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A Study on the Normal Values of Lead Exposure Indices

Hai Rim Shin and Joon Youn Kim

Department of Preventive Medicine and Institute of Industrial Medicine, Inje College

For the purpose of determinating the normal values of some parameters relevant to lead exposure, a
study was carried out from April 1 to June 30, 1986 on 258 healthy Korean adults who have had no
apparant lead exposure.

The lead indices subjected to this study were as follows; blood lead (PbB), hemoglobin (Hb), zinc
protoporphyrin in blood (ZPP), delta-aminolevulinic acid déhydratase (ALAD) activity in blood,
coproporphyrin in urine (CPU), delta-aminolevulinic acid in urine (ALAU).

1) The mean value of PbB was 17.17+7.87 ug/100 ml, and there was no statistically significant
difference by age & sex. The distribution of PbB fitted to the log-normal distribution (x>=7.38, p>0.1).

2) The mean value of Hb in male (15.17+1.56 g/100 ml} was higher than in female (13.22+1.51 g/100
ml)(p<0.01). The distribution of Hb fitted to the normal distribution (x2=9.40, p>0.1).

3) The mean value of ZPP was 32.61+8.78 ug/100 ml, and there was no statistically significant
difference by age & sex. The distribution of ZPP fitted to the normal distribution (x?=13.93, p>0.05).
The correlation of ZPP & ALAD (r=-0.229), CPU (r=0.183) was statistically significant respectively.

4) The mean value of ALAD was 30.201—10.96#111101 ALA/min/L of R.B.C.,, and there was no
statistically significant difference by age & sex. The distribution of ALAD activity did not fit to the
normal distribution. The correlation between ALAD & PbB (r=—0.219) was statistically significant.

5) The mean value of CPU was 36.10+24.54 xg/L, and there was no statistically significant difference
by age & sex. The distribution of CPU did not fit to the normal distribution. The correlation between
CPU & PbB (r=0.185), ZPP (r=0.183) was statistically signinificant respectively.

6) The mean value of ALAU was 1.94+0.96 mg/L, and there was no statistically significant difference
by age & sex. The distribution of ALAU fitted to the normal distribution (x?=9.76, p>0.1).
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847 (Kleifeld, 1982) Sol = w3 gH=eo] gl o
F29 718 APA D ulAgA L2 Wil o
Fo9d & glet,

o] 7h2d H7FS A& F2 %A A8 (7E
A)ell =7 AAZ A7 de F71de i
71 st wir]g AR Sl dE of 90% o] Aol
ol gt AF A wi7i7 o) FHR Ao Y @
(dAga FAFHAF4, 1985 ; Perkins,
1974}, o8l Ad{ 2 U e RE2 48 F
A9 A7t HE%E shEd 109 0.3ml o] sH(AFF
474, 2612) 2 A ol zFA w772 E
g do A7 &L < 1,000~3,000E (54
380,000tH x1.63 gallon/day X4.72~12.88 g/gallon
X365 X 1/454 1b/g X 1/2,000 tons/1b) (7 A 71 8
ZAFEA S, 1985 ; Perkins, 1974) 2.2 339 w3
Ak,

Aaale] 19 94 #3L Perkins(1974) = &A1 3}
ol A 300 ug, F7101A50 g, 12i3 FARE )
1493 0.5ug7teeletn 34 a, Toshigazu
(1983) = S4)oll M 160 ng, 371elA 2 pg7tefoletn
At 3E7E B3le " AL oF 25~50%,
23718 F3td AHS 98 % 10% 7HeFel 474 A
W2 &5 89 (John, 1980 ; Perkins, 1974) 4
HEY AL F2 oW dHoE i ds A o F
F5o] Aol Aol HH AA Y =] A7z
A& ZestA "o,

deff 2 A ol h2d ZH7F A7} 7}
A dA3a F8319 ol hemes HPA o FHois}
+ delta-aminolevulinic acid dehydratase (ALAD)
<} ferrochelatase £ 59} #Hg-o] <o st} o
A g o 24 2= hemoglobin(Hb) & Ao 74
% 3 u}et A heme?| A7& A<l delta-aminolevulinic
acid(ALA), coproporphyrin(CP), porphobilinogen
5o ¥F 329 uF o ake] FrlshA Elr4(John
1980; Clayton, 1982), z#lBnZ2 dFs & dF
o 271 sdog ol AL 2HIFY 75’°H°1|
HE R Ak Ay PFAaFe] E£3] ol gHE= 7
olth, ¥Fd(PbB)S w2 HEAHY dF=2 A%
£ 9o FHZel= ¥F Zinc Protoporphyrin (ZPP) o)
A8 AW F5 S A 2 A=E vy 25
HO R AAjct 3t Aol Ao g e o] 45

i glet,
3 A2 AXREY HFAA dAMEe FA4)
(1968), £-A1w1(1968), ZH<Ad(1976), *ALF

(1985)°] 1~270 2] A2 A Fo) Woto] ZApstRAW
u} E<dxtE PbBE ¥ &3}l Hb, ZPP, ALAD, =%
CP(CPU) 2 %3 ALA(ALAU)E®] d2) x50l
B AAAE AAFOZH A2 E 27]0 Shota)
o4 QE22 AT ARANE dysE dd Adg
2rez AT E AN

