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A Study on Thyroid Function among Male Workers
Occupationally Exposed to Inorganic Lead
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I#l

This study was performed to evaluate the relationship between biological markers of
lead exposure and thyroid functions among male workers occupationally exposed to inor-
ganic lead. 30 male workers exposed to inorganic lead at smelting and battery factories
were investigated, and 30 male control workers who were not exposed to inorganic lead
occupationally were chosen for this study. The data were obtained using direct interview
and assessment of biological markers of lead exposure and thyroid indices.

As biological markers for lead exposure, blood ZPP, blood lead, urine lead and hemoglo-
bin were measured. As thyroid indices, TSH and FT, were determined.

The results of the study were summarized as follows :

1. Levels of ZPP, blood lead, and urine lead were significantly higher in lead-exposed
group than in nonexposed contrel group(p(0.0l all). Hemoglobin level was signifi~
cantly lower in lead-exposed group than in nonexposed group(p<0.01).

2. Study subjects had normal values of TSH and FT,. But TSH level was insignificantly
lower in lead-exposed group than in nonexposed control group(p=0.11) and FT, level
was significantly lower in lead-exposed group than in nonexposed group(p{0.01).

3. As the result of simple regression analysis in lead-exposed group, FT, level was neg-
atively correlated with the amount of smoke, blood ZPP, and blood lead(p<0.05 all).
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4. In lead-exposed group, FT, was used as a independent variable and age, the amount
of smoke, blood ZPP, and blood lead were entered as a dependent variables in the
model. As the result of multiple regression analysis with stepwise selection method,
the amount of smoke and blood ZPP were negative predictors of FT,(p=0.04, p=0.09,

respectively).

In conclusion, levels of TSH and FT, were lower in lead-exposed group than in nonex-
posed control group. In lead-exposed group, FT, level was negatively correlated with
amount of smoke, blood ZPP, and blood lead in simple regression analysis. To clarify this
relation, further research between lead exposure and thyroid function may be required
for worker with long-term lead exposure or high lead exposure.

Key Words : Lead exposure, Thyroid function
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7193 40003 AHE AMEE AL £9o] dg
3ol wel o 8271 g oA, A4 F=
Ag3hE A 24, 1Y, d3pdTA, AR, =
82, I9EY =AY #%4, d &dA, A A
Az, FEAG Az, JA, Aoy, A, AL, A
4, 5%, 9z, A, A Tolr ®o| olgsHm
At B3] F A A9 70-80%° dPEE =
AR AzAA G 49 AEES AT 22 A—RGA
diA do TzHe TRAE § AW gk
A 5, 1998). 1997d% E4AZAGE A3AS
AWEY 4 Epa3A9 gz e 29,6798
ol AA SFAZRT A 724,17049 5.1
%0 AFAH=FK-, 1998).

Qo] AA e vA= E4-& ojr] Hippocrates Al
HHE Z1EE0eH 194716 ol2a AAA 4
27F AlzEe], 20417140 Aol 9§ A7t
FAA g wEAct de 9% AN =¥
e, $3FA248, T2AARE, A, 23
7] A8, A¥® F& Fol EA don HIde
A7 A s, WEYA A3, 9 ol ¢ &
Aol i AFE°] FZFoltHZenz F, 1994;
ACGIH, 1993).

Qo] A uAE Gl dsiME o= B
< o] itk do] MY JlFel 4gE v
g3 5§ 478 B9, Slingerland(1955)7} 4l
A3 ATFoA Aol 4 8 2=(lodine) AH
E Wtk e, Sanstead(1967)& 4ol

ZES PN 8259 HIHE AT, 8
ox=¢] il AF 8 Q= (protein-bound iodine) &
of AYE JAAZId 3Tt Sanstead ¥
(1969)& 1799 & F5AE ez & A7
A A se= AHAAANE EudAd.
Robins $(1983)2 ¥% ds=rl ¥3%W 1299
F2FJA thyroxine(T,) ¢ estimated free
thyroxine(EFT,)7} #&&so] loka slgen, A
2 AA S2A 47904 ¥F A3} EFT, Alolel
ol g9 ARAAZ IS Y. £ Tup-
purainen(1988) €9 £2713t3} FT, Alelelx
e 29 ARBAE AT BJd 2y
Siegel $(1989)& 4o}l& didoz Refowitz
(1983)8} Gennart 5(1992)2 &z Z22XE
Aoz AF2 I Jide JRdAE 4
HEo Adye] glrka At

