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ABSTRACT

Essential metals have been known to interact with non-essential toxic metals in the aspects of absorption,
transport and deposition in the body. Iron deficiency has been reported to increase lead and/or cadmium absorp-
tion. The relation between iron and lead has been understood well in children but not in adults. Two hundred
seventy adults (118 males and 152 females) were recruited from 3 different residental areas (rural, coastal and
urban) to investigate the effects of environmental lead exposure on body iron status. The subjects were inter-
viewed for life-style and diet of the last 24 hours, and measured for blood lead and body iron. The lead concen-
tration in the whole blood was determined by a flameless method using an atomic absorption spectrophotome-
try. The body iron was evaluated with values of hemoglobin, hematocrit, RBCs, serum total iron, unsaturated
iron binding capacity, total iron binding capacity and ferritin. The mean concentration of blood lead in adult
was 3.31 pg/dL. The concentration was higher in male (3.97 ug/dL) than in female (2.86 ug/dL). The blood lead
was influenced by residental area, life-style, smoking and drinking, occupation and diet habit of subjects, but
not by age. A positive correlation was observed between the blood lead level and the serum iron or ferritin.
These results suggest that environmental lead exposure in Korean adult may not be higher than other developed
and developing countries. It is further indicated that blood lead in adult could be influenced by life-style, and

environmental and genetic factors but no inverse relation with body iron as shown in children.
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& 5% 44 ped AW $47 L79E 24
o] A uk (Andrews, 1999), 3 (lead, Pb)-& QlA|2] &
AdiAtel] Ay EHed f3]l3F4EA (toxic and
non-essential metal)24] ©|gke] A8t 7|7} 25
£ A% AdelA 245 Aol slen ek
&.ﬁ._o,] :\al"a' 1;1 q_}/a ]H;_,L UI-/H E/H (non-car-
cinogenic toxicity)-& -Fut3lc} (Mahaffey, 1983;
ATSDR, 1999). 94 243 §3 5434 2ble
AN F4 o5, 230 24 3 5490 slo]
A *Jil}%—(metal—metal interaction)e] gl .o
2 o2 ¢ (Goyer, 1997).

QA7) FF&dd =25 42 357, 2%

A R Aot NYE BT F4E o o)

e 2 A 4 A Feges
3}714) (oral exposure)ol] =3} f8 FF5
W2 AR Ak A *ﬁ‘é? & 53l &

FFEd =2

FAZ &394 AgFez F
g AN 29¥ B =, T2
I =2AE 9 AT =2 B3 43|40 =9
ZA2em, 298 dr|E M E ¥ xEEH
A& 4A(small intestine)2] AFR-ql 2] o]x] A e A]
F2 F5E7, &% AE| A Z (intestinal epithelial
cell)?] 7])* ¥ (basal portion)ol]A] &3 transferrin-
bound Feo] #5& ZHAdo=zx AW 2 el
QlA) 5l RE3JF AL 71—‘»}1,}];_,_1:4 Ao 28
Z7 o2 S §-A13k (Trinder er al.,
2000; Srai et al., 2002). A 7A€ microcytic hypo-
chromic anemiaS ¢ o7 #ul ohjz}, EEAIF
A AW A ko]l ZHH A Fl=g F 5 54
F345Y F42 % 50 B Ao wEd
¥} ¢lv}(Ragan, 1977; Flanagan et al., 1978; Park et
al.,2002; Ryu et al., 2004). 2 A] A E=d&
o8-8t Aol Al Aol A He] AFHE ¢ 43}
Az =28 F3 S4F5A 7l=89 5t
Z7HE e &, A 2P 7i=E F40F e
e aAdA A F5 7139 shvaA A2 ZgA
Zrihy| Abu) M 2.2] apical portionel] EE &} diva-
lent metal transporter 1 (DMT1)3} basolateral por-
tionel] E-E3}= metal transporter protein 1 (MTP1)
9] Wdo] FItEI o|E F&olEHA (DMTI
7 MTP)E 53 Adzxe A Aoz
2, A% "J—L]/‘ﬂiﬂ]’ﬂ YAz Heo] F5 - o] F
Hid sleEe] Fes ol F45NEE B
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Z7}g o] B3 (Ryu et al., 2000 v} gJc} =38 in
vitro 7oAl A o] whilAlel DMTIS st
ofe} F4aF4ql ofdF) wizh, 1Bl JEg, W
3 2 $AIFEsE B Aoz 21 (Gun-
shin et al., 1997)F o] glem] EEAPNA A A
Al 83 3o 5271 22 Aoz AAE 8 9l
o3t AR ES I F4< Heo| RAAHINA F
FHEAG AN 2T FUkEE AS 54
o] §3l FF&o| xZ(external exposure dose)
e A IAEE A FRYEL] Apelz
J&) AH oz {8 FF45S HWE =& (inter-
nal exposure dose)o] Z7}2 4= glo] olE ZF49
EA AR 4 US5S AR AW Al A2
’Q% SR EAR S YA JegEH oz v F
23R, olz2 Qg B4 f3 F54%9 Fel=
S & & o] SATAQ HelMx 1 99
7t & Aoz AuId. Jey o}A7kA] dH=l
o slelA AW A FEH Fo 4 ’\]'°]—4 s
HAAe ds] AAE 2AkmE A Zrel B 4 gl
AWl B4 F43 F8 FFE3e] A=A o

