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Abstract: This thesis was designed to find out whether the cadmium content of hair in living
animals reflects the status of cadmium accumulation in internal organs or muscles so that this
status can be used as a diagnostic method,

Forty-five rats were divided into 4 experimental groups and one control group. The control
group received a basal diet which contained zinc 100¢g/g, iron 80xg/g and copper 13548/8. The
experimental group received experimental diets supplemented with 1, 10, 100 or 1,000xg/g cad- -
mium as cadmium sulfate, Rats were dissected on the 23th or 56th day of experimental periods and
tissues, blood and hair samples were taken, dried and burned to ash and analysed. The cadmium,
iron zinc and copper concentrations were measured with an atomic absorption spectrophotometer.
In addition feed efficiency and hematological changes were observed.

The results obtained can be summerized as follows:

A marked decrease in feed intake, weight gain and feed efficiency were observed from 1 or 2
weeks of experimental periods, which was in accordance with the dosage and periods,

The cadmium contents of kidney, liver, spleen and muscle were significantly increased in all
experimental rats; the accumulation was marked in kidney and liver tissues,

It was shown that the cadmium contents of hair reflscts the cadmium accumulation in internal
organs and muscle; the higher the cadmium levels of diet and of rat tissues, the higher the
cadmium content of hair,

In the 100pg/g group of rats erythrocyte counts and hemoglobin concentrations were decreased.

A significant(p<0.01, p<0.05) increase in iron contents of kidney, liver and muscle was
observed in 10, 100, 1,000ug/g groups of rats on the 28th day of experiment.

A significant (p<0.01, p<{0.05) increase in zinc contents of kidney, liver and muscle was
observed in all experimental rats, On the other hand, serum zinc concentration was decreased.

A significant(p<0.01) increase in copper contents in the liver was observed on the 28th day
in 100¢g/g and 1,000u4g/g groups of rats,

From these results it may be concluded that the analysis of hair for cadmium is a useful

diagnostic approach for the cadmium status of interna’. organs and muscle in living animals.
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mgd Cdg B&3H4 =z & (Underwood, 1977;
Neathery$} Miller, 1975; Lucis %, 1972; Shaikh &,
1972; Schroeder$} Balassa, 1961; Schroeder 5, 1961).
AW e Cde F=2 metallothioneino] g} 21 wd
s} Agse] 9o (Goodharts} Shill, 1980; Dorn %,
1979; Verma 5, 1978; Neathery 5, 1974), w=hebA
o) AL AEA AA4H FAFolP: RE AR
(Goodhart¢} Shill, 1980) AT = gAg #Fgolrt
Za 4o et opA WA A Foo A
= Q&d E4L vYEyE FHE 48 Uk (Sh
arma %, 1980; Valberg, 1976; 1974;
Robert &, 1973; Jones, 1971; Lucis 5, 1969; Lucis
Z, 1969; Gunn &, 1962),

CdZE:%o] Batd & 1941 WilsonF Deds(1941)
7} rate] A ¥ 2 AFAGFE 2nd Hlo] HEold
2 % Be ATAES A9 gotef Cag F2 A%
9 7o) 30 W4 mE 443E U5 (Stowe
%, 1972), A Fe)} 7 (Cw) % kA Zn)9 F5F
Aol gt o 24 1% (Goodharte} Blood 5, 1983; Leman
E., 1981; Osuna %, 1981; Goodharte} Shils, 1980;
Underwood, 1977; Sharkman, 1974; Pond %, 1973;
Richardson £, 1973; Stowe %, 1972; Fox %, 19713
Piscator -, 1970; Bains %, 1969; Jacobs 5, 1969;
Berlin®} Friberg, 1960; Friberg, 1952; Plum, 1951;
Pindborg %, 1946), %Az 5e doa + 3led
(Blood &, 1983; Bartik. Piskac, 1981; Cousins %,
1973) Aol lelAlE #WI1FE U270 (Bartikst
Piskac, 1981; Goodhart$} Shils, 1980; Underwood,
1977) B3 QB A= B4F, /MIEE 2 AEAS
o FQste A3 E2E EQJor st o £l itai-
itaig & Qo7ln], = g AYFFo Al =¥
¢ Cdst HeExE Aez ¢ 3ok (Bartiks} Piskac,
1981; Goodharte} Shils, 1980; 1977;
Sharkman, 1974: Shaikh &, 1972; Jones %, 1971;
Perrye} Erlanger, 1971; Lucis 5, 1969).

Az AGAG od AZeAE Reiol ATl A
Aol A Cdo) ZAel o3 o3} =EA 5 (Bartik
5} Piskac, 1981) 7}&9] MzAe] A9 CdE A
o) Aol @ F gerz FFANL FaFd A

Sharkman,

Underwood,

2 9553 9r}(Bartiks} Piskac, 1981).

Ade Cde F= A% L Zel FA o EA gt
= A2 98 Az ke w3k & Combs &
(198%) Goodhart$} Shils(1980), Valberg 5 (1976), Wi-
nge %-(1974), Shaikh 5-(1972), Lucis(1969), Decker 5
(1957) 2 Wilson#} Deds(1941)-& ratell 4], Osuma %
(1981), Neathery %(1974) @ Cousins 5-(1973)% =
Aol 4, Miller 5(1969, 1968), Doyle 5 (1969, 1968)
2 Apof3t abekel A, Stowe §(1972)> EZNA 2
7] 7 Barkik¥} Pisac(1981), Sharma 5 (1980),3:Neat-
hery (1975) & ol A o) 2 &t Ag Fatye. T4,
Willson®} Deds(1941) ¥ rate] 4] 8] 3 Cousins &
(1973) 2 =R ol 4 WA x Cdo] FA Lt AL B
2363tk 2@} Osuna 3-(1981), Sharma -5 (1980)
2 Cousins $(1973)& s A]l4], Combs % (1983),
Doyle(1975, 1974) 2 Miller S (1969)-2 =FaFzk Aok
oA =¥z Blood %-(1983)# Neathery 5 (1975, 19
74)-2 Zeoll A FAE Az} 2/l s Cdo] FAHHA &
Skebat 2mskgleh,

Schroeder % (1969) 2 Pawell §(1964)-& 72+ 44
ol @ AAgolxe W CdgaFes 2mdgor
Combs %-(1983) Doyle 5-(1974)-& Cdel A5x4 A
st wt2E ARy EFA4HE zASod AR
Wolli= FA o] doj i vtz Ewdtsdet

Hamiltonz} Valberg(1974), Itokawa %-(1974), Sh-
arkman(1974), Bains $-(1969), Berlins} Friberg(19
60), Friberg(1952), Plum(1951), Pindborg(1946) %
Wilson®} Deds(1941)% rato] 4], Leman 5-(1981),
Osuna £(1981), Causins % (1973) % Pond 5 (1973)
2 =i=]o] A, Doyle 5(1975, 1974)> #FkellA]. Pisc-
ator$} Axelsson(1970)2 Exlol =3 AgelA Az
W9 Cde] Fed F45 waiste = A3 wEFo
StEl gz B st el Leman %-(1981), Osuna 5(19
81)& #lAle] Wale] =25 Combs 5-(1983)3% Doyle
(1975, 1974)& ApoFah Alokol Hsle AEE A
Cde] Boz 749 Fedtako] 74aglttz dlglom Os-
una 5 (1981) = AA9 dFE Fadue A& E
Z3 et
Lucis 5(1969)5} Gunn %(1962)-2 ratef A,
=(1981), Osuna E(1981) ¥ Cousins 5(1983)-2- =
=)o] A], Doyle 5(1975, 1974)& Arakol A, Miller 5
(1969, 1968)- 4kekell A, Blood %-(1983), Bartikz}
Piskac(1981), Neathery$} Miller(1975) @ Robert &
(1973)& 4ol A, A9 Cde] Zn] F+= waldt
g Ae mxitgeh. =&} Cousins 5(1973)el <

Leman

— 362 —



st AA 9] AR Cdg H7R A5 A%, 7, 2%
8] Zn¥Fe FrHE Ak Eadgith

A2 CdE =g Cud] F4% daldtte Ao
Combs %2-(1983), Doyle 5-(1975)el 2J3te RzE gl
t}.

