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ABSTRACT

This study was performed to assess the lead and cadmium status of children residing in urban-
factory area and to see if there is a difference of lead and cadmium status between the group
with normal iron status and the group with suboptimal iron status. The mean lead concentration
of male hair was 9.55ppm which is significantly higher than 6.61ppm, that of female. The
mean lead concentration of male urine sample was 0.04pg/L, which is also higher than 0.03pg/
L that of female. The mean lead level of erythrocyte, hair and urine of the group with
suboptimal iron status was 0.14ppm, 10.03ppm and 48.14pg/L, which is higher than 0.08ppm,
6.08ppm and 20.69pg/L of normal group, respectively. In a suboptimal group the proportion
of children whose urinary lead is higher than normal(35pg/1) was 87.3%, whereas 2.5% for a
normal group. The mean cadmium concentration of male hair was 2.58ppm, which is higher
than 2.48ppm that of a female. The mean cadmium concentration of erythrocyte, hair and urine
was 0.25ppm, 2.65ppm and 38.83pg/L, which is higher than 0.20ppm, 2.40ppm and 19.78pg/
L of the normal group, respectively. The proportion of children whose urinary cadmium level is
higher than the low limit of risk of cadmium intoxication(40pg,/L) was 21.4%, whereas 0% for a
normal group. Urinary lead and cadmium level showed significantly negative correlation with the
RBC count, hematocrit, hemoglobin and serum ferritin, whereas they had significantly positive
correlation with FEP/Hb(p <0.01). There was no correlation between the IQ and the level of
lead and cadmium. (Korean J Community Nutrition 3(2) : 167~173, 1998)
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NEEAFE ohet HAFNAME A5 A7) AE
ZAYL 53] got 4 57| ool A A5 A7t

FEZYL Yoyl 1 857] ool AN &3] ¢
FE7 FUEo] o= it

e AdAe de] SRt Adgel Bo] ol 8HE
FTE5Y shiz HUE, HeA 59 44, F71E 7
& 5%, 97E 3 F578H(Schiitz 5 1984).

HES FANHe] F5 84 (absorptive recept-
or)ll tisl ¥ M2 HAs22(Conrad & Barton
1978) HER-FA = do F47 FXHo| dFE]
H7] 4ot =3 fHo R GFEL IR o|F 3 o
€& B35t heme@Aol Bad T4 848 A3
AlA (Skerfving 1988) BE AW & ¥y g Yo
A Ho] FRAYH FFF0| FAld dojur)z) fek

HEREHL 28 FI=F9 ANWEHE S/
Franagan 5(1980)l 9J31d SE4golM HE9 2
olHHF REL Fl=FY F5E FMIUTL Y
1, ol2jgt L AP AME BEHJH(Franag-
an % 1978).

FIEES FAEA g 42dE AVAFEY =
F 8, 344 2 8 9 FYd 97 o8
21oj(Page & Chang 1986) o|21§ &= Y] 4
A Aol BE3 o]HO)EL JIERY FEHY 4ot
3 AZHET Ely $(1981)2 F9) I53o] dojx|=
ojdolE9 nEFigte] | Jlmg sEo] Ut
Buste] 538 ofdo|EY ¢, SI=f F5 HAHY
FRSYAE %S 712 F Jvtn 4L

mta B dAFdME EAFZA G AT A
A5F 57 ofs S tieE HEF Hasg &
W |, FI=EE SA3 ARES ofdo)Ee gol
v A=F FEol AT Alelzt QleR] geprgte
o 239 &, Jl=f T AR, A 73
549¢ 34 dda gEA de AeAFy Ao
AE Bz} sk

A7y 9 W

1. g14d
FAHA AT 258 53hd ofde] 2608 &

o s ZAE AN TR AT (ER: <4.4X%
10%/mm®, <=} : <3.5x10%mm?, & hemoglobin
(&2 : <13g/dl, 932} : <12g/dl)(Dallman 1980) %
< serum ferritin(<20ng/ml)(Gibson 1990)%! AR
S RISl o2 BRI & ZAMAE R
ZA¥ETE HEEY 7teAol e ToEN R
Z3 (suboptimal) ¢ 2 o]ttt

olm} FERZolE & 108% (FA}: 65, &R} : 43)0)
RN HobsS 1529 (F=} - 71, A& 81)o| ATHYE

s - £51] 1998).