X

A A Fol AT olA: ¥ F FF& et
54 9 ool WE Beluer ool el B
ssiga AR =%, 2 494 8F ¥ 5

29 F7H= AobSol A BlmA A ol 9]
O} (Wright et al., 1999; Bradman et al., 2001) A ¢l
oA Azt Faje] A=A g a3t ol
w9 BZ3} AR o]t} (Alabdullah et al., 2005).
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Table 1. Distribution of study population by district and
sex

District Male Female Total
Rural area 38 56 94
Coastal area 43 54 97
Urban area 37 42 79

Total 118 152 270

Z229e gyt FE A7 A= Ao
VN mhE, o]EX G ool FASLA 9l FH
o] FE o|F1 Y A= A A 27 nt
£, 283 EAAYS ¥ 3 Frrt 323 a5H
o] W wA8 27) F AGE Aoz AAA
ol 24 ARG ez nE 2oz BHE
o xZ¥ o] ¢glom 7 A Gl 3 o] A
Falglen, 304 oAl AelE ARIARIE o
9] - AAslc) o]l FAbo] Feddt mAIRAIA=
2709 (4= 1189, o=k 1529)0] %31, A 2=
BEAY 947 (AL 38, A} 5678), oEA|S 97
(g7} 439, Az} 54%), =AR S 797 (FF} 37
W, o2} 429)) 0]} (Table 1).
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gl=9} AW 2 Fe#, unsaturated iron binding
capacity (UIBC), total iron binding capacity (TIBC)
2 FAY ferritin 5-& o]&3tdeh AW HYF
49} dlmZz2nl 9 FHutsE=E]EX coulter coun-
terg o]-43ld HAM3H 1, XYW ¥ Fes} UIBC
%+ Sigma Diagnostic Kit (USA)E ¢]|-g&3}ed A gks}
9om TIBCE A% % Fest UIBCE ol §sho]
Arzstode). @AY ferritin® Omega Diagnostic Kit
(UK)E o]-%£3}l9d enzyme immunoassay (EIA) v}
o2 st

4. 83 o MY
A¥FE Y =% Fernandez (1975)2] vy S o}
A& A - Bgste] EAMIES & AEE 0.2%

triton x-100, 0.2% sodium phosphate, 0.1% HNO; £
Holl 10W) 3]A & 8- Zeeman HHA] e} graphite
furnace (Perkin Elmer 5100ZL., Zeeman Furnace Mo-
dule)7} ¥-25] =}E5353450 = 4] (atomic absorp-
tion spectrophotometer, Perkin Elmer Model 5100)
£ °]83te] flameless Wb o=z FA3iet. Azt
3715 o4 F He FADAE 100°CellA
6027t Az, 600°CellA] 302 33} Z 1,400°Co)
A 423 AR HHe AH BHSA A5}
22 agonrksg olgsigon], F 2F 49
£ 1,000 ppm PAHFFEA 4 4 (Sigma) & 3|4
ale] olgsladeh. ola) WF 3 BHl gloin A
$4¢ wusly] st 394 479 ¥ 23
A) & (Lymphocheck® Whole blood Metals Control,
Bio-Rad)& o]-4-3le] A= - A2J3}3ict.

