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HEBROBEEIINT 2 BT 50K
BlIE ]

HAETTEFEOSBLESMON, ChoD ) B2EEKARICE > THETSH
ZLEZOLNTVWAS, TEMSEDITERCISO0SBRIEBARICHHB 2 VI
BEEIhD, TOE, BLEYPCERERALERET, REBFCVARVERT
bHEKDBERFHLBAIREOBEMIEMCEEEIREITLELON S, —
RICE2BEZEFIINT2BMEIOLTARTSLE, ABEREBCITERLBE
(Cd, Pb, Hg, As, Be, Bi, Sn), @R O TV ERLASBE (Zn, Co,
Mo, Fe, Cu, Mn, Cr) FH4ABHCKEL L, §FEER LV E AN B
&BE (Ni, Al, V, Sr, Ti) kKM TX 3,

ek, HoBBEEYMECESBELEPRICRETHEEIIOVWTHNONT
W3 (BEH, 1972, 1973 ; &35, 1975, 1976 : K, 1977a, 1977b ; Z§F 5,
1971, 1978 a, 1978b, 1978¢ ; ¥ « K¥f, 1974, ME S, 1976), Lo L, W
NOBELREFRRFZHIVRIATEMCL2EEE CHVEERNOL(L, &
LBEOMEYNBYR, BAHTREDAANLBE~NOREOLHIEHLBHR
ENTERLOCERVLES -1, ZRETIR N S O&EPCd, Pb, Zn, CoBLUNI
o5 T B, BIE (1967, 1975) SBER L ALRRC L2 BRERER
EHOCEMRTE (Doull, 1977 ; ¥R S, 1974, 1977, 1981 ; ol « ¥R, 1981) %
fT18 » 1o AT IRERAR, EERAE, MR, GEEE, NEEE, &
BELUNEBRELBICR T 2IEHTE, £ - RAEEEOSEYE IS
L 2 ELBIBEBE~NOBRRERNT~OEE R L OLEA LB cERRNER
BIiRETHUEERET LT LHTER,

B, CORIXEFNRL (1993) O—MTHh2. K4E BEHFEELCE
SERHEYHEMBES L - BA0ELBROLEHRATRBLIVHERICHEYT 20
% HOHE HEXEHEALERSL-BAOHUASHBBRBLCHEHRIH
TAHMR F6E BFRECRSLE-ESRBOXKRNOBITERBIHETY
MR BTE EDTARL2A PRIV ABHMGOERNBICEATIMESS
T EHECBSILHFIDLAERORRABBICETANE $oum &
BEOLEMNNEBEHMATCHMTIINR OFBIB-> THELET.,
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B2E HEBRREPEAEICEMES UL
Bt DEthc 8T 2R

AEB TS, BREBEIWCEB TS Cd, Pb, AGRBEICET S Zn, CoL ¥
tERBECRTI2NIOSHEOELRE 220, ENEABO NS RER » &
HEOD L, 3WMBIPSBONRREES UIBEAOR/NEHEE, LD Ex &
F100 % BUEBE 2 H~12,

F1EH »Y¥ i varRBERBKRSLIIEGOHENE

BESEMEO—>Th2 CdizBBTEHIEL THRVWEHE/RT CLEHRIS
n, BABEBCHOCTEZOHERSBE~NLGNT D, ®ICKIITHEL L Tid G
DL D E v A7 NRREFRORE (RE [, 1970) o0 TR tE~DR
B oN TS (BN, 1943 ; HK, 1954 ), FElco0 TR S
(1971, 1978 ) DS FAKIHIZCHEMU . CADRBREROR/NEEBE & L ' H3E
BEICHONT, ECdDbAREELE L 0BFRIC>VTHEL T3, AR
AR (1974) IB|MERZRCTHAC VAN AL EWERYBECBELLWER
HFTTHF I a8LF%DLEaY (CdS0., CdCl,, CdO, CdCO,) D #EH » R
NEBERHEFSKEVYERDL CdSO, R CACLOBUHFBERHEDNIVHETH 5

CAdCOs; I L X CAO T HNEFHEDBE L CdM1 A viEH M5 T2 L2 BE LT
W3, AEBRTREEREOK2VCACL, EWM I HIFALHNCL 2BRANETE >
ROCTHRERENOR /N ERE, LDk X FHARE 2R/,

