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A Study on the Screening Test of Renal Function in

Workers Exposed to Heavy Metal * Lead

Ho Keun Chung, Jeong-Pyo Hong, Jong-Seong Lee, Byung-Soon Choi

Jung-Sun Yang, Ki-Woong Kim, Young-Scok Cho

Occupational Disease DNiagnosis Center
Industrial Health Research Institute
Korea Industrial Safty Corporation
34-4, Koosan-dong, Buk-ku

Inchon 403-120, Korea

. Ahstract -

This study was performed to evaluate renal function of lead workers in
storage battery and plastic stabilizer industries, Sixty nine lead workers
and 39 controls were studied. The renal fuction was assessed by measuring
urinary concentrations of albumin(ALB), @;-microglobulin{fiM) and total
protein({TP). ALB/fM ratio was also calculated to evaluate the renal
function, The critical wvalues of each index were assumed for upper limit

of 95% confidence interval in the controls, The critical values of ALB, AM

o



and TP in urine were 19.8 mg/g creatinine, 0.26 mg/g creatinine, and 175.0

mg/g creatinine, respectively.

Prevalences of exceeding the value of renal function indices were

higher in lead workers than in controls,

The mean value of 8M was significantly increased in lead workers than
in controls. The mean value of ALB/8M ratio was lower in lead workers than
controls. Consequently, the ratio was decreased while concentration of lead
in blocd(PbB) was increased., Our result indicates typical renal tubular
dysfunction which showes increase in S with decrease ALB/SM ratio. The
excretion of urinary B2M had a significant correlation with PbB(r=0.3027),
but correlation with concentration of zinc protoporphyrin in blood(ZPP) was

not statistically significant,

In conclusion, Use of f:M as early renal dysfuction index for lead

workers needs to be further investigated,
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2S5 Sold 92 28R g AdRI AHEed 24 F9 shile]
th w2 fe FHe dig], F 223 AE Fol da] BEEo] gloy AldA
o §fE Jo ¥2 nPelEE £d3 HisE 2F MM dA =
dEel & 3+ gch(Z4+F, 1990). 22t & £=71 Of cledsissg &
Ax] Az, HYFd, dA4d, HUE, FAolE FY SolMd UdHE= ¢ £
ot} Fol R EF7IE T3t 7|7 2AcksiA FY HAU, Solu 2Ags
Foll FAEo £37AFE Fto Aol 324" ol G553 Y27 cHPutnan,
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1986).

dzte] e, BF 23 2232 §F9 2% Aefol wlel clEAq, 3E7)
T FTE Fote] 48 2 42H T2 L3UAFE Esto] o 50-60%7} ¢
Ak o] sl E R o] of 95% = wiof HEEo| alrir} As|zhe] ZA uj
dEH, 71ef #, H, nad, 2%4F U Aol Felx ExFch ujd =
a3tz okA|gt o 10d FE= A Qrh 7H495F, 1990: Putnam, 1986),

dofl 23t 542 $AEA, ZEIA, AAA 9 AV el UY SHeE
ciEd 4+ slch(WHo, 1977). ol2igt 27 s el ciyt §2 F=of wal 7}
SAtANA FE u7tgHeln 47U FHE dog 4 gtk HZ o %
Zof whE A, geF HAE FAY = e wiEe] AuEa glen
O 2l oA 7tA] fA3] dFERA R332 gicho]¥ =, 1974 Putnam, 1986).

SEE7} A7 el %S Erhe o ot A HE HEa)
o A4E Ea3EAM FE AAAvEs dde] oyt a7 us Ha glen,
Felutetel e dF= FE ZFI|A Aslo] oyt dE Haptye] d3Ee] &
tHed5 & 1993). feiviel AdGAR AH (=5, 1990)48] o 23 2=
A AR FAGFels 2871A, AFA Felol Y £3 @ AF Fol 4
HEI glent A7 s FEF o ¢ dE RS Qurdpzichale] At
t =ubde] FgaHEelr)

SEHZ 2t dAT s Y 27| dAE F=2 Yo E 2] AAxTB
g AEFT 71 AHE dodid, ojFeE Qs JsHeT HuBY HLT &
253 a¥oR AEA o] wjd®ch 1y Z2l AL4E4S G733
Al £4ME-2 Y0722 (Gerhardsson et al,, 1992), Yol 2jgt alzte] &3
3 S oYl f1sM AA7s el 2735 ST AR R Ao
H 8 3ich



dol] 28t 4lA7]s A FE 2o Askiitie AL 71EHY A of
kg gksts oo, 1 ATRAEEE xFOE djdEE IY HEF &