5 xE¥eE # 24

ZANAABZRE 2o Az izl
AE] Aelel YolA B ol eel A A

d

4% S dol AR =2YEE Aedel W
Hrhsha, Qa5 A4EA 9 o 25 ¢

A - s, A B Foel el A &

2

3 FFE Fe A-\AGS A =AY
Azl EF @ = 229 7873 7sleE
H2-e AAEslc d7As 92 A5 HFH
¥ W= unpaired t-test == ANOVAS$} Duncan’s
multiple comparison testg ©] 43} 1, 55 Ale]
o] HAHAAL Pearson®] AFIEMUPEE o] 8313
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Table 3. Daily food intakes of study population
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Items Rural area Coastal area Urban area Significance
Food intake, (g) 1133.5+790.5 1025.6 £486.0 1187.3+604.9 F=1.48
Energy, (kcal) 1612.2+827.7 1473.2+623.9 1546.2+£557.3 F=0.98
Cereals 289.8+173.8 250.1x112.3 246.0+110.3 F=2.96*
Potatoes and starches 4271715 40.3£95.1 322+6l1.1 F=0.42
Sugars and sweeteners 4.2x7.1 49+5.1 9.0£10.3 F=9.78*
Pulses 36.5+42.6 27.1£417 43.54+59.1 F=2.63
Nuts and seeds 3.1+£99 1.8£79 494182 F=14l
Vegetables 3125+£211.8 2478+151.8 29424 180.6 F=3.17*
Fungi and mushrooms 1.1+5.1 0.8+4.0 1.5+5.1 F=0.47
Fruits 140.0£354.2 121.2+277.8 204.8+438.1 F=1.28
Meats 72.1£111.7 43.4+66.5 53.3+74.8 F=2.66
Eggs 95+19.1 9.0+19.8 12.6:£22.6 F=0.79
Fishes and shellfishes 29.6£43.4 98.9+140.6 48.5+£56.2 F=14.03*
Seaweeds 24+6.6 39499 3.0+7.6 F=0.81
Milks 46211339 27.4%65.5 78.3+109.5 F=5.95*
Oil and fats 54+73 41x55 10.5%+34.2 F=2.67
Beverages 105.1£503.5 119541993 120.01+186.1 F=0.06
Seasonings 31.6+29.9 25.6+22.9 255+17.1 F=193
* . p<0.05
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A

ZARAL AW =AM ARES] ¥, ASF
989 59 ¢ A § 93 B4 -?: Table
29} 2wt &, ’\}“ﬂ’“o‘z}i% P 9% FEA
o (A} 60.64], o3z} 57.24) 3 A G (FA}:
59.24), 32} : 57.0AD 0] =A)A Y (FA}: 50.34], o
2b: 50.04) et watar, ZAFRAFR A 8] A F
717= 2 AT AFHGAE] 2AAY
PAAER T Aok 2AAAAES] FH8e F
2 8¢ 2 BAAY FRE P BlEEHov
SFL Gl =AXHo] Fhrt APRAIAL
B9 A4 L2 E & b 3EAGAAME sHAF
7% A kA, s Fe e o, El =4
A e AR ] 7P B Aoz e
A 2ARAARLES] AFA G g A4S &
Hhedslsr glet.

'~

2. ZAH&EALS] Ao 54

AE2AL A 2427 §] HodAFE =
AR A zARAAES 1 3T AEE A3
& Table 35} 2. &, ZAIAAES] 1 H
Z AFANTT Helz A7 Zre AHFL A
AWz 77} 3&AY 1,1335g, 1,612.2keal, et
A9 1,025.6 g, 1,473.2 keal, EAIA Y 1,187.3 g,
1,546.2 kcal 24 A G7kell A2 H|Eq £F0|%
o 2 AR AE F FEAGEAE JaFet
5 59 Akl G2 AR wlE A
Aoz Yok, st delx s 7o) HFHF,
BAA AN E FHG 5 T AFFl A
Aoz g sleoz FAFH