1) RN L ER S
BHEBREBEIBE<DELZBO, #ARKICCL A, 58K 0, 10,
20, 40, 80, 120, 160 &L 200ppm & U1, MEREOHBRATIHEICL 28
BB 22 - 12, ALRHROERIEE 1 RITRL 12, @ANOREE. IIMELL OE
ERBOHEIBES (HBRS, 1967 HR, 1975)0HEIR LIz 5 12,
AVIVLADORE SRS CEEREHE
O BEL»rLORES
ATEIR 108 1 fit D CACL DB M REDBRE 24ml ZMATLLHEDED
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DR AR Y R Lic 0.1 ~03mmOE IRy iy, WERAX
MEBRE (RE3emXx R 20em) KPAL, BBR2TZV, ZO&F -7 VA
7T 117°C, 35HBRAL . fIAEBLIZ L6 BELIEERZ 2 ) — v v TF
DOHTILOBELIZCdESURANOA ST BREIZ1 XKD 40~508HT 5 H
SETBLI, 2L THBERE26°CTERE RIS, XEBIIEHTI10HH
ARZR? T b TREMT 21T 512, BSEFABTRABRAKK I0HBOXKER
BE IR CELBIITHNI,

Table 1. Diet composition

Dried mulberry leaf powder 3.0 g
Cellulose powder 1.5
Defatted soybean 2.5
Sucrose 1.0
Starch 1.5
Inorganic salt mixture (Wesson's salt) 0.15
Vitamin mixture ¥ 0.04
B8 -Sitasterol 6.05
Vitamin C 0.05
Inositol 0.05
K2HPO, 0.05
Acetylcholine 0.01
H.0 16 ml

% Vitamin mixture; biotin (0.02 mg), calcium pan-
tothenate (0.2mg), folic acid (0.02 mg), nico-
tinic acid amide (0.2 mg), vitamin Be-HCl
(0.1 mg), vitamin B (0.1 mg), vitamin B,-HCl
(0.1 mg), vitamin B:. (0.1 mg), vitamin C
(39.16 mg).

@ 3IMEE»LOR'S
2EBHITCCAOASLVWATHNTERAABLIKER YV ABEANBREOC %
SUMAMABNTABRE 1 24700 20 HAN,26°C DEBE R ITH T 10 HEES
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@ SIE&E»S DS

Bl AT TCCAd2RILVEBADATHN CEERABTLIERD sBE
BEAARDL S CHNBEDCA2ELAROA L L ARERT 1454120 28
TO2°COERBRETHEL, I0HEOERBERBLSLUORTLRERDIL, ks
N OEOBEEOBEFECBCHOVTIIREELIREL IOV TEBRLZITY 5
THELI,

2) HBRS
O HEEH»SORE50HE

HiED> 5 CdCl 2 BANALFR CREMBL, 10HATKIZCARMLE
DRERBB X VORTCROBERIE2RICRLU, HHELTORESX TI295
HDIWILEL THY, 2HERIELSBTH 1, 10ppmBEN T B S X
ERERLUBERTH 512, 20pmBEXTREBOENYED 6N, 3R
QLIS TMIZET2WMETH 10, 40ppmBEX CIRIBEEVHIU O 3EICET
BHDiI3L, IT8HBW2MET 40.6% 0 1M Th 12, 80ppm Ll kit 5 &

Table 2 Effect of graded doses of cadmium in diet on development and

survival of the silkworm larvae (lst instar larvae)

Concentration NO.of wmortality Percentage of larvae reaching through

of cadmium larvae various instars in 10 days
(ppm) tested (%) 1st instar 2nd instar 3rd instar

0 40 0 0 5.0 95.9

10 40 0 0 7.5 82.5

20 38 0 0 78.9 21.1
40 37 21.86 40.6 37.8 0
80 39 74.4 25.6 0 0
120 37 91.9 8.1 0 0
160 38 100 0 0 0
200 36 100 0 "0 0

The larvae were reared on an artificial diet under aseptic condition.
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BEIBHICEIRZY, 1MTRARSIELIZ, 120~200ppmiZBTREX
EBIIBMTRBEEIEL, 2RBICETITEREZELAONEDL 512,

RERIZOVTAHSZ L 20ppmBESXE TRrOEMOBHESX EHBCRTEIZS
CBEDOGNILD 572, A0ppm T 2HTHEI LY GFHUESEDH LN, 1@ T
16.2%DFET-L 72, 80ppmTit 1 BHiZ 7144 % DI ET-E%RRL I, 120ppm T
29198 1A IET L, BICKFHEVBERT 2 10043 L1, 160ppm L)
ETIR10HBE T 100 %L 12, LDxiz 40~80ppm DB TH , 12,
® 3WME&E»LORE