Cde) Atsd A7zt Fdof vlA = GF A st
= Wilsons} Deds(1941)¢] rate]l 4 AA44 NEFE
Bagh d7k geov 3o FrlA g o= o
goll At £AE FobE F

ol 4o FHE FFste] 3wl Cde A Hrls
et =3 A4 ¢ 7k Cdgree] Frbhoe AL
A B4t 2y ol 2AW FA el wat
Bl x Cdo] A=A Hetd A FAT 4T
Bazt glon = 240 7149 Fal v = 4
gx otz A9 dAE ¥A X3tz Yot ol T
HAANA 2 qFAAE x 3y FHez Yy
719 CdEA LN E ARTE + A& PHE 2=
A} 3t FH o2 AtgWd| ZFd Cdg AsE A
BE ratd] R F WFRs), 25, A5, 49
Cd, Fe, Zn, Cugtze] WiglE HAstgon ofd m
ZE AAY Ixg Fake AAlEA uFERAsY Cd

AA40E BT 5 Yool £go] Fua} ek

M= 8 Uy

BAEE AF & 25089 Wistar rat 4598 & F
et 257k H-&AHE AAd F A, B, C, D(¢]
A AYF) ¥ E@RD)Y 570 Uiy FAE
o},

BAAMR : A#E = FEL v FALE(Table DE T
qlsle] Cd, Fe, Zn, Cuf &8E &4 (Cd:ND, Fe;
80ug/g, Zn : 100pg/g, Cu:135pg/e)q F o]RE 7|
24828 3t dz2F(E) Fdsgct. 7 EzAEd
FASNCF(HA, MELBA)S HFeF 2 rlete] Ta-
ble 20 F A1 v}k Zollpg/g(AT), 1048/g(BE),
1004g/g(CF), 10004g/g(DF)S] Cdo] 3F= A4+
BZ ulgsle] 9549 rate] Fostgch. ARz F
BE rate 7}1%31 o2 AAgAA ] FE3EA FAA
89 & S gFue Fosdth
éIMQS : 1) ABo)&E 4 FAF ;LY AE4dd
Z3 15 AR AFE FFsY oA o] &F
9 ZA g Fetgo.

2) 2384 Cd, Fe, Zn, Cud &% ; RE APFE
4F 2 8F Fof 77 55 2 454 & etherZ nf
AAAAZA 4L AT F A5 44,
A", 93 2L J2g AFsAt AH

il
zk, %

ddenie £t YL TER poolingdlgle
v% 715}4 HREE A AFFTE 538 AL
2 100~120°Cell A 48] AzAZ F 433 Foix
B &7 do] EAA7A dAAelE el sty
o},
2t dae AL 600°Col A 24417k 334 F
1 dagezy 3l 2e L33t o|ze UAFF
$33 A (Y%, Hitachid] ¥d 170-30) 2 &8¢
o}, 7 94 A zAL Table 35 7o) stqet. 7
FHAE FHE YEAE 74 F AFHE A3l
T-teste] 23k §-24-¢ AR shsdct.

2

At2MdEE, SN 3 ALR0|SH : Table 4~9ol
Z A uhe} o] d HFAFAFLE AT —0.77g,
B#:—1.39g, C¥F:—4.798, DT :—7.80g224
E ¥4 1.26go1 wste] Azlge] F7HE 35 dA4A%
ZFagE deEdt 3T ARAdAHFE AT 1 12.90g,
B :10.89g, CT :5.878, DT :5.2880. 24 =
9 18. 4dgell vl Fte AAZ ka7 T el ol
Argol8E% AT :—0.060, BT :—0.126, C¥:
—0.997, DF: —1.637248 ofx FlA} 2T
0.069° ®]&te] HAg 2a4E vepl L

EE CA=E : AF:lpg/e CARZMEY AAL
Table 109 ZA8F vie} 2}, A Ao AE 4575 7
297 & o(rat No.2)E Yot =z FFHNE 4
F=roll 104.97p8/g, 8FA ol 810.77ug/gL 2N Fof
717kl whet BE H2FF b} FARG FHEEE
vebd sl et

A M E 474 58 Ad7t $AE4E el e
o 2 HFAE 45l 36.20p8/g, 8FAel 128.37
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o A HAZ lpg/g AEH FAS FHALE
vepligel. & Ao A 454 BE AHdlst 2449

— 363 —



Table 1. Compositions of Basal Diet for Rats

Table 2. Chemical Compositions of Experimental

Diets for Rats

Item Contents(%)
Elements(pg/g)
Ingredients
Corn (%) 63.54 Group Cadmium Zinc Copper Iron
Wheat bran (%) 13.20 A
Barley bran (%) 5.30
Rice bran, solvent (%) 4,00 (Cd 1 pg/e) 1.00 100.00 135.00 80.00
Soybean meal (%) 6.20 B
Salt (%) 0.30 (Cd 10 pg/g) 10.00 100.00 135.00 80.00
Vitamin supplement* (%) 0. 20 C
Sesame meal (%) 5.80
Oyster shell, ground (%) L 46 (C; 100 pg/g) 100.00 100.00 135.00 80.00
Chemical compositions** (Cd 1,000 pg/g) 1,000.00 100.00 135.00 80.00
Cadmium (mg/kg) 0
Zinc (mg/kg)  100.00
Copper (mg/kg)  135.00
Iron (mg/kg) 80.00
*: Vitamin A:10, 000, 000 IU/kg+ Vitamin
D:2, 000,000 IU/kg (Bayer Co).
** : Analytical value.
Table 3. Conditions of Atomic Absorption Spectrophotometry
Elements Wave Lamp Air C,H, Slit
length(nm) current(mA) flow(kg/cm?) flow (kg/cm?) (mm)
Cd 228.8 6.0 1.6 0.8 0.18
Zn 213.8 10.0 1.6 0.8 0.18
Cu 324.8 5.0 1.6 0.8 0.18
Fe 248.3 10.0 1.6 0.8 0.18

Table 4. Effects of Dietary Cadmium(lug/g) on Weight Gain, Feed Intake and Feed Efficiency in Rats

Rat Initial Final Average daily Average daily Feed efficiency
NO weight(g) weight(g) gain(g) feed intake(g)
1 250 240 —0.36 13.47 —0.027
2 235 222 —0.46 14.11 —0.033
3 235 223 —0.43 15.13 -0.028
4 240 210 —1.07 15.00 —0.071
5 255 212 —1.54 13.11 —0.118
6 245 215 —0.54 10,22 —0.053
7 240 210 —0.54 10.00 —0.054
8 255 200 —0.98 13.13 —0.075
9 255 200 —0.98 12.77 —0.077
Mean 246 214 —0.77 12.90 —0. 060
Control 246 298 1.26 18.44 0.069
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Table 5, Effects of Dietary Cadmium(10xg/g) on Weight Gain, Feed Intake and Feed Efficiency in Rats

