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The Study on Possibility of Use of Lead in Plasma as a Chronic Toxicity Biomarker
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ABSTRACT

Objectives: This study was performed to confirm whether plasma lead can be used as a chronic biomarker for
the biological monitoring of exposure to lead.

Methods: Lead concentrations in 66 plasma samples from retired lead workers (G.M. 60.25 years, Median 61.00
years) and 42 plasma samples from the general population (G.M. 53.76 years, Median 56.50 years) were measured
using ICP/Mass. Tibia, whole blood, hemoglobin, hematocrit, and blood zinc protophorphyrin (ZPP) concentrations
and urinary 6—-aminolevulinic acid (6—ALA) were measured for correlation analysis with plasma lead.

Results: The geometric mean concentration of lead in plasma was 0.23 ug/L for the retired lead workers and
0.10 ug/L for the general population sample. A simple correlation analysis of biomarkers showed that plasma
lead concentration among the retired lead workers was highly correlated with lead concentration in the tibia
and with blood lead concentration, and the plasma lead concentration among the general population
correlated with ZPP concentration in the blood. The lead concentration in the tibia and the lead concentration
in the whole blood increased with length of working period. As the period in the lead workplace increased, the
ratio of lead in plasma to lead concentration in whole blood decreased.

Conclusion: This study confirmed the possibility of a chronic biomarker of lead concentration in blood plasma
as a biomarker. In the future, comparative studies with specific indicators will lead to more fruitful results.
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Industrial Hygienists, ACGIH)°A] 0.05 mg/m’'Z 7
st glom, AJESHA w-ZEX]9(Biological Exposure
Indices, BED= ¥ & & =2 4% 30 w/dl, 8%
ZPP(Zinc Protoporphyrin) 5%E9] 79 ZELo)A
250 ug/dl, Aol 100 wg/dl=E FHSL Utk
(ACGIH, 2001). A€ 5 & &9 ¥17]&= 4~65 0|2
2 T 23S E Fgotal QlofA of 3
SEA] et F52 B7Foks HEAQ X HE o]&
Uk =E AFGAOA 235t SASIIHT L E
A5h= L2AREC] S50l 9t J3FE Holal =],
A2 7 17H1E Ao Bt A S H 57 Y
Q2 =A Yeital Ut o2t olf= o8 AFAE
(Cake et al., 1996; Hu et al., 1998; Kim et al., 2001;
Kim et al., 2006)°] A3t A3l =, Z(1F) Hel
go] @H & FAZ Foto] 1A A 0= o]F5HA HH
ZA] Yoj| A Fo] &/g}=|o] T ARl =4 JF= HE
U= A= Bl Qi

ol A W & F HY 5E=E F45t7|ol= K x-
A &3 (K-shell x-ray fluorescence, KXRF) A]|AH|O]
ol 8511 glov, L9 iE £A|, Fuj7F A,
7] A, goldA Ha 99 59| ©hdo] ot
(Behinaein et al., 2017; Gherase and Al-Hamdani,
2018; Specht et al., 2018). FZofl+= Fdj-& KXRFE
sl o vt R E g2 225 A4 o =9t AHg-E
= H(Specht et al., 2017). FZ7HA] A& 0|85t
A5t e AR EH(atomic  absorption
spectrometry, AAS)2 T EZ A 0] kS Wo] vky1 oF
7t AAE L Ao|et BAZEIE 57 "ol Bt
ANE 27] ofg &o] ltiPark & Kim, 1997;
Choi & Lee, 2002; Palmer et al., 2006). ©|<} ¥] 15}
FeddEg2nt A4 (inductively
plasma-mass spectroscopy, ICP/Mass)+= =2 A&,
2 HgRHA|, St A, s A e
S 7R 21 Ut (Lee et al., 2012; Lee et al., 2013).

goll e25 dAlojAdolu ofglolEo] tigk A+ Hal
(Cake et al., 1996; Hu et al., 1998; Hernandez-
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A= A 2R0|| ARSI 24} 72 10% E 5%
ALkl &710] ROl E & 2 g H 0|25 E
MESHA AFsEL AFRAA ARESITE ICP/Mass Al
2 FYU7] AA 92 18MQ 9 % &5 © o] 2] Ut
T4 HNOsS 34519 1% v/v HNOs= A|Zsto] A
|otdtt. @FAIRS] AA = Schiitz et al.(1996)°]
Akl Bergdahl et al.(1999)2} Rezende et al.
(2010)°] AMESIAE WS 7|¥C & Triton X-100
0.1 g/L, Na,EDTA 0.2 g/L, 28% ¥=Yol 5.0 g/L,
183 JEHEE2MN(internal standard solution) Rh
1 ug/L gol& 3]4-8HS o3t A| 251 tHLee et al.,
2012). @A E BAL oA HHgl £0]7] Hsto
class 1,000 784 Qtof] AA)3t F+AE T WollA A
2] A Fst o, FAo] Bk 11 99 HE &Y
I class 1,000 %784 oA AAlsHH.
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8 BEe SRR BE T H vk, AT
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T 9 % ¥8F ZPP &k, 171 8F §-ALA(S
-aminolevulinic acid) Wi, @A, AE1EHE
o2 Sthhu SHFARY Ol A Ao A AlgHto}l &8s

Act.

