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ARy a (CH) BBEACHBINDENREL, LrdbERCERIACTL, BHEbE
WOTIKER, S E EIICBEFRME L LCEERA SR TV 2ESBO—DOThD, b
DESE PCB, DDT 7t X OFBARMLENNERC E2 5 HB L RELME L > TR
h, BEIRFBRERICL > TINOOWE L AEEEINVBERING Z ENEHIR,
COHEDORFENER SN TNDED, REROFTHRHIC L-7 A 24 € v (AsA) 13k L&
SR NTH N 37228, =y rad, @9, 0, 15 v v DR Y oRBERYEMT
DRREEFTHEEDRHMONT WS, BEDLD MO BIV= <A REDAFICR\Th
AsA PSROBHNBEREXIH L, SHOBELYEM T2ERALYE T2 LxHLMC L. F#
T, ETHIVNIvAGEBOREIFANTC=C~AZHABFTLC, BIEE, »F v rDFEAN
DER, BMEORBLENLS, FHREC EFRBLYHY, KWTrFivaihBERH TS
AsA B EDHEBLHI,

2. BE&IURBRAEE

2.1, =|ERI

A THESHEBTCER LSEES P A=< x Salmo gairdneri » B S
fkt (Table 1) T2 BHTHMAT Lcob, R - GRESKEKN 5> TARMNCET O
whWMEGE0RE CFEEE6.5g) BEPIL, HRARL L

HRREEMEHEKR AR T o500 D7 7 ) Akl 6 BICRAEL, FhER Table
1 R LR OEEREFR CHRK) & X OEERFERNCH ¥ § v 4 (CdCl:-2':H.0) % 20,
50, 200, 500, 2000pg/g diet ¥R L CHRHE LR 285 Lic, ek EAFRO AsA
EEIT 200mg/100g Th 7z, RARII1I ALV FED 4K L L, BF 2 T THREL
foo BB KITIERR CAHMBLIKREKERAY, HARTHFICESK Lo R ORI
15~19CTh »Tco LFERDKHTTIBHMMAE Licob, UTOSMICHE L,
ARIVLADOER EBLTHB—BERE (1: 1 CEXSME, Bir170-30F R FEIexr
Eitr AV TER L

~NEFQECREEAT MY v MEORIE MKIIEFWROMICL DR LI, ~E/ "
SVEERCTVAL~NESREVERLDFy FTRIELR, ~< M2 ) v MEZEMFIC
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BRLUCIME L ~~ b 7Y v P AROEECEOSEE (12,000 rpm, 10min) LCEIE L1,

Table |. Composition of the basal diet

Component Parts (%)
Milk casein(vitamin-free) 54
Dextrin 16
o~Starch 15
o-Cellulose 4
Soybean oil 3
Cod-liver oil 2
Mineral mixture*! 4
Vitamin mixture*?2 2

*1 y.5.P.XIT Salt mixture No.2 with trace metals.

*2 vitamin mixture contained(mg/100g diet): thiamine-HCl 6,
riboflavine 10, nicotinic acid 40, calcium pantothenate 10,
vitamin By 0.01, menadion 5, biotin 5, pyridoxine-HCl 4,
inositol 400, choline chloride 800, folic acid 1.5,
vitamin A acetate 2000IU, o-tocopherol 50, L-ascorbic acid 200.
a-Cellulose was used as a carrier for the vitamin mixture.

2.2. ®ERI

HEA SR I AD =~ AEERI LA ULMH TTHEAER LD, 3208 (EHk
F15g) BB LTHERME Lt

RBRXEALHER HRA0B T 2%500 BAD7 7 J AKBIIVAEL, fRA~DO» F v A
RIMEDHER LU AsA BINOEFEIZ L > TI~VIORBX A HE L (Table 2), 7niks,
WX EVIRE 2, FOloRBREE 3 HoKBECHRAYINA L, BERIZIEH FTIX
1AM DEED LG L Lo TOBRBIGEHMET LicoT, 4BHUKEE3 %, 8EHELK
12% & Lice FOMOL&MITFBRT T CIGEBRAE L, 3HH, 68H, 10BHLT
DR L,

