaton %,
1983;Jacobson &, 1991). ¥AF ZPPe Z=A
o] A" YL AMZet=(cover glass) ol 1%
(38 W) AE "Wojm=dA F Hematofluorometer
(Model, AVIV 206) 2 #4351t}

8o 42 Plot 50(Version 5.0)3 SAS
Software (version 6.02) 8|3 Table Curve®
ol-g&-atih

=1
ES
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1. 22Xle| UHty EN

kS

E 2& 22A9 9wty S4olt. Bidele
36.941e1x 174 FE 62417k EFEHUS. BT
THAYE L 52719 lUTh

AFHEE 22X Yol 277 e o
A7t AT (p=0. 0001).

2, AEY ZEXfe| HAUF Ho ZPPsT

A3 22| EAF @ ZPPETE X 3%
2o} 23 A¥Po] 85.11 ug/die2X 71 &1
ARJbA B AN Hete AFFAJA 60 pg/dlS

TEE 23 A9y ZEAE U4z 19844
Lee 5°] ZAIgE B 43.3 pg/dlz} 198530
Kim o] At 46.0 pg/dl (c|B= 5, 1986) X2
o 28] 7Hto]l EE FEACL oA 23 AUYG]
ZTE 4F9 Aol AT met ZFBAEMNA
< TS ofgx, 550 g I=2A BidAs
BEHHOZ o]Fo] XA gL WEgoF Hdtdr

Gartiside 5 (1994) o] ¥e}tulvl(Alabama)9] 3
AA ABFZe] 1579 Hd YF E¥=EE
65.8 pg/dl (H= 9-86 wg/dl) 2A (Gittleman
5, 1994) ¥ A7AH(85.11 pg/dl) B} 29Ty
23 AZP] FREEE 51,29 pg/dloz ol
FAIRD 40-60 pg/diel &3t LeeZt 1982l
ZAA Az Z2A 2349 S tidez AR ¥
AF FEEE 53.8 pg/dl ZA(e1HE= F, 1983)
£ AFAFSL & A7t gtk olgid AAE £
o AR AxYPL 10d Aol wis) FAd¥/AY 2
2x 2Agert 5483 AEAG £ 5 §loh
Wa7) AzAF AR AxPL HEIE 40 pg/
dio|3tdth. Scheffe®] tHH] i (multiple compar-
ision)°l] &g AF Pt ZE JTEE A=
FrolFt Bl & BATHp0. 05).



Table 2. Characteristics of Workers Sampled for Biological Monitoring by Industry

No. of Age Working Duration, month
Industry
Workers Average SD Range Averag SD Range
Secondary smelting 20 48.8 8.5 34-59 50.5 41.9 1-172
Radiator manufacturing 80 342 10.9 17-62 70.2 67.3 1-257
Battery manufacturing 93 34.5 12.7 18-59 38.1 39.5 1-210
Litharge manufacturing 45 40.1 6.9 27 - 54 52.8 48.8 2-199
Total 238 36.9 11.6 17-62 52.0 54.5 1-257
Table 3. Lead and ZPP Concentration by Industry
‘No. of Lead in Blood ZEP:
Industry
Workers GM(ug/dl) GSD GM(pg/dl) GSD
Secondary smelting 20 85.11 1.41 186.21 2.09
Radiator manufacturing 80 19.50 1.62 14.13 2.34
Battery manufacturing 93 51.29 1.55 95.50 1.99
Litharge manufacturing 45 37:15 1.38 56.86 2.19
Total 238 36.31 1.91 47.86 3.31

GM : Geometric Mean, GSD : Geometric Standard Deviation

B d79 d9F FrEE TY 43 di 9
Zo] AFAFe} vlma] Btk Matte 5(1989)
& o]} (Jamaica) o EHA] Az2FF 374
3 222k 93 FEEE 40 pg/d, 65 pg/
d, 58 pg/dl2(Matte 5, 1989) E33d 1,
Kalim %(1986)2 @ (Sudan)ollAl FHA Az
222 9049 EAdF Fe=s W 48.1 pg/del
A 80.7 pg/di2 Ruslyth(Kalim 5,1986). ©]
E9] dFATE E A7 F4A Az 22A9
F=(51.3 wg/d) st HIKIAAY ¥L TENT
Kononen %(1989)°] ml=¢] 2-3/0 FHA A=
AQAoNA 15 - 34 B &7l AR} (paste
machine operator) & th’22 1980 d FEl 1985
d 744 ddF dekel ¥Els e 33.1 pg/d
(1983d) ol A 43.7 wug/dl (1980) & B u3stdch
(Kononen %,1989). =3, It 19849 m|=<]
22 AxTF 308 ez 14 ¢ YT
3 BEE 12.5 pg/dolA 27.3 pg/do2 Hadt
At (Kononen 5, 1989). ol8ld AF FsTe
2 A7 2AA Az 2249 $=(51.29 #g/

