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Effect of Dietary Calcium, Casein, and Suet on
the Accumulation of Cadmium in Mice
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This study was carried out to clarify the effect of dietary calcium, casein, and suet on the accumulation
of cadmium in mice. It was performed for 30 days, from April 11 to May 10 1988. 90 mice were divided
into 4 experimental groups and control group with 6 mice each dietary group, and measured survival
rate, body weight, and weight ratio of organ to body. The contents of cadmium in liver, kidney, spleen,
muscle and skin with hair, and feces were analyzed by atomic absorption spectrophotometer after sacrifice
by anesthesia. ,

After 30 days, the survival rate of control group was 100%, but 66.7% in group IV(basal diet+ Cd+ Ca)
with single dose of 100ug cadmium and with free-intake of water containing 50ppm cadmium, and group
V(basal diet+Cd+suet) with free-intake of water containing 50ppm cadmium.

The rate of weight gain in the case of single dose of 100ug cadmium was highest in group IV as
42.3% and lowest in group V as 26.0%, whereas in the cases of free intake group IV was highest as
24.0% and group Il(basal diet+Cd) was lowest as 11.6%.

The body weight, in the case of single dose of 100ug cadmium showed no increase until 5th day
after acute poisoning. But in the case of free intake group, it showed very slight increase through all
the breeding period. The weight ratio of organ to body were lowest in the liver of group II in both
occasions.

The most of cadmium adminstered. were excreted through feces within 2 days after single dose of
100ug cadmium.

The contents of cadmium in each group were significantly higher than those of control group. In the
liver, kidney, spleen and muscle, group II showed the highest level in both occasions of 100ug single



dose and free intake of water containing 50ppm cadmium.

In the skin with hair, group II of the occasion with single dose of 100ug and group V with free intake
showed the highest level. And the contents of cadmium in tissue were markedly higher in the occasion

of free intake of water containing 50ppm cadmium.

From the above results I would conclude that the addition of casein and calcium are effective in the

inhibition of intesitnal absorption of cadmium esp. by calcium.
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FHHoE AT F o] falEdL <lzte] A
Hsle SETS F - FABAAA 2FA Ho A
EE Ho|dHE 53l QA AT =& ZFVIE F,
450 34 & PF 5 ddo] {1 AT,
1987).

1974} FAQ/WHO(WHO, 1976 ; Reilly, 1980) &%
oo SAE 49 Al He 34 29
EAEL ANsgEY, 1 F F5% 298] =
% ok, B 4 9 AWARAA aFo] FAER
A S WA () o) 7371 W&l Mr1=F oy
#3983, 2, 449 "5, gspudy GAA,
g opuzl, BT AF, ¥heal, B, 2FA g
FE7) A0l g8 AT A, 45A, FESA,
otg, A4, f8 2 A Follx cfatAl ARg-E I 9l
on O AEFL HE FFIFL o] oIzt FAHL
gL A AAD Y= AFItH (AT, 1987).

L Ao} 8 Al J=ES sk dA
9t 01} (Underwood, 1979) 4 3}#olv} 3F7|E2 Fslo
F58 Fl=go] A2 Y A= o] FI=EF AP A
PAE 24 G RolA Y3 AAANA=E HF 20~30
mgd Ft=FS 7kA == (Schoeder ¥, 1967) 1%
1/2~2/3 A7} 2347} 7Hg6]) A = o] lth(Schoeder
%, 1963). ol £H€E FI=F2] t)¥-E-2 thioneind}
A3t metallothionein Ae] 2 FA4 3=l (Schoeder
9} Balassa, 1961 ; Lucis ¥ 1972 ; Underwood, 1977)
Ao 19 AF2 o] dfFe FEA Cd, Zn %
Hg 59 5% 5498 0 F2 3F94 =@
olE F&9 Aueld, 1 F S4H3 5o Fad
QS ok 22)2 2 Taguchi®t Suzuki(1978, 1979)
FI=ES QAT He AT £ AEAedA Cd-
boundingA o] FEHEE A LA oA 2] o7 A
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23 9¥L dida g Ft=ge] SRE SAES ¥
FAZF AAAR) F s AN =g A
A% HEge] F40t AFEg dych

Ft=gel Fo iz E dEoEA HE AT A
HollA 3mg/kgs 13] BAW FAE 157U s
0.2 oF12%7} v s w3t RF o2& ¢F045% 2
o)$- A vehta glok(oghekstoi sy o) 3] Azt
£3}3], 1987).

