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ABSTRACT

In this study, we analyzed the blood cadmium concentration in general population of Korea, and followed the

analyses the relations with epidemiologic factors, life-style and body iron store. The geometric mean concentra-

tion of blood cadmium was 1.20 pg/L in study subject, the level of blood cadmium was higher in female (1.27
pg/L) than in male (1.11 pg/L). The mean concentration of blood cadmium was the highest in coastal area (1.80
pg/L) and followed in urban (1.01 pg/L) and rural area (0.90 pg/L). The cadmium concentration in whole blood

was increased with age-dependent pattern,

such as 0.64 ug/L in the below 30 years, 0.95 pug/L in the 30~44

years, 1.28 ug/L in the 45~ 59 years and 1.31 ng/L in the over 60 years. The level of blood cadmium was higher
in smokers than in non-smokers, but was not significant by alcoholic habit. The blood cadmium level was differ-

ent from occupations, which was the highest in the fishers as 1.87 pug/L. The inversed relation was observed

between blood cadmium and serum Fe, while was correlated positively with the ferritin level. In summary, the

environmental exposure to cadmium in Korean is not so much compared to other countries, and the blood cad-

mium is influenced by genetic factors (age and sex), life-styles (dietary habit, occupation and smoking habit) and

nutrition such as serum iron.
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FAE B3 55 =9 Al w317t <k
20~40d ez vig ol AR FHHE 7

o] slel, 7=l AFH ez FeHT e A
d7 ZEAh Tt=E LA Gl AFse A9
FRIE] 7 vEgeluynt 7oz st=go
Zago] F-"A A7JANE & U4
(Tsuchiya, 1969; Roels et al., 1993; ¥FA 5 =, 1998;
Kim er al., 2008). 2] H o2 == EW3] Jl=F
| =2HA] 2 RSl QoAM= Ao
E 37 9 ¥4 5% B3 v vl=hel =&
goz Qs Aol shege] AR} aejne
7 Az shege 595 w=3HA e A
FRIEAN] AW FheE g selgoss 1
1999] 249 A=s FAY & g B oY
2 Ak 8 aelsbel Euldd A9 me
og8 #Hoz s ) slegel =29 2
E hE R A 22 1 A

2% %49 5 3

01 071

2

i

N

FUAF 479 st=fo] xZFHute AW
FAH F, A = ol Tl uheEl Ft=F
ol Aozt slge] JEtEAbe} FEAR S 53

B 7% v} ¢t} (Ragan, 1977; Flanagan et al., 1978;
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Table 1. Distribution of study population by sex and district
(Unit : person)

District Male Female Total
Urban area 65 116 181
Coastal area 91 115 206
Rural area 79 100 179

Total 235 331 566
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£ @ 2AITh ATHAES) AE Aol
A AL A 2447 B3 AT Aol ok,
A A Ak FAoz A Mz A
wgstel 4AT Aol AE mx 49 FF
9 7o) Qe 2ARSISIE o) Aolo] o
2Abg EF3] Gote] vl FalE Aole] &
Foll e Al =7l =y AL o]l

AV HF 4AFE FHRA dEast ¥ =
A RAERE B ARtk AN 29
3 4% Jl=g BHE AL olgsidm A
3 5% Wt A% Ase A A4 34 4
213217 (3000 tpm, 1085 o]-g-3}e] F2la 23
& olgsleich A BT WS BAAAA
—20°ColH W - wAse B A7) A7 g

o
St
2
o
i)
"
=3
B
=
;9‘
2
>

ofy ofy

AR AN B 42 AR F Fesk
unsaturated iron binding capacity (UIBC), total iron
binding capacity (TIBC) @ dAY| ferritin 52 o]
43led Friatder AW £ Feel UIBCE Sigma
Diagnostic Kit (USA)S ©]-§-3}e] A =k3}9d 17, TIBC
£ AHE F Fedl UIBCE o] g3te] AFZ33IH
FAY ferritin> Omega Diagnostic Kit (UK)Z o]
43} enzyme immunoassay (EIA) vl o= A=k

sheieh

4. €8 7l1EE ¥

&% 7}=8-2 Subramanian and Meranger (1981)
o] W& o] g3t AT &, Ad 100uLE
1% ZAAF 100 uL2} 800 uLe] 3]A 9l (1.25% (NHa),