4. Kt o| B A
g =E AP A 5 =] Q= BRI EAL 667
g e E AR 25 ZEo] gl duiel 4282 o
AoR stglom, F LE3X I, @ F H 5% 59 AA
Axtof st AL PASW statistics version 18(IBM
SPSS, USA) ¥ Sigmaplot 12®< ©]&-5to] E4{5}3ict.
Bt 5 9 T E SHHUSE ol SHHTE IE S
H 5k, 8% ZPP 5%, 85 0-ALA "l Es, AT,
dt 84E, T8 9 5952 oijlen, ERIEAt
A A =& A 71700 i g &
= a7, Aekel Heto] s = Aol e &
AT BAS skt o, 57|71k e E|F]
AE T H s AE 59 5k, 181
T F F 5=l ot S2AF BEZ AAstR e,
SEAE FHR] kS 9 Kruskal-Wallis test® A5}
R, Fodol AFH AHfol= ¥4t AFlE Dunn's

Table 12 & =& AN 2573E0] gle &t
A AT =E AN ZFEE0] e HE 2=
A} ko] At AR Bludt Zlolt B k& AR
oA ZFFHo] fle Akl 42750 gt JEY| A%
W2 177, /g2 259010 2™, A2 35417H 69
AEFEE 56.5M)01aL, 7IsHEate]l WE AP
53.76M010H. & =& AN ZFAdEel e H

5 o Y=Y XHZO 0| &t A7 197

g

2 L2266 High JEY A% F2 137, o
537go]qlom, A2 47A1FE 7241(FS3L, 61.041)°]
AL, 715k g wtoll T A2 60.2541013ict.

AFET H eE Aol LR =0l Sl= EF 2
2AE AT A% 8% 5 29 7otEd 5= 0.23
ug/Lol o™, | AFFA ol A LF7 o] gl ARkl
o] A9 4 5 FY 7I5HE k= 0.10 ug/Lold
th @4 5 3 s HREEA Jde] dukel Mui
o} oF 2uf EoroH, ERZE2A oA EF T H &
=AY 5 9 5%45.7 ug/L2 °F 0.50% =0l
o}t F& 22 A9 tibiar4d E 5= 27.15 mg/kg
olglor Uukel At tibiatrd E %= 7.70 mg/kg
o]3itt.

Table 20]4 H=Hie} o] F =& AT 2748
o] Sli= E|A =R U] YA A 3o Theh T At
A BESES, @4 5 3 e 42 T H 550612
235 9 55(0.768)2 =2 ¥ 42 Btk 11
YU €% 7ZPP 5%, 8% §-ALA Wi vlw A o
2 JHE Bk o]FolN B ST H s FE T
g 5L A S8 S5F5k= oA 0.753°2 71
2SS RO @ T G S B T H E
L9 AL &4 9 S50k oA Y A7} 0.946
o2 FAYNHET w2 A4S Bt o9k Hlw st
Table 3004 H=Hiel Zo] F & AFAA R4 0]
U= Yutol ko] YA A Hof| et T AAatA B4
A, 8 5 g 5= 85 PP 55 0522 M =
< Y AIE Bt o]FolA 5 2 S5t &
oM % 5 H = 4= 5 =9 ATt
0.768% AA{GRT w2 IS I, F T
T A T L AR 0529 =2
RS Bt

Table 4= & =& AFFAIA 25 40| 3= B4

Table 1. Gender and age comparison of the general population group and the retired lead workers group

Group Gender Persons GM'(GSD") (ages) Median (ages) Min (ages) Max (ages)
Total 42 53.76(1.21) 56.50 35 69
General population Men 17 45.76(1.21) 47.00 35 63
Women 25 60.00(1.08) 59.00 52 69
Total 66 60.25(1.10) 61.00 47 72
Retired lead workers Men 13 59.01(1.14) 61.00 47 70
Women 53 60.56(1.09) 61.00 47 72
‘GM : Geometric Mean TGSD : Geometric Standard Deviation
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Table 2. Summary statistics of study subjects by lead concentration of the retied lead workers