d) 2ok A gsio, Jeleioh 94 F deert &
o7 Y= FH 898 FHA AXIH wWES
AARAY, F, FAIFLFE FHAAE FHAZ F
Hoz Hirdo] In AT AFYPLE xF0|

< oot

Y ZPPY 73 adsEE 23 AULo]
186.21 pg/dlo2A AEIAR 150 pg/dl< AR
Ak o3 v 23 AAY T2AE tde
2 198499 Lee T°] AR T ZPP¥:
131.4 pg/di (o183, 1984) <+ 198534 Kim F°]
ZALRE 89,6 pg/dlETt BA FL FEATEFHAT
5, 1986). ZHA AP 95.50 #g/die 2 F9]
FAE=de AFY 2 =R FEIe
AR A ze ZPPEEv &7 14.13 pg/dis}
56.86 ug/dlo2 FoFA Fxol AN XWX
FFoz zAHUTE Scheffe?] tiEu|me] <&
dAF ZPP S5 BEE JFEE F7 FEA}
£ 230 (p<0. 05).

Y4F ZPPEEE Y 435 d# o0& Id+2
e} vlma] B, Gittleman 5 (1994)°] &Ehat



'i:ab_lg-‘i. Frequency Distribution of Lead Concentration in Blood by Industry(%)

1

Workers Lead concentration in blood, pg/dl
Industry
No. =40 =50 40-60 =60

Secondary smelting

this study 20 19(95.0) 19(95.0) 1{ 5.0 18(95.0)

Kim et. al.(1986) 64(71.1) - 50(55.6) 14(15.5)
Radiator manufacturing

this study 80 6(7.5) I( 1.3) 6( 7.5) 0
Battery manufacturing ’

this study 93 70(75.3) 54(58.1) 40(43.0) 30(32.3)

Lee(1982) 177(75.6) - 87(31.2) 90(38.5)
Litharge manufacturing .

this study . 45 21(46.7) 7(15.5) 19(42.2) 2 4.4)
Total 238 116(48.7) 81(34.0) 66(27.7) 50(21.0)

ole] 2le 2= AYFR 159 =244 g
d4F ZPPET=E HT 268.7 mg/d(B¥e 27-
616 pg/dl) 24 (Gittleman %, 1994) ¥ 472}
(186.21 #g/dl) Ecb= E51th, Kononen %(1991)
o] En¥ vlge #FAA AZx 22AE A3
ZPP £x%v 21.6 pg/diolA 46,6 pg/di 2 (Kon-
onen %,1991) £ d7uce 4 2t oA
ZAA AzFTE 2§ de| &%= Aot 7
2 9oz Bugnh '

2y AAAARAY (FFAAMEFE,
1996) 3 nlFAAMA AN (OSHA, 1986)< ¥
A ol gt FAZIEL AR g2, E 4= F
vzke] @el71Ed wet dede 224 % 2

81§23 vEhd Aol A 23893 AdekdEA

wol Ayl 60 pg/d o 22A & 50
(21 %)°l3 Fo AR 40 - 60 pg/dio] APt
€ 222 e 66Haz 27.7 %% AR sh
ZAEA 2221 3 % 50 %7t diedgd g 3
AT doint. nFARiGALAN Y FEd #
gl Mgt APEA 40 pg/dl o)144e} 1167
48.7 %) 224 ol&< 214 ritt ¥4F d5x
o] Wslg ZAlgolet F|HOSHA, 1986}, =
A4E 9] 2ot 40 m/dS oY We A
7t Al g S2A4A Lelok sy S=Ale
A F el €323} (medical removal) & T=E 5
o} SICH{OSHA, 1986). 40 rg/dl od€ vErd