1D 5 2T TRCAZZFEILVCATIRE CREMT L, 3lHEER» 5 0~200
ppm D Cd % AU ATHKCEEGBT LB AD I0HEOEDOREAMAL L 't
LRIIFIRICARLIL, GROBHEXTRLETS5EH T 10ppmilEL T $100%
SHEICEL TV 2, 20ppm CiEX» R BFOENSRED SN 5Hix 65% Tt
ETAMTH 1, 40PPMITBVTREBIELCEN 90K 4ME T 5 i
#» 108 Tdh 12, 80ppmblihizies ¢ 10 HEAEBL TS SHICETAARITL
LA ONLD 10, HEERINBOF[ S L REIT 10, 20 8L F40ppm D

Table 3 Effect of graded doses of cadmium in diet on development and
survival of the silkworm larvae (3rd instar larvae)

Concentration NO.ef wmortality Percentage of larvae reaching through

of cadmium larvae various instars in 10 days
{ppm) tested (%} drd instar 4th instar 5th instar
0 20 0 0 100
10 20 0 0 100
20 20 0 0 35 65
40 20 0 0 90 10
80 20 40 50 10 0
120 20 85 15 0
160 20 100 0
200 20 100 0 0 0

The larvae were reared as shown in Table 2.

_61_



KiZBWT b EBDLD 50, 80ppmPl Bk 3 ¢ HBICHTRIF 2D,
120ppm U LT B EEFT A EBTERLD L, 2L T LDt 80ppm THh
5125

@ sSHmEE>»S>ORE

1E» 6 4METCAdERHL LVWEEOA LANTHRARNTL, sHEE» S
0~200ppm Z AL ATEHHNTENEFNEFARABTLUILSEECORERAR T E
BB ARITRLI, LU TORBEX s HERERD S 100RT 100D LRE
ER2RUIN, 10, 208K 0 40ppm KH VTR EX & bW E AL HE %
TRU, BERBEH L, 12, 80ppm TRALBES A 60% LET L, 120ppm Ll
Lt s LBV AMENE L ABFABET LI 160ppm LR B &
#5506 10HH T2 {LEL Ld L1,

BERIZHDNTA B L, WROBHEXR TRRTRISCED LD S0, 212
40ppm LT T RY 0% ThH 12, 80ppmBE BXTIREDICFETEIGED
b, BEBERLZCUIEDBVERETCERRIEE H, 160ppmid itz 3 &5
WEFRIC 2 ERSE L U2, LDw it 80~100ppmDMTH 2 L BEALN I LBHILE

Table 4 Effect of graded doses of cadmiuvm in diet on development and
syrvival of the silkworm jarvae {(5th instar larvae)

Concentration NO.of mortality Percentage of larvae reaching thraugh

of cadmium larvae various instars in 10 days
(ppm) tested (%) 5th instar pupa
0 10 0 100
10 10 0 0 100
20 10 0 10 90
40 10 0 0 100
80 10 10 30 60
120 10 50 30 20
160 10 90 10
200 10 100 0

The larvae were reared as shown in Table 2.
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BRETOEKRZBWITREBLUIRETCRANNIHRCIBATICE 2BEFREZETHY,
HEBEBLUOFIA N AKRELBD T L1,

3) BREER

CAEH IOV TRARORBERBICT LDE 1B, 3L FSHERD S
100K 0~ 200 ppm O BEHBTHE L TBERHOVWTENN, £T1&HL 5D
FEX T 10ppm TIINEX & RIFEACART IWHEI25% 2/RL 172, 20ppm
BHERTRIREREFOBN GBS SN IBENET LI, L. TRNINEFRE IR
10ppm L FThH A, 100%5E-TIMER 160ppm U ETH 2, L L 80
PPl b/ 3 L EBEH S TI2 10 HRERL T4 2BicET 22 LM TXTH
BOEBT A2E2THETADTERD 100%451° T 5 #E 12 80ppm L E L A
RTLEDBTRD, IMBELSEHEZLIBEOEBMIIONTAZ L, 10ppmE T
BEERFEDOPE LB ERUEM 2R T, 20 pmBRIXTAFHEELSEN 40 ppm
TIIBXERERVEN, SHE2ERETILELIRTESIDOSND, 5, THEE
FEBIEIL 20ppmMETH B VA D, L00HFECEE I 120ppmEl L TH 3,
RITS W EN SRS UIZEE 10ppm LI T FHFHIEME T, 100% LT 5 BE
i 160ppmlU LETH 1, DEDC D6 CaEiInt 2B 2 BOREE RIHT
KADEBMBELRRONT, B TRPIDPBNAEBEL L OHIEBE IR <
RAERSBD LN, F2LTLB 2R TAZLHARABE 2 10ppm T T
HY, BUEBREZ80ppmUETHEEVAS, Z8H6 (19T REAHFARS
5ppm Ll FTHIFEMEIR SOppm UL BWEL TV A0, BERCOBELI Y DI
DVERWETHD, BER - KN (1974) 02 e 33EZLb K. ZDTEIZA
TERHC L 2 MEMETH Y REORAMEDORE LRI FCARTICL 518%
FEDLOEEO DI LEDN L,