Engstrém¥} Nordberg(1979) & o F oM 9] 7l=F
o FNESFIE F FARY dwd] Foa Rasty e
1 olfE o F ol ujEd A Ahe] %2 pinocytotic
gzt v MEE7] o)zt dted, Aoju -
f2ole) BFAARE FIEFY] 45 Y £ 9
sk Atdez HAE 77 Jl=gel ag@eR
F4EE 82 B89 79 wat tAi g Aol oy
WAE 2~6% HE(|H, 1980 ; =H=}, 1984 ; 3§
ol gty ol 3] JAabeti s, 1987)olu], EEHHel
A dHog BAY W RoPe] HEFE,
13 24 fiE Fojze] BeFE golAH o)F9
Lot Gd o] HErE Folota (ol
2, 1980 ; thgtereti sty els) HAstEE A5, 1987).
Fox(1979) ¢} Omori(1977) & 7}=gol 43 #dA &4
Hede S48y 7713 dgd de dekxida &
$laL Schafer 5(1986)2 AF oA A ojg F
A% o) 7l g SAjo] F7IgHe B3t} Workerst
Mogicovsky(1961) & Z# HIE}HID 3ol @& Al
Z 433 HolgolM 2slTo g9 Fl=f FH7) 57
HALE 2@ v gtk YBAA itai-itaitF o] N
Bl 9le o]F Calabrese(1981) & B4l 7=
e &3t wjdsiez AW £33 wAse Bkl
&8 o 7l=go wd 3o golaiF oM EAHs)
Z& U5l itai-itai®l-& o7tk ek A Scha
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fer 5(1986) & A4 & Fl=§ 5 9T 71AA

gout mou-AY Y HolFL M- A



EgAolERT AA=Fe §4E ABtART Sk
Hebd & ATE 4AF o8} A7H A=
TFE 18 Fof B ASE 714300 98 Hod o
& w7 A5l AR BE L $AE A7 Frkshed
g, 4%, N3 59 A% 2§ R AReh 2 Fo)
49 A ¥ 5 4P Fid A
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Ao g ICRE 289U3 SA4H 90 E 1
FU3 59 AN Abgsle] ASAIZ ¥ 1988
4€ 11958 59 10¢71A) 3097 B Aol ARg3ich
AHEEL ASAolo] wel F 17 #o] &4 Fnjr} 6
vig]y Wrlen 023 28 nizFEes s lI-V
& APT02 Yok FA) =S FETEE(CACL

& FRyd 594 F&FE2 ol&IUth F, Jt=F
PEEAels] e RNt FIF=E(CACL) &
ZF5l E8AA Fl=go] 200ppmE Al 3 8- 0.5ml
(100ug) & sonde & AHE-3le} T 18] Fof(o]st AFx=
1. 28439 Holx

EEEE

13} Fojyolatd, T3, AFe 27143 2%
AES By 98 Fl=5E S0ppmEA I FHSFE

2842 Af2ol HHNEE(8 AsE AFHAT
olgl &, Fagch

Aol 7t=ge] AW F5ol 9FE n|A sheAol
e FHAA100g/ke), BH(762me/kg) 2 $-A(100g
/kg) & 1A RO 42} Arls)A 1597 A, 3097
AHFFo.g Urol v 5Y HFo s AFE 3N
o714 7]RANR lkgol FHARIT A= 742 100gS
Hxs 99 Hristgden #AFe A 19 ey
AF9 FEAFH AR AT 5& 7es U9z
72.6mg A7HHA T :