195

HPO, & 1% Triton X-100) 0.2 =23 &3}sle] o
A3 48 A F AMgakleh ol Almel g
¥ 7}=F <F& autosampler®} Zeeman ¥}2] 2] gra-
phite furnace7} B35l Ax}F33-25353 = 4| (Atomic
absorption spectrophotometer, Perkin-Elmer Model
Analyst 600)Z o]-8-35}e] flameless ¥PH o2 A
sigiv) Jl=F =389 1,000 ppm UAEFE
Mg g9 (Sigma)& 345te] o] §55k o) &
Z 7h=g el QolA Aae wwal] 95
o] 3%hA] 4o ol :FA]E (Lymphocheck®
Whole Blood Metals Control, Bio-Rad)E& ©]-£-3}]
Ax - ALt A5 7l=F IS w/LE AHE
skt

M
~

o

AEde o

Ar

AP SR Qe Amzry S
Aol sleAA el FFEQ =gl HE =2
2¢ el 4% 99§ 989,
% 5 g} Alolopd 8 A A
7 wla - BAsE Jt=g =T
Hrksisler 23 Qe Azl A
2 SPSS (Version 17)& o] &3}gic}h AF+4 3}
AnziE 9% Fh=ge JEws JRee
A AbESglaL 18 Ars AEAE o8-Sl
ol A7 AT dL& 252 HHFA| v ZE Student’s
t-test === ANOVAS$} Duncan’s multiple compari-
son testE o] 83kl WSE Alelo] IRAAJL
Pearson®| 2}-EAMHE o] 8319t

o
2 W

>
SN
flo 12 ox off . iy

-

do Ko P o
s

iy
12 Ao (%

5694 o1} 5644124 W kel Aol glgleh
AL FADL AR A A F
38.7%, 37 FQ 33.6%, AR A E A FA 27
% HA FA 24%01905 £FHE dAIA L
75.3%<04 &FHe] Yot Rl NE 36.9%
of APl EARAAES] Aejrre wy



196

J. ENVIRON. TOXICOL.

Table 2. Demographic characteristics of the study population

Vol. 24, No. 3

(Unit : person)

Variables Male Female Total
Below 30 8(3.4%) 10(3.0%) 18 (3.2%)
30~44 38(16.2%) 67 (20.2%) 105 (18.6%)
Age (yrs) 45~59 82(34.9%) 112 (33.8%) 194 (34.3%)
Above 60 107 (45.5%) 142 (42.9%) 249 (44.0%)
Mean=+SD 56.9+13.8 56.4+14.8 56.6+14.4
Current 91 (38.7%) 9(2.7%) 100 (17.7%)
Smoking Ex-smoker 79 (33.6%) 8(2.4%) 87 (15.4%)
None 65 (27.7%) 314(94.9%) 379 (67.0%)
Drinking Yes 177 (75.3%) 122 (36.9%) 299 (52.8%)
No 58 (24.7%) 209 (63.1%) 267 (47.2%)
Agriculture 83(35.3%) 56 (16.9%) 139 (24.6%)
Fishing 42 (17.9%) 48 (14.5%) 90(15.9%)
Occupation Service 42 (17.9%) 53(16.0%) 95(16.8%)
Business 23(9.8%) 25(7.6%) 48 (8.5%)
Labors or Housekeeping 45(19.2%) 149 (45.0%) 194 (34.3%)
Table 3. Body iron status in the study population
Variables Male Female Total Statistics
sFe (ug/dL) 131.24+48.5 103.7+36.5 115.1+44.0 t="7.70%*
UIBC (ug/dL) 176.7+54.7 209.0+53.9 195.6+56.5 t=—6.99%%*
TIBC (ug/dL) 307.94+49.6 312.7+49.3 310.7+49.5 t=—1.14
Ferritin (ug/L) 105.3+104.4 50.7+56.9 73.4+84.4 t=7.98%%*

*#* p<0.01; sFe, serum iron; UIBC, unsaturated iron binding capacity; TIBC, total iron binding capacity