Rat Initial Final Average daily Average daily .
. . . Feed efficiency
No. weight(g) weight(g) gain(g) feed intake(g)
10 260 212 ~-1.71 11.72 —0.150
11 255 200 —1.96 10. 27 —0.191
12 230 200 —1.07 10. 98 —0.097
13 255 205 —1.79 10. 00 —0.179
14 254 184 —2.50 13.44 —0.186
15 245 210 —0.63 9,47 —0.067
16 245 200 —0.80 11.13 —0.072
17 240 185 —0.98 11. 00 —0.089
18 255 195 —1.07 9.98 —0.107
Mean 249 199 —1.39 10. 89 —0.126
Control 246 298 1.26 18.44 0.069

Table 6. Effects of Dietary Cadmium(10pg/g) on Weight Gain, Feed Intake and Feed Efficiency in Rats

Rat Initial Final Average daily Average daily .
. X . . Feed efficiency

No. weight(g) weight(g) gain(g) feed intake(g)

19 (10th)+ 235 140 —9.50 4.27 —2.225
20 (13th)+ 240 160 —6.15 5.14 —1.197
21 (15th)+ 255 130 —8.33 3.92 ~2.125
22 (15th)+ 260 160 —6.67 4.18 —1.596
23 (17th)+ 237 175 —3.65 8.40 —0.435
24 (22nd)+ 254 220 —1.55 8.45 —0.183
25 (28th) -+ 247 178 —2.46 6.06 —0. 406
26 (28th)+ 230 165 —2.32 7.24 —0.320
27 (28th)+ 240 170 —2.50 5.18 —0.483
Mean 244 166 —4.79 5.87 —0.997
Control 246 298 1.26 18.44 0. 069

+ : Date of death during experimental periods.
Ao degen o HFAE 4FAol 375.57ue/8,  ©lAeh

8¢ 1600.83ug/g°1 %l o}.

AN 457438 Ads £A84¢ Yehlgle
o 7 FFAE 45 205.80pg/g, 8F Aol 178,74
#8/g°) Ak,

Z&o A E 4FAdE 264 2z 8FA = 3
del A AzHJew a2 FFAE 450 9.95¢8/3,
8F Aol 26. 1ug/gol At

w @A A= 4F A= AdelA HEHA ggket
sFaol e 24 A AZHRAow FFAE 101.31¢8/g

AR A 454 FE A7t FAHAE JEHUR
o z HFAE 45l 40.91p8/8, 8F#e] 63.87
pg/sol Aot

CF 1 100pg/gT2 104 FE 289 Abold AHejrt
FAAS G w) oo i HA AL Table 12¢] A
& ehet 7ol 1094 AR ol & v R3] BE A5t
A%, 7+, Sz, &YW Cdo FAHF4E el
o0 2do)l & v A FAx AdA=HAA.

D 1 1000ug/ge A7H3E DT 794 g 284
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Table 7. Effects of Dietary Cadmium(l,000xg/g) on Weight Gain, Feed Intake and Feed Efficiency in

Rats
Rat Initial Final Average daily Average daily L
. . . . ) Feed efficiency

No. weight(g) weight(g) gain(g) feed intake(g)

28 (7th)+ 260 110 —21.43 4.85 —4.412
29 (10th) 4 250 170 —8.00 4.60 —1.739
30 (11th) + 280 149 —11.91 3.90 —3.051
31 (12th)y+ 265 150 —9.58 3.76 —2.553
32 (12th)+ 240 157 —6.92 7.27 —0.949
33 (14th)+ 245 166 —5.64 7.00 —0. 806
34 (25th)+ 235 174 —2.44 5.37 —0.447
35 (28th) - 240 180 —2.14 5.43 —0.387
36 (28th) - 243 184 —2.11 5.37 —0.391
Mean 250 160 —7.80 5.28 —1.637
Control 246 298 1.26 18.44 0. 069

+ : Date of death during experimental periods.

Table 8. Weight Gain, Feed Intake and Feed Efficiency in Control Rats

Rat Initial Final Average daily Average daily .
Feed efficiency

No. weight(g) weight (g) gain(g) feed intake(g)

37 240 280 1.42 17.08 0.083
38 255 285 1.07 18.00 0.059
39 240 280 1.42 19.34 0. 073
40 240 275 1.25 18.22 0. 069
41 255 275 0.71 18.42 0.039
42 240 325 1.52 18.42 0.083
43 265 335 125 19.24 0.065
44 230 315 1.52 18.17 0.084
45 250 320 1.25 19.11 0. 065
Mean 246 298 1.26 18.44 0. 069

Table 9. Effects of Dietary Cadmium on Weight Gain, Feed Intake and Feed Efficiency in Rats

Group Initial Final Average daily Average daily Feed efficiency
weight(g) weight(g) gain(g) feed intake(g)
A 246 214 —0.77 12.90 —0.060
B 249 199 —1.39 10.89 —0.126
C 244 166 —4.79 5.87 —0.997
D 250 160 —7.80 5.28 —1.637
E 246 298 1.26 18.44 0.069
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Table 10. Effects of Dietary Cadmium(lgg/g) on Cadmium Accumulations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats

Rat Liver(ug/g)® Spleen(pg/g)* Kidney (pg/g)® Muscle(zg/g)? Hair (ug/g)*
No. 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks
1 60.01 ND 142.59 ND ND
2 47.64 ” ND " ”
3 19.90 ” 150.93 4 32.32
4 17.23 ” 126. 37 23.70 27.67
5 36.22 ” 104.96 5.05 15.01
6 99.70 ND 800. 00 15.92 27.09
7 74.08 163.18 784.23 18.74 23.66
8 193.18 100. 83 667.54 19.55 64.47
9 128.50 108.89 991.30 17.71 56. 32
Mean 36.20 128.37 0 93.23 104.97 810.77 5.75 17.96 15.00 42.89
Control 0 0 0 0 0 0 0 0 0 0

ND : Not detectable.
a : Dry matter basis

Table 11. Effects of Dietary Cadmium(10xg/g) on Cadmium Accumulations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats

Rat Liver (ug/g)* Spleen(ug/g)? Kidney (pg/g)* Muscle (pg/g)* Hair(pg/g)®
No. 4weeks 8weeks 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks 4weeks 8weeks
10 222.47 ND 470.18 ND 25.97

11 233.75 ” 589.14 " 22.83

12 144. 40 ” 202.16 ” 45.62

13 217.59 " 240.79 39.79 69. 20

14 205.79 ” 375.58 9. 96 40.93

15 133.46 254. 85 1.774.51 ND 62. 89
16 166. 80 ND 1,402.19 30. 36 64. 39
17 133.77 150. 40 1. 312. 86 25. 80 71.62
18 276. 94 ND 1,910. 83 48.28 56.57
Mean 205.80 178.74 0 101.31  375.57 1, 600. 83 9.95 26.11 40.91 63.87
Control 0 0 0 0 0 0 0 0 0 (1

ND : Not detectable.
a: Dry matter basis.
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Table 12, Effects of Dietary Cadmium(100xg8/g) on Cadmium Accmulations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats

Rat Liver (pg/g)? Spleen(pg/g)? Kidney (pg/g)? Muscle(pg/g)?* Hair(ug/g)®
NO

19 (10th)+ 373.04 259. 37 116.51 42.27 55.57
20 (13th)+ 411. 40 ND 257.80 ND 93.69
21 (15th) + 322.18 ” 344.09 68.11 72.18
22 (15th) + 458. 66 ” 385.87 59.11 168.70
23 (17th) + 600. 72 ” 1,015.47 ND 64.48
24 (22nd) + 655. 06 ” 2,121.59 39.74 82.34
25 (28th)+ 257.04 ” 1,147.53 20.26 94.65
26 (28th)+ 487. 44 ” 983.55 ND 58.94
27 (28th) 4+ 149. 84 70.00 1,426.21 38.18 109.44
Mean 382.54 41.17 866. 51 28.49 88.89
Control 0 0 0 0 0