3. ZACHARLS A @ +F

A AIAES] AW A £2& s & A
t YA mE] 4272 Table 49} 2} &, A
e X@T A d2F2uld dviezeEe
2 AT = 77} 13 2g/dL 41.7% 2 4,353,420
/mm’°]$] 1, *é%i% HrFEae Ay FA4
142 g/dL AR} 12.4 g/dL, s|ulE=2] E FRt 44.7%
oAz} 39.4%, AETF 3= FA} 4,589,480/mm’ A}
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Table 4. Body iron parameters in study population

Vol. 21, No. 2

Rural area Coastal area Urban area Total
Items

Male Female Male Female Male Female Male Female Total
Hb(g/dL) 14315 124+1.1 137414 124409 146+10 125+10 142+14 124+10 132%15
Hect (%) 45.6+4.7  399+33 434441 390426 452433 393432 447442 3941431 417144
RBC 4646.8 4216.8 4403.1 4083.8 4748.1 4219.8 4589.5 4170.0 43534
(x 1000, mm®)  +498.4 +405.5 14495 +3245 +370.2 +343.5 +463.7 +364.0 +459.7
sFe (ug/dL) 155.6+£50.8 10894383 141.0£644 112.8+385 13431414 1063+402 1432+54.1 109.5+38.8 124.0+48.8
UIBC(ng/dL)  181.7463.2 2155633 17801624 20494506 1789+51.8 21231620 179.4+39.0 210.8+58.5 197.3+60.6
TIBC(ug/dl) 337.3+£59.3 324.4+£49.0 319.0+394 31774399 313.1+32.6 318.6%£59.9 32264453 32031493 321.3+475

Ferritin (ug/dL) 125.6+£100.0 5124365 117.0£107.7 59.01+622 8274622 482£520 1084X93.6 532+512 76817713

Table 5. Mean concentrations of lead in whole blood (ug/dL) by demographic factors in study population

Male Female Total
Items Significance

GM GSD GM GSD GM GSD
Rural area 4.02 1.39 243 3.51 2.99 2.76

Residence  Coastal area 4.45 1.68 3.50 1.56 3.89 1.64 F=4.09*
Urban area 3.45 1.44 2.72 1.49 3.04 1.49
30~44 4.03 1.39 2.83 1.49 322 1.51

Age(yrs) 45~59 4.38 1.48 2.99 2.38 3.49 2.09 F=0.56
Above 60 3.65 1.60 2.74 2.69 3.16 2.19
Current 4.05 1.45 4.12 1.13 4.05 1.44

Smoking None 3.80 1.59 2.81 2.32 3.00 2.19 F=5.93*
Ex-smoker 4.09 1.59 5.72 1.62 4.21 1.60
Yes 3.98 1.56 3.31 1.58 371 1.58

s _ «

Drinking 396 145 263 269 284 2.50 1=3.08

Agriculture 371 1.54 1.79 6.02 3.03 2.84
Fishing 5.53 1.52 4.16 1.72 493 1.63

Occupation  Service 3.93 1.47 3.10 1.46. 3.44 1.48 F=3.83*
Business 3.86 1.41 2.42 1.45 3.14 1.53
Labor or Housekeeping 3.19 1.51 2.94 2.28 2.99 2.14

Total 3.97 1.54 2.86 2.31 3.31 2.03 t=3.82%*

* : p<0.05, Data are expressed as geometric mean (GM) and geometric standard deviation (GSD).

4,170,000/mm’ 24 25 Frjel|A] oJAlnc} =k
o, ZAFYAAANES] AFA G w2 T 2}
ol HAHA st AN AES] Ao
24 97 = A UIBC, TIBC ¥ ferritin 22 7}2}
124.0 ug/dL, 197.3 ug/dL, 321.3 ug/dL 2 76.8
ug/dLelgich. M2 & Ao 735 FA) 143.2
pug/dL2A oz} 109.5 ug/dLol] v]s] U (p<
0.05), UIBC: &3z}7} 210.8 ug/dL2A FA} 179.4
ug/dLell ®ls #4kent(p<0.05) TIBCE w5’
42 (FA} 2 322.6 pe/dL, o=} : 320.3 ug/dL)o] ek

A ferritine FA}H(108.4 ug/L)o}A] A} (53.2
ug/L)¥e} -2 £ o2 FAF(p<0.05).