2. My oAy Al Y =g 24

HET19 o, 72§ J¥T 3.5g% #H3ho] 50T
Z7)0A 24X 7 B - ohg g A st
(5:2) 84L& 7185 AGFAANA 3% F thA
perchloric acid® &2 #33l EAo Alg35ich
(Bessman & Layne 1955).

og7tete] A4 FHoA 7171 2em 7Y 9
74ehE st Fr)oM Y xE2 A% L FE 443
stz sileh. =E 7ty i, sl=EY S Wl
2 0.5g% 259A baby shampoo(Johnson & Jo-
hnson)Z & A&zl & absolute alcoholol 5%t
F7HFR 7 Imole] EDTA &34 A 10837 14
& F FHFTE A 50Ty 2370 ARAA HFt
g Q)R ¢ JI=F 29& HA33 vk (Sheaer 5
1982).

AAAAEE B9 vhs S 1e 24k pe-
rchloric acidg MA A8 & SFe2 343
of E4 o} AH&3lHHCapel § 1981).

282 8mlE 4,000rpm 5CAA 1087 942
ate] AF et {3 F W Ao 2 pH 3~48 £F
& Thg #-4ol 2881 tHBauer 1982).

ojmf ARR-g BE AY7TE 10% FAakg-odolA 48
A|IZE o) @7 F ol 5HFFE AT H7o
Ze] ARSI @, 7I=FY A= ICPQ(Indu-
ctively Coupled Plasma Quantorecorder, Jobin
Yvan JY24. 1992)& AME319.o™ 2k A|g¢] s 3
W EA e P e ARSI

97 =g E S A8 A9 ICPQY 4
Z72 Table 13 Zt}.

3. NisdA
NG AFAEY £42 Wo} 2% nohd



Table 1. Analytical conditions of ICPQ for the analysis
of lead and cadmium contents

Lead Cadmium
Wave Length(nm) 220.353 214.438
Nebulixer flow(l//min) 0.3 0.3
Plasma flow(l/min) 12 12
Sample flow{ml/min) 1.2 1.2
Rf generator power{watt) 1000 1000
Observation height(cm) 64 64
H.V.(V) 800 625
Mode 5 5
Time(Sec) 2 2
Gas argon gas argon gas

£ AFHAR (FYETA) 1995)8 ARR8l] A4
2 =3

i Q1 0F

1. ME o3e AR Ul ACF 5T

PI HET S EE Ao B4 0.11ppm, o
Aokl A$ 0.11ppmeE Fizie] atol7t UL
Y m2)71gre] geEe @A 9.55ppm R ojzte]
6.61ppmET froH o2 ¥k (p<0.001) 49
FF& dxjolsol 38.35ug/L, ciAtolso] 32.3%g/1.2
A gRpotsol HoH o2 #3hh(p<0.05)(Table 2).

G2 A, AF, AR EE uido] 42 F
71 & FUFo2A (AR 1983) £ YT LR,
2} (Quinn 1985)& F3ted AUl 25 A "t

£3] ojYol9] A9 Fud F5UY dFv)F 47
& AHEE A FOERE d& AFEHA =il gl &
9 HAE F& $35}o] = (Skerfving 1988) HHt}

53] dAdA:, weE 3%, 2433, fE3% &
gudazate|s FF ITHA AR o-olEL &
o] 2957 Aok (Skerfving 1988).