FWAME 1960 olF Aol dF 5983
a7 € Z2Aye] W AF(FTA, 1968a,
1968b: A%, 1968: F34], 1968)F8 H|ZEslo]
AEZ g 2¥%9 IFHAT 5, 1984,
1986: AA-& 5, 1990: A 5, 1991)4 =z}
F8 dig A= F, 1991: A& &,
1992: 793t %, 1998)7} APHUCE, 1990 d )
olFol A ulFg AFEJAE B, 1992
HHE 5, 1992: A F, 1998), 1wl o
T AR, 1992)F0°] o]FojArt. 12y A
Z2o] o7 Wi F&e o dte ot uln
3 AFoln ¥ YA SBAE e e A
328 A7t AP (HE 4, 1999), T34
7%l d§ A= ok End uprl giid.
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ol £ A+ EFL oA 4F A =& 2
EAE Udes AFR A& P VeI B
A& Bk, AA =7 A 7% iRl
FYRE=E AVEo2AN P Be 2%k QA9 F
25j0] gl 222 usle 334 71 Bolel 2
ARgE AFste], PlHese S A 2 22
Aol A7A ) 48 /IZARE ATk A

Ao U

AL A7 G 23 AY 274419} A&
ZAA] Az VA 94 224 30¥E Z2%
oz o Hag A8 T IA AYY
oA A Zzgo] glu F2FY ¥, FIAF %
SFHFE A8 0% AHRE 224 R o)
TS AFAAL. M AEE dEzES AN
A Fo 27 AHY 22AF 4 E2U] gle
S2AE UoR doof 3y, B AFdd AKY
Aol AMF-E 22Ake] 47 AANA] gged,
doloelx gEiAA] e oA QA 9P
AE 4 glenz g /AR Z27VeAel
AL JAeS dxFor AT A7UFA
ety 4%, A%, AF, FAF, SFF/F. A =
271 5 AR AARA e AFgARE
oA 34 71EA e f12°] 8 & e A%
A N, s AY, FEAE, AL
¢ WA E, )2 /I 22X g |
AzALS}L YA 8 AFE F2T 34 19989
997} 1099 o]FoiF T, UETL ZEFOBHE
de FARE /|22 AA7] 3t 1998 109 A
P A}

A =2ANE2E YF ZPP, 3 4, 853 A 2
YL E &3 ¥F ZPPe &Flels o A
Y 428 dolxz]n Hematofluorometer2 &
A3 cHBlumberg ¥, 1977). ¥% 93 8% 4
< ZA2E ZE 94 ¥ BHIAE o143
A% A2 (Fernandez, 1975 =47 %,
1996), 238 8% A& 8F AdYolEder BAY
3l4tt. ¥MAE Cyanmethemogobin o2 &34
BATHeIAE T, 1984). I3 7159 AE=E
TSH 2 FT. & &332, A¥ 30 olujd ¢4
Alde T ¥YE 28 AR -20 CelA

W% 2#Ec. TSHe BAWAAA+23Y
(Immunoradiometric assay)& ol&3lsied
(Monobind, 1994), FT, & WAIAEYG 24y
(Radioimmunoassay)< °]43%“HImmuno-
tech, 1997).

A8 842 PC-SAS(version 6.11)& o] &3l
AP ZF wise) Ui AdEHEY FFUA
g Tien, ¥ 9 ¥lmE student t-testS
o] &3t A 7% AES} 7 M Alojg]
BATE AL, °lF FAF AP A W
Foll tidte] AN V% ARE FHALZ, #™
S B AFE S|NUSLE 3o dedyiAe
A3t FHALME AAEAT. oW 47 Qe
A 248 A g AHEe RE 54
A AL 5 % FAFTAA B}

ATdnt

1. ipojakze) uta 24

ATFURAEL 25 d4oln, F2Z, g2T9
B A% A4z 37Al, 384 oo, BE A%,
B AFF WNMAFe F T FAR A7t
. FAWE, FAAL) BE HFAF R 54
o NE Al F Fh] Fo@ Aol7t YA, F
239 g 4 2713 8.5 1K Table 1).