Table 2. Experimental conditions for each group

Group No.of Cd and AsA*1 contents in diet
fish Cd(ug/g diet) AsA(mg/100g diet)
I 60 0 0
IT 60 0 200
111 60 50 0
Iv 40 50 200
v 60 © 200 0
VI 40 200 200

*1 p-Ascorbic acid

ARITLEBOER KRIHEL -7
ANESOECBEEAT M) v MEDRIE FERIICHEL TT- 10
ASADER & F 5o vEROR L » T E MEOK AsA B4 RIZE L1,

3. BMABIUEE
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3.1. RERI

BERRS L TEEBIRREE » F v A 20002g/g diet 85 L-RBREC RT3 BEA
KLy 1 v vIRBBAR LD, T XTOHERANFEILL, » F v a500ug/g diet D
AR I\ T H R TR T TIC 4 BARIE Lico Mo MBRKIC R W TRIEILT 5 [Efk237e
MoledDT, HRIVLAREOEBCI) B LIEELLND, EBERREE, »1Fiva
5001g/g dietx %5 L-RRX CHRSEBHI4E Ho bAJCER LA, 7 F 1 v ARNE
200pg/g diet LAFORBRK TIERIFTEH - 120

BHEBOHEIVLEHE MBBAHCEAXAOEFEGE YLV LT C, 2BABIC
fig, KPR EIE, ME (B IO, BiA, FHEBO» F v aE5HEERE L (Table
3o BRAKR LCITHEOMBO Y F 1 v A EGHE L, B A F v AREN 0~200 #g/
g diet IWEIN+ BTl - THEIN Lico 7 K § % & 500 ng/g diet 85 L5 BRIX CiX 200 pg
/g diet DFABMKICILA~THE, FHE, HA, BHEFOH ¥ ¥y AH5FEMET Lico THULETD
Lc X 5 ERBOEMIC L T, # V19 2a0ROBRE MBI LIz binibEEZD
Nde #F Iy aiZdEBRECERIN-ORMEE TS, B FEE X OBBC Sk
D OBEENHD NI, HALBHETDOS F 1 v 2 BEEITHTN T > KuMmapald s 4
SO AREED D F v AMEAWERAOMNCERE L THRASEBR~D» F 1 v a0BER LT
NIHER, AMOKRER S I2ISFRBOBEAZHED T b,

Table 3. Cadmium contents in whole body and several tissues of rainbow trout

Group Cd content (ug/g wet tissue)*1
Cd(ug/g diet) Whole body Gill Liver Kidney Gaguzzxistuml Muscle Vertebrae
0 0.44#0.0 0.7+0.3 0.2+0.1 0.6+0.2 0.9+ 0.3 0.09+0.03 0.6+0.4
20 0.8+0.2 3.0%1.0 1.0+#0.3 3.4+1.0 8.6+ 3.0 0.03+0.02 0.7+0.1
50 1.4+0.2 4.9+2.2 1.9+0.5 4.9+0.8 13.3+ 4.8 0.08+0.05 1.2+0.5
200 2.0£1.0 6.9+1.6 6.0+1.1 15.3+6.0 39.0+12.5 0.25+0.09 1.4+0.3
500 N.D.*2 3.8+1.0 5.0+1.5 18.2+7.7 40.0+13.8 0.18+0.08 1.3+0.4
*1 Values are expressed as mean +S.D. for 4 or 5 fish.

*2  Not determined.