Remarks ND : Not detectable.
+ : Date of death during experimental periods.
a : Dry matter basis

Table 13. Effects of Dietary Cadmium(l, 000xg/g) on Cadmium Accmulations in the Liver, Spleen, Ki-
dney, Muscle and Hair in Rats

Rat Liver(pg/g)* Spleen (zg/g)* Kidney (1g/g)® Muscle(pg/g)* Hair (pg/g)*
NO

28 (7th) + 440. 44 473.21 484.72 44.39 144.42
29 (10th)+ 498. 89 256. 64 644. 36 59.50 380.71
30 (11th) + 328.85 468.20 1,267.83 71.98 100. 15
31 (12th)+ 299. 63 232,02 842,27 69.08 100. 05
32 (12th) + 559, 39 434.11 749. 13 63.91 212.99
33 (14th)+ 373.79 508. 02 813.26 91,63 142.20
34 (25th) + 698. 48 339.37 1,299.70 93.50 350. 75
35 (28th) + 240.10 300. 00 963. 93 40. 00 120.72
36 (28th)+ 319.87 172.16 1,047.75 35.95 488. 47
Mean 417.49 353.75 901. 99 63.32 226.72
Control 0 0 0 0 0

Remarks + : Date of death during experimental periods.
a : Dry matter basis.
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Table 14. Cadmium Concentrations in the Liver, Spleen, Kidney, Muscle and Hair in Control Rats

Rat Liver(ug/g)* Spleen(ug/g)* Kidney (pg/g)* Muscle(ug/g)* Hair(pg/g)*
No. 4weeks  8weeks 4weeks 8weeks 4weeks  8weeks 4weeks 8weeks 4weeks  8weeks
37 ND ND ND ND ND

38 ” n ” ” ”

39 ” ” I ” ”

40 " 14 ” ” ”

41 174 ” ” 174 ”

42 ND ND ND ND ND
43 ” n” ” ” ”
44 4 ” ” ” ”
45 ” 14 14 ” ”
Mean 0 0 0 0 0 0 0 0 0 0

ND : Not detectable.
a : Dry matter basis.

Table 15. Effects of Dietary Cadmium on Cadmium Accumulations in the Liver, Spleen, Kidney, Muscle

and Hair in Rats

Liver(ug/g)* Spleen{(pg/g)® Kidney (z#g/g)* Muscle(#g/g)* Hair(ug/g)*
Group
4weeks 8weeks 4weeks  8weeks 4weeks  8weeks 4weeks 8weeks 4weeks  8weeks
A 36.20 128.37 0 93.23 104.07 810.77 5.75 17.96 15.00 42.89
B 205.80 178.74 0 101.31 375.57 1,600.83 9.95 26.11 40.91 63.87
C 382.54 41,17 866. 51 28.49 88. 89
D 417.49 353.75 901. 99 63.32 226.72
E 0 0 0 0 0 0 0 0 0 0

a: Dry matter basis.

Apolol Aozt #HAE R em =z FAHdA L Table 13

Algelvt zholl wldtel & &gkolgl ot HF-Eo] 4
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AVt 4FARE TG FAQ4] AFHAG. F4
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RBE 279 Fe@apd dlzgo vzt F3F Hol &
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pg/eo 2 N2TS 603. 15ug/gel ¥l3te] feld(p
<0.05) F7+% vtehigich
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Table 16. Effects.of Dietary Cadmium(lpgg/g) on Iron Concentrations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats
Rat Liver(pg/g)® Spleen(pg/g)* Kidney (pg/g)® Muscle(pg/g)* Hair (pg/g)?
No.  4weeks 8weeks  4weeks 8weeks  4weeks 8weeks  4weeks 8weeks 4weeks  8weeks
1 300.02 1, 453. 49 748.54 106. 86 52,31
2 419.65 1,645.11 666. 12 100. 01 121.18
3 534.01 1,795.84 1,048.86 137.47 90. 19
4 409. 15 2,474.58 1,001.43 98. 36 75.45
5 415.72 ) 1,842.28 866. 25 111.60 84.77
6 302.11 5, 565.72 865. 23 148.62 40.00
7 313.60 4,627.45 886. 53 71.57 31.27
8 219. 80 2,577.78 382.61 36.90 67.59
9 380.49 2,916.59 340.31 55. 86 78. 60
Mean 415.71 304.00 1,842.26 3,946.89 866.24 618.67 110.68 78.24 84.78 54.37
Control 447.36 483.66 1,442.54 2,115.69 603.15 971.32 54.31 56. 31 86.00 82.85
a: Dry matter basis.
Table 17. Effects of Dietary Cadmium(10pxg/g) on Iron Concentrations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats
Rat Liver (pg/g)* Spleen (¢g/g)* Kidney (pg/g)* Muscle(zg/g)* Hair (pg/g)*
No, 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks 4weeks 8weeks
10 389.94 2,642.01 671.68 75.14 148.39
11 311.67 1,547.49 1,371.41 52.95 101.52
12 566.28 - .. 1,319.18 1,138.95 130.82 91.14
13 627.67 - 1,777,78 1, 664. 31 119.26 132.51
14 473.89 1,821.64 1,211.60 94.53 118, 44
15 - 606. 65 2, 684.08 1, 208.79 190. 30 108. 43
16 444.80 4,407.95 1,345.19 89.16 97.48
17 232. 60 1, 336. 89 594.50 57.16 66.55
18 297.81 1,661.24 700. 64 61. 60 81.08
Mean 473.89 ) 395 47 1,821.62 2,522.54 1,211.59* 962.28 94.54 99. 56 118.42 88,39
Control 447.36  483.66 1,442.54 2,115.69 603.15 971.32 54.31 56. 31 86.00 82.85

x ¢ Significant(p<0.05) difference.
a: Dry matter basis.
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Table 18. Effects of Dietary Cadmium(100xg/g) on Iron Concentrations in the Liver, Spleen, Kidner,
Muscle and Hair in Rats

Rat No, Liver(pg/g)*  Spleen(pg/g)? Kidney (ng/g)? Muscle(pg/g)* Hair (ug/2)*
19 (10th)+ 1,367.83 2,977.91 1,214.31 269. 64 59,12
20 (13th)+ 1, 100. 94 2, 046. 26 1,526. 46 202. 10 329,90
21 (15th)+- 1,279.26 4,213.48 1,684.59 182.17 200.13
22 (15th) + 968, 99 2, 599. 65 2, 030. 87 77.45 113.41
23 (17th) + 1,067.95 4,225.98 822.05 127. 98 92.78
24 (22nd)+ 1,001.85 1,835.32 1.713.59 79.48 134.73
25 (28th)+ 1,056. 11 4,112.09 1.196.71 102. 68 76.62
26 (28th)+ 1,274.18 4,586.33 670. 60 131.69 338.70
27 (28th)+ 1,272.43 2, 606. 61 2, 356. 35 318.19 118.77
Mean 1,154.39%* 3, 244, 85** 1, 498.73%* 165. 72* 162. 28
Control 447.36 1,442, 54 £03. 15 54. 31 86.00

* : Significant(p<{0. 05) difference.

** : Higher significant(p<0.01) difference.

+ : Date of death during experimental periods.
a: Dry matter basis.