II. Z=AHA % =AY

ANARAEE w7 fsle QAN FEH e
Wlstdd F5Y o ﬂl]%-‘—} A 3,400 F Al A
A oA i AFE Y] U WA
g Al b 724 ﬂlﬂl FE F23 25895 2
Agae g sger 4% 2 A X 55 PbB, Hb, ZPP,
ALAD, CPU, ALAU 5¢ ZA g2z st}

3 PbBE UAFFEFF=A (Perkin-Elmer.
Model 2380, U.S.A)E o]43}e](Tablel #=)
Fernandez(1975) W22 A 92w Hbe
cyanmethemoglobin ¥ 2.2 ZPP+ Hemato fluoro
mether (AVIV, Model 205, U.S.A)E ALAD =
Tomokuni¥ (1974) & 2 CPU+ Soulsby £9 7te]A
2] (1974) 2 2 1832 ALAUE Tomokunig} Ogata
W (1972) 522 72t A sl

LEE SAAEL uuF 1.0248 A

Table 1. Operating conditions in AA spectrophoto-

metry
Wave length ; 283.3nm
Slit width ; Alt. 0.7nm
Recorder ; 2mV, 1 cm/min
Mode ; Concentration, PK HT, Dupl.

Type of tube ; Pyrolytic-graphite-coated tube

Drying ; Temp. 130°C, ramp time 10 sec.,
hold time 25 sec.

Ashing ; Temp. 530°C, ramp time 40 sec.,
hold time 25 sec.

Atomizing ; Temp. 2300°C, ramp time 1 sec.,

hold time 1 sec.
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30.20+10.96 # mol ALA/min./L of RB.C.,, CPU :

. = AL M H

Rt

s A4l (258) 9 A%2 AXEe PFA:
PbB 1 17.17+7.87 1 g/100 ml, Hb : 14.23+1.82 g/
100 ml, ZPP © 32.61+8.78 4 g/100 ml, ALAD :

36.10+24.54 ug/L, ALAU : 1.94%0.93 mg/L Eo]

Table 204 2t whsh Ro] 7 AES2] A4
F32] Aol Hb(p<0.0) & ANT B2 &2 o) 4
Fo4o]l gRem A NS A HFAY %

Table 2. Values of selected variables relevant lead exposure by sex (MeantS.D.)
Variables PbB Hb* ZPP ALAD CPU ALAU
Sex IN (u#g/100ml)  (g/100 ml) (128/100 ml) (#mol) (zg/L) (mg/L)
Male 134 18.56+7.59 15.17+1.56  31.69%10.56 30.33+10.56 39.36%+27.02 2.02+0.88
Female 124 15.67+£7.93  13.22x1.51 33.61% 9.37 30.06+11.42 32.57+21.00 1.86+0.97
Total 258 17.17x7.87 14.23+1.82 32.61%+ 8.78 30.20%£10.96 36.10%24.54 1.94£0.93
*, t=10.187, p<0.01
Table 3. Values of selected variables relevant to lead exposure by age (Mean+S.D.)
Variables PbB Hb ZPP ALAD CPU ALAU
Agen_ No. (2g/100ml)  (g/100 ml) (¢g/100 ml) (#mol) (zg/L) (mg/L)
10~19 57 17.55+6.34 14.03+1.83 32.57+ 8.81 30.50+10.51 31.28+23.01 1.84+0.85
20~29 50 18.54+9.24 14.27£1.77  34.55%+11.24 28.47%+ 9.83 34.21+20.03 1.944+0.83
30~39 50 17.64+6.51 14.56+2.02 32.31+ 9.32 31.65+14.29 40.49+27.08 1.89£0.90
40~49 53 15.69+8.86 14.52+1.92  32.47+ 7.76 31.94+11.89 38.29+25.87 2.03x£1.02
50~59 48 16.47+8.09 13.78+2.04 31.11% 5.84 28.24+ 6.52 36.79%+26.07 2.03x1.03
Total 258 17.1747.87  14.23+1.82 32.61+ 8.78 30.20+10.96 36.10%24.54 1.94+0.93
Table 4. Correlation matrix of selected variables relevant to lead exposure
PbB Hb ZPP ALAD CPU ALAU
PbB 1.000
Hb —0.063 1.000
ZPP 0.101 0.056 1.000
ALAD ~0.219* —0.077 —0.229* 1.000
CPU 0.185* —0.031 0.183* 0.090 1.000
ALAU -0.015 —0.088 0.116 —0.040 0.098 1.000
* 1 p<0.01
Table 5. Values of selected variables relevant to lead exposure by blood lead level (Mean+S.D.)
POB Variables  p, ZPP ALAD CPU ALAU
(412/100 ml) (£/100 l) (12g/100 ml) (zmol) (pg/L) (mg/L)
~10.0 40 14.71+1.16 31.67+6.02 28.85+ 9.66 27.09+17.01 1.81+0.89
10.1~20.0 140 14.66+1.98 32.25+8.38 31.12%11.02 41.72+28.08 2.04+0.87
20.1~30.0 7 13.53+1.19 32.76+9.32 29.83+12.84 30.62+19.35 1.84+1.02
30.1~40.0 21 12.39+1.42 32.80+9.08 27.63+ 6.26 30.68+12.04 1.85+1.07
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Fig. 1-1. Histogram and frequency polygone of lead in blood.
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. Relative cumulative frequency curve of lead