=4 AASF $FE S48 A8 A% FEF
A2 vtR = =aste g, A4, wF, 25(0ER),
2 (ERgRE+ R E A&y TAE EHR T &
B st AAFHEFFEAL 854, Video 12, US.
AR BAsigch

i F SEF uARE BAs] ity 2% 13
Foio daA mYd A 7AH A 45 st=g ul
dge zAdMe e whgo s Aok

=g 585 ATEYE
200ppm 8-}

# A o) 2 A4 AR LA 05m1(1004g) 50ppm A
13 ¥4 T8 AF4FH

0 Ay AHEEH =4 - - 6

7NEAE* + F/HSF 15 d - 6

30 ¢ - - 6

i JNRAE + Z2HS 159 - 6 6

30 6 6 12

il 71848 + 70 (100g/kg) 15 ¥ - 6 6

30 ¥ 6 6 12

11 718AE + 24 (76.2mg/kg) 15 d - 6 6
30 Y 6 6 12-

1 718ALE + 93} (100g/kg) 15 9 - 6 6

30 ¢ 6 6 12

A 24 48 90

* 71 RAE(AYALE, HA) ARRA 29w 221%, ZAW 35%, 2 FE 5.0%, BT3E 604%, 32 8.0%, HEIT

1.0%

E 2. #47] 171zd

Element Wave length(nm)

Lamp current(mA)

Air flow([/min) C,H, flow(/min)  Slit width(um)

Cd 2288 6.0

18.0 45 320
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7tEE AEES 2Fs 13 R4, Ask &
FHAL(F L2 T2t HolzAddz ATFAS F
30d¢] HF AELL H 3T ol U2TH HYT F
V-T#& 100%%14 =3 I-T, I-Fz, II-T ¥
M—-F&& 7tz 83.3%, IV-T, IV-FZ ¥ V-Fo)

E 3.

7 Aol Ae AT AR

Ae 4 66.7%% 71 FuTh .

o) zAW e f B g o up2 z Aol A 9] HF
Z7M)(Z A EAF - AEANAY AFTX1000E 2H 1
TE 13 £FE B 413 Zo] hzPMe H=
HEZ7HI7E 14225%A9 ¥Ete T3 Ve 27
126.17%, 126.01%2 EolH o} Iz [V 27} 139,
96%, 142.26%= 2T A FARILeH AFS7t
Fev Jt=F 100ug 13] AT FoF 54714 iz
TR AFF7HZE kot 1 o|Fde uzEH

& oY 59 109 159 204 25 309 HENEE (D)
1 6 6 6 6 6 6 6 100.0
il T 6 6 5 5 5 5 5 833
F 6 5 5 5 5 5 5 833
| T 6 6 5 5 5 5 5 833
F 6 5 5 5 5 5 5 833
I\ T 6 6 4 4 4 4 4 66.7
F 6 6 5 5 4 4 4 66.7
\' T 6 6 6 6 6 6 6 100.0
F .6 5 5 4 4 4 4 66.7
F T:ex 18 F4L F:Avz ARAAT  * =g R AF
E 4-1. 7t=5 100pg 13] Sl doiA zk A A HAFF 7|
(Unit: g)
T 0y 59 109 154 20 25 30d
I Mean 232 25.1 272 28.8 300 310 330
+S.D 381 465 545 4.36 491 2.83 2.15
Z7) ek 0 1.87 3.95 553 6.77 7.25 9.81
271 (%) 0 108.05 117.01 123.82 129.16 133.59 142.25
1 Mean 214 219 258 245 259 258 270
+S.D 181 3.83 253 2.75 364 4.06 2.84
N 0 047 439 3.06 454 438 560
27} (%) 0 102.20 120.51 114.30 121.21 120.47 126.17
il Mean 189 19.0 225 223 248 252 264
+S.D 3.34 439 3.85 4.26 442 3.85 394
Z7)ek 0 0.10 361 340 5.94 6.35 7.54
Z7H) (%) 0 100.53 119.13 118.02 131.48 133.65 139.96
I\ Mean 19.3 200 228 234 244 25.6 274
+S.D 165 2.88 2.36 1.92 322 193 181
Z7}gk 0 0.69 351 413 5.13 6.35 814
Z719 (%) 0 103.58 11822 12144 126.64 132.97 142.26
v Mean 195 19.6 225 239 26.1 256 246
+S.D 374 4.82 419 4.79 507 507 4.35
Z7}ak 0 0.06 297 436 6.59 6.07 5.08
Z7H) (%) 0 100.31 115.21 122.32 133.74 131.08 126.01