22 S 28 AdYol 19995 %), 28A A
Z9j0] 70 (75.3 %), 2= AN Azl 21
B46.7 %) o2A B AZAE Agsizne 9
¥ue) 2zas} Sl AU, Plwe 22
9 W4F YEES} 50 m/d O B BB
8] $E7h 30 sg/ee & EeHe AGRIAE A
A8 40 s/l oI5t € W BAT £ kw o
o o o] 7124l AYsE 224 = £ 817
22 34 %A olEE ITU=S THAN 24 A
ge 19905 %), AR AZYL 549 (68.1%) 2
= te gad Hs M B3 23 AR 2=
e ¥4F YEEE Kim Fo| 1986d] AN
Zgs} vz WAsk o Esich AREA 60
pg/d A BEANF B AFE 95.5 %24
Kim %(1986)°] =AM 15.5 % XA 5, 1986)
A0 g4 BT 2 AR 2EE g B4
o] £7Roln FAS FYBA ¢ Tz vAB
7t 2813 dodelA sk Aoz wuEn

237 AZzY 22AS YIS WEEE Leett
19824 $elvele] 3R] A= S22 2349 o
g 2AWG Ash(Lee, 1982)5h vlmstal, 713H)
o 40 wg/dl ol A= 5.3 %% 5.6 %A
Asl vasigdth 60 ay/d ol BERbw 323 %st
38.5 %24 & A7t gtk 108 olye] A
HE 284 Az 23, AVA, 222 2B
3 5ol 7ol 92 YA e RS waed,



Table 5. Frequency Distribution of ZPP Concentration in Blood by Industry

Workers ZPP in blood, pg/dl
Industry

No. 100 - 150 >150
Secondary smelting 20 3(15.0) 13(65.0)
Kim et.al.(1986) 7( 7.8) 2(.2.2)

Radiator manufacturing 80 0 0
Battery manufacturing 93 23(24.7) 27(29.0)
Litharge manufacturing 45 9(20.0) 2( 4.4)
Total 238 35(14.7) 42(17.6)

¥ 5t ¥Y3F ZPPFEE AtArnzAge &g
71 o3 g 22AF 7o ¥ &S YER Alelth
@F=ArA P Fd, 1996)

% 23899 Z=2a F 359 (14.7 %)°) FATAA
100-150 pg/di, 23 42%8 (17.6 %)°] AEgA
(150 pg/di 173 ol Z2t d=e A= Yesich

19 94F F 23 ARPH FAA Axge] F
oA oo ZEAL Ut 7Y B AR YE
Sk B Aol 23 AlMYe] ¥AF ZPPEEI}
100 pg/dl ©149 ZE2AE 80 %24 Kim F°l
19860l ZANE 10 %ETH(HA T 5, 1986) AR
=3 23 AAFL EFE JFY 5A0] IAs
o AT 2 222 2ABYL 238 dtHA
7t e Aoz #aE. FAYAfY A, =
£, ZAPEA A T AFANAEA FH Y&
g BUHH S TS A X7t a7
© ZEATL ul$ B3tk

Fol FFAEQ A5 dI SEAEQ ZPPF
=& 29 gol ozt 2EXpe Bzt FAd
H3) A Aol gickn SaEh A ol g
ZE2R =& ul$ Adstn 449 tise] .
3 Aoz By,

Table 6. Lead in Blood and ZPP by Work Duration

3. 2F7IZtof| ME HUF EHt ZPP

E 62 TS FEI Z44 d94F g
ZPPEEE Yeld Zeolth, ZF7|E 5704, 5-
24719 aE]3 24709 ©1 3% 22=AE 47 FEF
RAolt}, o2 FEL Fi-Zy|7ld mE YAF g
3 ZPPEexe] W3 A%S Fmg Aolth. Hesley
198Dl oatd ¥AZF Fe =& 2 - JHY F
&3 F7Fe Holx 1 o|F & vl MM F7)slH,
ZPPE 4 - 597 AA3] F7ksta 1 o] ¥ HH
< Holg oz JYehdda 39t (Hesley ¥,
1981). SF713t 5704 vl 2R EYF 7)
ST 9 BEv 29.51 pg/dE P 9ot 5 -
247042 2L 7 Z2AE HT 40.74 ¢
g/dio|3 247190l 3L 36.31 pg/dlo 2 EbgT).
TR7IEE 95 FrEE FAFCE {o%
Aol 7k AATH (0. 0739).