T CAiIck 2 BEPHEOTROBEZEATH IS 20, KB, BY
RO RBFRFIcE itk ), BIABC 2P TCRATRSBTECER
T 5,

B2 BHRPBEFTCHBLICBE0#E M
Znix B S L THRMBIILETH D HMEPIKE EREATN T 505,
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FEBTREFZERHOCAIRANIRASLUBNEB: BRAEORBTRFOMEX »H
NIZe ZEUTHRNMNEEFRE, LDuBlU0HEBELRDI, CdeHHBKLT
AR L THEHBHIZENC EDWBFL 12,

1) BN OEBR AL
HBBEBRCARSOEFLARITHEXTR2AVT, SRR ZaCl,
RV, F5WMEL0 250 500 L00O 1,500 3000 4000 6000 BXL8000
ppm & L2, MEREOHBIZEALIIATHENOER, ZrOREHE, #HRA
B, WBRGBIUCEEREFRQINEOEY TH 5,

2) B
® HBEHHLSORS

BE» S5 10 A 0~8000ppm D ZnCl, 2 AP ATLHE CREFHELIZBESD
BORBEBASIOCRCELEBRINCHANIGRRIBSISRIT L, REEA®

Table 5 Effect of graded doses of zinc in diet on development and
survival of the silkworm larvae (Ist instar larvae)

Concentration NO.of mortality Percentage of larvae reaching through

of zinc larvae various instars in 10 days
{ppm) tested (%) 1st instar 2nd instar 3rd instar
0 37 0 0 5.4 94.6
50 43 0 0 4.7 95.3
250 39 0 0 7.7 92.3
500 10 0 0 10.0 90.0
1,000 317 0 0 40.5 59.5
1,500 40 67.5 12.2 20.0 0
3,000 39 46.2 56.5 10.3 0
4, 000 40 87.2 12.5 0 D
6, 000 37 89.2 10.8 0 0
8,000 39 100 0 0 0

The larvae were reared as shown in Table 2.
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BMBIRA ENBOBAESRXIBEBIWBTH 572, 50~500ppmDEPRT 1
BERBLAD LN T, 3BT I0~95% LBIFEX 60D, FITE
HAEyAabnti, 1L000pPm T 3IMMICET 2 DIL595%TH , I, 1L500ppm
TREENES 208D 2B ER2RLZOMI2 1M TREHSEHSIELIZ, 3000 pPm
UETIZ 22 EH» 10.3%T4000ppmU ETIR 1B THRELSILSE 10, FETH
2 0~1000ppmTRELBHOLNLD 510, 1500 ppmI BTz h BEEH
AH LN 2 AT 67.5%DRETES A 6NTI.3000pPm TRESH S 10 HAE
TRIMPOICEIL 46.2% %2 "L 1., 5 TLDgid 1L500~3000ppm DT
HBEEZEALNDS, £ L T4000ppmUETIZ 1 MTRERSEILEL TS0, £
HEBVBBBHON S, UL U 2ERULICETZ2CEMNTEITHBR2EHICHKD &
15~20 HTE£ T 1 @I lET L 72,
® ImEEI»L-ORS

2 THERO ATLFKTHEL L BEERD 3HEEL» S 0~8000ppm @ ZnCl,
2RSLEBADIAERBSIZEORERBL I ORCE LRI HRIZE 6

Table 6 Effect of graded doses of zinc in diet on development and
survival of the silkworm larvae (3rd instar larvae)

Concentration NO.of wortality Percentage of larvae reaching through

of 2inc larvae various instars in 10 days
(ppa) tested (%) 3rd instar 4th instar 5th instar
0 20 0 0 5 95
50 20 0 0 10 99
250 20 0 (] 15 .3}
500 20 0 0 10 90
1, 000 20 0 0 40 60
1,500 20 0 0 40 60
3,000 20 15 0 85 0
4,000 20 65 25 10 0
6, 000 20 100 i} ] 0
8,000 20 100 0 ]