M3he Zolch v ERo ool AT o3t 7% &4} AxB AFS
se] E4E TUHY 4 g, Yoy FYA(transferrin)gt Ze TR

M

P ehale Al Ay Raly)eg HEsh f-Microglobulin(fM) 2t e
HEA g M@ £4§& AEdtevl FE8T A E(Kjellstrom &
Piscator, 1977)2 o|&= a1 gich

£ d7e koA A7 s 27T AEEFLE S ¢ HE 2
Z2zj2] A&7l tiste] A, k= ©hie] Sdef tiste] UolR izl 3y
ch EI GG =] dis] A3 A A 2SI SET AEY EF
g = 9 98 54 AEY ¥F Zinc protoporphyrin(ZPP) EE
(Chavalitnitikul, 1984)2te] e el tidiM = el =} Stoich
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1. A

7. & 3 2=4
122 Azof PVC AFA Azl FABHE 2BA 81F § B £330
g, =8 pH7} 5.5 oj4teln Al&e] A3}t 4] 7HsBlAH 69 S e
£ sigich

. o=y
AR Ae] Falele ZEA F Yk £270] ¢3, W 3T 2EAEL d=
Z M Bxg Dajsle] ko] phl 5.5 o]ael 39 g tiate g spdct

2. 2AE 4 Y

ol oyt F= 2 EEA EF d(<]5t PoB)2} BF zinc protoporphyrin(o]
5t ZPP)& &35, VS ABEAE &F GHUU(0]5} ALB), =F 8-
Microglobulin(o]8t gM), k2 ZFchiA(o|s} TP)S SAstact

o 2T S2ate 2] §oe FAEste] -3 H(EDTA) Al Y o]
Yol Ex7la] WAtze] Basiech ki H}E HGlucose) T pHE =&l
24 Y30 Yol EMAzla] Bysidc). Agassyg dAz|oM 22y
kit Eglojolo]AR WEAA 2N F 2L JFa0] Bustct
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7h delcidt %= A&
(1) PbB
PbB B 5 VarianA}l2] SpectrAd-400 HAIEFHFEAE ol &3t EEw 3
7} %% (standard addition)22 X|Z2& 2H #H7|Z(graphite furnace)o] FY
ANAN FREE 3L 2§ d@Estdch
(2) 8F ZPP
E 3 IPP & B IPE( 35 1) Ay Jgtle] 3 FUE FXEX=
Al(Aviv model 206)& o]&3sted FAstsch

U 37 A A EE
A7 et AXELY SEAE =F9 Fdoleidd g B 2 LY ¥
EE Faaddch =2 3delelyd BE= Jaffe reaction®& ©]%%9(Bauer,
1982) =& 20-408] 3] A% ¥ ROCHE At2] COBAS mira Plus 2§ AEEM47E
AHEBte] &3 staich
(1) =3 ALB
k& 3000 rpm 22 10 £33 9HAA E£EE AAYL F AFYE AES
of ALB 2] 3Zt-3kA] ZAYUSe| uigk e AlgHlight scattering) FEF
BECKMAN A}2] Nephelometer(Array system)Z o[ 8%l HEE& &3stect &3
bt S=& 2.0 ng ALB/1 o]4to]gich(Peterson et al., 1989),
(2) =F pM
Behring AFe] Enzygnost fBz-Microglobulin micro kit & o]|&3&lef HAAY
W& 2 PabY(enzyme-linked immunosorbent assay, ELISA)SE Z3stdct.
shgefe] FATi= Dynatech Product A}2] MR 600 microplate reader £ 490

nn oA HFslgdon] AE 22 SE& 0,010 ng/l, 0,029 mg/l, 0.100 mg/l,

._?_



0.290 mg/1, 1.000 mg/l 2] FEZE AH=H M EEHY] FF==5E HH 43
A& Fate] 4rEstelch
(3) 3 TP
EF 3000 rpm 22 1027 €EAA EcES AT F 43492 28314
Pyrogallol red-molybdate(PRM) *(Orsonneau et al,, 1989)2= HITACH A2} =}
FAEHEA 7] (HITACH 747)& ©]-&3to S stalch
(4) ALB 2} BM 2] ‘m=H|(°]3} ALB/SM ratio)
S73€ ALB 2 pM o] wEHE AHAY Tk} Mg TLE FE3}
7] ¢85t 2|E2 A 2AFleir} Peterson et al,, 1969).