Z 4-2. t=F 50ppm T S&F AR AHAT Ao 4 AHAM Y AFTF7H

(Unit: g)

= 0y 54 10d 15d 20 25 30

1 Mean 232 25.1 272 288 300 310 33.0
+S.D 381 465 545 436 491 2.82 2.15
ZF7Vek 0 1.87 395 553 6.77 725 9.81
2718} (%) 0 108.05 117.01 123.82 129.16 133,59 142.25

Il Mean 20.8 215 21.0 218 220 21.7 232
+S.D 6.65 762 691 386 418 213 301
Z7)VeF 0 0.73 0.16 0.97 115 0.84 242
%719 (%) 0 10351 100.77 104.66 105.15 104.06 111.63

| Mean 18.8 215 204 203 209 216 221
+S.D 147 0.87 1.04 153 2.17 0.64 093
7V ] 2.70 1.66 1.52 211 283 328
271 (%) 0 114.38 108.84 108.09 111.24 115.07 117.47.

v Mean 20.0 20.1 20.8 209 22.1 235 248
+S.D 2.89 3.28 425 472 6.69 553 4.10
Zy}ek 0 0.14 0.86 0.92 2.08 350 4.80
Z744) (%) ] 100.70 104.31 104.61 11042 11753 124.04

v Mean 16.8 16.8 17.0 16.8 195 19.2 214
+S.D 1.23 1.08 2.65 2.00 1.00 1.18 121

Z 7}k 0 —0.05 0.19 -0.07 267 2.33 461

Z7h (%) 0 99.73 101.01 99.62 103.56 101.75 113.87

%) (%)
150 ( 150
O----Q: g 2F
(A: 5 E 18 293 x x: [% (B: A¥E FFANE) ,9
A——A TF

Tn
9t|:l
- =
e

A 537k

—_ L 1

i
15 20 25 30
5717k () 24717 ()

a7 1. Aol 244 7t TPy 1E FAA AF 7|

A AFF/HE ZQHIE 1-A). AFE AR4 =2 Z/ME RYgoi}) B% gj2Fd vld e AF
HAF L ¥ 429 Zo] HF ZyM7FIIELS 11163%2  27ME Jehidtl(2Y 1-B).
744 Rk IVZo| 124.04%2 AT FolAe 7H% Aoz E FtEF T Feholl WE 30U AHSF9] &)

_344_



AgE 2+ F7 FABNENTA/AFEX100)E Bd
IEx 18] T Ao)d 4 A7 24 = B 5—-13%
#o] 7e thFTol 6.5+0.71%98) H)3tS [1ZTto)
39+197% =2 23 ko™ (p<0.05), IVEL 6.32+
0.74%2 TR {oJ3tA E3dch(p<0.05). A4 v
e FAME 2 2l 493 Aot glQou) 9]
A4(25+£149%) % BF(1.1+0.62%) & DZTHT} of
b =3t