2. A9l YEHN X|E Hw

QTR R Aol 2 F=E B3] 9

Table 1. General characteristics of study subjects
mean+SD*, (%)

Variables Exposed Nonexposed
(N=30) (N=30)
Age(years) 37410 38+10
Height(cm) 170.0+6.4 170.0%4.5
Weight(kg) 64.7+£6.3 68.5%8.7
Smoke(pack-years) 14.3+10.9 16.3%11.6
Smoking Yes 25(83.3) 23(76.7)
No 5(16.7) 7(23.3)
Alcohol Yes  20(66.7) 19(63.3)
No 10(33.3) 11(36.7)
Tenure(years) 8.5+6.2 -

* : Standard deviation
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3l 23 ¥F ZPP, 853 Q. 23 9 ¢ ¥H
29 ARE AV, ¥F ZPP9 Hde =X
A 87.6 we/dl2 Ul 33.1 w/dBc} ¥F
Aol P E2TAN 34.4 ug/dlE HRFY 2.7
ug/diBTh, 8% A9 B ZE2FNA 63.1 me
/gCrZ2 =79 2.6 w/g-Cr Bt 25 {28
ERH(p0.01). L] BFL FEFA 14.4
g/d2 iz 15.6 g/dEth folaA sk
(p€0.01)(Table 2).

3. ZMM X|He| Bl

dAFhgate] disted e 715E Brke
sl 24 TSHY FT & ¥ 2o wed via
31, TSHe H#e ZaFdA 2,99 ulU/m
Y23 3.05 ulU/ml B} wgtoy) o3 Aloje
fRen, %19 TSHe 2% A4HY ol
FT.8 H#e E274A 19.65 pM/! &8 U=
9] 21.53 pM/t Btk frj3tAl w@3kem (p<0.01)
529 FT, % 3489 o]l AcHTable 3).

4. A Z2X|et AN 7|sne) dukA

Table 4 QA7cidzol i ZAA 715
9} 7t Wte] AARTAAE AHE Aoln}, EgF

% ¥F A(r=-0.3661, p=0.05)% FAF &2 3
FAAE EdFn YRk AFL ddFes ¥
< 499 (r=-0.3325)2 oy FAH H4e]
UAH(p=0.07). =229 23S TSHS} FT,= 4
¥, A%, AF, F49% 4 =203, €5 ZPP,
3 d, 4% 4 4 42 59 {98 Ja8A
& Hehh#] gteHTable 4).

5. Z2F0M FT,0l &S Dlxl= AR

Table 4914 Jerd 279 FT,0 93-S v
Ae UFF FAFE F9% S ARdAE B
A2l F4%, €35 ZPP 2 ¥3F A9 &Y
Aoz ouigle ®¥ggl Ay udtd Gy
ARNE AAsen A4zt AFEe] EXYRE
Fig. 13 2t}

Z2379 FT,E THUFE 3a 98, §49%,
dF ZPP % ¥F d& SHWUSE 3l dAE |
9% (stepwise selection method)& AH-&-3}e]
FHAENE AN FTol g 339 5
AAAFE -0.05972 FAALR fozglon

Table 4. Correlation coefficient matrix of TSH
and FT, with all variables

Exposed(N=30) Nonexposed(N=30)

JdA TSHE €%, 4%, AF 9% 9 F=7) Variables TSH BT TSH FT
2, ¥ ZPP, ¥% 4, 83 A ¥ ¥4x 53 ! ‘
o3 ARBAAS Holx| ggtot, FT, = Fd3  Ase 0.0013 -0.3325 -0.2239 -0.0107
_ Height 0.3026 -0.2309 (.1906 0.1634
=-0.4097, p=0.04), ZPP(r=-0.3853, p=0.04),
(r p=0.04) ( P0.04).  Weight  -0.0497 -0.2558 -0.0749 -0.0482
»
Table 2. Mean value of biologic markers of lead Smoke -0.1902  -0.4097* -0.3221  0.1113
exposure mean+SD Tenure -0.1002  0.0115 - -
ZPP -0.1018 -0.3853* 0.1270 0.1859
Variables Exposed Nonexposed p-value Blood lead  0.0124 -0.3661* 0.0267 0.1859
(N=30) (N=30) Urine lead -0.0326 -0.2802 -0.0336 -0.2254
Blood ZPP(ue/di)  87.6+75.5 33.1+4.6 p0.01 Hemoglobin 0.2447  0.3057 -0.1315 -0.1981
Blood lead(a/dl)  34.4+12.9 2.7+1.3 p(0.01  1oH - 02l - 0.1828
Urine lead(ue/g-Cr) 63.14£95.5 2.6+4.2 p(0.0L  Fls ~0.2392 - o186 -
Hemoglobin(g/dl) 14.4+ 0.9 15.6+1.0 p0.01 * : p{0.05 by Pearson’s correlation
Table 3. Mean value of thyroid indices mean+SD
Variables Reference range* Exposed(N=30) Nonexposed(N=30) p-value
TSHuIU/m) 0.3- 4.0 2.99+0.15 3.051£0.12 p=0.11
free T((pM/ 1) 10.1-29.6 19.65+1.86 21.53£1.98 p<0.01