4. €3 H s

NET €3 2 5

ZA ARS8 29l wiE HF dF
F %X Table 59} Zch = AA| ZARIAAE
9 H dF @ FET 331 ngdL (AHEHEEA
3.82+ 1.86 ug/dL) o3l 37, A == =} 3.97 ug/dL
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Table 6. Pearson’s correlation coefficients between blood lead and body iron parameters
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Hb Het RBC sFe UIBC TIBC sFerritin Pb
Hb 1.0000 0.9487* 0.8242* 0.4171* —0.3287* 0.0097 0.4087* 0.1825*
Hct 1.0000 0.8523* 0.4027* —0.2840* 0.0519 0.4044* 0.1789*
RBC 1.0000 0.2243* —0.0090 0.2193* 0.1864* 0.1273*
sFe 1.0000 —0.6420%* 0.2087* 0.3619* 0.1711*
UIBC 1.0000 0.6159* —0.3863* —-0.1017
TIBC 1.0000 -0.1199 0.0459
sFerritin 1.0000 0.1280*
Pb 1.0000
*: p<0.05

(A FA] 1 4.35+1.92 ng/dL) =} 2.86 pg/dL (A}
297341 £1.70 ug/dL)2A Gt A oJz1x
9 ¥4 (p<0.05). AFAGH2E iAY =
A AdAbe] B 3 557} 3.89 pg/dlelgix
EAR Y 304 ug/dL ¥ 2R 9 2.99 png/dLEA],
ZAe} FEA G vlHA SR GFRENA o
ZF 93 = ¥ Aoz AU (p<0.05).
AR A PR F el 45594
o] 3.49 ug/dLo]gl 3, 604 o] AR 3.16 ug/dL 2
30~444F 322 pug/dLRA 3Tl w2 F2g
Zpol= FAEZA] skt ZAMNAALY] FQ ¥l
02 33 ¢ 5= vEFdTolME 3.00 pg/dLe]
Rt AAFAH dA FALdME 47 421
ng/dL 2 4.05 ug/dL2A ¥ FAFol wls) gk
(p<0.05). EFHo) W2 BF ¥ ¥=o] A% &

Z7(3.71 ug/dL)ol|lA] B]-&-FF(2.84 pg/dL)el )
3 ¥ Aoz {EHYG(p<0.05). ¥F F ¥
== 2APPEAEY ATl adEtd = z}er}
e, gl FAERE LellMe HF dF 3 5
=7t 493 pg/dLeA o2 Aol vls] & A
o=z AU (p<0.05).

2) ML H +F3 g5 ool M
Z}‘]'BH/‘J'X]”&"’] g2 Ja A A SF2 kel

4 e AN LEF FAAL Table 63} 2
- & BAAAAEC oA dF F yEEs A
JF Frgd=nly sule=gle 7 AL S0l
FAMoE o go) ARBAE el
L ¥8E P2 8 2 A% ¥ ferriting e oF
*Jﬁ o] glor} UIBC ¥ TIBCS:= EAHo=z &
T Al o] JaE R okgir)

Lfll‘mﬁ-.‘lnﬁl

12

3) Alofet ®E e M

A AAES] Z Al AFES dF d w
=9l ARAE B3 £ A3, AA AR
Eofl AN dF 2 AR AHEHEs 82
A (r=-0.1347, p=0.0293)¢] ¢4, $F% A3
Fa= ok - (1=0.1112, p=0.0753)¢] gl A
oz FAHNAG 8F F 52T A 92 4
FAHFH v zs] E o FAelME HAF AFH
= 29 AT (r=-0.1894, p=0.0426) o3&
AF = ko] Ao (r=0.1854, p=0.0472), 32}
AN &7 AFFH EAZcE Fo3 9 A
F(r=0.1693, p=0.0411)¢] 9l Aoz TFAFHY
=3