Table 19, Effects of Dietary Cadmium(1, 000¢g/g) on Iron Concentrations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats

Rat No. Liver (pg/g)? Spleen (ug/g)* Kidney (ug/g)® Muscle(pg/g)* Hair (pg/g)®
28 (7th) + 1,415.69 . 3, 030. 30 1,212.61 202, 64 85.58
29 (10th) + 1, 226. 59 2,378.52 2, 904. 56 229,50 143.13
30 (11th)+ 1, 389. 89 4,188.95 1,778.50 225.70 142. 98
31 (12th)+ 1, 055.03 2, 397.53 2, 390. 82 127.25 108.17
32 (12th)+ 1,902.01 3,720.93 2,119.70 93.93 108. 43
33 (14th)+ 417.37 5, 609. 76 1, 060. 89 247.80 134.13
34 (25th)+ 800. 34 2,476. 88 2,008.67 450, 55 190. 84
35 (28th)+ 693. 63 2,011.49 885. 55 128.75 208.78
36 (28th)+ 523.08 2.926. 83 985. 66 95.74 . 133.97
Mean 1,047.07* 3,193, 47** 1,705.22** 200, 21**" 154. 44

Control 447.36 1, 442.54 603. 15 54. 31 86. 00

+ : Date of death during experimental periods.
* : Significant(p<C0. 05) difference.
**: Higher significant(p<(0.01) difference.

a : Dry matter basis.
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Table 20, Iron Concentrations in the Liver, Spleen, Kidney, Muscle and Hair in Control Rats

Rat Liver(pg/g)* Spleen(ug/g)? Kidney (¢g/g)* Muscle(ug/g)* Hair (pg/g)*

No. 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks

37 948.13 1,125.00 384.63 48.42 61.30

38 177.18 1,262.72 500. 00 146. 23 194.02

39 453. 06 2,281.62 947. 69 22.89 53.99

40 328.31 2,171.22 419.32 17.83 44.45

41 330.14 1,372.16 764.12 36.17 76.24

42 679. 48 1, 426.00 794. 24 67.77 34.17

43 200. 32 897.68 864. 32 78.15 180. 66

44 754.54 2,964.73 900. 48 39.17 66.24

45 300. 29 3,174.34 1,326.25 40.14 50.34
Mean 447.36 483.66 1,442.54 2,115.69 603.15 971.32 54,31 56.31 86.00 82.85

a : Dry matter basis.

Table 21. Effects of Dietary Cadmium on Iron Concentrations in the Liver, Spleen,

Hair in Rats

Kidney, Muscle and

. Liver (ug/g)* Spleen (ug/g)* Kidney (ug/g)* Muscle(ug/g)* Hair(pg/g)*
roup -
4weeks 8weeks 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks
A 415.71 304.00 1,842.26 3,946.89 866.24 518.67 110.68 78.24 84.78 54.37
B 473. 89 395.47 1,821.62 2,522.54 1,211.59* 962.28 94.54 99, 56 118.42 88.39
C 1,154.39** 3, 244. 85** 1,498, 73** 165.72* 162.28
D 1,047.07* 3,193.47** 1, 705. 22** 200, 21** 154.54
E 447.36 483.66 1,442.54 2,115.69 603.15 971.32 54. 31 56.31 86. 00 82.85

* : Significant(p<0. 05) difference.
** : Higher significant (p<0.01) difference.
a ! Dry matter basis.
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Table 22. Effects of Dietary Cadmium(lpg/g) on Zinc Concentrations in the Liver,

Muscle and Hair in Rats

Spleen, Kidney,

Rat Liver (pg/g)* Spleen(ug/g)* Kidney (p22/g)® Muscle(ug/g)* Hair (g /g)?
No. 4weeks  8weeks 4weeks 8weeks 4weeks  8weeks 4weeks  8weeks 4weeks  8weeks
1 102,52 118.92 221. 80 39.37 116.25
2 94.14 113.46 285,48 50. 43 132.54
3 114.08 157.53 306. 93 61.62 195. 40
4 101.21 203.39 309.97 70,12 194,92
5 103. 00 148. 35 281.07 55.41 159.79
6 90.04 246. 38 122.75 50.72 186.13
7 93.65 258.50 119.52 51.56 215.35
8 84.54 144. 44 260. 87 47.97 202.77
9 114.15 80. 20 130. 89 38.67 196.49
Mean  102.99 95.59 148.33 182.38 281.05* 159.26 55.39 47.23 159.78 200.19
Control 97.12 113.59 169.06  226.97 166.79  201.14 39.08 55.79 161.26 172.97
* : Significant(p<{0. 05) difference.
a ¢ Dry matter basis.
Table 23. Effects of Dietary Cadmium(10pxg/g) on Zinc Concentrations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats
Rat Liver(pg/g)* Spleen(pg/g)* Kidney (pg/g)* Muscle(¢g/g)* Hair(pg/g)*
No. 4weeks  8weeks 4weeks 8weeks 4weeks  &weeks 4weeks  8weeks 4weeks  8weeks
10 134.85 99. 08 241.81 41.65 48.41
11 116. 88 133.41 320.18 52.95 75.55
12 147.23 128.70 398. 63 73.94 172.34
13 154. 83 222.22 318.70 129.93 250. 30
14 138. 46 145.87 319.85 74.64 138.68
15 191.70 339.81 595.60 90.78 114.21
16 169. 02 479. 69 228.32 68. 45 309.74
17 71.57 167.11 272.48 79.22 188.73
18 128.58 203.46 254.78 79.15 202.70
Mean 138.45 140.22 145.85  297.52 319.83* 312.78 74.62 79.40 138.68 203.85
Control 97.12 113.59 169.06  226.97 166.79 201.14 39.08 55.79 161.26 172.97

* : Significant(p<C0. 05) difference.
a : Dry matter basis.
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Table 24. Effects of Dietary Cadmium(100xg/g) on Zinc Concentrations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats

Rat No, Liver(pg/g)* Spleen (ug/g)* Kidney (pg/g)* Muscle(zg/g)* Hair (zg/g)*
19 (10th)+ 435.22 365. 03 387.27 96.93 148.74
20 (13th)+ 422.99 578.29 368.05 101. 46 237.53
21 (15th)+ 360. 09 365.17 372.76 108. 40 181.23
22 (15th)+ 452.20 583.48 450.85 145. 66 160.19
23 (17th)+ 246.96 155.69 263. 96 83. 68 137.78
24 (22nd)+ 131.01 148.81 305. 99 97.14 124.55
25 (28th)+ 253. 62 91.81 343.71 116. 49 74.37
26 (28th)+ 213.93 49.16 304.10 64.85 76. 62
27 (28th)+ 140.76 126.23 310.05 84.63 73.46
Mean 315.72** 289. 36 350. 96** 100. 26** 151.81
Control 97.12 169. 06 166.79 39.08 151.26

** : Higher significant(p<{0.01) difference.
+ : Date of death during experimental periods.
a : Dry matter basis.

Table 25. Effects of Dietary Cadmium(l, 000xg/g) on Zinc Concentrations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats

Rat No. Liver(ug/g)* Spleen(ug/g)* Kidney(xg/g)* Muscle(ug/g)* Hair(ug/g)*
28 (7th) + 365. 49 650. 62 394.10 106. 08 128.69
29 (10th)+ 124.72 154.87 231.88 101.99 238.55
30 (11th)+ 324.09 591. 87 414.94 129. 36 243,32
31 (12th)+ 312.29 274.56 353.84 128.16 237.97
32 (12th)+ 532.56 600.78 482.13 98.90 233,43
33 (14th)+ 372.27 691.96 480.35 114.54 163. 67
34 (25th)+ 227.59 188. 54 336.56 54,57 150. 68
35 (28th) + 136.06 114.94 135. 49 50. 38 102.17
36 (28th)-+ 251. 81 97.56 143.53 67.58 223.13
Mean 271. 88* 373.97 330.87* 94. 62** 191.29
Control 97.12 169. 06 166.79 39.08 161. 26

+ : Date of death during experimental periods.
* : Significant(p<0. 05) difference.