Variables Unit r(vs Pb in plasma) GM(GSD)! Median Max Min
Total (exposed to lead): 66
Tibia mg/ kg 0.612 27.15£32.921 23.00 175.00 -10.00
ZPP’ ug/L 0.113 53.81(1.28) 54.50 89.00 28.00
ALAT mg/L 0.065 1.79(1.68) 2.15 4.03 0.38
pBT ug/L 0.768 45.7(17.3) 421 178.2 194
PPS ug/L 1.000 0.23(0.002) 0.21 0.97 0.10
Smoking and drinking 4/66
Tibia mg/kg 0.617 83.75:61.557 64.50 173.00 33.00
ZPP’ ug/L -0.693 42.31(15.41) 42.00 65.00 28.00
ALAT mg/L -0.921 2.53(0.59) 2.59 3.16 2.00
pB* ug/L 0.946 110.1(38.4) 118.2 158.6 66.9
pps ug/L 1.000 0.42(0.22) 0.47 0.70 0.23
Smoking and no-drinking 1/66
Tibia mg/kg - 12
ZPP" ug/L - 51
ALAT mg/L - 4.03
PBT ug/L - 57.7
PP ug/L - 0.45
No-smoking and drinking 10/66
Tibia mg/kg 0.753 38.10£51.80" 26.00 175.00 0
ZPP" ug/L 0.611 49.34(14.31) 46.50 89.00 41.00
ALAT mg/L -0.468 2.22(0.85) 2.22 3.93 1.04
PBT ug/L 0.841 53.2(58.6) 435 178.2 236
PPS ug/L 1.000 0.30(0.31) 0.22 0.97 0.12
No-smoking and no-drinking 51/66
Tibia mg/ kg 0.154 20.86£19.317 22.00 66.00 -10.00
ZPP’ ug/L 0.095 55.84(12.21) 60.00 82.00 28.00
ALAT mg/L 0.129 1.64(0.76) 2.01 3,57 0.38
pBT ug/L 0.482 41.2(22.5) 40.1 134.9 194
PPS ug/L 1.000 0.20(0.08) 0.20 0.44 0.10

"ZPP : zinc protophorphyrin, TALA : §-Aminolevulinic acid, TPB : Pb concentration in Whole blood, $PP : Pb concentration
in plasma, IGM(GSD) : Geometric mean(Geometric standard deviation), "Pb concentration in Tibia is arithmetic mean+SD

SE2A Feto] tigt ArASEY] AeiRgdE UErd
At GRS AT ST H =42 395
o} 0.7649] 7o Sl= FHTAE Holon, FMAF
AL AT F E 5L, @S /PP 55, Ad S ¢
=2t 0.246, -0.282, 0.3789 R94 U= AHHAE
Holok &gt A1 8HEY Aol dE 5 5%
A 39 55, 283 4437 0.307, 0.380, 0.948
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o] fold Y= ATIAE Bt @ S H 5= 4
o= dE T E 5 A8 T3 5, TNAH JE
T 8257 0.612, 0.768, 0.309, 0.3259] |-9J5t Al
AE Hoh B3 §9A 2 &5 7 194, SR
o whet ROt AEIAITE A=Al ERIg 23, EF 2
22 EAT 9o @5 ZPP 5EE AlQlst ZEH
ot RS HAth o] BE T H T AE F
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Table 3. Summary statistics of study subjects by lead concentration of the general population
Variables Unit r(vs Pb in plasma) GM(GSD)! Median Max Min
Total (general population): 42
Tibia mg/ kg 0.243 7.70+10.617 7.50 51.00 -13.00
ZPP’ ug/L 0.520 31.52(1.83) 38.00 81.00 10.00
ALAT mg/L 0.257 1.54(1.81) 1.77 4.20 0.21
pBT ug/L -0.063 24.5(13.2) 24.2 41.2 12.1
PPS ug/L 1.000 0.10(0.002) 0.12 0.27 0.01
Smoking and drinking 5/42
Tibia mg/ kg -0.141 8.60+7.83" 11.00 15.00 -5.00
ZPP’ ug/L -0.640 19.84(7.38) 25.00 28.00 13.00
ALAT mg/L -0.170 1.19(0.86) 1.84 2.46 0.37
pB* ug/L 0.301 28.1(5.8) 30.1 32.8 18.8
PpS ug/L 1.000 0.08(0.03) 0.08 0.13 0.05
Smoking and no-drinking 1/42
Tibia mg/ kg - 6 - - -
zpP' ug/L - 21 - - ,
ALAT mg/L - 1.46 - - -
PBT ug/L - 24.8 - - -
pps ug/L - 0.08 - - -
No-smoking and drinking 10/42
Tibia mg/ kg 0.768 4.4046.921 5.00 18.00 -4.00
ZPP’ ug/L 0.441 23.88(18.59) 19.00 71.00 10.00
ALAT mg/L 0.356 1.38(0.80) 1.70 2.77 0.21
PBT ug/L 0.529 29.1(6.0) 28.4 415 20.1
PpS ug/L 1.000 0.09(0.04) 0.11 0.15 0.04
No-smoking and no-drinking 26/42
Tibia mg/ kg 0.156 8.96+12.45" 8.00 51.00 -13.00
ZPP’ ug/L 0.455 38.94(18.40) 44.00 81.00 10.00
ALAT mg/L 0.209 1.69(0.84) 1.83 4.20 0.67
pBT ug/L -0.001 22.3(7.0) 21.1 37.6 12.1
PPS ug/L 1.000 0.11(0.06) 0.15 0.27 0.01

"ZPP : zinc protophorphyrin, TALA : §-Aminolevulinic acid, TPB : Pb concentration in Whole blood, PP : Pb concentration
in plasma, IGM(GSD) : Geometric mean(Geometric standard deviation), "Pb concentration in Tibia is arithmetic mean+SD
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Table 4. Correlation matrix of the retied lead workers group