£ d7elAM HY T $rEe] "= 0.04~0.24ppm
o= UehgEd o) Robinson 5(1958)0] B.11§h 4
Aolid ool FT HET FEx4l 0.65 ppmETt

& G g Yol 99%7F HE ol EA3}
I 1%t 83 A8 A7 hemoglobin
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Table 3. Lead concentration of erythrocyte, hair and ur-
ine between group with suboptimal iron status
and normal group

Normal Suboptimal
Erythrocyte lead(ppm) 0.08+0.00 0.14+0.00"+*
Hair lead(ppm) 6.08+0.42 10.03+£0.51*
Urine lead(pg/L) 2069+1.00 48.1441.33**
1) Mean +SE

** . Significantly different with Student t-test at a=0.01

o A2g =] JtHRagharan % 1980).

571347 22 &9 A% HEigey g3 e
AN THFez AU 7712 JHE BHE & AT
{(Nordberg & Nishiyama 1972). £ QoA &= vhi
olxel HEslet 55t Chisolm(1970)0] Bud
739 42ppmBE T} ggkon) gxlelEol of wtth

T gRE s g il vjdE Heio
g FHErE dIT FUlEtRR WY
F5L gl 299 AEE AN s FHHoE A}
|5 HSkerfving  1988). 2% 9] YT A9
densityol] @} h2u AR &9 Eis R 35uy/
LE g3 JrHEAA} 1983). 2W 4] gujAae
AAEY & A wgstn H2e ¢ AHFE
AH o= wrgstty 434 U (Six & Goyer 1972),
£ AFNME dAlolEe] A HiE LW BEER
o} Fgtong dajolge] dAG G| HI2e] WA
o] oxlH) BUH Ao A=)

ARRET HYF vgjdle, A Ht Pk
= 7}7} 0.14ppm, 10.03ppm, 48.14pg/LEN AT
9] 0.08ppm, 6.08ppm, 20.69ug/Lo} vl feHoe
EUTHpP<0.001).

ARo| g Aol dFF7 5718t (Barton
5 1978 : Watson & Hume 1983) Ay FR {7}
ZolA (Barton ¥ 1978) AEES of5 e HEF o
271, a¥e ByErt F7he Aes Qg 3
BHE ob5e] A8 2 B Er A ko] Bk
Q1 35pg/LE 23k o9l vl &o] 87.3% Aot A
Ae) 3% 2.5% %t

weka] HRo] REY F gF o] HY| 41 &

Table 2. Mean levels of lead in erythrocyte, hair and urine according to gender

Male Range Female Range
Erythrocyte lead(ppm) 0.11+0.00" 0.04- 0.2 0.11+0.00 0.04- 0.24
Hair lead(ppm) 9.55£0.56 0.25 -26.56 6.611£0.40** 0.53-22.61
Urine lead(pg) 38.35+1.77 5.60 — 84.80 32.39+2.00 1.20-58.00
1) Mean+SE *** <0.001
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Table 4. Mean levels of cadmium in erythrocyte, hair and urine according to gender

Male Range Female Range
Erythrocyte cadmium(ppm) 0.23+0.01" 0.11- 043 0.221:0.00 0.16- 0.39
Hair cadmium(ppm) 2.58+0.03 222~ 3.84 2.47 £0.02* 2.20- 291
Urine cadmium(ug/L) 31.41+£095 18.20-48.80 28.78+1.11 18.20 -50.40

1) Mean + SE

AAES FATHAAEL o] F7HA] RYo| F&
3t o] HEEAEE Asr717] e E A
BRFo| 52 & 3tofof gt Al

HRlobg el A B AT A¥e Jl=ge 7}
7} (0.23ppm, 31.40pg/LZ 2k 0.22ppm, 28.781g/
Lell w8l frelAbzt flevt mejztee] sl=fe @
ZobE-2] A 2.58ppmeE oz}l 2.47ppmel B3]
FsHA =:Shth(p<0.005). #E7E &9 Fl=ge
Friberg 5(1974)°] AHAIZ A471EXY 1~2ppmo
ul3) Fiols 25 Ekor Ely §(1981)°] AAI%
9~12419] &5l otz HEFE FEQI 1.13
ppm (&3, 1.20ppm (9AH) BOE =%4tHTable 4).
webA B ZAMG o) EL FI=F F50 k3
o] Sl Ao gEr}.