The larvae were reared as shown in Table 2.
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RILRUTZ. T 0~500ppm DA T2 85~95%D5 5 WiTZE L 12,1.000~1500
PP TREBFOBELBH 6N, SMILET I DR 60 TRBIBETD 10,
3000ppm TREFVRONABED IRICET L 0RIBHONT 28 TH 12,
4000pPM UL ETIRBE LIS TRERETEIELIL, LRI/ SBLY
L500PPM T 0% TH A D, 3000ppm U ETREBEOE I CHAL THRTES
BB LN —EDEBMDB S 611, 6,000ppm LT I0BRITETRT LI,
LDOBEL 1 BREOBEGERFZITL000ppm U ETIRIBTEFLILES 15~
20 IR THBETA &ML L. 2L TLDsi24000~6000pPm DR
B®HATH 12,
@ sSEHEE»SDES

L 6 4 TERAANTREFABTL., SHEEH» L XX 108 Zn # 0~
8000 ppmDBATHRG LILBEDORSHAE L ABER B IO EDOBEREE
TRIGRUIL, BS®I1I0HETRERAE L TOJ/KESX L 500ppm O #HHEAN T
RIS BRERNKA LN 512, 1,000~L500ppm T FEFIZEN 2 » L

Table 7 Effect of graded doses of zinc in diet on development and
survival of the silkworm larvae (5th instar larvae)

Concentration NO.of rwmortality Percentage of larvae reaching through

of zinc larvae various instars in 10 days
(ppm) tested (%) 5th instar pupa
0 10 0 10 90

50 10 0 10 90
250 10 0 0 100
500 10 0 10 90
1,000 10 0 60 40
1,500 10 0 70 30
3,000 10 0 100 0
4,000 10 50 a0 0
6,000 10 50 50 0
8,000 10 100 0 0

The larvae were reared as shown in Table 2.



L1ie UL 3000Ppm TiREMLI b D> B ed 570, FETEIL L500ppm
FTRELAHAOENILVD54000~6000ppm TR SH 10 HA T 50% DT EHS
AHon8000ppmLl iz B b LELI, COEBAS 4000ppm L ET
EFELIEERISHUERBET A LM T AT 5 EMAICFEE L, LDsoid 4000
ppmTdh , 12,

3) BRELEE

BRYICE . THEANMBTRTH S Zn P EBRECHELER2RIBETLD DL
BRINEEBEL L OBERE 2 RERMEBNICHA~I R, FOBEIICIEHBLTE
W EDDD L1, Zn G5 3HEE 11, S L SMERR S THNIRK
£ 500ppm U FTEEOREREBIFRICLL, CORERBTIICITALN
LS EGMATRESBILET I LI RRABHLNT, INLATRLRA
B AU, TEL LA EW) —EDHE@IREL AN 512, 1000
ppm TR BOME S E BT 2 LEHLZEBTOBNSA LN ENRTEIRLL
BHoNLd 12, FoTHRNBEREIRS00ppm AL T ELT RS,
TR HCTIZL500ppm U ETEH LN, ZOHBEICHHL THLD
8000 ppm UL ETIRK S 610BAE TR ETIHEC LI, -, TI00%FELT 3
ML 8000ppmEl b &5 B, UL 4000ppmEl L TRET A SHTHIELY,
FIZTHEOITER ITELHIT15~20 AHARET 2 LLTRETIOT, ER
DOHFERE24000ppmBll s AN Y S, IMERLSBSLIIHEILONTA
THBE, BMERSOBAEECALEMAZ/RL, 500ppmE TIREFiCHEIX
s, L0000 ppmd H BN BHET A s, BONAEREIGERSOD
BELABIZS00ppmUTEART I EHNTE, 100X CEEIX6000ppmELE
Thib, 5EmH»LDOBE0HEAE 1BBLIE3IMBFIOBE LARKR/NEER
B2 500ppm T, HIEREIEB000PPMTH 12 UEDC 6 2ME AL T
Z222s, InORWEBINTIBANEERE 2 500ppmlTT, HIEBE R
4,000pPm U ETH B EbbD 3, ZF 5 (1971) REBAFEREIZ 100ppm
LFT200ppm L ECHEENBONIEBEL TS, WER - AN (1974) 12
400pPm LA T THILTEY A HNT, 1L000ppm TELXECESALN, Z L
T3000ppmbLl ETI00%FETT 5 EBEL T3, Z DBEHIE Cd DIETHNTC
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BHTHd. I Zn #WRABRCHEUNIBEORBRARTREORBELLT
3, RTEBRED 100 ppm LAORS TRRBORKEX I H REVBREFTH A
ZeEBHToNn3, 1.000~3000ppmOBERBBCIIRELSDFI L, RERE
REET 5, ZNLULEOARETRABLER TCCADBILIHWFRIRARFTS
UREBICRENRTECT 5,