Variables unit ZPP ALA PB HGB HCT PP Smoking Drinking ~ W.P”
Tibia rtt 13 -.049 764" 246" 254" 612" 370" 3817 4717

p .365 694 .000 .046 .040 .000 .002 .002 .000

ZPP" r -.131 .001 -.282" -.206 .016 =217 -.262" .023
p 294 .993 .022 .097 .895 .080 .034 .854

ALAT r .022 -.075 -.128 .065 305" 270° .054
p .862 548 .307 .607 .013 .028 .667

PB* r 378" 380" 768" 409" 424" 568"

p .002 .002 .000 .001 .000 .000

HGBS r 948" 309 260" 382" 014
p .000 .012 .035 .002 913

HCT! r 325" 279 313 .055
p .008 .024 .011 .663

ppl r 348" 464" 3217

p .004 .000 .009

Smoking r 412" 315"
p .001 .010

Drinking r 176
p 158

“ZPP : zinc protophorphyrin, TALA : 6—Aminolevulinic acid, TPB : Pb concentration in Whole blood, $HGB : Hemoglobin,
'HCT : Hematocrit, TPP : Pb concentration in plasma, “W.P : Working period, **r : pearson correlation coefficients
" p€0.05, ™ p¢0.01

Table 5. Correlation matrix of the general population group

Variables unit /PP ALA PB HGB HCT PP Smoking  Drinking Age
Tibia r 314 -.235 .070 202 215 243 .019 -.140 .239
p .049 144 .667 212 182 131 .909 .387 137

ZPP" r .509™ -4137  -B47T 4437 520" -.340° -437" 662"
p .001 .007 .000 .003 .000 .028 .004 .000
ALAT r -.211 -433"  -4207 257 -.157 -.162 139
p 179 .004 .006 100 322 .306 .381

PB* r 278 163 -.063 156 420" -.241
p 074 .301 .690 .325 .006 124

HGB® r 9527 -4247 4017 553" -58g”
p .000 .005 .008 .000 .000

HCT! r -.306" 338" 482" -517
p .049 .029 .001 .000

ppl r -.267 -.329° 456"
p .087 .033 .002

Smoking r 406" -623"
p .008 .000

Drinking r -.481"
p .001

"ZPP : zinc protophorphyrin, TALA : 6-Aminolevulinic acid, TPB : Pb concentration in Whole blood, $HGB : Hemoglobin,
'"HCT : Hematocrit, PP : Pb concentration in plasma, “r : pearson correlation coefficients
" p€0.05, " p¢0.01
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AY F F BE= 8% 7ZPP Bk, 250 disjAqt
-0.413, 0.4209] FoJst A Holow, gyiqlo]
5 9 o B TAT 25 1] AL oFst
Aot ESE kel Heke] Ao & EF ZPP, X F
g 559 AL ZH7} 0.662, 0.45620.8 §-oJ5t Al
AE Bt o]2jo] IHIRlo] Aol w2 HE -+ LHE
I Fd, 29 599 A= 4 -0.588,
-0.623, -0.4812 94 U+ =9 AHTAE Bk

T = Ao 5 A =o] Qi LRl ko] A
A A HE(Tibia, PB, PP) B33 F =& AFIAolA 9]
LA Eo| Sl EREEAF Ao LRIt 2 AY
AR E T 489 =B otal o]E9] HE 5
d 5xo) g3t @4 5 ¢ 5= 8]8(PP/PB)2 Table 6

& 5 o HEEM XEZo 80 et 37 201

g

of| Yt qict. B4 Z2AF Fetol A AR BE 5
G A T sk, BT H e BF L7
o] Folgo] wat F7kekth. LRl AdolA BE F
9 5E=7.70 ng/kg(S4 1 6.06 mg/kg, 914 : 8.79 mg/
ko), B2 24 Hdol A FE T H s 27.15 ng/kg
(A : 14.06 mg/kg, A4 : 26.40 mg/kg)o1At. LHQl
oA AE F ' = 2445 1g/L(4 1 28.47 ug
/L, 73 1 22.05 ug/L), BF 3 5%+ 0.10 wg/L(H
A :0.06 ug/L, 94 : 0.15 yg/L)ol e, ¥ L2}
Aol A A8 F o 55 45.65 wg/L(373 : 74.22 ug
/L, 97 1 40.52 wg/1), B B & TE= 0.23 ug/L(
A1 10.35 ug/L, 94 : 0.20 ug/L)°1Att. & =& AFIH
oA ZREAHo] A= HZ] L2A oA AE Fol &

d

Table 6. Comparison of lead concentration between biomarkers of the general population group and the retired lead workers

group
R T T

Group Gender " (/0 D) e S
Men 17 6.06 28.47 0.06 0.21
pgsg‘g[i)'n Women 25 8.79 22.06 0.15 0.68
Total 42 7.70 24.45 0.10 0.41
Men 13 14.06 74.22 0.35 0.47
Women 53 26.40 40.52 0.20 0.49
. 25 percentile 17 15.56 35.23 0.20 0.57
Revtv'gfge'r‘fd Working 50 percentile 16 15.0 34.15 0.20 0.58
period 75 percentile 15 20.27 43.32 0.22 0.50
100 percentile 18 54.61° 78.98™ 0.29 0.37
Total 66 27.15 45.65 0.23 0.50