¥YF ZPPE 5 - 24709 2F Z=EA} 57.54 ¢
g/dieg 71 =3 5709 ol3he= 30.90 pg/dl2 T
ol TEH| m B A PF 1.88 ug/dl(95% A=
A9 1.03-3.43)9] felFt Aols BT 2471
4 o3 22| YT ZPPFEEE 48.98 g/

Work Duration  No. of Lead in Blood ZpPP

(month) Workers GM(pg/dl) GSD Range(ug/dl) GM(pg/dl) GSD Range(ug/dl)
<5 35 29.51 2.29 7.24-117.49 30.90 2.88 3.02-194.98
5-24 73 40.74 1.86 8.91-141.25 57.54 3.24 3.02-363.08
24 < 130 36.31 1.82 6.31-223.87 48.98 3.39 1.20-549.54
Total 238 36.31 1.91 7.24-223.87 47.86 331 1.20-549.54

93r=
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dZ O FaHe FAF2E #9@ e} gl
o} §¥, SEAEL] ZPPEEY Holrt 257
e b mE) FA & Aoz Jehd, o)zl
del 3o & AARS] Wk sleiMe] Aol
3 Hesley?} 435%cH(Hesley 5, 1981). 89
% g ZPPESE 257|3te] T wie} gaie
Aol & + giith

4, EAUZE o ZPPe| TA| 2

7L Eeln MY PR

49 I=E €4 A g F+ Asil
B2 AS, B4 NS T2 _FEING. F94
e ¥AF JF(p0.1570 % ZPPE #9493 Aole
YATH((pr0.6464). 94 A=e Y45 g3 ZPP
F=o] gz diy 49 & e BEE o845
2 Ych{Ulenbelt ¥, 1990). Z&} }g8d &
9] Hix=Z %o vHMEe e YdolBE @A Fd
8] 7R M €94F g3 ZPP7t Rl 2
ol JEA e (Karim 5, 1986). zIn
g dolAMg clAFIAZ Jdule] el deby
E fo)g Ao|E Belz] gl

L eiEEl oivty S4nte] A

B3 HIYA =224 SHVUF FAFS
243 99 ZPPH #al¥ #47 gle Aoz v
B3k 22 238% C2AE FEES e 49
T He 27 €493 ZPPe 2 R &

A

A3 RE {2# FAE Bole ez #4599
o ol A UiF ol d9F=e @A 47
% - 7.9 % A=olc}, :

YUY AFE (Chavalitnitikul 5, 1984: Hodgiki-
ns, 1990: Paul et al, 1990)s44] =273} &
Qo] ¥AF @] F= A @ duge g9
A £3AY dEE 10 %Ue=2 Yysht 2 93
st £ Fole f15ith. Ulenbelt 5(1990) & 3715
we] et 4 FAGFIN ALABaL0 BE
F&2, 59, AYFANN S44H, AAe] &4
Y F2 FHNA ¥9%5 9o d3s dgsigng
(Ulenbelt &,1990). <] d3-oiA 2z4ze a8
e RAgst &3 4929 ANz R & 7o
dAlalm dvdtn ol3E ¥SES XA 2435
H 13 B g43de] #AF B 3
A%E 4 vtz F38cH(Ulenbelt 5, 1990).

o 252k

E T& §9% g3 ZrPe] #ARYES 2%7)kh
2 FEI} g8 472 4 vasigch ¥y
% 99 ZPPEEE EF d$9%(log transfor-
mation) QS of ¥} fel§ FARDE Bl

DRI el oo #o8 ARG L Ho
2 itk 5Rdeiws] 2ERANE ez fiw
Y93 ZPPEEe| W3 41.60 %S frolatA 4
Halglch 5719 o4y 2EAEAY BARYR
4% AxS ¥ 4L Byt ojRS ¥y

Table 7. Relationship between Lead in Blood and ZPP by Working Duration by Industry(Dependent= log ZPP in

Blood, Independent=log Lead in Blood)