** : Higher significant(p<{0.01) difference.

a : Dry matter basis.
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Table 26. Zinc Concentrations in the Liver, Spleen, Kidney, Muscle and Hair in Rats

Rat Liver(ug/g)® Spleen(ug/g)* Kidney (pg/g)* Muscle(ug/g)® Hair(pg/g)*
No, 4weeks 8weeks 4weeks  8weeks 4weeks 8weeks 4weeks  8weeks 4weeks  8weeks
37 95.14 162.97 265.35 42.50 95.52

38 90. 61 139. 58 216.89 57.95 136. 80

39 128.81 200.00 150. 00 37.74 194.12

40 70. 88 118.64 76.92 27.23 223.14

41 100. 14 224.11 124.78 30.00 156. 74

42 105. 46 300. 04 196. 74 56. 49 158. 44
43 120.79 156. 74 200. 91 70.48 200. 67
44 88.74 200. 74 307.44 55.44 132.11
45 139.35 250. 67 100.35 40.73 200. 64
Mean 97.12 113.59 169.06 226.97  166.79 201.14 39.08 55.79 161.26 172.97

a ! Dry matter basis.

Table 27. Effects of Dietary Cadmium on Zinc Concentrations in the Liver, Spleen, Kidney, Muscle and

Hair in Rats

G Liver(pg/g)* Spleen(ug/g)* Kidney (ug/g)* Muscle(ug/g)* Hair(pg/g)®
roup
4weeks  8weeks 4weeks 8weeks 4weeks 8Sweeks 4weeks 8weeks 4weeks 8weeks
A 102.99 95.59 148.33  182.38 281.05* 159.26 55.39 47.23 159.78  200.19
B 138.45 140.22 145.85 297.52 319.83* 312.78 74.62 79.40 138.68  203.85
C 315.72** 289. 36 350. 96* 100. 26** 151.81
D 271.88* 373.97 330.87* 94. 62** 191.29
E 97.12 113.59 169.06  226.97 166.69 201,14 39.08 55. 79 161.26 172.97

* : Significant(p<0. 05) difference.
** : Higher significant(p<{0.01) difference.
o : Dry matter basis.
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Table 28. Effects of Dietary Cadmium(lgg/g) on Copper Concentrations in the Liver,

Muscle and Hair in Rats

Spleen, Kidney,

Rat Liver(pg/g)* Spleen(xg/g)* Kidney(pg/g)® Muscle(pg/g)* Hair(ug/g)®
No. 4weeks 8weeks 4weeks  8weeks dweeks  3weeks 4weeks  8weeks 4weeks  8weeks
1 28.75 ND 66.54 ND ND
2 36.29 39.98 106. 04 2.88 ”
3 29.13 78.77 51.16 ND 7.52
4 12.92 50. 85 23.84 7.25 3.14
5 26.76 42.40 62. 42 2.52 2.89
6 7.86 17.71 80. 66 6.06 10.47
7 11.40 28.99 54. 56 ND 4.86
8 8.46 20. 46 75.34 5.74 6.84
9 14.24 30.27 68.73 4.45 8.00
Mean 26.77 10. 49 42.40 24.36 62.00 69. 82 2.53 4.06 2.67 7.54
Control 13.96 23.27 19.93 33.79 76.69 121.27 18.28 20. 86 24.33 28.37

ND : Not detectable.

a : Dry matter basis.

Table 29. Effects of Dietary Cadmium(10ug/g) on Copper Concentrations in the Liver, Spleen, Kidney,

Muscle and Hair in Rats

Rat Liver(xg/g)* Spleen(pg/g)* Kidney(pz/g)® Muscle(xg/g)*

Hair(pg/g)"

No. 4weeks  8weeks 4weeks 8weeks 4weeks  Eweeks 4weeks  8weeks

4weeks 8weeks

10 39.00 ND 88. 66 8.33 ND

11 25.97 ” 105. 22 4.54 6.08

12 14.16 48.26 56. 95 ND 5.07

13 12.55 ND 70. 82 24.36 ND

14 22.92 32.14 80.15 9.32 2.80

15 19. 41 24.47 137. 36 10.56 ND

16 15.57 86.43 114. 00 5.95 "

17 10.48 44.24 159. 24 8.74 4.42

18 20. 36 30.78 94.34 6.86 3.20
Mean 22,92 16. 46 16.08  46.43 80.36 126.24 9.31 8.03 2.79 1.91
Control 13.96  23.17 19.93  33.79 76.69 121.27 18.28 10. 86 24.33  28.37

ND : Not detectable.

a : Dry matter basis,
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Table 30. Effects of Dietary Cadminm(100ug/g) on Copper Concentrations in the Liver, Spleen, Kidney
Muscle and Hair in Rats

Rat No. Liver(pg/g)* Spleen(ug/g)* Kidney (ug/g)? Muscle(ug/g)* Hair(pg/g)*
19 (10th)+ 49.74 ND 96. 41 21.86 11.82
20 (13th)-+ 23.18 ” 135.69 16.17 ND
21 (15th)+ 28.43 112.36 107.53 19.17 14.97
22 (15th)+ 35.53 88.97 81.24 42.22 22.24
23 (17th)+ 22.69 ND 79.79 6. 40 ND
24 (22nd)+ 30.83 49. 60 122. 39 26.49 21.27
25 (28th)+ 13.17 ND 46.94 5.07 ND
26 (28th)+ 24,10 ” 123.39 2.16 10.43
27 (28th)+ 9.08 ” 82.68 9.55 8.74
Mean 26.37* 41.82 97. 34 16. 56 9.94
Control 13.96 19.93 76.69 18.28 24.33

+ ¢ Date of death during experimental periods.
ND : Not detectable.

* : Significant(p<<0. 05) difference.

a : Dry matter basis.

Table 31. Effects of Dietary Cadmium(1,000¢g/g) on Copper Concentrations in the Liver, Spleen, Kidney,
Muscle and Hair in Rats

Rat No. Liver(ug/g)* Spleen(pg/g)* Kidney (ug/g)® Muscle(ug/g)* Hair (p#g/g)*
28 (7th) + 36.03 178.57 174.67 15.05 10. 69
29 (10th)+ 30.98 88. 34 150. 69 5.22 31.81
30 (11th)+ 41.95 178.25 161. 68 26.43 32.27
31 (12th)+ 59.08 77.34 63.76 36. 36 13.52
32 (12th)+ 53.26 232.56 80.84 22.82 8.94
33 (14th)+ 48.74 68. 44 92.14 10. 00 ND
34 (25th)+ 34.74 100. 10 120. 43 9. 60 20.20
35 (28th)+ 16.54 63.22 79.35 8.40 ND
36 (28th)+ 22.31 77.32 84.91 10.14 15.64
Mean 38.18** 118. 24 112.05 16. 00 14.79
Control 13.96 19.93 76.69 18.28 24.33

+ : Date of death during experimental periods.
ND : Not detectable.