# 5-1. 7I=F 100ug 13 FAZA oM 3092
AP FS B BAMRARA(R AE

(g) X100]
(Unit: %)
= MHse B 3 A 3 M s
I 6 6.5+0.71 1.7+£0.56 0.6+0.35
I 5 39+197* 25+149 1.1+062
11 5 6.0+0.94 1.8+0.23 06+0.27
v 4 6.3+0.74** 1.7+0.32 0.7+0.31
\J 5 6.1+1.28 1.5+0.30 0.7+0.30
* ! p<0.05, compared with control group by Mann-Whit-
ney U-test
** : p<0.05, compared with group Il by Mann-Whitney U-
test

AEE AFHFHATY Ao 2 A7 A= F 52
9} go] 7+ IETo| 50+043%2 T s
FosA ZAFHAC B (p<0.01), IVE(6.1+0.69%)-&
2o vlaf frofaiA & FA8E 2k (p<0.05).

A3} ¥4 o) BANE ek 13] Fojtol e} o]
Z} Ao)Z bl {2 %k 2tol7} Aot IV ] A13H(1.8+
0.19%) & IIT(1.5+0.19%) 2o} &34 F-Aul7L %5t
Hp<0.05).

E 52 7§ Sppm B 85 ARAHT 3
olX 3097 AHE Fof F7E Al

(Unit: %)
- A 3 Z oA F M 3
1 6 6.5+0.71 1.7+0.56 0.6+0.35
II 5 50+043* 1.510.10 0.5+0.10
1 5 5.8+0.68 1.74+0.18 0.540.04
v 4 6.1+069*  18+0.19™ 074024
v 4 5.8+0.63 1.5+0.10 0.6+0.24

* ! p<0.01, compared with control group by Mann-Whitney
U-test
** . p<0.05, compared with group II by Mann-Whitney U-
test

A=E 100ug 13) FoiF dpioze) widge 2w

a9 29} Zo] AAFTl FI=F FHF 1~29 Alold]
RS FtEfo] Wi o 1% G438 ZAsd.
6473 ozt Ttk Al oA 10 A ¥l A9
B skA] ekchrl, 159 AFol] 27} v gko) Z7tsithrt
% A widsA] gton, 259 o|FeE HEHX
stk

(ppmY
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713 ()
% 2. FI=F 100ug 13] FoF oo 2ol ujdel

AEE 13 Foe] lojA 308 ARRFE 2ol Z
71 2 239 Y Jl=F FFS ¥ 617 #h
2730 oA tizT(D o] 0.1+0.01ppmAd] B 2t
AldZNA FoJah & §FE Ko o] F 1T
1.9+0.17ppm 2.8 7F3 ¥4 IVEe] 1.1+0.24ppmo.&
714 ke IVEH V&2 247} 1.1+0.24ppm, 1.4+0.16
ppm o & II7tol vl&l] Fo)3A 2e s B A p<O.
0D). A dEE(Deo] 0.60+001ppmeld H]3
I IVEe] &7 25+0.55ppm, 1.4+0.87ppm o2 &
et Ft=F BFol wRom (A7 p<00l, p<0.05),
MI#3 V32 2+2} 0.840.38ppm, 14+0.87ppm o2 &
sl Fl=F @] ERo (4 p<0.01, p<0.05),



E 6-1. J1=F 100ug 13 AFEAT QoM 308 AT 2 3¢ £449 7l=F FFH(Mean+SD)

(Unit: ppm)

T 7 s 2 2 H] & = 5 7+ A=

0 ND ND ND ND ND

I 0.1+ 001 0.6 + 0.01 ND ND ND

1 19 + 0.17** 2.5 + 0.55** 0.3 + 053 0.2+ 0.04 04 + 0.10

m 1.2 + 0.64* 0.8 + 0.38%# ND ND ND

I\ 1.1 + 0.24%%»* 14 + 0.87*# 0.2 + 031 ND ND

v 14 + 0.16%%** 1.8 + 0.90 ND ND ND

* 1 p<005, ** : p<0.01, compared with control group by Mann-Whitney U-test
# 1 p<0.05, ## : p<0.01, compared with group II by Mann-Whitney U-test