3. FAA=YH

EE W 8= AEs} =F A7 AT AESAY =71 FAEE =
Z] 7 F FEIAEZ-AnjExze] FFEX AYPE FoH T ¥ FAEE
2] e Zof titieis VR8BS Ao IAEEIHEF ol d=AchdA
Z | Ee] HIA] FAE HeEB 8] 95% AR FHBE + KEFVAHL
E Flsien @ S 2= dxAPded FaA 2308 (P4E)Y ¥las
Flelats BH LR st = o3} #Hde] PP EE H4-SWY A3
Aol chzid = JAEHE o 315k




1. A

. 2 3

ZAE 3 2 AT 2224 BEF 69 58 AT 26 B, A 48 B

olgla tjRARHE BF IHoz A7} 16 B, A7t 23 Heldoh W HF
az=}2) c=Acke] BFese zhzh 36,1 A, 37.1 oo d=d Exal i

=
5 <t

=)

7o FA ] xlo]7} glgitH Table 1).

Table 1. Distrl'ibutinn of sex and age between controls and lead workers

Controls Lead workers Significant
person(%) Person(%) (P=0.05)
Sex
Male 16(41.0) 26(37.7) Ns*
Female 23(59.0) 43(62.3)
Age(years)
- 29 9(23.1) 18(26.1)
30 - 39 11(28.2) 23(33.4) NS*
40 - 49 16(41.0) 25(36.2)
- 50 7T 3( 4.3)
Mean + SD."(years) 37.1 + 8.89 36.1 + 9.19 NS*®
Total 39(100) 69(100)

® Not significant by r’-test
® Standard deviation
" Not significant by t-test



2. 9HE A7 =

7}. PbB
thzAche] P =L 11.5 pg/dl gtk o 33 22419 PbB BE9 FHA
22t Holzke 22 10 pgrdl, 102 pg/dl Gon SEIST-AnjEe APF
3} BFEEE shorhK-S 2=0.836, p=0.487). SFX2 BF EEUA= Zz

46.7 pg/dl, 21.85 pgrdl $iTHTable 2).

L. €5 7rP
cl=3eke] ZPP 9 B 39.4 pg/dl gk © HF S2AE PP 5=
o] xAZHe 13 pg/dl G ik 414 pg/dl Gt PP exe] FF A= FH
2x sta] ¢gtens cfjeAR stoch iAWY ciel] FA FEHAE
Ztz} log(4.47) pg/dl 2} 1log(0.682) ugsdl gleooi, zitzhe] o#E¥ 1 87.3
ugrdl 2 1,98 pg/dl 93 FEIEEZ-AnjExx= AAZAI} FFEESHECHK-S
z=0.862, p =0.447).

Table 2. Index of lead exposure between controls and lead workers

Controls Lead workers Significant
(pg/dl) Mean + SD  (Range) Mean + SD (Range) (p=0.01)
PbB’ 11.5 + 4.39(2.7-21.8) 46.7 + 21.85(10.0-102.0) *
ZPP"” 39.4 + 1.35(27.0-98.0) 87.3 ¢+ 1.98(13.0-414.0) %
* Significant by 1’-test
' Arithmatic
" Geometric



3. 2T »F e AR EF 55 EX 54 4

95% 41&] L7k

tzchelA =3 ALB, =3 M 222 =3 TP 5 AA7% A%t 2AEE
A pxo] 95% AZFHE F517] 35l EEZHEE Tl AASE 957 F
ERIET-AnEx2 Ao gl PFEIeA| de AEY FHA=
AFEE SIEF H4HY stdot. 4 A EEs FYPX9 SZe HpHET &
Az 4l 95% A EFHE ch&3} ZrHTable 3).

7}, =5 ALB

t2Atol M &F ALB =2 FHX & 21.8 ng/g e olE|d7lA] X1
o}, FFERE 3R Yot teHBAL F FREIEE-AnjELE JFY 4
2 AFEEstach. =F AR vE9 ti4d BI% EE€dae 42 log(l.97)
mg/g Z#otel 3} log(0.508) mg/g Ieloleldolden o|& By &3t

Table 3. The upper limit of 95% confidence interval of renal function

indices in controls - (mg/g creatinine)
Normal or Transformed’ Calculated K-8
Mean sD Mean+2SD Mean SD Mean+2SD’ Z P
ALB 1.97 0.508 2.99 7.2 =166 <198 0. 608 0,853
FaM 0.11 0,076 0.26 0.11 0,076 0,26 0,745 0. 636
TP 3.8 0.644 5,17 48 .3 1.90 175.0 0. 666 0. 767