ri R

AAdezRE 99 .
o:]z}- 152%)8 Ak

SEICES REERE
AR 8% A % % =% 3.31 ug/dLelgla,
A 2x F2) 3.97 ug/dL, OE]Z]— 2.86 ng/dL o] g}
o[ dAFoqA A HF F F=E 7S 54
3l AgdH oz Fo| xBEHA] g Ad7ATGE A
Aoz Byl dAFA% &, il AdE Hate=s
3k Al FHa A2 (1986)2) 17.17 ug/dL, -2 A
e HAdeoz 3 pAHI AFAH(1985)9) 14.06
ug/dL, Kim and Cho (1994)7} 31=-912] ¥ 3 =
o] gk weltA A} A A1EE FA} 18.03 pg/dL,
A} 13.10 ug/dL, =A|A G F71E Aoz 3 2]
Y 5(1992)9] 238 ug/dL, YuF AA] Z2AE
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Hdoz 3 odE 5(1995)9 14.7 ngdl Sl
Hlal e wl-¢ @2 pEole 28 Yang e al.
(1996)¢] dul AL Aoz 3k ool
gh=ele] A F F F=2A S.7ug/dLe] A4
Hola, =AAE g gadoz gt AT A
A" 6.32ug/dL (&8 %, 2004), A =34
A9 FH4 dz2d FRIES Aoz 3 A7
(2004)el A 77 2.59 pg/dLeh 2.71 pg/dL, 18] 1
&3}t 5(2005)°] #HFE FA AT FHF dx
2 AdFAE des ¥ QTN 22 489
ug/dLS} 4.10 pg/dL 5 WA HZoj MTH A=
ol ¥l E Ha @A v EolH

B3] dol F2HA o2 selvel 4k A9
FRIES] 3 doll dd 7|&E RuE} o o
TAAE vlm - AEs E o dul A7 LA
ol 8% ¢ =7t AaFAd d5E ¢ 4 A+
AgHoz go F2HA 2 Ayl AFFIde|
Ao ol Hgt &g stell AT o] HirelA
= 80dd o] F doll d3 xEAmIAM FF
o] F£Fo| aHI e FAl otk (Bono ef al.,
1995; Pirkle et al., 1998; Zhang et al., 2000). n}
AFADAA ol x2HE 9 H2E 2399
371, B 2L AF Tl 9% Aoz oiiFx gt
Sl At A FFREe] ol T xZo] FF
AFE 2¢9o2XME 80N FAFHLH AL
o] 23t W7 F & w=e M FHae 7o
HQAE gtgo AME W FHIES BALE o
2 299 B3 AEel AT =2 739 3ot
72 geles Aestgonis 47Ed 9% F2
Z7HEe] it AdFAHelM Y HF Fo $ES
9] 7% Aal ERlelAM 923 ug/dL, Sz} 7.16
ug/dL (Qu er al., 1993), Ebo] ¢+ el 6.8 pg/dL (Wu
etal., 1997), 22-2] A2 Aal Aol A 2.02 ug/dL
(Zhang et al., 2000), =&~ AlQl Al 7.4 pg/dL,
]2} 4.9 pg/dL (Leroyer et al., 2001), o] =tgje} Al <l
F=b 4.51 ug/dL, =} 3.06 pug/dL (Apostoli ef al.,
2002), 2=¢idl 504 o]AFe] AdQlelA] 2.7 ug/dL
(Baecklund et al., 1999) & wj=2] 714 4=39] o
Aol 2} 1.78 ug/dL (Lee et al., 2005) 502 R IF
At ol AT7AIAE oFe B vims) &
o $ejtel Ak Ao T gl 3
xE2 oy ARFe ALEAASGE vF ¥
A 9 fFo= YriEn
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304 o] Ale HAow 7 ol dAFelA
AP AFARES] dEF aqled mpE P4 5 o
FEE BN A, 2ARAARES] FAA G
e} zte]7t e Aoz IAFHAG F, #UA Y
FREY) A3 F w2t A9 2AY QAR
Sof| vl Eokvh AR A uE
T 8F ¢ 5 FAIA ARl v w9t
v, Aol w2 xpole JEFA A i1
qPadozA FAgol Sl Agtel wEAel
W8 W3 ¥ B} B S50 Sl A
o) MlgFA Bl ¥E Aoz BTt 24}
W) Aol Be 9% ¢ st ol
A 2N e A2l Ha g Aow
BFHGE 2N AFAL G =
Zoll Ag dFolM dF mEprte] EXE =4
A FRle] FEon} ofEA Y| ulE| HF ¢
$E7h ¥ Aoz o4 nuw b gert 93
3 422 =A% Y=g wuleaAg A6 o
2 zlolr} gl M aw ¢)uh(Liou ef al., 1996;
Apostoli et al., 2002). o] dFoA kA5
oA EAl Ex FERAGFRIE vE 85 @
F=7F ¥4 #ER Aol AN FF F o o
FHojof & Aoz AlmEvh, F-d FHGo] AL
202 ARG g7)F gl djF F 29
o M e opA7A| FEF o EA]He