MR SBBAHCEELLE~8BELEIBIF T, ~errne VgL~ 2 Yy
MERME L7z (Table 4)o ~T/w ¥ VBRI O» F v ABENHENT S 24
T, ETTAEMERL, # F$ v A200, 500 #g/g diet 285 LcRBRK CIIHBR X D %
HE EAEBIET LA(P<0.01) ~= 7Y » MEIXH F 3 % 420, 502g/g diet 5L
FeRBRIX THIBRE & 0 & 28 Lizas, 200, 500 pg/g diet &35 U RERXK CIIRX X
DAEBIET L7c(P<0.0D0 ZHBHDI Ehk 200pg/g diet UEDH F 3w ak#HEL
TRBK CRAMEREYFEH TS 0ot 7 F 3 v ahBR I ZEMI, BEMDLO
FRIRDHE L 2HORZBERDIFERTEH D, T ¥ 1 v AR X SR MBRTEE O T
WML, X HIIEANE S v e VAERROBEREDRFIMb > T % &E LB,

FERMIDERID, KOERUTIZEABA~DH ¥ I v AEHMES50% L 200 pg/g diet &
LT, #F 3y ahBRrNTS AsA BEDRBLARL - e L
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2.2 EERI
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Table 4. Effects of dietary cadmium on hemoglobin level and hematochrit

value
Group Hemoglobin*1 Hematochrit*?
Cd(ug/g diet) (g/da1) (%)

0 7.2+0.8 (7%2) 49+ 8 (8)
20 6.7+0.5 (7) 57+10 (7)
50 6.4+0.5 (7) 53+12 (7)
200 5.5 +0.8%3(7) 34+ 7%3(7)
500 5.1+ 0.8%3(4) 26 + 8%3(5)

*1 vValues are expressed as mean + S.D..
*2 Number of fish assayed.
*% gignificantly different from control group.

v AR L AREROETIEFCIZED bR - 1o

ok, BEREVTIH F I v AdERR AsA RZWEKL L - Twhbdd MEHl" L
BNAFHORE T XML TVBE, WTFNORBRIEE\WT HAHFORIEUITD S

ntﬁﬁ") ‘fCo

BEHBONEIVLEREE HES 6, IWHARERLLEZRLNSG, 6, 11B% &£ D 5IT,
B, B, R, MLE, SR, BB NI v ASEERHIE L (Table 5), Sz
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Effects of cadmium and L-ascorbic acid on the body weight
increase of rainbow trout. I, II, IIl, IV, V, and VI represent
the test groups shown in Table 2.

2P ADOREERKIET S F I v AR L0 AsA OFELH~
Biledh, —EHEZ L CEROPHEELEE L (Fig Do HRIIABEM/BOKES 1 &
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WEL, 7 F3Ivak 200pg/gdiet i LRBRX TR0 fEHIMEB R ECS, » F3



AEIYAREMLUAET, IV, V, IREBI5&88E0» ¥ 1 7 26583, 6, 10BH®D
WFRIZE T, FRRES F 3y ABRMO TR ICIROEADL LY dHLNIEL,
HK Y AAMOBENADDLNI,, LrL, MK (AsA RZ) LIVKX (AsA #&5), VK
(AsA RZ) EVIK (AsA#HE) Lo » F I v a8 BBOHEN IZEAE i -Tc
Enb, SEOEBREET TIX AsA B~ D S F ¢ v 2 BRE% IIfT 28R Emo b
PR ot

Table 5. Changes of cadmium contents in several tissues

Cd contents (/g wet tissue)*1

%ﬁl Group  Gill Liver Kidney Gasuz’;’;‘fmal Muscle Vertebrae
I N.D.*2 0.140.0 0.3+ 0.1 N.D. ¥.D. 0.6+0.1

T N.D. 0.2+0.1 0.3+ 0.1 N.D. N.D. 0.6+0.1

3 weeks 11 N.D. 1.540.3 4.2+ 0.6 N.D. N.D. 0.740.1
™ N.D. 1.640.3 5.4+ 2.4 N.D. N.D. 0.7£0.1

v N.D. 5.8+1.2 13.6+ 2.8 N.D. 0.13+0.04  1.2+0.0

VI N.D. 6.1+2.1  17.8+ 2.8 N.D. 0.1940.07  1.3+0.3

I 0.3:0.0  0.1+0.0 0.2+ 0.0 0.1+ 0.0 0.05 +0.01 0.6+0.1

I 0.2+0.1 0.1£0.0 0.3+ 0.1 0.1+ 0.0 0.05+0.03  0.5+0.0

6 weeks I 4.330.7  2.2+40.4 6.9+ 1.4 10.1+ 4.2 0.09+0.03  1.1+0.4
IV 3.9+0.8  2.4+0.6 6.3+ 1.8 7.9+ 3.6 0.11+0.04  0.9+0.1