* Howanitz JH, Howanitz PJ. Laboratory medicine. Churchill Livingstone 1991;248-250
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Fig. 1. Relationship between FT, and smoke(a) lood ZPP(b), blood lead(c), and age(d) in lead-exposed group

Table 5. Stepwise multiple regression of FT4 with selected variable in lead-exposed group

Dependent, Independent

Regression

Standard Partial

variable variable Step coefficient error R-square p-value
FT, Intercept 21.0296 0.6433 p<0.01
Smoke 1 -0.0597 0.0323 0.1679 p=0.04
ZPP 2 -0.0078 0.0043 0.1064 p=0.09

(p=0.04), ¥% ZPPS 237 AgE -0.0078%
ZAAMAE EUTHp=0.09). FT,o Oy FA%s}
¥ 7ZPPo A9 Z7F R=0.1679, R=0.1064
o]t} (Table 5).

o &

3ol Aol g W3GYI #eld g BAol
S718HA ARz A4l oF nAAY FHFP)
RusE A4E e @4 383 A4
g d7e diE dAA LA A A
A713 20 AFAA[A7} HIAA A} FEE
olt. Y e A€ oM A 27} I}
A olfojAn gen, ole dF2 Z2AF9
A& ol §3te APPA HF INF A 3F
oA Ao & & Y. & 1990 o|F
ER79 224F 4 ERAdEs we 2
Exe AA 534302 WA 5.0 %-7.4 %
o #Fste] (NFAARIHE, 1992-1995: =%
-, 1996-1998), 1995, 19961 AAVESHA
BollAl AA P14 67221, 75281%F H&E

& 2% A4 56770(8.4 %), 4874(6.5 %)2
2 oA A2 AP diFg AT @t &
T e HAFn JItHALPARZH P,
1996,1997).

A9 A 7%l T JF2 7)E] AFolA
g2l A9l 8.2t Uil JFoz I 75A
e FEAE & ke A Aol HH Z2A
ZEAZY e vl 34, F dE, W],
TE2F4 5% 9 € 5L A J15AEA
A3hE S8 RFARRE ol Bol, A&AQ A7 Ul
Aol Hi AR A~], 1990).

olg]3t AN & A7 A 7S B
£ TSH& FT.el did Q9 9I3=E Lol
st APHAL, ATFRIAFT FE2TY AZF2
ARE Yz vayd o 2% foF Aol& Y
el (Table 2), 3H3471%9 A& TSHe
FT, & Q7R 25 3489 Uy gtez
ettt (Table 3).

a2y R FENE 71X TSHe FT,o o
st Z2Fo] iz vlg ¥ #E Ao,
FT8 A% 4302 #98 olg vehiot
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(22 p=0.11, p<0.01)(Table 3). 4 716<
AEsHA wtgdshe FT, #& F23o| Uizl v
3 fFoatA RS @g Fe AL (A 47, 5 4
AN Ha Ao o3 A a0 AHH
A& (Slingerland, 1955), £3 FEEZ o] 43
T(Sanstead, 1967)8} 2449] ¥ FEAE o] L%
A+ (Sanstead 5, 1969)¢lA4 Jehd 349 8
2= AH Al dxel dxge Wioltt. FT,
o] Zadx B7stn Fax oul9 golAT
TSH7F 371814 @, 238 7H4g AL do] 3
AAeA 8 e=9] AFE] olejo] HatrAldE 9
g vA USES HAEr) Robins 5(1983)
AP T4 FaHo] ¥F ds=rt 40 ng/l
o]0 224 1294 % 7THA TSH < &334
on 2% AAEA49. 22 Robins 59 AT
AAE o] glo] TSHEY 4iael vlue &
- g1t =3 8F thyroxine®t EFT,2| 2ol
= ¥F TSH #e] 224 g4sted ol 94 &
A7 Azel B-ge e Wgolth