AR AL Bl FASHE Alghe] 2AbgAe)
% 35%2A A ustedt el 34 5
et 45%2 Tbg wsieh Az ¥ o, 24}
A B ea% IEO184)5 52575
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54 Fsholeh

o e
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AAA 2E2] 271 Table 33} -5 2AH
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pg/Lelglet. A Ex & e A$ FAprt 1312

L o
J}L 0214 2
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W
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Table 4. Daily intakes of food in the study population

197

Variables Male Female Total Statistics
Food intake, (g) 1307.8 £681.9 1082.8 £600.3 1176.7£644.7 t=4.14%*
Cereals 293.9+£104.1 254.7£112.9 271.0£110.9 t=4.20%*
Potato & Starches 30.1+71.1 36.2+79.6 33.7+76.1 t=-0.93
Sugar & Sweeteners 83+99 6.6+13.5 7.3+12.1 t=1.71
Nuts & Seeds 2.6+8.1 1.9+10.7 22497 t=0.76
Vegetables 321.8£219.3 247.24160.1 278.3+190.5 t=4.66%*
Fruits 161.2£363.0 178.7£349.5 171.4£355.0 t=—0.58
Meats 77.0£138.0 43.9+704 57.7£105.2 t=3.73%*
Eggs 12.5+£28.1 13.6+£28.8 13.2+£28.5 t=—0.44
Fish & Shellfish 61.1£923 52.3+£79.9 56.0+85.4 t=1.21
Seaweeds 23+72 35+94 3.0£8.6 t=—1.62
Mushrooms 20+7.2 25+11.1 23+9.7 t=-0.64
Milks 39.2+83.1 67.7+£1384 55.8+£119.3 t=—2.82%%*
Alcohol & Beverages 261.7£399.6 140.9£300.7 191.4£350.2 t=4.09%*
Oils 4.8+6.5 6.1+17.5 55+14.0 t=—1.08
Seasonings 29.0%£24.1 26.4+20.8 2754223 t=1.36
% p<0.01
Table S. Mean concentration of cadmium in whole blood (ug/L) by demographic factors in the study population
. Male Female Total .
Variables Statistics
GM GSD GM GSD GM GSD
Below 30 0.63 1.61 0.65 2.16 0.64 1.90
30~44 0.95 1.84 0.95 1.77 0.95 1.79 _ s
Age(yrs) 45~59 117 19 137 204 128 199  [=1334
Above 60 1.17 1.96 1.43 1.70 1.31 1.83
Urban area 0.81 1.77 1.14 1.70 1.01 1.77
District Coastal area 1.73 1.62 1.85 1.74 1.80 1.69 F=82.60%*
Rural area 0.86 1.84 0.92 1.91 0.90 1.88
Current 1.44 1.77 1.27 243 1.42 1.82
Smoking Ex-smoker 1.12 1.89 1.74 1.73 1.17 1.90 F=4.31%*
None 0.76 1.86 1.26 1.89 1.15 1.94
o Yes 1.12 1.96 1.20 2.08 1.15 2.01 _
Drinking No 109 183 130 180 125 11 =130
Agriculture 1.16 1.82 1.21 2.19 1.18 1.97
Fishing 1.79 1.69 1.94 1.67 1.87 1.68
Occupation Service 0.92 1.85 1.21 1.94 1.07 1.92 F=18.29**
Business 0.73 1.61 0.84 1.86 0.79 1.74
Labors or Housekeeping 0.96 2.06 1.22 1.74 1.15 1.83
Total 1.11 1.93 1.27 1.90 1.20 1.92 t=—2.37*%

*p<0.05, ** p<0.01; GM, geometric mean; GSD, geometric standard deviation

= WA 2ANAL AFA o] e 3
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Table 6. Pearson correlation coefficients between blood cadmium and body iron parameters
BCd sFe UIBC TIBC Ferritin
BCd 1.0000 —0.1001* 0.0140 —-0.0732 0.0963*
sFe 1.0000 —0.5394#: 0.2741%** 0.3090%*
UIBC 1.0000 0.6619%* —0.3425%*
TIBC 1.0000 —0.1161**
Ferritin 1.0000