"Tibia : Arithmetic mean of lead concentration in Tibia, TPB : Geomean of lead concentration in Whole blood, TPP : Geomean

of lead concentration in plasma
" p€0.05, ™ p¢0.01

20

Mean of Tibia(mg/Kg)
Mean of PB(ug/dL)

PSS [ S—

/.

Mean of PP(ng/L)

25000+
o——
200.00-{

T T T
percentile  Opercontile  7Spercentile 100 perceatile
Percentiles

a) Lead concentration in tibia
" p€0.05, " p¢0.01

T T
Spercentile 50 perceatile

Percentile

b) Lead concentration in whole blood

T T T
S percentile SO percentile 7S percontile 100 percentile
Percentile

T T
2 percentile 100 percentile

c) Lead concentration in plasma

Figure 1. Comparison of lead concentration among biomarkers of retired lead workers group
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Srof gt 8% 5 ¢ 529 AA Hat vle2 0.50%
ojlomn, 4HAZ EATE A3} 25 percentile 0.57%,
50 percentile 0.58%, 75 percentile<> 0.50%, 12
17 100 percentile= 0.37%% & ArG 571110 &
71 E A S 9 sol e X 5 | 55 HE2
Fd Ete i =

V.1 F

g =Z ARl EFEA o] e EE- A JHe] A
Y2 61.0401%=H, AA 6678 Tl B8 13
o2 7|51 7ol 59.01401%11L, oA 53
715t 8 o] 60.56M|E Ado] T L H|S:
AOR & 4 Qlth. AYEEE HA =W 40T+ 2,
50t 26, 60T 349, 18] 1 70t 4ol 9lom,
Avkel At A7 Zfol= 7|5HEw AH2 6.494), &
Tk A2 45412 EZ AR Aol T =kt ARl
AFad Jro] dgatolgtd HE F & 5= F 2 Ao 7}
WA, 115 9] ARlo)7] wjEo] 4% ¥ wsh=t] F2
7} gk Azt 3 Hol A= 2009 HE 7 11gHY
B 7|22AME AAlste] SEjuet 21 A4 3H
FNED =& Waksta Jlow, A A377HA] X138
Hck ARl AY F F =5 EH A1V F¢
17.7ug/L, A2719] 4% 419 A8 T & 5=+= 194
ug/Lollom, o]% FAS 22.8ug/dl, 91AL 16.6ug/L
o|tt. A371&= 34 o4 ofFole} 184 ot HAW7}
A gfjsto] ARG OH, 189 HE T sk
8.0ug/L, 42 16.0ug/L2 A AL S F 5714
Ado] visf o 28] A YEFSETHMOoE, 2018).

£ A7 A B o =E AFQlA 25 o] §l
£ Uil A A8 F 9 st 24.45ug/L, E =&
Ao A R o] Qe A 224 Jde] JE S
g 5= 45.65ug/Lolet & Aol mE o &3}
g =F ARAoA LR o] gl IRkl Aee]
U2 56.5401% 0, HA| 427 SOl B 179
O 7|5ty Aol 47410191, A2 25 Og 7
shE dAEo] 60AIR o4do] 13A1PE o wWortt A9
ExZ7} 30+ 45, 40t+= 61, 50t 209, 18,
60t= 1290l o, dHRle] H¢- ZPPet 8% 5
Tt A o8 TS YERIATE Aol i
A 3 9 5ot ATTA T =4 &7 di&ol A
of M2 JFFS =% = glolth £ A7 fug s

ol U oH o

—_
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A 7|22 A= A71A AfoloF A Ao Higt 2AF
A¥ete J ol A2z vushle A-AA,
URHA 0 & gAdo] o dHrt AelEe] vler) 7] o
ol g A8 2 57t =U0d Aor S5,

52 T2 o] § ARl Zohe A4 S=AF
AdEg A8 § o 5% 752 Frhale AT vy
AER] E T FEEC] 2F Wil £ 4 gltk o] o
ol H2 224 Ado] Higt 3= 5 H vk, A2 F
gk 1P @ S e sl did g =2
7} ok Hu et al.(1998)= A€ F &2 W71 oF 30
Uol7] wfiol X2 i kE 22 F WYstATL A
71 X AEH R REHo A E 2 WSt
Al R HAstglon, Y2 2408 Zwi} o
o] Mol & 24 W] 24 diAlste] A3 +
A2 o =E0] ASHE 3L ASHL