(In #g/100 ml) in blood plotted on the proba-
bility paper.
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o] & Table 3o 4 9} ZFo] BE &FZo A T3 f2A

o] 9t}

AER A F A3 P34 = Table 40 A 2 7
o] PbBe} ALAD(r=-0.219), PbBs} CPU(r=
0.185), ZPP%} ALAD(r=—0.229), ZPP$} CPU((r
=0.183) Ztelat frejstglem (p<0.01) PbBE 10
pg/100ml 7+A o2 FE3sle] PbBA o] o} & elAE
S FFA HE 24 A4 4 A2 Dol o)Al
gl el (Table 5 #3),

T8 A%H2 NEEY ¥E= PbBe A5 PoB#
& W5uBY A FFA 2.7440.47 In 4g/100 ml,
A= r,=0.2488, HE r,=—0.59°]2 AFRED
Aol gt A= AAAA x*=7.38(p>0.1) A o
FAFEEE AEsdd(Fig. 1-1, 1-23x), Hbe
RS AE1,=0.011, BER=—0.292, x*=7.40(p>
0.1) (Fig. 2-1, 2-2382), ZPP: 9= 1,=0.733, A
= 1,=0.818,x*=13, 93(p>0.05) (Fig. 3-1, 3-2%
%), ALAUE 9% 1,=0.363, A% r,=—0.341, x*
=9.76(p>0.1) (Fig. 4-1, 4-282) 2 A Z7 A 74
g Azgen CPUK*=106.7, p<0.01) ALAD
(x2=44.2, p<0.01) = Z#A 0| AFLEZE Jehigd
(Fig. 5, 6% %),
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LA, s, v
¥, 2E% A, HEEH 45248,
]

A% FF 5o g dady sty dse A
= foprt Al¥c 22 A Jole S8 A o
o sy

. A4 (1968) 7 712l 4 (1976), AAD
S(1984) 2 Ao o AA e 5ol W
ol7b sldbs g en) e daslM& Clayton ¥
(1982) & =7} a2 Aol A F4de] £t
I g b, whg e (1985), Kubota 5(1968) & &
AA7b AR Ao WE FFAel Foim stgloy
714 (1976), DA TF (1984), LEI5(1985)& A
He o]zt Yok a e, AT A E Hb e A 9)
ez AFE AREANN AEE FT Ao F
T o d¥EER fod Aol 2 & AU
Zlell Zt A Ee] FFA e Ad, 4354 vjae
28R op 3,

PbBE A2 AF 29 AEF HotalE o v
2 gol ol4HE Aoy F2 T AFS4 £
dyzAe] & Wgss T4 A5Edes 2 o
AR A ot 549 dge} dY Aol -
o Ax7l 4 & ol PbBute 2 XY dFS5 R
=5 ¥j3A & Jebdcha sxjgr Qi oz d=
2 EL2 d9 Ay 249 Az 9 AFE FA49
283 A=E &A Wedsx £3ddx 9 (John,
1980 ; Clayton%, 1982).