Z279 FT,¢ 85 ZPP € % 4 Aloldle
SAF AR AN FARE foT o W
#AE Hd3Ea gicH(Table 3, Fig. 1). °l&
Robins 5(1983)°] #A 4 =& 24} 47HA
¥FAs=9 T, Y% (Thyroxin binding capa-
city, ©l3} TBC)& o]&3&o] A" estimated
FT,'¢} BAAS2 fo8 29 4#dA (r=-0.29,
R*=0.085, p=0.048)E w3¥ &3 A=A},
Robins < A7AAE W 2593 2<1 227
22 o], BN ¥FA estimated free
T, Abe]oll 38&A (r=-0.458, R*0.21, p=0.03)7}
AR e}, wRldAM e FHRAE Jehix gt
ol QUL ¥l v AEEst ¥ EoM 4
< 30, EF dol9e) e YA 84 ¢ HF
dH sa(FPdE B FE=H okn A
Ak 23U Refowitz(1984) & ¥l<§ =9 &
E222AE ddez T, HAHALE o83
free T, index”& o]43t] 134 718 AZ=
ste] FAAAE AviEgtov A fivkn
Budgc

1) estimated free T,(EFT,)=4.65*T4/TBC
2) free T4 index=(T4*T3-resin uptake)/100

£ AFNA Z239 FT,8 Z27)3 Alojd]
o3 AuBAe BolA ¥drH(Table 4). 23t
Tuppurainen 5(1988)2 99| HFZ=713 7.6
Wl 17679l 2PN d Z2AE ddes Fzy)
k2 FT, Atelol] 8iAE SAIA o2 #937 39
ABBAE W3Hon, Siegel $(1989)% 6849
AolE tBoE 3, AR A e AT
A BF AFE7E 40 w/dl ©]73Q) 1272] ZoldlA
FT % AZZ 713H(A%) Alolo] fol <9 4
HAE BT, L2720 FT,= ¥% ZPPo ¥
% 9 oYdx FAFTY FIF 2o JuAAE
BoFam gik(Table 3, Fig. 1). 22 71&9)
AFAFNM FET B AP A2 FRYS
Holu} FHoz Q3 MM 7159 3R, E=x A
3 o dA¥ AAE BAFu YR g
(Fisher &, 1997). §<o] M vA& 93
9] 717 @l 47] 49| thiocyanateo] 434
WollAl sox=o] ¥ {7)3} g AAA A
71%5& 7, hildrle ARAAAE AT,
T3 gule] FAEEY benzopyrene® A 7
ol 93L& A& AeE G434 AtH(Bertelsen
%. 1994).

Z227¢ ddeg 4y AAENA FT,8
¥F ZPP 2 ¥F A& /T 59 duBAE »
Hom ol 7|&9 A7Awe} AU, Y
FT,ol 988 vxe o0& sy, 2 99, §9%,
=78 Fo Edgd i FA7 Yasiy, o
£ A3 FAAEANE AAEIU. olF EFA%o|
I HFeZ Yegen d Z2XFqMe ¥F
ZPP7} AW el vise Yehdtt, Z233) gz
o9 4 ZF2Ar} @Asa(Table 2), 9%, §4
ZF SFYeE AR FFNA FT47T f9& 2
o]7} o.r(Table 3), Z&Fd ANgF F3AL
oA EF ZPP7} AAYe] foeEs e A
(Table 5)& & i, dZ2+ #4449 7% 53
FT.o 98% vl Aoz wgkdr.

£ 479 9o& AA, 71&9 97 TBC B
TyaZ AAE&S o83l AddE FT, 3T ALE
dgou B dFe 434 7% HoA FEEA
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Bske FT.&8 43 S4%o=2X 1Y AL
A exE F4 + U EA, dxIE 49,
F#9%, 722 AN F229 By F
HAALNE AAE AES =3 AA, &
2 22AF A1 F2EQAY 85 ZPP £
¥F A %7 ¥ 7%, TSHe FT4E |43}
o 3d Z1%sd A #Hrle 2AAEE #$8Y
F A& Ao godr

Iy £ A9 d3L AA, dzT 439 ¥
Aolth, AETL FAIR 2 Fol SFPAN AFE
7t e 22AE Ak AL, & dFdMe
#A AYYA @ E27] e 22AS ARy
o2 F2ed 9%, FA¥=E € 56T
#3718k AFsATt, olduE ABAAR 8.9,
AT Fol7t Uz A8 F ke Aol
o 8, Fa3d AT £FL YT PP UIE
o2 & W (87 %)°1 150 wg/dl ©]3t9] ¥lm
2 AZEFeR Ho Q¥ AF2TE IR
R Aotk A, @93 A7 2F{ N 31
FAVGl g Q@A A AFEAS FAE
zte Aot