}—‘_l T
2 24 Yol A2eT 1 FE AsHoR

—_

o 24 A HE H=E=7] fzol A7z A HE &
435k 4 qltt. Kim et al. (2001)9] A2 o|AE AE
39 5= 494 =29 HYEY| ¥ oF o]&
o & AR A9 4 F RFHAIREA = FES
L= U] e
1990t =R d4lod/golyt FE7]of gt A

T7F &sHA ZFgPEoigkow, o] &9 Atd
(Silbergeld 1990; Cake et al., 1996; Hu et al., 1998;
Hernandez-Avila et al., 1998; Barbosa et al., 2005)
oA & 24 F g2 = A7 B AL AA 27
02 EFEE Ao M= &L)0] #2570 Y
E/30] § & 9T A "rhal Busiylet 1 8Rlo
= 71, A 5 A 2 S-S, AT
22 W EH S e}, 718 A1 AdEol] 7116k
o= B 4 9ltt Hernandez-Avila et al.(1998)2 =
2] F9] g2 LS Boto] ol'ssk=t, o] @2 Al
£ Z B0l o] FEge 220 A E= Fo
8 ol so] H7]o] F-Eottal ottt

g =3 ARl 25 A Eo] Q= B SEA HT
9] £ SFE ot oA X B H 57 HA ¥
T+EOE 23t @A S 5 A8 s s
AME FA L SFE ot oA At AI7F 0.946
02 AAHH0.768) Bt =2 A S e, &
FeH e 4T3 H s IANANE T L =

ofy

ANCHEOBN S o]
i

[¢]
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Fohe ol A 9] A7 0.617E AAHNH0.612)E
o =2 TS Ueh U, v B2 24 Hde]
FAE FFES TN R T E s e S H
T 2 AE 5 H s o] 42 0.482, 0.154=
2 ANE £ 9 w230 5, 559 #-o] s
TetE) o2, § eE ARIRolA 25 Aol Sl
ER I2A A AR @R T s A2 ST H S
T HHE T e =2 FY TS HYCE A
2 e o] v a & 4= Qi

g eE AMGROlA 2R o] fl= gukel Hee] d
A EE s A8 F 9 5o AA A &
4 5ot 1H0.30)ET= 9L ot € Sk
T(0.529)°014 B =2 A4S Ui, @4 5 9
ot AE T 9 52 AT IA A H ==
ot= wH(-0.141)E} 99 okl 55 sk= w0.768)
oA B =2 4TS UEr At weta] ARkl ¢
o AolM @ F o sre TUETE=E 250 9FE o
dk= 7108 wtEL) Table 29} Table 30014 tibia &
S K3 X-A F3FEH(K-type X-ray fluorescence
analysis, KXRF) ZH|Z tibiadl +4H g 5L& 24
gt AolH, 7| grE 22 7% 7IsHEd Alike] £71
5ot Ae o Ayt o 2 Yep It E =& AFYR
oA T o] = HA Z2A oA S5 &
Sh= 9] tibia +4 ' B 5= 83.75 mg/kgE AA|
A Bt 5% 27.15 mg/kg Bt 3u) o4 =3koH,
ol & ST =2 TS FHilsieth 9 &=
= ARl A SR = 0] Gl ARkl HetollA St
o5 k= 79 tibia 74 & Bt 55 8.96 mg/kg=
A Ae] B 5% 7.70 mg/kgBoh 2= 23 HY
o A F 5= T = SFE o= 4t =4
I FFE ot AEY 4ol EHjou et al,
2009)= Aot e 2RI, F =& AFGAlA 2
F7480] gl dukel A HS 748121, SHRAA,
7i7HQ1e] ST SolA EH Aol 2 A FH R 4}
T IS =ol7]= ofgohal W

T =3 APl 25 A =] A= BR SEA JT
of th3t Pearson AT BN FE 5 F 5=t
A FH &L, 11 FE 59 s=d @ 3w

= 27 0.764(p<0.01)2} 0.612(p<0.01)E =2 79
AE A=A S Heon dE S 9 5= 8% 5
g &k AfloAE 0.768(p<0.01)E =2 Fo4d= 2
= AAS Rt Kim et al.(2006)9] A2 x}of wh
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3 Ho =4 XE20| 280 et 7 203

i3]
o

293 7 ot A8 F | & Alololl= 0.6649]
FOet AT Aokl sFp o, & Aot Btelal
o 3 W e Wl S99 S5, 28 a 2571
e = Fo s ATHIS Bt o)== Ao e g
A U9 @42 ol srH g ofe] HHAV|E o5
of 2482 Yetf7] o, 18 5 ¢ &2 57t
= 3337 S48 S Aol gt dis
(Hernandez-Avila et al., 1998; Kim et al., 2006)=
& uf, A | & Tibia, PB, PP= 3 Z0f oI5t i & =&
o AZ A2 HHo| Ut YR F =232 L HEI &
A9 2=, 283 FE7|IE TRo] QIO ALA,
HGB, HCT 59 793R Ee= /o] Rok=d,
ol EU= & |, EZIEAA ALA, HGB, HCT9
AT = A7 wE3A RE SESP|o= 155
ot gekE