FI=ES RAHA e AT AZjAEY 1
& T8, 544 4 X8 Y 94 g8 AEHn
gle v 2 (Page & Chang 1986) AAAZE4, HA),
T2 T FNEFYE Bk AFEH 2 §<
7 299 EgolA Ao AF Fo=2 4HIGH(Fr
iberg & Elinder 1988).

HERETY HET, v=E7H, 49 P& Jl=F
5 22t 0.25ppm, 2.65ppm, 38.83pg/LEM A4
79 0.20ppm, 2.40ppm, 19.78ug/Leil B]&) #2134
EUTHp<0.01)(Table 5).

53] 4We] FI=FEHE R 2% &5
" 71=F YUY ARGF 53 AFRGHS
gty 2 5o Lauwerys 1983).

£ AT HERS of5 AS e AW A=F

Table 5. Cadmium concentration of erythrocyte, hair and

urine between group with suboptimal iron status
and normal group

Normal Suboptimal
Erythrocyte 0.20+0.00" 0.25:+0.01**
cadmium(ppm) 2.40+0.01 2.65+0.02%
Hair cadmium 19.78+0.18 38.831+0.25*

1) Mean +SE
** ! Significantly different with Student t-test at a=0.01

geko] 38.83pg/LE HE3 Y low limitQ! 40pg/Le
ZA3a o 29 JI=F FE7) 40pg/Leolal
o]folEo] 214%E B FI=E FEYH =28
ojgo|Eo] 433 U= Aoz Azt AT 7
< P A3 FI=F FHE 19.78g/LE WgHE Ho}
Yt 289 =g 557} 40pg/Lol sl ojdolEe]
FPE glo] EEZE ojgo)Eo] Huyoez =g
o F5H7] 4the A& BAET} ol ARES o}
T A HE BFo2 Q% Fl=F9 F5o BAvt
715171 (Hv) A T 1994) HF o2 weich F3h gl
A3} ZHL FIEgY F5E AT 2 B ARz
AYe] 7l=F 23L& 244000 R uddEu (R
n}7 - o)&|4 1988 ; Omori & Muto 1978), & XA}
AME HERE o}F9 7% ARE ol vy,
2o A4FFo) Aaols T B3l o ez ¢
WA ZEAH $E5T 7= E §e BAE e
bl =& sezizta Azt

2. 2N HS H, AEF BIMoY YN

olglo|E2] Y e Yrrol 4He] YETE RBC
count(p<0.01), hematocrit(p<0.01), hemoglobin
(p<0.01), serum ferritin{p<0.01)} F2jFel &2
ABBAE 293 FEP, FEP/Hbe= #2129 %<
AAAAE 25209 (p<0.05~p<0.01) AHF7IF] ¢
¥ %% hematocrit(p<0.05), hemoglobin(p<0.01),
MCHC(p<0.05)¢} #9132l &9 daaAE 290
(Table 6).

HYT, wste, 20 Bk oA ¥ ¢
T BEA B ABATTE 0.419494 0.27622
7V Etem B3] serum ferritin® AW 5%
¢ r=-041949 4FATE B4 serum ferritino]
FEFE AW YRt Bk A4S HAFIL
B serum ferritin® 299 B¥% variationd 17.6
%E 49E T AATHR*=17.5896).