** : Higher significant(p<{0.01) difference.

a : Dry matter basis,
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Table 32. Copper Concentrations in the Liver, Spleen, Kidney, Muscle and Hair in Control Rats

Rat Liver(ug/g)* Spleen(pg/g)* Kidney(ug/g)* Muscle(pg/g)* Hair(pg/g)*
No. 4weeks 8weeks 4weeks 8weeks 4weeks 8weeks 4weeks  8weeks 4weeks 8weeks
37 19.63 114.16 25.30 45.98
38 10.60 i 115.77 44.58 38.81
39 4.44 49,43 59.09 1.62 16.67
40 25.30 20,23 29.29 6.70 ND
41 9.84 30.00 65. 14 13.26 20.18
42 25.28 65.14 126.54 24,17 34.68
43 42.14 70.00 220.13 30.00 12.17
44 10.25 ND 60.11 8.14 40.49
45 38.26 ” 78.28 21.11 26.14
Mean 13.96 23.17 19.93 33.79 76.69 121.27 18.28 20. 86 24,33 28.37
ND : Not detectable.
a : Dry matter basis.
Table 33. Effects of Dietary Cadmium on Copper Concentrations in the Liver, Spleen, Kidney, Muscle
and Hair in Rats
G Liver(ug/g)?* Spleen(ug/g)* Kidney (1g/g)* Muscle(pg/g)? Hair(ug/g)*
roup —
4weeks 8weeks 4weeks 8weeks 4weeks 8weeks 4weeks 8weeks 4weeks  8weeks
A 26.77 10.49 42.40 24, 36 62, 00 69. 82 2.53 4.06 2.67 7.54
B 22.92 16. 46 16.08 46.43 80.36 126.24 9.31 8.03 2.79 1.91
C 26.37* 41.82 97. 34 16. 56 9.94
D 39.18** 118.24 112.05 16. 00 14.79
E 13.96 23.17 19.93 33.79 76.69 121.27 18.28 10. 86 24.33 28.37

* : Significant(p<0. 05) difference.
** : Higher significant(p<(0.01) difference.

a : Dry matter basis.

Table 34. Effects of Dietary Cadmium on Mean

Erythrocyte Counts and Hemoglobin

Values in Rats

Erythrocytes. Hemoglobin
(10%/cmm?) (gm/dl)
Group -
4weeks  8weeks 4weeks 8weeks

A 723.0  760.0 11.7 12.6
B 779.0 692.0 12.0 11.5
C 478.0 9.3
Control 612.0 650.0 12.3 12.7

mg/dlZ A HzF9) 42.85mg/dl, 63, 14mg/dlo] u] 3}
o Z&A L Jepidlcl. 22y Cudteke 6.67mg/
dl, 9.68mg/dl® o 279 10.12mg/dl, 12.76mg/dle]
uj gt ol g Wile velhdx] gigkeh. 10pg/p CdA
7hEe 4FA 9 8 A9 CadhekE 10.47mg/dl, 15.24
mg/dl-¢ el Sich Fedtek2 64.23mg/dl, 124.18
mg/dl2 279 85, 64mg/dl, 113.61mg/dlell u]3}
o o1& H3tE Ve A= ko Znghae 26.78
mg/dl, 23.24mg/dl2 =27 42, 85mg/dl, 63.14
mg/dle] v]ste Z22A &S el aeiy Cud

2 7.48mg/dl, 12.11mg/dlE2 HZF2] 10. 12mg/dl,
12. 76mg/dlell ¥] 3] {23k Wsle A H A ok
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Table 35. Cadmium, Zinc, Copper and Iron Concentrations in Sérum Fed Experimental Diets and Control

Diet
Cd(mg/dl '
Group g/dl) Zn(mg{dl) Cu(mg/dl) Fe(mg/dl)

4weeks 8weeks 4weeks 8weeks 4weeks 8weeks 4weeks 8weeks

A 7.33 ‘12. 11 v15. 74 20.00 6.67 9.68 68.59 1107.69

B 10. 47 15.24 26.78 23.24 7.48 12.11 64.23 124.18

E ND ND 42.85 - 63.14 10.12 12.76 85.64 113.61

1972; Perry$}t Erlanger, 1971; Lucis 5, 1969; Miller
n

Fox(1976)e] oj3tad Abate) A4 CdY FEZ]
7] Astel = G4 Eol HaH Spg/z o4 Cd
o] gf=ejof Atz gl e, WHOqAHE Cd9 &
AEW 9 gt 19 AF kgD 1pg/g o3tz B
=% vl 1ok (Underwood, 1977). =z} Cd9] &<
st HAE SAENY F7)A 53] Fe, Zn, Cud #
Fol dote] & JFL Loz Hade FE% =
AR #3A7E 23evtz 8457 (Underw-
ood, 1977). WA & AFo]AE Cdo) A Hot
&g 1, 10, 100, 1000xg/29) 47}R =2 d14 o).

Osuna §-(1981), Cousins %-(1973), Pond 5 (1973)
2 Henning 5(1964)& s |o| 4], Doyle 5(1974) 2 A
o]l 4], Weber9} Reid(1969) % Schroeder 5-(1963)-&
miceo] 4], Miller §(1967)& o4 =2z Wilson
7 Deds(1941)%= ratol 49 A3 F3lo Cdg A7
3 AEE Foled ABAAE, A& 2 ABolE
o] 73-/*5113}‘-: AL Bastget. =23} Combs %
(1983)& rate] 0.1~15.9¢g/g9} Cd& A1 ARE
5797 Felghe] & Ast ol#d Wste v &
$teks shg ok *é’ﬁ A& Fe: 80ug/g, Zn :100
ug/g, Cu: 135pg/g°] #8487 2A 80 Cdg 1, 10,
100, 1000¢g/g¥ A7Hsk AT E ratd] Fojste] £ A
ol '7‘°ﬂ/‘1‘+ AeAdd%, FAE 2 ARl gE
o AAT FaZ vy %imv% £3] 100¢g/g o4
Cdg Ar1a cwr DFL P E-3o] 283 ool A}
Hylvh, ole @ Az Mot rato!l A lpg/g °l A4l Cd
o 2EZAL erMZJ_ F dE R =9,

Cde MH 0131 24 F A -—51 M}Jr Zhel
*7’54‘1]-‘_'7,1{— ‘{?;{— @A} Bartiks} Piskac, 1981
Osuma 5 1981; Goodhart %-, 1980; Sharma®} Street,
1980; Valberg 5, 1976; Neathery %, 1975; Doyle &,
1974; Ttokawa % 1974; Neather &, 19747 Winge 5,
1974; Cousins '%," 1973} Shaikh &, 1972; Stowe %,

%, 1969; Decker &, 1957; Wilson %5, 19415
ste] dAHw ot 2%, v, ¥4 4 Al
Cd&Ao] o3 oy 9 A, Ao F44 Cd
& F2 AFAFH o] A=k AL Valberg 5-(19
76) % vl Z3t g dFAEe] g3 Husden
rate] W}3te] = Combs 5(1983)9] ®mr} ek £.4
T AFA AL Cd) ArlE R Fod7|7ke] wE Fo]
E oy BE FolA AR A4l s e
53 BTAAE 8FA Aol 1600.83pg/g2] Cdo]
SAH A, o AH oz Ho} iﬂbﬂcﬂl Fod Cd

- 32 A4 3 el FAd%E AL F44 A
zelv AEd AdEY L_oﬂxif Cd4 4, A4

22 #Hg AActn ¢HA A5HeY Fe, Zn,
Cud) #F& AANA ggdoz 2 APAs v
wEA e ke, ‘ ’

Cde] 59 &A4o] Hatde Aol dAAHA &
t}, & Sharma 5(1980)-2 o) 11.3pg/ge] Cde 4
7Hek Asg 1237 Fdstged Cdo F&W A
< AFHA gskekxm stdow Cousins 5(1973)2
Aol 239 CAAAANEE FAE Aol CdY
Z50 SAo] AAHA et 1350pg/g8] Cdi
A7 Agele Aol A=Az dglet &
A% A e BE AP TFAA 454 H5 Cd9) &
Sl 2Aggo] AdFHGer] 2 FFE Cdo F
717kl wek Fobete A4S e 282 F
2 a1 Jgoz AZHdE AE 2HE # oy
T AL FEALY FaF A A4