T =E AFGRIA SR 0] Yl Rkl Juat g
g 53] 22X I @G S H s d A s H 5
Lo e RO RS EYoH, AE F
=AY S Y v € @4 F 9 sk AEA
ol A= F-olgt ATdS EATE ALA, HGB, HCT 52
7 g AGSNBEG B T H 5 BE T E
Sroko] Aol =L, AN kEXNEN AE T
Tre @A S 9 8T ofle A8 F ' 5k
AR =9 BE T H s/t @4 39 F 5=
AE 39 g srete] A/do] @Magat A 84
EETE 22 298 2 1, go| F X o2 HH QA
WEZ9 &3 off 5747 A8 Sl A= A7t
ohd EAolat= AS I 0|59 A At
+ Hu et al.(1998)9] AA-+Z3}o]| A BHa1gt viel Zo] 7
= 23] Fof| ZF=E0] 9= go] LS Fote] UA W
K 2Z 02 o]5sk= Aot

2015959 FAFIFRAL AA| S 22.6%
(24 39.3%, o/d 5.5%)°1 2™, AA S&2 60.6%
(&4 75.2%, °178 46.5%)°1 ATHMHW, 2016). & A+
oA F =& A 254 E0] Sl BRAEEA g
66"8% 61%8(92%)°] o3/dolqitt. Fd 2] A% EF] Fof
B AF0 8 HAS Toll et 58] ZL2AR EREe
A7 AL, o3/ 9] A BT wi7bA] SR A
B4 & HAZ oHA] 2471 wioll A Bk
oyl gotEn £33 R E2 A1) tf o] o 4do]g7]
o] A& 80| B2 FFE Atk Jou et
al.(2009)2 A F & s+ vSAT T vlwsto] S
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o] 1.308}, 12|11 v] S} H]asho] S5=20] 1.26
v =Qkthal sl AAEEA T HE 5 B
A o7} 2 S UERd A (Lee et al., 2013)
B i xH o= ERTEAR} AWRIQ] 7ol F-oftt A
T3E UEhd A2 7R19] 5 5 AgEHolv 4
Q1 821, Ao 4lo] 891 52 HQlo] vkl H= A
3= ItHRoberts et al., 2000; Jou et al., 2009).

2 A 9 dukel JooA EF ZPP=
Table 42} Table 5 Uepd vkl Zo] 3521 -5
oS Bolom, BRI 2X; [T ZPP Fto] 53.8ug
/LE Q¥IR19] ZPP 341 31.54g/L E.r} F 1.74] &3kct.
E5|, Hl2FY 490l €% ZPP7t o 2 TS A
o} Park et al.(19960)9] A+23 A JH & Hol &
HI2AEY A8 5 H 52 ZPP L2k TA ol A
AE F 9559 8% ZPP 5= &, Ao ut 2;
o|7} RATEIL 3t B Lee et al.(1998)2] A5 A}o]
A Gk gt AEFAGA ST B B ST
o] EFutHETt EF ZPP7F RolotA =T okt
Yoon et al.,(2006)ollA @F ZPP2] FH A7} A
U 9RE A EE 3840] vl ASsH, A8 S F
Sk Bt} g% ZPPe| FAAT AW F FE YA ®
2§ £2 Z0= HIsgln =y & A9 A
& o 5 ZPPY FHA |5 AW G A®E7}F A
Aol A L5 o] A= ER] SL=2AF HHol| A 9] A
A2 Holx| kokar, F Aol A LA o] gl dht
Q19] E% 5 Holl AT F-24d = A43843(0.520)2 E
oM BAEFTH LR AT T = A2 E
o|A] gkot7] "ol TR RE= &&= F=5t
ot HekE