Sridhara and Bhat(1966) i3 REZFAVTED 4 E» H 5 W TREYPMIT Zn %
BA1EE, 400 22/m LT TCIRAER{TET 5, 2N LULTREFHE2XEE
TR LEBEL T, EESOMBEFMUL TV, BEILELALSNS
ORBELEATLHAEL WS HEOLAENCLZ D EELLNS,

FEIH REJWERCHSLIIBAOBE

CAdLAMIABNSREM CHIPbOMERICRIITREBCOVTHEBERMET
TR/ EEBE, LDois L UHIEBBIZ OV TEHNIIHER, 20EH R EICHANT
CdxbhiEL, Zn L IIBLVEERIL, CHhIIBEREO/H IV PCL 2 B i
ey Thh, BEMEOEVCHHEERTHIIBECHERE( LI LEALGNS,

1) tE MBI CERS K

HRAEKRBERCAB I ZnDBE L RAUB¥E XD 8% B2, R H1E PuCl,
PRV, HEH/E 0, 50, 250, 500, 1.000,2,000, 4000, 60003 X ¢ 8000
ppm & U I, AR RBRIERE /NI NTIHTE 300 —c@HL R
BALI, MEREOHB &, RROWSHE, WBERHSIUCEEOREH L
X CAdBs X N Zn DB H/ITREL 12,

2) AR
O HELLOEEG

0~8000pPm D PbCl 2 XA ALK CRERA L HAORS5ME L 108
HOBOHEEBRALL UFEU B DV TIHE 8RILRLIZ, BREL TOREYS
Xi2923%D3IMETH_,17,50~500ppm TREX & L EZNBH LN T, 3
W 6 K9 90~95% MR & AUME@T H ., 72,1000 ppm T2 3 B Rit 32.4% &
EFULEBZAXEN2ERBEDONT. 2000~B000ppm OBETIBK iz
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Table 8 Effect of graded doses of lead in diet on development and
survival of the silkworm larvae (lst instar larvae)

Concentration NO.of mortality Percentage af larvae reaching through

of lead larvae various instars in 10 days
(ppm) tested (%) lst instar 2nd instar 3rd instar
Q0 39 0 0 1.1 92.3
50 43 0 0 4.7 95.3
250 40 0 0 7.5 92.5
500 39 0 0 10.3 89.7
1,000 37 0 8.1 59.5 32.4
2,800 40 22.5 70.0 7.5 0
4,000 39 61.5 38.5 0 0
6, 000 40 93.3 6.7 0 0
8,000 37 100 0 ¢ 0

The larvae were reared as shown in Table 2.

HHIL TEESHL LD, 4000ppmULTR IBTRESEILL, 28ICET 3
WIZELEDONLE» 572, FAEEFILO00ppm I TNRX & AFEIZRLADL
NILODE, 2000ppm T2 1T 22.5%, 4000ppm T 61.5% & BT 3
HONTHRERIZE LD, 6000ppmU ETIZI0AM TR EFET L. 4000
ppmULOBEEEL I EXBRABTLHRI 22T 1RAIECLIL, ZDOH
S LDs0 132000~ 4000ppm DB TH B EEA LGN 3,
® 3REBILORS

BEED 3WHEED S 10 HHE PuCl, % 0~8000ppm DHEABATZENENHS
LI AORBEBBS I URLCRIIFORICRTHAY TH T, 0~500ppmdD
BHECRIEX O RESBIBF CREMSMBECERRIBD Lo 5, 12,1000
PP SR TIREPICSHENETFT UL, 2000ppm U ETREFVEN, 58
BiI2OHTh 12, 4000ppmll Eiz 2 L KEFR B FIEN, EHIT 10~ 20
BUIBICETEICEDNTEIMRILSTIMTRESHBUEL I, HCERWERX T
22 BHLNT, 5000ppmBESX I TRIAX & b WROBRILAKTH Y,
COBEBMBARTIIEESED 6L, 12,2000ppm T3 4 BT 15%, 4000
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ppm Al 3 L HERPOIFETREIETH, 8000ppm TRRFS5H 10 HABE T
100 T L 12, 834.000ppm Bl FCRIAFUNLBRBRITSMITETAC
R ETHT LI,

Table 9 Effect of graded doses of lead in diet on development and
survival of the silkworm larvae (3rd instar larvae)

Concentration NO.of wmortality Percentage of larvae reaching through

of lead larvae various ipstars in 10 days
(ppm) tested (%) 3rd instar  4th instar 5th instar
0 20 0 0 10 90
50 20 0 0 15 85
250 20 0 0 10 90
500 20 0 0 15 85
1,000 20 g 0 40 50
2,000 20 15 0 85 0
4, 000 20 25 55 20 0
6,000 20 30 60 10 0
8.000 20 100 0 0 0

The larvae were reared as shown in Table 2.