Cdol vl &Ad Hdele Rurt AHow dA
Wilsons} Deds(1941)7} ratej] 4], Cousins 5-(1973)¢}
AR A A v A 5 Cdo] FARTHE= AL Ba3gd
woltk, & AY AF)ME A, BIolAE 8FAel
C, DFE 454 38 TR S48 4] AAAA-

o| A3} 7o) Cdel WEA7 ] FAATGE AL o
g ATAE 9ste] Fel=m ot oo Fukdtd

rlo
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B E FHHEA Fed e ofq7A] AL o}
£ 4 gleh. @A Combs §(1983)3}F Doyle £(1974)9]
A% R g rato] Aste] 60xg/g744 2] Cde A7)
T ARE 57~1919 7 Feistg ot 2wl 2] Cddta
<= 0.70pg/g02 HE2TH {8 ol & AR 5
WaltE e asgle ot £ A7 Ay
= BE AQTAA 4FA FH FEE $H4F] o
A o8, 53 gFalolL A}l 42.89~63.87ug/”
ol B3 HA4E dehidE vt o) AR Hol
B CdfFe ATz Yz CdZAy

T F4E F AS Aol= 44w,

B Cdg A7HE 39 FHAE Cdo] FA5 ¢
Ao ot obd RyolE Hol¥ & vk 2 A
el A= A¥eo) AA5dd ZE 79 I3 249
& A} £ Cdo] 4=}, 2t 454 2 8

FAL 243 Aolol F9& ol ARHAA ket

23 Y IndF e 4F 9 8F Al Bz o] u)
e F2FFE JEiP Loz ol Cdo] Zng] &
TE WAl gAY 98 RS9 (Gunn E,
1962; Blood 5-, 1983; Leman %, 1981; Osuna =,
1981; Neathery %, 1975; Doyle %, 1974; Robert %
1973; Lucis &, 1969; Miller 5, 1969; Gunn =,
1962) 4A3t= Astel 449}, g5 Fe ¥ Cuitad
+ HE=2Td FA% Aol vehiA| kg

2 AYY AAA NN 10pg/g |5 Cde HA}
A, BEANE HIEF L QAL Fakol o 273
vRetg ot 10040/ CdE HAG CFAAE 3
7 F a3 244 %2 Yeugle. Decker
S9N L FFol 50pg/gd Cde A5k rate] F
Aste] B A3t 2F Foll: Yol dA 3 A8}
H o} 1048/g9) Cd& Arbshad 147 wigo] vhg
1A dgetn st & 499 AdE CdyAAR
2 Fdst wldo] vehdds § o A5 B
5% A Astel A4 B A9 Agulon:
AW Fulo] Wldo] oy N AL 3 Futsgl
=3 #4387 Zasi

Combs 5-(1983)2 ratel] 0.1~15.94g/g%] Cd& A
7He A8 E 5797 Fsto] ¥ AA 749] Fedtgol
ZaE vtz dtg.e Osuma 2(1981) 2 Doyle(19
E AF L AAAA FA47 A4E 2addo,
28 o]etE Wil E Anke $(1975)e] &shd Thof
2000g/e%) Cd& R71st AR 2897 Foistd 2
A3 729 FeFapo] Zsgtn dideh. 2 484
A%, 7, THY Fegrake AZNAE dzF
FAR Aoz AAHA ggert CFF DFAAE

454 F9% 571 JeE Atk o)#H T A £ Anke
FQA97D 0] BollA #aAd Az dAHH, oA
Atsel =] Cdo] A7 A Sy 23W9 Fedt
Fol Z7EE ZAew Hd. gudez Alaue
Cd& Fesl F¢ A4S Badicts ¢33 .o (Un-
derwood, 1977; Richardson %, 1973; Winge, 1973;
Mills 5, 1972; Anke %, 1971; Bains %, 1969 %
Berlin &, 1960) ©t2 =Z=Fule] Feol Fa| o] kel
FAH g 7o) Fegtgfol F7ldels £ 9.
ARA Tl AE 7k B ofdE AR R ZTHM
Fedtafo] Folu g o2 o2 2% o)A Fee] {25
AL v Aoz 547,

ZAW Zngteke] #ale] Combs 5(1983), Doyl %-
(1975, 1974), Cousins %(1973) % Robert 5-(1973)
of rat, A, A¢ L Lo AT AP F3}e CdH
7 RE Foetd A%, 7, F5% 22 Wiz o)
A AR AE Badtdc. £ AgASeAE 4
FAE A TAA FoAF FUME vl ot o]
g oA A3t obF whaEA 9A gkth

Cug} kel 33} Doyle 5(1974) @ Bunn3} Matrone
(1966)2 A+oF 2 ratof Ao AL Fdted Cdd At
B Foq%a 2AW FFe] Adddn Rusgo.
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78] CdgaFo] foetA F7lH9 S ol& Anke
(9718 Buet AX st Aot Y=,

2o CdgFekol Hate] Combs 5(1983)3} Doyle
2 (1974)0) Aok} rat D Abekol Al Cde] ==} Az
of Mz drY CdgaeE F4ste 2 A3 fre
FFe dz2Fd A% ol & vepuilA gkt s
et A4S A5 Cditge] Hsted: Bartiksb
Piskac(1981) ¥ Powell 5(1964)2] B 37} ot 2
A9 FAo w2y JRUe CdgFe) HidE of
3 e 2anedE HolE gtk £ A7 A
A8 B3t Fod Cde A, 7, /L v 3
WY 246 FAAGE AL ¢ F dded, o
124718 8L Vel BE ratAE IR Cd
gT 4438 F7M4E ¢ 4+ A FEA ratel A
£ Are Cdte SAF 24 YiAgs19 CdE=
A E dAE3E 5 e Aoz 4=,

2 E

A FtERS A7 AzY 2 dre sl=§
4, obd, FHA FFol WX E T FIE A



oz 2 A4S AYsidcl. 4659 raty: 954 4
ART(1, 10, 100, 1000xg/22] Cd F AR FoF)
# J2FCl2A8 FH ez e AFsg.

REARTL 45 1 8FAA A% 57 R 474 E
EAT & A%, 7, 2%, d93, 89 9 ARE A
At AAFFEFFEAP oz A7949 dFE

FAstgen] olg HHsle AmolE&E P YA
w3e 2AR,

A9AAE 2ok G ek,

1. BE 79 rate 1~2F 358 A4, FA& 2

A g0 &89 24F vehgleh
2 BE 79 el AL F=gel A 3 Rl
b 2%, SlAA TR

7yo] F74gol wel A%,
Ft= gy FA" Ao dA=R oA o1 FAHAZL
53] A3 bl A b FA s
3. =L 98 23 29 ol FARAE FA
D}—“‘: Zeol 4FHA[t. F AU =g F
.°_7J EE raty ARV 43Fd ylow

4. 100pg/gTol A HEF 2 a3 a4

o] byt

5. 1pg/eT& AT ZE FAAE 4574 A%,
t e 5 3 FEY §93(p<0.01, p<0.05)
F7H7F A3 = A

6. ZE FTAAME 4570 A%, 71, TEUHY ofd
ko]l F29J31A (p<0.01, p<0.05) F74st. 28]
v AW ol Fee AaAFE e

7. 100pg/gF 2 1000pg/gEA A E 4FA ke F
g gteFe] 934 (p<0.01) F71E %t

8. o] A9 AFZE Hol ARy Jl=F AL 4
A WA =g FHAANE FA43E dHe &
EFC’] % A-—E T%‘%r’}'
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