A9} S Fol ol4HE el g% 2L

9= 3 egloz A7E 4 9k w3, o] ZA}
WAAES] FARA G EAdel| me}l 2 dLe] F
A3 FEE] ogel FAE AHEIAM EF
F 3=t B2 A= d eqdoz AgslEz A
B35 ool FAEI: oA Aoz dF
T 3=l A 2R AL F2 AMSlE e
23Abe] el o] 4HE dsol 23 997
59 Z7ksh S} oshf HA S v A
Qu) Aolw 2ale) Ly A AR
sRa} Yol W 1 FaEe A%
de AW BEPe oz d¥e) FohE
o T} Z7Seboh oF 0~604] ol FlE A
t Aow R ok ol F&olLel AW W
7] wmx Al 9% ZsE adE IR 49
31 9)vh(Baecklund er al., 1999; v}A1= = 2000).
ol AFoA AN AR AR 5 @ v=
e AAHAQ d¥Aol HEEAE dskor,
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45~ 594 el A 30~44A e H]E Aoz
2 £ELE fAIHYIE 604 o) FZeME 3
2HE Aoz HAFe] o9 dfAEe] Bx
g A¥el o AW B bk ZAiz
A 2+ =T} (Baecklund et al., 1999). 7112] A&l
24 F9 2t £79% 8% ¢ 2299 29
Aol A A7t A AFAEA AT ol
B9l YX5= 73} e]c)(Watanabe ef al., 1985;
Berode et al., 1991; Leroyer et al., 2001; Apostoli et
al., 2002).

AN dF G = ARl vE] A4 ek
G AL Al wh2 A 2polo} A F A
A =277 GAE ARG g2 Aoz
AR HMFH T Y (Qu er al., 1988; Berode ef al.,
1991; Liou et al., 1996). 121} 83 o] <F 90%
o] AYT EAtuz WF AL S A%
229 3 =t drieaels S76 we 3%
vkS- 4= 9o} (Baecklund et al., 1999). o]y 2]
ZA A AN M = 2Ll HF) FAlel A HEIFE
W3 etz e @ 487 a7 A velde
o, 83 F TER oF A&} AR {9
g ofel Aol v Aoz AFHYH. oF
A3 8% ¥ =t AWM gA4RrT w2
AL olF A=yt 3 29l 243HE AlAFEITL
ofi dArAA2REH FF ¢ F=F dxa=v
22 BAT AL F - vzl AN dF F 5
=2 F23 el HAFHA A FEE AA|
HA @) ol A7 AFANA EF F TEE
7Hele] Aolgdel Mt e FeS whe 5 Qe
Aoz {AE ] HAME WAFY HHI=
=9 AR oA F AR ok A aen
oAl A &5 AT 4 ATo] e A
2 FEFA 22 o)yl Al A 244]2 34

S o7 HelxAle 4% B AV ¢
xEF A=E AHS) Frhsplde da AlTA el
UE Aoz AleEn.