* Normal or Log transformed
' Geometric mean + Geometric SD

|



B4 ZEHANE 7.2 og/g dotel Wzt 1,66 mg/g I ole] ol gich.

ol th2Uete] =F ALB S A2 ti+ZHE F3 95% 4822 log
(0.96) mg/g S olE]l UL ZHE 10g(2.99) me/g Ieoleldzz] gen ol 4
&3] o= VY 742 2.6 ng/g IeolE|d o= E 19.8 mg/g ZeolElL

o] glct,
1 x=F gM

izt A =F fM FEL FFAE= 0.40 ng/g I&ofe]d7}a] EE3lg
oo FRIEEZ-AnEL2 ABAEIN FFEEIECL S M Hxo FZI
EFHAE 242 0.11 ng/g Ieoteld 2} 0.076 mg/g Iefole]do] gl

olE ti=AL] M FFAZFE T 95% AlZF o] FegE 0.26 me/g

Feofe|de] gt

t} =& TP
izl M =F TP $24 S 158.7 ng/g Zeole|driz] Exsig
o, FAEEE 1A Yot tleHBAY ¥ ERIST - AnjEvex HEY A

3 FAEEScE =F TP =4 o5y FF EEUAE Z2} 1o0g(3.88)
mg/g Z|otEld} log(0.644) mg/g Aeleldeldeny o5 Hatgh 3 zhe)
Bz EEHA = 48,3 ng/g Zdote]d 2} 1,90 mg/g S oE|Llo] glc],

olF tlZAY =F TP FFXY ds=4E 1 958 =TI log
(2.59) mg/g FalolEld 2B RE 1og(5.17) mg/g FolE]d7}z] don o]E 4
&z o= Ayt F7H2 13,3 mg/g Aol JLERE 175.0 ng/g Tao}E]
deojglch,



gh. ALB/ fM ratio
= Uchol A ALB/BM ratio FHAE 1,670 71x] £Xstgd oy, IFFEES
31x] ¢iot Wiz deE WAL ¥ FERIET Anj=c= AP A} 3
=8¢ K-S Z=0, 533 p=0,939),
S 2wl 7l FAZke s 78 cf2Aghe] ALB/BM ratio T2e] |42 #
Z3 EEEaR 247} 0.13 3} 0.0457 Fon o] VAT I BI EE
HxH= 58.0 2} 478,81 o|4rch

4. & AF 2= d2ADY =7 AP7e IS AEELY =

=23tz o 3 22X =F AB & FdeEs 47 7.2 mg/g o}
Eldzl 6.7 mg/g JdolE]ldos F Aee] BAFLE {2t 2ol oldd
th. &3 M 2 BFEEE 0.11 og/g Idoleldz} 0.25 mg/g Feole|de®
g 3T 2EA AddelM TAFHCE R Aol F EHTHp<0.01). =F TP £
WAEsL 717t 48.3 mg/g ZaolElUl 42.8 mg/g IeolEld e ajo|st ¢

Table 4., Urinary renal function indices between controls and lead workers

Controls lead workers Significant
Mean(Range ) Mean(Range ) (p=0.01)
ALB’ 7.2(2.7-21.8) 6.7(1.4-121.0) NS
BM™ 0.11(UD-0. 40) 0. 25(UD-0.75) *
TF* 48, 3(UD-158, 7) 42, 2(UD-1717.4) NS
ALB/BM ratio® 58.0(21,.8-1670.1)  26.5(5.6-432.1) *

* Significant by t-test, NS: not significant
* Geometric mean
" Arithmatic mean
® n = 32 persons(controls), 56 persons(lead workers)
UD Under detection limit
= ¥a.o



Table 5. Values of ALB/B2M ratio by blood lead concentration by lead

workers
ALB/BM ratio
No, of person
Mean + SD° Range

PbB( ug/dl)

- 20 12 40,9 + 281.52 14.8 - 432.1
21 - 40 12 31.7 + 315.49 18.2 - 208.8
41 - 60 18 23.3 £ 177,30 15.8 - 224.0
61 - 14 19.9 + 88.00 9.6 - 278.6
Mean 56 26.5 + 155, 47 5.6 - 432.1

" Geometric mean # Geometric standard deviation

gtk F DY =F ALB, &3 6M U =F TP 55 o vlay A
H AE BE o 3F 22 Ycko| iz khe] ulste] u)$ &t Table 4),

=tz d 33F 222 AxtelM ALB/GM ratio & WIS zhzt 58.0 =}
26.5 E F Feyel R zeol& Bych =jF o T T==xbe] ALB/AM
ratio = ¥F ¢ =71 $71E+S F4dl= #9g BoirHTable 5).