FoE A2 #WHe] R 7hFe] 8old go
REE I AR EA ooz J7HE Aoldt w
A F7kske A9 AHEFl WE F2 2EA
el A&z ARAFE Hkte AL 94
g doln, 71&q) LR dFPolsiez FA 3l
A e FEAE BHE 7ok & Aot ol
FF QTN AFE FEd WE 3 7%
W] g AGHHA AT AF29 WP
o] FgHA g ASEde] AE Fo o
& A7t s '

4 B

£ dFe 3 4% 7714 F=2 222 308
HERF 30%E UdoE AE=R9 A7ET
FIANE HIlEY] S5l AxEHAen, dER
ARZE ZPP, 8% A, 83 d, € #4428 @
A NE9 AB2= TSHY FT.E 54 vwsiql
ot d7dAde g3 2

1. ZPP9] BT & Z23)A 87.6 wg/dl =T
dlA 33.1 w/diclen, 3 de] HELS E=F

NA 34.4 wg/dl 2NN 2.7 wg/diolNoH, 8
% do) WFe E2F)M 63.1 w/g-Cr 2T
2.6 ug/g-Cr Bt} 2% foaHA E3cHp0.01).
Yo YA Z2FoA 14.4 g/dIe 2 Y=2F
9 15.6 g/diR} F-9J3HA Bkt (p<0.01).

2. 23¢9 glz9 TSHe FT,= 25 34E
A8 Bgd. a8J TSHe HFe Z2FdA
2.99 ulU/m= =3 3.05 ulU/m BT} wgte
g fel xole fiiem (p=0.11), FT49) H#
& ZE2FNA 19.65 pM/ ! & dE79 21.53
pM/ ! B} foldkA ¥tk (pc0.01).

3. Z2F§ Ues gEAEAe] 4%, FT,
£ &4 (r=-0.4097, p=0.04), ZPP(r=-0.3853, p=
0.04), ¥ ¥3F A(r=0.3661, p=0.05)7 %
<9 BAAE 2931 .

4. Z2F9] FIE F5A$E 3o 48, ¥4

% 7ZPP % ¥3F A& EYWU4E sl wA M

FAYHE 283l FHAAEHE AAERY. °)
% #FA%% ¥F ZPPY FT. Wd $3H Af
£ -0.05973} —0.0078% FT,o] d&u4a olgd
F UtH@Z p=0.04, p=0.09). FT,o g JFA
I3 ¥F ZPPe A9¥ge Iz R™=0.1679,
R*=0.1064 °Ic}.

ol4te] AN AZE ZaEAe FAFA7%L
izl Hl& RofatA ZA=Ho UNew 53
FT& @Ay AN 83 ZPP, 83 @,
2 FAdEH RF 29 FABAE A
B ATE A7 a%e 4 E2 223 g3l
#FA71eQ Bt A 7|RAss H9, Ko
AET Y8 Asld A FEgdaae 134 7E
o i3t €24 A7 Baschn AJzEc

AEEH

28T, AF=Z 22AE] WF AR U Wz
SAYN T oty 9=, 1992,

A9, A8, el o, |, A, Ak,
23, eHrE, olEE. $eElud &4A ARY 2=
AL dER0) FF AF. PR 1998;
10(4):438-449.

AR, OB, AZze YEHA ANE2A ¥F zinc
protoporphyrin®| 2l¢], 72ty =83
1984:37(4):937-951.

— 159 —



A%, HHol, olFE, o]y, ZAE. A4A HAYA
EoAMe L&, ¥5A R ¥F zinc protopor-
phyrine] @3 A, F=9] Ak2|%} 1986:25(1):1-8

AF, o=, YA dEx 2L AZE AH
#g A7, eFYUgm e 1991:14(2):
391-401.

A3&, A, 78, A A4 2aAEY ¥F
Fxo U ZIEFF. PR EA] 1990:23(3):
324-337.

A¥E, YA @ =3 GHTEA Y T2 dig 4
T Agitte RAe g=g, 1999

dAA, Aeal, oEAE, Ak, o3, ErE, o184,
SHTE, o, AYd 4 FEAES] 4 AVIsAR
o BT A A2l EA], 1998:10(2):139-148.

LBR, 284 274 AAdn, 33 1996-1998.
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