Carraccio 5(1987)2 F& 2319 protoporph-
yrin® 258 hemed] 48 Haldtng EF g5k



Table 6. Correlation coefficients between hematologic pa-
rameters and lead concentrations

Erythrocyte Hair Urine
Lead Lead Lead
RBC count -0.2263** -0.1233 -0.2762**
Hematocrit -0.2745%* -0.1701* -0.2950**
Hemogilobin -0.2787** -0.2077** -0.3199*
MCV -0.0307 -0.0657 0.0063
MCH -0.0554 -0.1274 -0.0462
MCHC -0.0420 -0.1788* -~0.0178
Serum ferritin -0.2310** -0.0221 -0.4194**
FEP 0.1756* 0.0138 0.2444**
Serum iron -0.0422 -0.0872 -0.0404
TIBC 0.0711 -0.0761 0.0191
) -0.1011 -0.0515 -0.0769
FEP/HL: ratio 0.1877* 0.0413 0.2757**
*»<0.05 *p<0.01

¢} FEP, FEP/Hbstel 59 A@AF7t w9 3o
gE54 d3&3=d FEPsEE 8% B5=e 34
& 7 itk Rusig o) £ oM FEPY HY
T H5E, &AW drree] daAsre frdldeut
A7)7} 242 r=0.1756, 0.2444% w}-$- w9ty FEPS)
k) g s 92 dRaA7 gt

T ARA R} AEF, v 2y =R 5
E% g3 vlsF ¢S BYHTable 7). & HdF
71=8+2 RBC count(p<0.01), hemoglobin{p<0.01)
3 Fo3 o] AHRAAZE Ry oy AEsigte s
3 2189 71252 RBC count(p<0.05). hemat-
ocrit{p<0.01), hemoglobin(p<0.01), serum ferri-
tin(p<0.05~p<0.01) 3 2% Fo JAFAE B
R A7 FI=g2 FEP/Hbs #2138 Aol 4

Table 7. Correlation coefficients between hematologic pa-
rameters and cadmium concentrations

Erythrocyte Hair Urine

Cadmium  Cadmium  Cadmium
RBC count -0.1606* -0.1916* —0.2949**
Hematocrit -0.2154** -0.2130* -0.3275**
Hemoglobin —0.2472* -0.2477*  -0.3440**
MCV -0.0682 -0.0622 -0.0093
MCH -0.0997 -0.0723 -0.0416
MCHC -0.1085 -0.0454 -0.0427
Serum ferritin -0.1485 ~-0.1721* -0.4218%*
FEP 0.0332 0.1504 0.2612**
Serum iron -0.0719 0.0451 -0.0576
TIBC -0.0388 -0.0841 -0.0088
5 -0.0289 -0.0289 -0.0647
FEP/Hb ratio 0.0661 0.2062** 0.2651**

*5<0.05 *p<0.01

&5 - FAHE 1M

FHAE(p<0.01), ¥ Fl=HS FEP(p<0.01),
FEP/Hb(p<0.01)¢} <13 Ho| JARAE By}

HET Fl=w Tl ARATE B AEXE
9 KA AT ABAFY Z7E AT 499
FFEES 289 | vl R f93 JuBAE
B HEARY 71 /M ko AuArE Rk
£3] serum ferritin#} A%9] FI=F ABA¢=
r=-0421824 Ad E£%o™ serum ferritine £
Wl slegustel 17.8%(R*=17.7915)8 49T &+
AR}

7t=F9] 9= FEPS FEP/Hb%e] A@A 471
Freldtal AU o3l x A7 23 Yot £ 4F
oMt serum ferritine] £2¥e] @3 sl=f ¥EE
dFsh=d 7 ¥& A Feta e,

3. AigAIT Y |, AEBoe 4R

ZAH G ojAole] AFA 49t A F Fl=F 5
oo JAAAE Table 8°ﬂ ‘45}1/]-9\1‘4'

oldo|Ee] o U xEFL $FUAXS, HFHYL
encephalopathy & 7}%-& & Sil"‘ﬂ ol 3k AFFA
ol FA%d %@"ﬂ’ﬁ Fes o] &AtE I B,
et 7198 22 7l A7 dojurix did

(EPA 1986). ©]33t $4& da9] Y57} 0.5~0.6
ppmY o} Yoidriz ¥ 1= ¢ 0 v Hogstedt 5 1983),
3% 6 B2 5 0.3ppmoilME dojd 5= gle