24974 PbBe A4 HF 17.17+7.87 pg/
100 ml, 2 /4 4](1968) &} 22.2 pg/100 ml, o)A &%
(1979) ¢} 16.2 pg/100 m), &0 3 (1981) <] 23.83 g/
100ml, &% (1985) 2] 16.54 4g/100 ml, SHEZ
(1982) <) 17.5 4g/100 ml, 2hA = 5 (1985) &) 14.8 pg/
100 ml, o) 228t L. w) Sl o A AFA] 13.9 #g/100
ml(Mahaffey 5, 1982) qvlz o A= 18.6 ug/
100 ml(Clausen %, 1977) 2 71&} AA «<2jtele »
A2 5 (Goldwater S, 1967) 3= 2 ol 9l
(Table 6), PbBe] ¥ 2 & i HFEEE A sted w}

Table 6. Blood lead levels by country

Contury PbB (1g/100 ml) Sample Size Reference
Argentina 14+8 49 Goldwater et al.(1967)
Chile 17+6 b "
Czechioslovakia 20+8 20 "
Egypt 20+13 28 "
Finland 26+12 46 "
Israel 1545 67 "
Itly 13+10 26 "
Japan 2048 40 »
Holland 15+7 60 "
Peru 1246 76 "
Sweden 10+3 30 "
Yugoslovia 24+16 46 "
United Kingdom 23+13 30 "
United States "
California 17417 33
New York City 21+18 105
Chio 16+8 40
New Guinea 22+5 38 "
US.A. 13.9+24 9938 Mahaffey et al.(1982)
Denmark 18.61£9.6 54 Clausen et al.(1977)
Korea 17.17+7.87 258 This Study
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A5 (1985) 8 AA G 4Rty ot PhBY E 25t
AFEEE A¥oe F44(1968)9) AH= =3 2
Aol v]HFEEE A& ch= Clausens (1977) 3 &
W E(1981) 9] X udte d A=A ¢z glol PbBY ¥
Xo] # FF A7 89Edn A8,

Hbe] A4 & date] 45 HF15.174+1.56 g/100
ml, 2 922 13.22+1.51/100 ml 2o} %2 (p<
0.01) PbBst HbAtol o AaA-& #44) (1968)9 =
Aboll 4] 9} ZEo] §- )31 A] ofrslgl ow Hhel £ & A
TEEE A

ZPPS) HAAE 1 32.61+8.78 ug/100 ml= 7
A mE5(1984) ©f FAb 26.54 pg/100 ml, o 2F 26.10 ¢
g/100mle) Bwel AR AR 26.4 4g/100 ml
(ZH8IS, 1983), ul=ale] A 23.0 xg/100 ml
(Sugar 5, 1981) o) W sl & 47k gk} Ehajql
9] A AbA] 39.6 1g/100 ml(Gobbi &, 1976) < 1) &)A]
= ohd @A el ZPPs e AR E el A
Aol gletA A5 (1984) & A& A% ZPP3}
PbBZbell 7}3 & A#g vehlidm stgoy &
ZAtell A= ZPPet PoB7re] 4342 fo8tA ¢t
°"§ @2 CPU, ALADS® o] A4 ol glelAnt e
el 2 (p<0.01) ZPP9 2= AFEE

o?-
mlo

i
o
o,
34
L

X

)
)
fo
u
oo
=
of
m‘i‘-

¥olzt PbBZ 3
g 5 ‘il“ A2 AA1E 71 )
1 ZPP9 42 Zt@&x 4‘_4%‘}51 7 A
S%E AA AL T2 2 R4 2
Joselow %, 1977) 4] s 4 &F ZPP
2 A%E L5 vlEte] dX 2o AR
(PbB) #hof AotAdo] 2 gt Ao R oA F2y 73
¥+ PbBREU= AW 24§ o Ags dtdgdm 3
o dHF FAH 224 L 9ty AFE QAo o
T 27) AR A SRR ZPPRHALE Al st
Aol vt A stk (A E, 1984).

ALADS A4 FF 30.20+10.96 « mol ALA/
min./L of R.B.C. 2 Tomokuni(1974) ¢l 33.8 z mol
ALA/min./L of R.B.C. o} Z4}3t9] 2w ALADS ¥
e wiAdFEEE Aegdd, ALADE o o $ 1)
Fate] dFdeke] 2F FolA L Aoy 3t

Hojo
o R
il
R
£
a4
2
Lo
& ¥
P
)
faul
2
3
- O..\. £
>
o
&
e

ki

rie o R:3

A T B[R
fan A

2
e

off £ o2 Jo nf u v

}ﬂ

2R =
ey

(Goldwater &, 1967 ; Tola 5, 1973)
ALAD$} PbBE #9937 A% (r=-0.219 %
oo,

CPUS AAX & B 36.10+24.54 pg/L, & 7l
o3 (1976) 2f 61.4 pg/L, ol AFE5(1979) 9} 20.7 ng/L,
2795 (1984) o 42.39 pg/L, A E % (1985) 9]
34.30 pg/L, 48 3R 73.3 pg/L, A7} 44.1 ug/
L{HAfAthS, 1970053 oao eld Rc)
CPU% PbB(r=0.185), ZPP(r=0.183) 3 2l &
A#3e& vehdigled CPUY 2= vAFEEE A
el ok,