ND : Not detected

B 6-2. 7t=F 50ppm3HT SE&F AT AolA 309 AHEE Z x3d 2HE steF TF(Mean+SD)

(Unit: ppm)

z 3t 3 2 <l 4 2 = 5 2+ Ax

0 ND ND ND ND ND

I 0.1 +0.01 0.6 + 0.01 ND ND ND

I 196 + 041* 20.5 + 0.53* 12 + 0.05* 0.7 + 0.04* 0.7 + 0.10*

m 12.8 + 0.28%#* 134 + 0.36%#* 11+0.13* 0.7 + 0.01* 0.9 + 0.10*

v 116 + 0.32%#+ 117 + 0.29%#* 0.7 + 0.02%#* 0.2 + 0.10%#* 0.7 + 0.10*

v 17.0 + 0.11%%* 16.9 + 0.67%** 1.1 + 0.10* 06 + 0.10%* 15 + 0.14%#*

* 1 p<001 compared with control group by Mann-Whitney U-test.
¥ 1 p<0.05, ## :p<0.01, compared with group II by Mann-Whitney U-test

ND : Not detected

Mie® IVES 247 0.8+0.38ppm, 1.4+0.87ppm 2 A]
1o} ¥ 3t {9 &HA) B F3FE RAHLZ p<0.0],
p<0.05). H|ZANE 2 HEHA A% IVE
At 02+031ppme 2 HEEHJ oUW 7o vstd #
o3t Ao/t gk 25 2 EH(HR+AR)ZA A
© WzTo] EXE&Ed v NTZAAMT 242t 0.240.04
ppm, 04+0.10ppm o2 AZEAUch

AFE AFAAHATY Aol 2 A7 & 23 FHE
7teF SEE § 629 Zo] ZE 7] ¥ 23N
N2F(DEY F-98H 2 38 R o (ZZ p<O.
01), 733 Ao M= IF (22 19.6+041ppm, 205+
0.53ppm) ol ¥]3led III, IV 2 ViZo] 5 &9)3lA ¥e
-G BHY(LZ p<0.01), HFelME IIF (1.210.05
ppm) ol W& IV2(0.7+0.02ppm) ¥ro] H-2l&HA] Wokcl
(p<0.01). 252N E IVEH VEe] IIT(0.740.04
ppm 9l vl FostA wEskem(ZZ p<0.05), =¥
(PR +AR)ZHMe olet wE VI(15+014
ppm) ol A I17(0.7+0.01ppm) B} R23HA £ &3S
B HcH(p<0.01).

613 B 6-28 3T 2 vl A= ARHAT]

IF% 13 FAFEG 2 7] # 23 A 52 Jt=F
R Byon 7|BARY FlEE 4 FA% Tof
e JUHEL B R TR BA Vel T
B3 Rojol 7 A7l £ A QAR A He
Fteg #FS Bt

AL AAHATY 7 Aol 15Y, 30Y A &
4 A7) @ 239 34 Jl=F FFL 1¥ 33 2o
7743 Ao A= 1598} 300l M 53] B& = F
ZAg RYon TS 15U e gHeo) 713 wsrouh
309X e 7 B2 FEFS BAych

2E ool v)ge Ru(HR+AR)AAME 15
A3 30U 7reF FaFo] HsA vE ey 2
Sz A 2318 30990 o »e& FFS BEch

{
-

V.
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FHeF FEd B3l 1941d Wilson 5(1941)0]
A WY L AAASE Hug AL HLoew 1T
g2 APREL FE& BoH StoweF(1972)2 F}
Ego| 2 4137 R FAR S AW e AR3kE