Table 10 Effect of graded doses of lead in diet on development and
survival of the silkworm larvae (5th instar larvae)

Concentration NO.of wmortality Percentage of larvae reaching through

of lead larvae various instars in 10 days
( ppm) tested (%) 5th instar pupa
0 10 0 10 90

50 10 0 20 80
250 10 0 10 30
500 10 0 20 80
1,000 10 0 16 90
2,000 10 0 100 0
4,000 10 50 50 0
6, 000 10 70 30 0
8, 000 10 100 0 0

The larvae were reared as shown in Table 2.
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® sSsEEHE»SORSE

16 4T CHEEOALRE THRBERELIIEDOSIMERY»S 0~8000
ppm D PbCL 2 BA L LMK CEAREL 12, T OBEORERBRUFLETR S
10 BRRA~NIZFERRIF10EZIZARUIL, 0~1000ppm Tid 80~ 90 % DL
FATH 12, 2000ppm U LRI D E, PORRBRIBARELBLLLP 12,
FECHEIR2000pPm U T TR 2L BH LN LD L7283, 4000~6000ppm T S
it 50~70%% L, Eix8000ppml ETi2100% LI, 2L T LDy
i24000PPMTHh , 12,

3) RRLER

Pb OETIIN T 3 HME > TPCL 2 BLTHREBRANKIZDL1E -
MBI I MEZE»H 10HBM 0~8000prmOBEBATH S L A1,
KT 1@ oORBOSVWTATASBE, 0~500ppmOBEHA TIIFEEER
BRBX AL ERZRL, RERLBH L L0, L000ppmB S TREDIIK
EBOENHEDONI, €, TR/NBEBEEL500ppmUTEALTLEDT
2%, #LTPb  ZnOBA L EREcB000ppmbll itz 3 &, FORERAT
10 TEECic100%5ET- L1z, 5T 100%3ET T 58E X 8000ppmaL
EE2:285, 4000pmLEOBRETRI0BBEITRREFERZRIZLRON S5,
INHIR 1B THRESEIEL 2HIT/L 5T 15~ 20AKICETIHTT SO TER
MDI00%FETBE L 4000ppmBlE 2L 3, 3SWMEBL OBELIIHE I 1 H
S5o@BaLtARERALEARMETL, BIAEERER S00ppm U T &AL D, I
THRCDOOTi6000ppmBESX TR I0A B EHBPICIOFDFTEERL
To, HICEsR 285 LAETRHHIT A C &0 6 LDsoi36000 ppmfLTHS 5,
ZFUTHIEBE I 8000ppmUETHE, RIZSBEBELOSBRELILHERIR
MNAZRER L000ppmE FT, 1KBIO3IBESOBAL D 500ppm $ &<
AL ELY, DEHHESBALILL ERIZS, 100 %FILBMES 8000ppm
PETHH, BRRBELB/NAERE: ARICESELITONTRA L I, U
Lib2igze B TP ORFARICHT IR/NEERMIE 500ppm L FTH b,
BIERE X 4000ppm U ETZn BB EALEZE, HBERS (1976) b4
LEPTBRNEERBELIVOBAEBE 2R T30, AEBGERLEBEIRAL
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BTHB, =85 (1978) iz Pb OBR/NEEBESZ 100 ppm LT & L T 3 25,
CNREBEREORIVKERBRZ2ERAUIZIDEBEC S LEEALLING, £12
Pb A Fitt 2B EREI CAdDHEE L BUKERL 2,

FBAH =,y v 2REBEBEHE LB EOEH

Cd, Zn B L U'Pb 2HBBE LI BADOBH»BRHR, LDub L FHE
RARIZHSWVTHESIZU I,

AEBRTRAZRRCL BELENHESEABON » BERICHES LB EOH
5RFLERORBEBLBLURTELOBEFRIROVCTHRBERB B HIRR,
BIEERBELIVOBIEEFE L bIRCAIDEL Zn -Pb L H{EL D510,

1) BB L R E

HHEEREE LU TR EEXEREZAC. HREKINICLZAV. 58
i 1B IBEEL S5 T2H412 0, 10, 50, 100, 200, 300, 400,
500, 1000, 20006 F3000pPm e L, SEEED 6 DBSOBERT6000
~8000ppm & L1, MEEIIATRICL 2\MAFABTRLZAVIZ, FIR~ODNi
BERE, MBRGSICEERE HERIRO HRCHEL 12,