5. =3 437 A AHEELY FHE

thE el A] 95% 21237 A4S Z3fale] oiit SHES izl
#F === HYsizho] vlasigichTable 6). tj2ActolM s =2 ALB, &= M
R =F TP 2 PPES 2 2.65(1 ), 2.65(1 F) T 0.0%(0 F) glon, o
HeE 222 Addelr =F ALB, =F 6M T =3 TP o] A4S 2z} 8, 7%(6
B), 47.8%(33 ) W 7.2%(5 F) Ak A ANEE2Y FHF o] Y
of ul#f & 23 T2A Yoho] BF & AP ¥YPoY EANCE ol

— 14 -



Table 6. Percentage of exceeded values in renal function indices between
controls and lead workers

Values Controls Lead workers Significant
%(n=) %I{n:}l {FGQE}
ALE  19.8 mg/g creatinine < 2.6(1) 8.7(6) oy
20.0 mg/g creatinine <  2.6(1) 8.7(6) NS
faM 0,26 mg/g creatinine ¢ 2.6(1) 47.8(33) NS
0.20 mg/g creatinine <  2.6(1) 23.2(16) NS
TP 1750 mg/g creatinine ¢ 0.0(0) 7.0(5) NS

* Not significant by r*-test
' The values mean + 25D of the control group
® The upper limits of normal used in the laboratory

A& dgich

dutHoe ALEEI ¢ ke ALB 2} =3 M ¢ 23% (Bernard et al,,
1990) 2 g && HlaAstdS of cizATMEs & a7 X o oy
=2 2ol figich H HF Z=2A FdeME =F ALB & 8.7%(6 ¥), =3
BM B2 23.2%(16 B )4ch

Table 6. Correlation coefficient matrix of parameters

PbB ZPP ALB BM TP ALB/BM
PbB 1. 0000

ZPP 0.7173%  1,0000

ALB -0.0589  0.0445  1.0000

B:M 0.3027" 0.0614  0.0679 1. 0000

TP -0.0884 -0.0296  0.8705"  0.1579  1.0000

ALB/BaM  0.0045  0.0402  0.3549" -0.3212" 0.1772 1.0000
*p<0.05 * p<o0,000

— 15 —



6. e 48 A

Zi41E EE d+E 2o 4RIBAE FoH SAFHLE RAT HBIAL
UEZE& EE, PbB of JHo] € AFE AEE= IPP(r=0.7173) 0|3, 7% A
ThA]| Eof A= fM(r=0.3027) o]gitl. ey} ZPP 2} 47l AR Theji 43
‘dol gl ZLE Yelylr}

— I —



v 1%

W olg dalE EE 714 40008 HRE o|IE2} HEFRAF] AMEE
Azt F2 AeEgelu T F&HYE AHEslda fY4E viE =7
a2 o] &3t Flo], AdHFo] EolME HY MEL SE7F W H
wie} el Au|Eke] Z7lslAl =l ZAEF, 1990) Tdo] EHEUSE oE o
3 ol g=u o] FUIEIAL glen Wabde] gt Gl HojEAe] A=2E EHY
ol My EHE(olHE, 1968) F 7H de] 2ol HEZH F9 shelth =
g2 2oz FEE ARSEe] &7 wiEe] HE5S {4, dAFA4I obgel
e F35el vidf vln3] Mg dEA UdFedE 233 GEHe| ofF E
¥ woloH 7+, 1990).

doll &3 A7 FHE ¢7gsiAe A, e, dAFA L EE E BE
L FAStodok RohelEF, 1974). felvety] zZF g ko] ALFEA
of ]3] o]Folxlz gl AFolM U4 FA2 Aty FTAU U e
o3t gio] 2fEI o7 wiiel AFFHL FIAEE VLY £+ Yoy
27455 NEEAE F-8de] oirhA4%E &, 1990). 7] 4, 3y
BE, AATE Fol ohet T2 Bl dsihelzs Ushte d%E ol 4
ol 4 slo] WE&k Fkwhe] slojrfe] 3 epdd e A el 23HC)
(o]8=, 1984). 353 22 3% 5% 53 U4 $5 ZAF 234 ¥
BstA] ¢dx, APLJRILBLE Fitho] ofsg] B|aP} I =FHA| detlE £
A go] slvth. uiztd F3% F5 AdYd F2 3o sz AalA] ge
d oA 2ab8 F4e] ddE F7dte AN do= wEHAle A url

...