vV 8.7:1.8  8.0£1.9 22.1+ 5.6  35.6+15.8 0.23+0.12  1.4+0.5

VI 8.2£2.6  11.7+4.5  30.3+ 5.4  40.4+20.3 0.26+0.13  0.9+0.2

I 0.3+0.1 0.1+0.1 0.3+ 0.2 0.1+ 0.1 0.08+0.05  0.7+0.1

II  0.3%0.0  0.1+0.1 0.3+ 0.2 0.1+ 0.1 0.06+0.03  0.7+0.1

10 weeks IIT 2.7:0.4  3.6%0.6 8.9+ 3.9 8.2+ 5.4 0.12£0.05  0.9+0.1
W 2.9%1.1 3.5+1.1 9.6+ 2.7  10.8+ 4.4 0.11+0.04  1.0£0.1

V. 5.5:2.5  12.4%3.9 248+ 4.7 16.9+ 7.7 0.17+0.03  1.2%0.2

VI  5.2:2.7  9.6%2.6 21.8+10.7  15.3+ 8.5 0.19+0.06  1.3+0.2

*1 Values are expressed as mean + S.D. for 6 or 11 fish.
*2 Not determined.

FikLBRICSTIHEFER, KIUVNFIVLEFRLOBER » 1 v s LARCHE
L BEDEEHELRE LA (Table 6), L BFRIC BT 280 SHEL, FHEDIECH ¥
Y AERINT AsA RN LACTRAR GBI -1 MK ENRX & D -ETIL 6 8H OfFlE
L1GEH OB T, VR VIR &0 T3 BEOER, 6:8H KX 10:EE OFELE
T, ThEh AsA 2HEINLENK EVIROAAEWSEFBEX R THEARL DI

Fig. 2 (X1I0BH e Lc2@E O & B wonC, » F v 2s8FEY cic, &
EHEY YEIC L > C Ty b L, MEBOHBEYRASCHERTE S, R, Bk T
FHER y=—1.182+74.1, y=—1.11x2+167.8 DR TR I N5 EIFERI KD Hice
IO EPLHE, BEON F v ASFRLKOEFE L OMIITAOHBBIGRIFET D
T e o,

INHDOZEND, ASAZN F 1Y AL BEBFPOGEFROET2EET 50 R)
BREBTHZ ERbhole 7 F v oBHEOBEINICIT AsA OBEMIRE LD AsA L&D
R 5 O BRI EERR N ZLNE WS HESTDREL S D, AsA XAK~OED
LA =2 br— A LT0B 2 EHMBATHEWDT, » F3ivak AsA OfESF
A AL DRGS0 EY 2 v b e —ATARERLLLEL DD, =< AD
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Table 6. Changes of iron contents in liver and kidney

Experir_nental Group Fe contents (ug/g wet tissue)*1
period Liver Kidney
I 58 + 21 123 + 24%2
II 72 + 33 225 + 89
3 weeks III 66 +20 193 + 46
v 58 +10 134 + 33*2
v 46+ 9 105 + 19%2
VI 46 + 4 114 + 15%2
""""""""" I 46+ 4% 116+ 19%2
II 79 + 28 167 + 43
6 weeks III 67 + 26 161 + 22
v 75 + 36 135 + 46
v 48 + 8*%2 103 + 28*2
VI 59 +12 143 + 42
""""""""""" I 73:15%2 160+ 37%2
II 91 + 17 203 + 52
10 weeks III 65 + 25%2 122 + 43%2
v 61+ 23 158 + 35%2
\ 53 +12*%2 140 + 31%*2
VI 68 +23*%2 149 + 30%2

*1 Values are expressed as mean + S.D. for 6 or 11 fish.
*2 gignificantly different from group II(p<0.05),

y y
Liver Kidney
150 300 |
y=—1.18x+74.1 * y=—1.11x-+167.8
r=—0.262 r=—0.266
n=65 A n=64
! :
i ; ..
00F - ) . 200 - .
: . a V.