ALAUS AA4AE AF 1.94+0.96 mg/L2 7
4 (1976) &} 3.0 mg/L, <l AE(1979) 52 2.5mg/L,
ZAAuhE (1984) 9] 1.8 pg/L, A& ¢4 2.05mg/L,
A 1.59 mg/L(HOMEE, 1970) 53 & zhe] 7} ¢l
Re= ALAUY #3x= AFEEE Aol

CPU% ALAUE o] AW 7 71 3ol 0] 3 d g%
el &= A X 24 Haeger Aronsen(1971)-& ALAU
7 CPURTHE 545 Boliol o Fol 2274
9] 43384 monitoringol] AAF X xel & uwbd
Waldrons(1371) # Tola $(1973)-& CPU7} o] £
A Zehi shgdeh, £ 2Alel 4 CPUS 74 < PbB 2
ZPPe} f ol gt 474 S velll 3z ALAUE o & o
Wil A% 2 A3 ARAALE AldEA kel CPU
7V ALAUNG: A% 29 & v} wztstA q
A A 2ot oo WAL FF @ AT} o
Foldol & Jew Amd
o3 o] AEET T AFF

wgol glof odeiz}A <

A% AgatAt 2
#Eo] o432

| A
& Zl}U} AR o

e AL oA AR %1

Stk AE evjeirie @, iRz 9F2aE
o 22)ATE T A FA FRE gleto] A sha)
It AAAA dF52 AFE Hb $sto
AE2Z ANAEE g BE A7t o) F Aot & A
ojct,

+ A
L8 4% A% —';_—4 A g
~kal 2589 (A} 1
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@49 193 $d 69 30d4A AR Adste o
&7 2,

1) PbB AA4A ) HF-L 17.1747.87 g/100 ml2
A4, AREE fog Aol Ao PbBY *2
= ASAFEEE H Ao,

2) ¥3% Hb A4 Y& Ao 3§ 15.17+¢
1.56g/100ml2 oj=}9] 13.22+1.51 g/100 mlX.ch
E9to9 (p<0.01), HbY ¥-x+&= A2 E A3t
c},

3) €% ZPP A4 HF-S 32.61+8.78 1g/100
ml2 A, d=342 {3 Helst gl ZPPe
Fre AWEFEE AsAdd, ZPP= CPUGr=
0.183), ALAD(r=-0.229)% §93 4 %4 < gt
Wl

4) 8% ALAD AA4A9 H¥L 30.20+10.96 ¢
mol ALA/min./L of RB.C.2 A4, A4 {3t
ol 7t gled e ALADe #E& v AFEEZE A3t
o}, ALAD®= PbB(r=0.219) &} &2 & A4 &
ehul ol o},

5) CPU &AMl 9) HFL 36.10+24.54 xg/LE A
W, A e o5 xojr}t gglen CPUY 2
v A F R 2 EA 4. CPUE PbB(r=0.185), ZPP
(r=0.183) %} F23 AAAL Ve,

6) ALAU A4=19) H#& 1.94+0.93mg/LE A
W, ddE FoF 2ol gles ALAUY £ £
v AFEEE Ao,

g 3 = &

AANANHE 22 B5AS, FFEAQAR 1985 32

&R, A, 5T ALA d7F Fo FHEAI A
F-BHEAY FFE #Ed-, oAuogIA
1979; 12(1):49-55

A, A ¥FAe _F S-aminolevulinic acid 9
coproporphyrin WA=k, JIEHNE gR =FF
1976, 29(1):217-222

7wk, o)lFE, A2 JEHA A2 IF Zinc
Protoporphyrinx &) &8}, 7t Ed e J}F =£3
1984; 37(4):939-951

Aed, o1, AAE, FYst, oA, Py, P45,
AHF T2AEY AsstA 2o B A7, AA
o3} 1985; 6(3):427-436

wAY, AqA, g5 F-Lold ¥F
A2 1985; 10(4):353-361

dFxe, Fddd

A%, AYH, TR 24 BFA} =TI A
gt Abglel sy 71982 21(1):11-15

QA s A FHATE, SFARYA AT 1985

dad, Hed, E, AEF FFS 24241494
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