(#1734 &, 1988).

g2 3, F 23 UAE B Fel vlalEe] Skl EEVIE B3 &
+2H + 93, FAdAM A& HAL 2dE Tl = &4 B E2 4
stA "ol /714 Y& Adtne G AEE B F4EHA goBE gy
L2 F=EFHe g2 ti EE7Iet 237E B FSHEcHAEAF 1990
Putnam, 1986).

do] 471 FFE Lot AdAH L 100 ofd HFEo]cH Weeden et
al,, 1979), dof ¢ H3e] BE4diz= 74 FHBREE QAT 7l "y
YA 44 9 AM=d el FrTe] KEE Ay uridHo|n yghgEel
54 T HdAE AxE MEY v B AFAELo s oiEEE o] T
A BE @y 27t glolFcHLlandrigam, 1989). 1% =3 = Zg] Me)
lining cell o] ‘dof Ztido] 7} &2 Z3o|n PbB 7} 25-33 pg/dl A EoflA
=3 Hx# MEolM HF(transformation)dh= BlEIR] D 2] HBieo] A
H, 40-80 pg/dl oM YUY & FH AT AT HoE 28] Hx A
Eof @] 87t 8244k Gerhardson, 1992). o] I}HolM Mx=T M7} 2
&3 nEE=o} JeHLeE &4EN 29 Ax#Y ZFE Aol BLEH
of olml:=Ate, e G dit=Fe UIUFFIE Yot FHFEY AS
€ 7t 3ol B2 virigEY z38 HR/HE WA=y Ho g Ay £
de 4E9d AEF = 2o 7MY Fa%lcHKlaassen et al., 1986: Putnanm,
1986: Landrigam, 1989). 4% &4t2] 43 53L& €5 BN 3} 85 Fdole
e Frtelyt ol 22 EF A% reverse capacity 7} 37| wjEof 413}
32 50-70% 7} &4 Hig dE Hstis df-E FHddelEs e x
71 4 5= A% Fsol oy 2 E2E FHA3rHGerhardson, 1992), A<l

of glo] Wl ¢ {7l Fsie ¢¥wk, ik, FhFo| gl Zo| BB

e T e



th QubE o2 o og AAy| e Wi FEA UEhtA] 97](Feeden et
al., 1979; Landrigam, 1989) wiEo ¢¥tzel ZiphHoge 47s & &
Q37| off& W oflzl, ¥ fEuiteld Al e TEADZATLA
wthl FAPEARE A7y HEE 2o dEE ¢ Y2EE el T
AA7s Al zolo] HUY + e A AR I A7 HAH 2
+Hrh

Fos widEE A Exjae] ot e e AEAL Jed 3
3§ utdich AlTAE Sske oA EAL OFE =218 278 3
Haro] whzl ezt pMME 11,800), Lysozyme(MF 14,000), RBP(MW 21,000),
AIM(MW 33,000) & 223 50,000 o]3te] AHEx} g2 AA§ BAL 4+
glo}(Papadopoulos et al., 1989), o]3{¥t AHEA Thils] wF wjdze] F7le=
28] Hie] AS|E wteislz, =2 ALB(MF 69,000) =} e REA} chl2 A}
2 o{2l7]%g uteigith(Elinder, 1985), AM7al AT 79 ALB, TP, IgG,
IgM % Al-macroglobulin 5 ®% ZEAF T &3 wjd o] F7I812 AEA
chiel gM £ Z7}8le B3] ALB/SM ratio 7t ol$ Figich M@ Asfale
£ k3 AB & =F TP & AdolAY 4 Frlsht, xF pM o] nlf F7181
™ ALB/BM ratio 7} nf$ ZrAZIT}H(Peterson et al., 1969). 432 BPchil2
AL7AHE Bt F Z9 MxHolM Lining cell oM =¥ 718§ T A&
53 £38ch Axe] AEFSs 71F AsiA] AL o AFSEC} M 2 AFET
of o g8k 7|AA Hcl wely =F AB 3} =F M P& T3 BT
=F vide] o A7A 2 Hx# AHE T2 5 UK Gerhardson et al.,
1992).