Work Duration No. of Slope(S.E) Intercept(S.E) ¥ p value
(month) Workers .
<5 35 0.8237(0.1699) 0.2736(0.258) - 0.4160 0.0001
5-24 73 1.2869(0.1663) -0.3047(0.2708) 0.4575 0.0001
24 < . 130 1.3495(0.1318) -0.4176(0.2087) 0.4504 0.0001
all workers 238 £.227 (0.089) -0.234 (0.141) 0.4456 0.0001
Chavalitnitikul et al 20 1.5253 -0.3723 0.6514 -
(1984) :
Wildt et al(1987) 939(man) Log Y(pg/dl) = 121 + 0.0148x  0.52 -
449(female) Log Y{pg/dl) = 148 + 00113x 031 -
Matte et al(1989) 68 ~ Log Y(pg/dl) = 0019+ 0.0167x  0.6500 0.0005
Jeinbei et al{1992) 250 Y(emol/l) = 0.472e0.3957x(pmol/1)+0.535 0.1918 0.0001)

S.E : standard Esror



% 9% ZPPExrt del =250S w J7ke] 3
AL Yeille =273 27 wielt, F, =
2o w2t F5¢ VM 3PS Yl =&3713¢
o] YF ¥ 2 - MY a3 ZPPE 4-571¥
olgtm Ho gtk EE xEFE7l F8F W)
U xE7|7ke] W 7ol R3] IAY
w2 AfE o2 olf WESR o7 Aol A
3l lTh(Chavalitnitikul 5, 1984 ; Wildt 5,
1987 ; Matte &, 1989 ; Jinbei &, 1992).

SRS FES 895 93 ZPPY #ARY
< F HAFE U A¥IARD] FoF &
AE YeriTh

HoS g3 ZPPolel #Ale & 79 o8 7
A BRo] T ¥FE BF giRidd sHARdo] A
Asltta A (Chavalitnitikul 5, 1984), 172
FTEHUS(ZPP) e iRt AR (Wildt 5,
1987 ; Matte 5, 1989) Ev AFZA3AEY (ex-
ponential curve regression)°] Ht} HF3 #AS
A gtia F33k3 3tk (Jinbel F, 1992)

Rde 1 o] tdsta ARgo] Helsof S
123ld B AFoMe 95 g ZPPeke] e
deR@sARde] 2oy A% Ao Yehga, 2
€ Log zpp(ag/dl) = -0.2340 + 1.2270 Log Pb-B(x
g/dl) (standard error of estimate= 0.089, 7=
0.4456, n=238, p=0.0001) It}

V. a8

£ A3e 4l 4F 23839 Z2AE ez ¥
43 I3t ZPPel ¥EE Yol Ky, 1 #ARIS
AR g8 AAEHth a5 Hese 23A4A
ol 85.11 mg/die2A 7FF &Sk, ARiekdRzA
HollA Fske AEIA (60 xg/d)E B 23319
ot ZAAA YL 51.29 ug/dle 2 F2]3H| (40-60
pg/dl)ol &3P BE 4FHE ¥Y F IEEE
M2 folgt Apolg HATHEPK0.05). BYF EE=
7 AEIAS 2] = 509 (21 %) ol F
Al 3lB3hs 4= 684 (28.6 %) 22 ZAHNG 2=
A F % 50 %71 B2l WE FIFAE Jolil
th. ¥AF ZPPEExE 2xA|-Ad] 186.21 ug/dle
2A AderArnAye] HAHIA (150 ug/d) S ER
di, SAAAZYL 95.50 pg/diolAt. 409

(16.8 %)l F<7HAI( 100-150 mg/dl), 233 398
(16.4 %)°l AE&A - 22t = At BAF
3 ZPPE:=€ &%, A4 mE elst fidn
(P>0.05), BARYL ZF7|Ez TR\ 2
A5 Aole & F Tt I9F E ZPPEE
o] FARY LS BF i@ A33AR (og-
linear regression model)©] ZHAslIPoH, 2o
Log ZPP(ug/dl) = -0.2340 + 1.2270 Log Pb-B(ug/
dl) (standard error of estimate= 0.089, 7=
0.4456, n=238, p=0.0001) At}

gnEH

AR, oME, o249, =34 :
o TEH AEZ=o #AF AF. FF9
24(1):10-19(1985).
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