T =E AR 2R E0] fle dukl AT o
Aol ARG AE S 5= oY} AL S e =
Lo} @4 5 3 50 A= o =Tt oo W E HAE
T H Lo Ut @ 5 H 559 HEE 0.68%= o
/Jo] P Ht oF 3uf =2 AAE H ot ARl AH¢-
oj/do] 7letH o Aol 60A, F/dol 45.76M12 <F 14
Al 8 7] gi&ol 53710 g 5 59 ¥F
dlo}l Z wAlE $7F S AR =307] wiZoelzt =
SE AT, ST, F4811, 401891 59 JF¥E &
7 HESoF &t HEst wto] 75T Aot o]e} v
s, g =F AR A LREA =] Q= EY] =4}
Ao HFE 5 F 5= 940 AR =9on,
A 3 H e T 5 559 45 o480 FAEE
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ot o 2okt B2 222 YolA AR HY E v
7} GukIE o HE =7]= 5l o, Ut YA Hol
AUt 2 s s AT s s =
< Aojgt At A= A X5k ofrtk o g3t
‘Jo] o] A& H|ol = SFRAI, BE5T, B
e, 54821 5ol gt bt Wt A7 WE
O & Holm go g o] tfgt HEZ} ¥ BT Aot
A 222 I FE F F FEH 27.15 ng/kgS
2 AUl Hdo] A& 5 H 9 7.70 mg/kgBot 9F 3.5
v =0ttt o= EZ] L&A HAdto] | A4 S5
Sk B9 E eEo] A&Eo] T 24 Yol ALZHoRE
2k A3t2 gotEnh B35 ARGl A B2 ot
g =Eo| A= stol e F 24 Fof 2oL
= 92 7 SR71E 7HA AL QlolA A717toll AA YA
U= LEEUA7] wizol EZRL o] o= dHlET: =
Al Uehd A0 = Al dr. EZE2AF o] L5717
ot dE 5 H 5%, A8 T 9 5k, 1L X F
s AR 2R e s sd A8 T
L9 {Foido] 1= QI 1t Aol & vl Wit A3
T 5 9 559 100 percentile¥} 25 percentile2
P<0.0501%1, AE 5 2 5%=2] 100 percentile¥} 25
percentile<> P<0.001°]{tt. 18|11 E% 5 & 5k
A ZR71Zt0] Hofgol wet ¥ kTt S B
= & 11 {2 AFEHA o B2H, TE W
2219 tisto] A== HEVHH QT Z o= Hrt
A 5 & 559 4 =4 =E23AFBED)= 7
L3 AR 25 AEo] e B 224 4y 25
7Ago] = gyl JdollA B5% 7] 7421 300 ug/Lo]
5to] AyE H Itk BEI 412 710 = E4] Z24=9
A9 15.2%(45.65 wg/l) <=, 4Rl ¢ 8.2%
(24.45 1g/1)9] oIt F =& AFAAolA 2774
go| = EA 222 Ao HE F F w=o tig E
A S H 59 7otEd2 E AR S5717t0] S
SE Hgo] 7S of= f-d 800 4o a2l
831 5 T AgEENE 4R FFo] R,
Bergdahl & Skerfving(2008) &F-o|A @4 & Fo] &
¥A7)(Target Organ)® HIEA| o|53slo] #HlZA
turnovertttal 3t A& £ of, AA| YHEE =&star 9l
= @40 T4 &EE HS He o ER ) =2
sto] F2 Heith = S AR7| "ol Azt
oRZ, F kE AFAAOIA A0l Sl EAEEA
A FE s H s, A8 s F 5, 1YL EF F

o of

e}
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g se 2F7170] 7S =34t Hu et al
(1998)3} Telléz-Rojo et al.(2004)9] A+ ZA}of wp=
H Z$H7|7to] VMRS & 2 Y 4 o] 7|
Zo|th. E3h F e Yi 2 92 2 A& 5
7F B A 8R10 = QlIsto QAo 54 9TFE F=
A7t g=A Yeu=t, ol 3& 24 § 3 A&
ol Fd7|, dAlT} =5, A, oh55, LTS 2
= W&H] gt 81 ot ZAe 5 Ve A
Q1 AEIE Qlsto] S5 S71ok=tl 7118l 51l
THKim et al., 2000). &, LF7|70] $71&45 & X
A Yol F 54 ¢ S715HA =9, 1spdof w2t =
055, HEH 2 g2t 59 B4 dH= Qlst
of AA| Yol =4 FFol =otAA H= Aol ek,
=5 Aoz, HIEHYI D AF 5ol &JsiA & wAl&o]
AT QA0 54 TS HIHE A5t A1 =% QL
= ZoJth

2 di= d AR 2540l 9l
ot g AR Ao A R Eo] A
A5 7h 22 Al7100] ZARGE Ao] ofy 7] wjZo] &
wat7lofl= Aol itk ey | AR
A= EA LEA Jabd F ARl A L5
gutel A 7He] @4 T F s=E 451 A
2 EEEE AE 5 9 s Aol o= A
QA3 Th= HollA QJu|7t it % L2AE2] AT
g hE s, 9 E 7Rt 59 ek aefste]
87t Q& Aolw, AHARl %I} AHERI ALA,
HGB, HCT & Eth= E°l4 = A1H#<I 4%°] RBP
(Retinol Binding Protein), BUN(blood urea nitrogen),
creatinine®] H4&&, F$FA7EA9 neurofibrillary
tangles, F-AA W}, oA 2715 HAE AE B
S HA 5 @ S Y v AFE Bol £ 5 A
I Q= AL EE E 5 UL Aol

i
o)
»
rd
i
b9

%0,

rir
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0.23 ug/Le1em, ARkl -9+ 0.10 ug/LOIAH.
A A ol et o A 2T B2 ZS2A
=0l dt € F TSR AE S
o e w2 e EoH, djle] 8% ZPp
sEE @A T s RIS B BT H
sERAE T skehe Aol /Il
AFHeER Ao A, B 22AeY €%
STHEEY At dE T v A8 T H 5,
AT, AET SHEY T JHEAE EAL
U T EHA 2RSS BRolA S ZPP s=E Al
ofet B Wt 7o dS EAH:
g2 224 fde] "Eid = T s He F
ek, 222 @8 F E v BT VIR0l soid
of Wt & sk SV 53, 4& T ¢ w2k A
g T H e IR e fo = SIS AH.
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