o] oM & HF ZEAE UALE =F AR, =F M =3 TP 5=

gl ALB/BM ratio B 41Z7|%& Wrlela o]F PbB HXof wie} w|Zetgct 41

= /9 -



A715E& B3I HlelEs FlERelY @ 5o F35e E2EA d= 224
& dzFyges sl kF AB, & fM 223 kF TP 528§ FH3lY
95% 4lgj7hg ol 3 AEIRY AeEE 2Atte BEE 4 Y @
doez AHilgrl =F AB 2 S FPPol 23 A7} &44(Mogensen,
1987)5le] 2718 4+ JoEBEE o 3T 22 I 4 o= Fdeld T £
Zol gle AAE BE E4oM A zch

2 dFojM dzPTeeNE FU =F ALB & FFET e} 95x =7 3le]
A% =22 42 7.2 ng/g 2 olE| U3} 19.8 ng/g I olE]dolgich o] A
= Buchet et al, (1980)2] chz3che] 2J§t ALB 8] Hiex2o} 95% 4lE|L7he
24+gbZk 6.58 mg/g Aaloteld, 12.01 mg/g S eole]l 2} Bernard et al.(1990)2]
5.6 mg/g 3aolely], 14.8 mg/g FalobEl 3} Peterson et al.(1969)¢] 8.8
mg/g Zeloteld, 18.9 mg/g Ieote|dF d7FEe} FEde=s U Aol ¥
=34t =F fM & B el 95% AET7he] A¥ghE 24z 0.11 mg/g 3
olel\dz} 0.26 mg/g Zelole]dolgict. o] Fz= Buchet et al.(1980)4 0.16
mg/g 2eolely], 0,20 mg/g Zaloleldzt Peterson et al.(1969)2] 0.12 mg/g
Sdoleld, 0.20 mg/g Zeolel 1S d7A et vt 22la =F TP 9
BEeEo 95% 412722 A 48.3 ng/g Faofeld 2t 175.0 ng/g o}
Eldoj it o] Hab= ¢aiF 5(1993)8] 32.9 mg/g FdolEld, 90.5 mg/g 2
doleld Bt chA 2 Ho|gl oL} Buchet et al.(1980)2] 95.8 mg/g & o}E]
ol, 224.8 mg/g A olE]\ 2} Peterson et al.(1969)2] 90 mg/g I ao}eldl, 168
mg/g ZeoteldFe] dFFAAR k= Yl

2Ptz ¥ HE 222 YT =¥ A7 AREYY FEE 2
¥ 2 =F AB 2 FFL d2AdelM ik A Uehden o e
Gerhardson et al.(1992), Buchet et al.(1980) 52 d7ZAst Zgch =F
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TP BF2 izl tht A UElY Buchet et al, (1980)2 4% &
(1993) 2] d7dztet= d23t=] dgdrt =3 oM o ZFH dxdxte vls)
#HF 222 Hde] A uUehdeni(p0.01), °l2{ ZA3= Gerhardson et
al.(1992)2] Zz}el U8t oL}, Buchet et al.(1980)2] ZAzet= x| 31|
dolth =3 ALB, =F M U kF TP of ciste] F ke wEdsy] A¥TS
Hl23EH REXEZ Y T Z2A AN oo ci2AUvle B3| =3
ALB 2 5.6 ¥, &3 M 2 1.9 v 32|32 =F TP & 10.8 uf7} &olch

cf2AcolM T8 =F AA7)e e AEEA] 95x AE 2t AgE
HRA st HFIEA A A 2 FEFS PHEL ¥ 23 B4
o= FsiAls dsteu  HF 2EAIUA B2 FYL B} E 4
FollM HE3F cizshe] 2T o AF Z=2A Ay PHELS Uuizez 4
£53 & #ix|(Bernard et al., 1990) & 7|22 38 PHF} v|ssliy
=

dzyek o AT 224 vk ALB/GM ratio § H| 2 A czAgholy
58.0 ¥igs o 3T S=A Adelde 26.5 w2 H ze]EF Egr)
(p<0.01). EFE & 33 2ExI2] PbB HEol| e}l ALB/SM ratio 7} Zaste A
BE 2ot Ax FAHA =F M S =F AB U =F TP of ul3 o &
7t=| o (Gerhardson et al., 1992) =308 uj4dE= chulale] okalo g alpa
R Aed E4E FEY 4+ ok stgch(Peterson et al., 1969), Thu3le]
PSS TEY £ U= AEE ALB/SM ratic § S99l A Ao
A2 ratio(f 90) ®]3 ul-$ F7H1,100-14,200)3}0 AxFAH] A$ of
F Z£(1.0-13.3)8HA"ch. & A7 A28 By, ¢ AF 224 Ao o
Z3cte] Hl3] xF fM & wldefe] F718ta, ALB/BM ratio 7} Zashs e
2 T td o3 Ko} ol 2%t A7 s HE FoM Al Eoks A