o|A 2] HetzA} FEAIYHAA AW Ho] A
A A5 7l=® 22 9 5 A8 TS A
49t 8% F=rt 24 3= 8 Qe (Six and
Goyer, 1972; Ragan, 1977; Flanagan et al., 1978;
Bradman er al., 2001; Park et al., 2002). o]x= 2 A
A aeld AR ohe} sl ¢ ¥ 27}
$3] B340 o)Felx sl Aoz I
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&) 55l A (DMT1)e] whale] ZrlgozA
A o] 27} F4ol o] AWz F5rt F)
He ez oflxlx o} (Trinder er al., 2000,
Srai et al., 2002). AWelA Ae] APo] ==
A R REY RAAg Ao FFoht A
2] AW eFgko] Frkehe Afolnt SEviete
735 Aol AT frol H ALdelA A A
o] olA74A] nlwA w2 Helw, A H 273
o] FA3] Z7l=ElE YAHRe 7S A AYe] =
HE 5 sde AHFol U EA4FS A Ao
ZE Abge] AR = IAHGA A AF
st A Hol A FQ AR TYR #
o 48 Fa4el =2HUE 9 Aoz Y
29 Fagol 2748 4 Qo] TEuAses
£ o] L7HE wolck 304 o4} 4L
daroz o o AFolA ZARIAA WE
EE ¥4 5 4 2 femitinghe oF2] o] 9)
3L, UIBC ¥ TIBC#H= £-9]8 7o) HAH
A Aokt ol A AP FSolghyAe]
7tz Az ¢ F471 SvHez 8 AW
A 55 9% 32 29 Aol g Ao
71 98 Adtont o9} 2 A o
53] ZaET A g2 Aadd sl 3
W eEr ¥4 A SEH uEAA #A6 ol
A o 4 USE AAREI ol o AN AL
A2 AW Aol HRE AAAHEA slor, &
of g xZo] Aoz Y2 Ax g aglo
2 248 Aow FAAY. o dFAHAE 2
3, Suetelld AgH oz e x2HA ¢
oAl A7 oM ol W =22 A
AZo} M eitaol w8 ¥4 ¢ Aoz
7M™, AQleMe] €% ¢ =+ ¥4 3 &%
3} Al A obw H e Afel
Z3e 2 33 29lel g8 Gz P A
22 AlsXqg.

il

2 e
= F<(essential metals)®} #3) 4 F&57
A AN F4 0% W FA UH E
£ (metal-metal interaction)e] lem, A ZH (iron
deficiency) 2 8l g4 W3 7t=8] 58 5
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771 Aoz d=lAd o=k AW Adt date
FHALE Dol M vz & olsiE glort
olxj7tA] Adlell dF Az} ojsle 53 A
ot} otl AFNME FARA G EA o] v
Woll 53] =23 Aol gl 304 ol A4
Z8 270% (At 1187, odah: 152) & HAfoz
5 ¥ v=8 Wl xF 3 dA B4
2 AW A $EH] APALE BAEE =AY
A gt AdEzAbel dAE AFHEH o, o
o 24X|7F 3PEE o438l A o]E ARSI
A A 432 Hb, Het, RBC, 8% £ Fe, UIBC,
TIBC ¥ ferritin 302 Hrleldyw, €3 J2 9]
AEFEFAD A S o]-25)¢] flamelessHlg o g
AT 2AN AR dF HFE @ FET
3.31 pg/dL o) 911, FAH(3.97 ug/dL)ol A 32} (2.86
ug/dL) B} #3ict d3F 3 AFAG F4, &
9, 24Y 9 Aelgeo) we} xbolr} dd ot
dedell M2 Aol FAFA gkt AdlelA &
F @3> ¥4 F A o fenitind= o) AT o
Ae Aezm #RHNAG. o)) dFAHAE F¢
3 E o, seviet Ao AS Pl st =&
o2 ARFot AL EAtael vlE A @42 A
o2 HriEe, Aglere] FF Fe soldrg}
g2 23 H 254 uEAEe dAe o
7o AP A {FAHed 24l Fof
FHoz e e Aoz Aada

Je 2o

=

#@Alel 2

lo

o] =E2 20053 Fo}stm o) (Y
Hked 7)) 2| el 23 A

IAZ AE AT gAY 27398 =4
AL, 2004.
A5, A4 AR, A, 229, A3A, o495, F

SHE ZA7HeE AR =ARY FR1Y) 8% o 9 zinc
protoporphyrin % %. &f|8}2]3}3] %] 1992; 25: 287-302.

Az¥, 993, A, 387, A5H =49 A9
YF 5345 5= = 754 s]|A] 2004; 19: 327-
333.
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