Fe(ug/g wet tissue)

L 1 i X A [} 1 L .
0 5 10 15 0 10 20 30 40
Cd(ug/g wet tissue) Cd{ug/g wet tissue

Fig. 2. Relations between cadmium and iron contents in liver and kidney of
rainbow trout after feeding on the experimental diets for 10 weeks.
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kD LERIC DU T DAL ATV 405, SEIDREATIE 19.6mg/100 g diet Ok 7 = v
BRSO THSFL TR Y, EENOHKOMRFEL LTTARBETH -0 EELbND, ¥
fo, FBEXRFCSHELBOHENGEN T TEELE S,

FREMED AsA EFE ME6HEE L16EH K, FHEMBEOK AsA 8 FEAHIEL
7z(Table 7o FFiD AsA &4t 6:8H, 108H T AsA ERMO L, W, VERHLT
ASA Z¥RINLAT, IV, VIK CENENERICE - (P<0.001), LiL, fkEO
F 3y ABEOHEIC LS AsA SHBROTLETD bk -t MED AsA KOWTH
R DR A BT,

Table 7. Total ascorbic acid contents in liver and serum

—
— ————

Total AsA in liver*1 Total AsA in serum*2
Group (ng/g) (ug/ml)
6 weeks 10 weeks 6 weeks 10 weeks
I 35+ 7 38+ 7 10 14
II 288 +28*% 282 + 34%3 67 58
IIT 29+ 7 37+ 7 9 14
v 236 + 43*%% 313 + 104%*3 45 50
v 46 + 5 37+ 12 13 9
VI 346 + 30*%3 309 + 48%*3 59 52

*l Values are expressed as mean + S.D. for 5 or 6 fish.

*2 pooled serum sample from 5 or 6 fish.

*3 gignificantly different from group I, III,and V,
respectively(p<0.001).

MARMER » F v A X 2MEEROZI L ZhicK 5% AsA OFELFH - (Table
8o BEMNTITFRIFICS F I v AR FINTHZ LR Lo TNESrEVREL~< 2 )y
MEZRRET Lo I0EERKSVCTVEDN~NEZSr e VIBEL~~< b2 ) v FMEITIK LD
EVERR Lice —7F AsA #EMLEVIKO~EZ/m e vBEE ~~< b 2 U v il AsA
HRMOVEL D bEMEERR LI, ZDZEND, NFIvARID~E S v VBEL~
< bh 7Yy MEDETEASALRETFENL T\ 5 LH#EEI N5,

Table 8. Effects of dietary cadmium and L -ascorbic acid on hemoglobin level
and hematochrit value

Group Hemoglobin (g/dl) *1 Hematochrit (8)*1
3 weeks 6 weeks 10 weeks 3 weeks 6 weeks 10 weeks
I 6.8+0.6 6.2+0.3 6.9+0.9 42+ 3 40+ 6 43 + 4
11 6.4+0.8 7.8+0.9 7.5+0.8 41 +5 43+5 45+ 6
III 5.6+1.0 5.9+1.2 6.7+0.6 36 +5 42+6 44 + 6
v 5.7+0.8 6.6+1.2 6.3+0.6 36+5 43+ 4 40 + 6
v 6.2+0.3 6.2+1.1 5.6+0.7 39 +4 34 + 6 36 +5
VI 6.2+0.4 6.4+0.4 6.0+0.9 34 +3 48 + 4 40 +5
*1 Values are expressed as mean + S.D. for 11 fish.

AR RFTHERIERL DS, =U~<2DH F I v AafBI LT AsA 112 ¥ iclER
BRARTZ EDbholee LL, ASA O OFREEZEICHSLMCTB1511L, R~
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DHF YA, BRIV AsA BNELEXBEBNCEL TERNTAIVERLD, 20T &
WZDWTIES B OFRBEEE Ly,

4. B =
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TERERENRIR I L > T o 7o B L TRBHOELET 5,
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