* p<0.05, ** p<0.01

4. €F JIEE S

ZAM AR s aqle] wmE W4 dF
7t=® wx Table 59} 2o 5, ol ZAMHAY
252 85 7k=He] 718 HH#A = 1.20ug/L (7]
3l mFHF 1.2 ug/l)olR i, Az Pt 111
ug/l, 42} 127 ug/L2A 427} 2 ie o =5k
o (p<0.05). ZAINAAES] Aol W dF 7}
=8 % 304 m)ukelA= 0.64 ug/L (FA}F 0.63
ug/L, =} 0.65 ug/L), 30~444|e A= 0.95 ug/L
(FAF 095 ug/L, &2k 0.95 ug/L), 45~ 594 )| A=
1.28 pug/L (A 1.17 pg/L, 3=} 1.37 pug/L), 604 o]
Aol A= 1.31 pg/L (=4 1.17 pg/L, 3= 1.43 ug/
LEA d¥o] S7Hgel wet dF 7= v=x
S7HEE Fez FEFAH (p<0.01). AF A
AHRE FA S AR A dF vi=
B =7} 1.80ug/L (FAF 1.73 ug/L, 4=} 1.85 ug/
L)2A, =AA Y 1.01 ug/L (FAF 0.81 pg/L, =}
1.14pug/L) @ %2219 0.90 ug/L (FAF 0.86 ug/L,
42} 0.92 ug/Lyell ®lsl > Aoz A
(p<0.01).

ZA AL FAHel whE dF Jl=F =
oA A d3A4 Fd2d A FALelA
27y 144 pg/L 2D 112 ug/L2A v]EA29] 0.76
ug/Lre}l =gt M E 7 FAlA &
Z Jl=% =7} 1.74ug/LE B &9 (1.26 ug/l)
9 A FAL (127 pg/) R Fqhent Faxte]
7k w9 A A oot SFHe wE 5 Tt=
H F=v 53T A7t HAHA A 5
7t=H 2 RAMAAAES] ATl e =
Zpol 7k 9leir] o] YFARAH(1.87 ug/L)ol A 5 7}
=8 s=7F ¥4 Jegter s (1.14pg/ L), 1
22 A8 29 (1.04 ug/L) <o) ik

Table 7. Relations between blood cadmium and food intakes

Foods Blood cadmium
Cereals —-0.0434
Potatoes & Starches 0.1175%*
Sugars & Sweeteners —0.0580
Nuts & Seeds —0.0895*
Vegetables —0.1103%%*
Fruits —0.0380
Meats —0.1029*
Eggs —0.0546
Fish & Shellfish 0.0954%*
Seaweeds —0.0524
Mushrooms —0.0463
Milks —0.1085*
Alcohol & Beverages —0.0434
Oils —0.0901*
Seasonings —0.0932%*

#p<0.05, #* p<0.01

5 83 JlER Sko M H sFEo nHd

A RS d% =g AW 2 SES
NE A EFe] #AA2 Table 6
-5 AP AAE oM EF TleR B
& A o ARIATE A (p<

N o X
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o
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Y] ferritin H=2}= ko] AA#A#A 7} )
2 2= 0 (p<0.05).
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o #

Ft=go] AA e wA= 5A2ME] dsiM=
Prodan (1932)¢] & 7|&3}t}. o] % Friberg
(1950)7} kztetel AR FAZ2AA 9] 7]
B AISAAE 2t ol 2 2ede
lA A xZell o7t #. WA TIEETES

e v By Hgloen, 7l=F oﬂ 295 =g

T3 il FRISANAM = F55 o7F 2aE A
o] 2¢lv}(Tsuchiya, 1969; K1d0 et al., 1992). n]&ke
Zt=Hell o3 "o xZ2H3 iy AR
lix}»} 7t=H 2 9A Fel HTS}— 25wl

735 t=Hell 93 AAAE ] F2 2=
217, #), W ol o] F Al Ae 7} 7h=H-2]
T FAel o3t 77t o 2 AR dE] o
27 3)th(WHO, 1992).