=B



e 7sHETl dejus ZloE T

2 dFolMEe xF BM o pH 55 o|stold EtAHY whHo] gl=|gt
(Gerhardson, 1992) ¥k, 2E2UAEF Fol 4¥E UA UerhDarti &
Lammers, 1989)& #Ho] glo] AlA7|e A AEFLEM HFYstgch oM 2
100471¢] ofmjicateos FAHE FabgF 11,8008 A2z} thi(Cunningham et
al., 1973)22 72 EE {YAE 53] dnTold Ad=Esz d¢ B3I
150-200 mg B== YFsHA A4d=od €Y, £8, HXed, By, 95 2,
Ha4 gl gutdos Exfyich A2at ghio|22 FHAe dlojMx 4AATFAE
A Eatsted 2] Mol oF 99.97% 7} AF+Ho| cjrlEe] HFLH=
5 ul/hr(120 ug/day) FEo] Aakot sjd=ich(efalyd &, 1984). wiehd gM £
Aabo] SIlEE HEY AW & BF A s mel =F sM ol
A3EHD UAANA(SAE §1991), S48, AAE$E 9 FEAedE
oM BF FIBIEE &= F M & SHLE I4F AUAVA A7 Bl B
Z 5o g AHSE 4 glch(4=g &, 1984)3 Yol

= 479 o HFg =X koo M3 ke 54& Ho|ia gl
3l kF @M o] PbB w2} g0l wAl= WUAT 23 v BdEE U
g golM zeo|E Roln qlgich wehd S FEEE 47E FEAA &
& £5of ot 2783 JHs4d S 23] 2l (Feeden et al., 1979), ¢
N =AY AW s AR ESEN =F M o] B gt gose] dF
7t Hesteizta o, E Mk &4dof oit B ZyEoln 4lEdel
= ZAEY3 A2 sde] 27-Hch



Laguag

g 3 Al Aol 2R 224 69 B thYSE = F ALB, =3 6M k
Z TP 18]35 ALB/BM ratio 58] 2137 A X =2 H7I5]5 FbB S5
ZFP oo |AHE otz stgct A7 AR & FrirE
2 gEo] 234 E2EA ot o2a 39 B2 dxUctes dAse] Az
7l AL ZE SFstn, Zze] sxof oy 95% Agrdg 2apsta 2 A
g3ty HYe=E 2k A4S AWV e ol $E2E Stk 2 4
T2 AE aospd chest gk

1 28wzt ¢ 3T 222 At =3 oM 2 FeEs 0.11 ng/g 39
otE|l2} 0.25 mg/g Ieole| o2 F Fuizte] F2 Ape]7t alglch(p<0.01).

2. ti2Acial o 3 F T2} Actre] ALB/SM ratio &= ZHZ} 58.0 3} 26.5 2
ST Zhe] R28 2]} 2lgln(p0.01), F HF Z=A FAxtolM B BE
7} 20 pgsdl miwk, 21-40 pg/dl, 41-60 pe/dl 22|30 61 p/dl o]4kel FghedA
ALB/BM ratio = ZtZ} 40.9, 31.7, 23.3 Je|a 19.9 24 PbE =0 ulel 4
e Z9& 2o

3. dizFweld xF AL, k3 M 22 =F TP o FHEL A7 2.6%,
2.6%, 0.0 Hon g HF 2=a AddoMe] YEES =T ALB 0] 8.8%, =F
BM o] 47.8% 32]3 xF TP & 7.0% gich
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4. PbB of 43ige] 2 AFE A EE ZPP(r=0.7173) o], 4l7]% x| FojH
£ BM(r=0.3027) olgict. =i} ZPP & A7l% AYAE ol Aol g
Zie g ettt

o4 ZHE £ o ¥ AT TEAIN Yol YT AR5 WHE A7
A Brhe Mm@l 7% W3l Qoliks 20T wUUCh oM PB 7 8
29 Ax Foie] 27] VLAEA w3 40 o] Asls Fole] YRYFoA
frd0] tia 4z, 33 oo tiy gomel A7 Weststa 1
oAk,
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