(ppm) (ppm) «
2r EE | ommorHaE 2r T
x——x: &
a s+
15 o o FE 15+
o——o : VI
4
5 10 L 10
L
vl
~
5k oy Sr *
------- b bttt SRR Y bbbt P
[ 15 30day 0 15 30day
457 7k A 2k
(ppm) (ppm)
® 2} ol A 2 Kol 43 &)
=
cy L i vy
njp *®
bl
w
0 15 30day © 15 30 day
A4 7k 457 A5 7

I8 3. ABE A44HZ 7 Hol2¥ 7 Pr] B 2¥o] 238 A=y 3

oty Fgon £3) dRAME 2ds8E, 714
A g AR Foll 710t A S 5o 8
ol g4l itai-itaitd & L3l E ALEH EXE T
vl 9ih(Friberg 5, 1974).

dutH o g FHFEFE AstBN EF5549 4 5
Al dAtE F el Qe 4 AVE ol HEH
(BB=EKE, 1973), Taguchi®} Suzuki(1978) 2 Shaikhe}
Lucis(1972) & 7t=F2 4147 HdedA 2% %9 cys-
teing FH E2HF 11,000~12,000 Ao AEA} &
vl o] metallothionein JE] 2 thE& Ay 314
ok ol ZA wBA3 el 2 E SIEFLe FEFL sl
WolZg-g 3t "k oy AAzR F sl=fo] &
AEE oldeg HUS Afode 7Hsd g zEa}
SHAERA(GED) ol AR =g FEALE o
oH(Maxcy-Rosenau, 1973 ; Colucci, 1975).

aEa &g B FEEF F5E ofd, 7o
2 HF 57 22 34579 2o 22 F14Ed 93
AR EH AAAM L A FA] S50 3L W
dotn gout, H4ste $5% 5 AFS FAA
$71= 2&s)1 39 Omori 5, 1977 + Fox, 1979 ;
Rabar 5 1984). W&}A Azl e Aol RS A3
F7129] shiel Ze @ APAPEL £A7} Fl=de

A Fd mlAE 9T 2o Y39 ol 47
718ALRC Hrbsta Fl=dol IEE S44E 43
1A DN AR I 248 1 A7) B9 39
Ft=ES B4 vias) weich

AN AAN EA=0] YE t=Fe) =HEYLe
SHEY AHFE A 8t ol 1 A A4
AN E AFHALE 2R T 1 FE7)A0 dsiye
opa] ZME] WIAA 3 SITHERIIZERN, 1978).

B A A ZF AN Y AF FriHle dutos
o vE %2 d3g RYed o 259 5
(1984), A& A=Z8(1982), ol gL} A7)1E2(1977)
ol EHoA F=ES B FAIEES we) 2o
A=Ak

AFE 13 FAFE FoF 5d8AAE A AF
77t gov 1% ¥ s gxedd {AR F7t
FEHE Ho, 100uge] 7HEF 13] Foof 9§ F52H80]
59 olujel A vehdS R 2eu g 74
o7y HF AFF7Mle 2T visetA Jeht
k.

ATE AFHAHTL 2o v 2 A|-A =
7H]7t @AE) "olH ) o)2i§ Aol thal Shaikhet
Lucis(1972) & A5 #Z4art slefe) F3-aAAE 3t



o # Jde AFH € + Advkn Aok 2 AEH
FHIQ] Foddt 97k & F7ME YEehlET, o=
Zgol 93 71252 F A A2H-&-(Worker 2} Mogicov-
sky, 1961) 7 Dl Aol o3t 7L=F 54 93H(Schafer 5,
1986) ) 71Q1§ Zle] ohdrt FZHc)
A TEF A3 29 AFF A7 FAbE A3
1748 1Ex 13 F47H A¥s A{AHIAT ZF
2T feolst zpolzt gidloy, L Jlmg OE
oatelA ol FAEle A7t Qi) o|#HF 7
Fe AR ETF(1972) o) ATe} vld Aoy, 1HF

7tz gel 894554 F8 B277](Morita, 1984) ]
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