FHeM = A -l =&l A 94
AAAM TFEE T2AY] Ft=REF 5
213 Aol gt =gvhe] A|7]E vy} QlE ¥Rk
oz} 7t=F FHF A&l FABIA e v
o] ZLEAEe] o (=24 1991; 734 F =,
1995; %3 2004), B3« rZ2AE 4P
" FE5RAE ATA G| AFd FRIEA T}
CETEA AZ A= [EEA odgron}t H
I 8% Fl=Fo] 2 A FRIE HEA &
A UrEM Hazb el (AE %, 1998; A3t
2005; Kim et al., 2008) n]2k2] 7}=Hof =HAA
xEgoz < A & sl 27l
A o] u]_u_zl =0 _ﬂo];}.

219, #kAY B ARG ozRE 4l¢]
A 5669 Ak 2357, 42} 3317)& HAto=
5 7t=F $=5 AT ol A7l ZA
AAEL] dF Jl=F FEE 1.20ug/lella, A
Wzl Iz} 111 ug/l, oA 1.27 ug/Lelget. =
duielS HfAfoz 3 7)Ee] AFH A F Uit
Adell el FF 7=k s2E AR ATEE
1986 el FEA| G o2 ofFel|A 469 2] AL
At e = 3 B 37 (Watanabe et al., 1987)2} 19943
ZAPIA H =X, FaeA] 9 FEAY 5 S9 4
M A (Mg, Ak, et BbhE ez 3 B
37 (Moon et al., 1995)2} 200010l F-AFA] ol ] 38
ol 29 oJAS Aoz FALE B 37 (Moon et
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al,2003) 9 = WFe] FE4 wE 2o
T-(B733, 2005) o] Qo A7) dgelxe] &
% =89 s=x 718t HFACNAM 145 ug/lL,
1.27 ug/L, 274 ug/L ¥ 152 ug/L2A 1.27~2.74
o] WAl A A wgaA e
B W9E e QU] AS Th=e
o wFe PRE(75~99%) Ao HE Bited
&5 AAA olfelAs oz g sl
(FRA, 2007). &, AQH e} 299 o=
B t=de] 58] =ZHA > ke o
oz ¢ AnAE AT A )
wo] 2 Wbl g ¥ 8F 7h=F 5= 94
A WEA ge Aoz AmFch FobAlol Fo
7152 dub ARl e HF stege] >
T2 dEe] A9 19ug/l, T3 0.61 ug/L, Eloj gt
L1 pg/L, el o] Ao} 0.7 pg/L, B = 0.41 pg/L, B2
2 047 gLz A% (F7h 7l Ahol7} Qled ok
AF ¥F 7l=F =57} 3ug/L o] 3} oM, =3k
WHOo A ZAFele] &3 7lef exo] A
= 2ug/l o]3t= AA)E ¥} g (WHO, 1992). &
AFANe BF =g druche vk
eholghabe Wty on} B FrbEuhe o
¥ FE Btk ot naE 24 F7bY vte
B 4AYE 2 o dre A9E 19 S=F
QA spe] 0ughayz 7P ¥ AAFE vehl
Rem F=+ 8.8 ug/day, Ebelgk 10 pg/day, Eej o]
Ao} 7ug/day, Bl =+ 7.1 ug/day, D2 14.2 ug/ day
A HF 7R TR SR o3 Jt=H A
A sk yx pEoA AFS T A
Al Aol7t B 290w 48T 4 e Ao
2 Atz¥ o} (keda ef al., 1996; Moon ef al., 1996;
Watanabe et al., 1996; Zhang et al., 1998; Zhang et
al., 1999a, b). o] AT AE= 7l=F AF ] 3t
2L AREA E SRR FE vl
53 A o] Qe

opl Aol EARNAAES] S3tA 2Qlo] u
2 A7 9% JloF wug PAY Al 24
HAEe] FAA G we} zfolk Y Aow B
B9t & e FUES dF Tk=F
b mASh BEAY AAAE vl ek 24
GgAEe el W BF SeE e oA
7h At Fehow, del wobel whel 7he
H 5= A FoeAlE FAE Bk sicle] A

Y

>.

MJ O}F o -l

=
A=)
=]
o

e



200 J. ENVIRON. TOXICOL.

gl whe x} 1% St aqles A7 4 9
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