22 (Mantere 5 1984) Z239] doi} 7l=F2 A
g 2L A= XA Ho AARBAE 2 Ao

i 2239, 2} B A gAE AAEE A8
A¥T AsAF FAA7E e xR ¢}
FIEEEES ATATE 7942 FAFAE BolA
3Tt 013 B A7 ddAEY HET 5L AW
@3 FAEEEE FES AU AR A %o

Table 8. lntelllgence quotient(IQQ) and correlations with
lead and cadmium concentration

Normal Suboptimal

Intelligence quotient(IQ) 106.92+1.33 105.82+1.39"

Intelligence quotient(IQ)

Erythrocyte Lead -0.01247
Hair Lead -0.0227
Urine Lead -0.0134
Erythrocyte Cadmium ~0.0669
Hair Cadmium 0.0414
Urine Cadmium -0.0406

1) Mean +SE
2) Correlation coefficients
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B2 JUaA7} oA vehd Aes JZdn
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HAA 35 258 58hd oo] 260WS
ez HE7 HEsg, 299 @9 Jl=g 4
& AASEI o5 g YT, AZEFRY, serum
ferritin 59 ARE AME3le] AREFZolET 1084
(& 657, o 438) 3} HA4F 1529 (F 719, o 81%)
o= 1pro] Z FoA e dF Fl=F FERI0|E A
Bgron thgy e 2L Agich

1) 9371y FF GEEe 9xe 3§ 9.55ppm
02 odzl9] 6.61ppmATh F93A ¥k (p<0.001)
299 g @2} 0.04p/L, A3} 0.03pg/LEN HRlo}
Fo] FedtA E=UHp<0.05).

2) ARRETY FS g7, veEviE, A ¥
T $5EE 22 0.14ppm. 10.03ppm, 48.14pg/LE
A A9 0.08ppm., 6.08ppm. 20.6%g/Lol vl
A& A EUTHPp<0.01). AERE ol 3 2HY
Pbs&rt A9 35pg/LE 27k wlgol 87.3%
Aot Bt A4 2.5%%ct.

3) H7iete] Bt Jl=RTEE Al sy A%
2.58ppm e EX o=}e] 2. 47ppmol ¥l #&j8A &
UtHp<0.05). AEEEST S AT, w7,
A¥9 PF 7l=8 w5+ 242 0.25ppm, 2.65ppm,
38.83pg/LEA AATY 0.20ppm, 2.40ppm, 19.78ug/
Lo w8 9131 =%ch(p<0.01).

£33 3R ETY sty sl2ES A4AY
1~2ppmE d3lor &7} o5 Fl=FFE
1.13~1.20ppmETHE %1 A¥ 9 =g T
7% 94829 low limit?) 40pg/L 0142l oj@o}Eo]
214% & B JI1=F F5HEY =598 oo
433 Ae Ao AgEn.

4) PTG 4¥e] WrEE RBC count
(p<0.01), hematocrit(p<0.01), hemoglobin(p<0.01),
serum ferritin(p<0.01)#} <<l &< @A
£ 2%3 FEP, FEP/Hbsh= #93< %9 Aad
AE BAT 53] £¥9 $EEE serum ferritin®}
r=-0.41949 Z@ATE 2o FBBA7 M 2%
oo} Mt serum ferritin® A¥e] FEE variat-
ion9] 17.6%E AW 5 Ut

5) WE7igte] Fl=ga 2¥9] =82 RBC co-

unt(p<0.05), hematocrit(p<0.01), hemoglobin(p
<0.01), serum ferritin(p<0.05~p<0.01)F ] &
Bol AAAAE Y FEP/Hboe 93 A9
(p<0.01) BBBAE BAh.

g3} vt R Fl=Fe] A9ol%® serum ferrit-
in® r=-042189 ABAFE B FAFAC 7P
=%t

6) AN ol-olE9 A5AFS 29 i, 7l
B 5= AgaArt (o

BOEY
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