2) ER&ER

O HELSOHRS

HENLLNI 2REUNREAORBERL LI FRCRTOVTRE ILRITRL
e NEELTORMBEX CHHSHRIONBTINTIBKEL T 30T,
Ni 10ppm T2 95.2%, 50ppm T 100% & /0 H10035 X 0¥ 200 ppm Tid 83.3%
DIWMRERUNME RALERBAONLE» 512, 300ppmiZiL % & 31.6%,
400ppm T 11.1% & 3WMHRIIETL, 500ppm TCRENLIRTISTH 12, F UL
TL000PPM T IMTETI2HRAOCNT, BBE 2 THo72, £722000ppm
TR 6SHD2WMBE/RL, B IBTEFRISELIC. £123000ppm TR
2IICETIBIZALNLD 12, FETERIZONTIXS00ppmE TR LLED 6
g, L000ppmTiz{r @D 6Nz, 2000 ppm T2 10 HEEBL T 5
EN2HWICET AL LRI TXTRBEIBSLL, TRHBT2HETI LK 1088
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CETHLELIL, 2T LDoiDOWVWTABEBERSTCIE1000»52000ppm
oOfiTth 1,

Table 11 Effect of graded doses of nickel in diet on development and
gurvival of the silkwore larvae (lst instar larvae)

Concentration NO.of wortality Percentage of larvae reaching through

of nickel larvae various instars in 10 days
(ppm) tested (%) Ist instar 2nd instar 3rd instar

0 30 0 0 0 100
10 21 0 0 4.8 95.2

50 19 0 0 0 100
100 24 0 0 16.7 83.3
200 18 0 0 16.7 83.3
300 19 0 0 68.4 1.6
400 18 0 0 88.9 11.1
500 28 0 0 92.9 7.1

1,000 27 1.1 7.4 81.5 0

2,000 31 93.5 0 6.5 0

3,000 24 100 0 0 0

The larvae were reared as shown in Table 2.

@ 3BMERE»LOHS5

SHEERNSOFRBONI 2HRSUNBAORERB L MFETRITHVTHR
FIL2RIORLIZX D42, 300ppm F TRWMEBREELDLTSMICET 3 H
400ppm B L O S00pPm T RIFE B EN, L000ppmUALETR SBMIZETIER
B H Shed Lo, FETFREDNTiIE500ppm 2T Tid <L EHLNT, 1000
Ppm T 11.8%, 2000 H L X3000ppm TG ER T 41. 2% MFET L1zdi, ER
i3 3000ppm A E T2 10B L EME2RSET 5 & £ TIET- LI, LDsoi2 2000
~3000 ppm OWITH , 712,
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Table 12 Effect of graded doses of nickel in diet on development and
survival of the silkworm larvae (3rd instar larvae)

Concentration NO.of @wmortality Percentage of larvae reaching through

of nickel larvae various insters in 10 days
(pps) tested (%) 3rd instar  4th instar 5th instar
0 10 0 0 i0.0 90.0
10 10 0 0 10.0 90.0
50 10 0 0 20.0 80.0
100 10 0 0 10.0 90.0
200 10 0 0 20.0 80.0
300 10 0 0 20.0 80.0
400 10 0 0 80.0 10.0
500 17 0 0 94.1 5.9
1.000 17 11.8 0 88.2 0
2,000 17 41. 0 58.5 0
3,000 17 100 0 0 0

The larvae were reared as shown in Table 2.

® SHEED LORS

4B I TNi ZEILTCATRANCHKEASNFTLSRERDL SNIi 285 L1860
REBELRERBL IOECERIZOVTHBI3RIGRLIZL 51, 8000ppm
FTRBBOBLS EABKAETREF T2 TCLEHEE#EL 2, L L L000ppm
UFTIRRBHERI0BURTAHEFFT LI, LDuit20 TA % & 8000~
10000ppm ORRITH 5 72,

NiZgS LU HEECERBETCIRCL LAKOFR 2 BN FRIZLTNIR L
HZHBIETH H AR EDIT L 2BREERE L L2, FLNIOFHREIKE
JARBERTCRBESRIEEZHAREBH» T CAdTORRELUD L L, T B D5
HENERATHLSHCTI2EITOMMzCdERL Y L RBBEAL I,
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Table 13 Effect of graded doses of nickel in diet on development and
survival of the silkworm larvae (5th instar larvae)

Concentration NO.of wortality Percentage of larvae reaching through

of nickel larvae various instars in |0 days
(ppm) tested (%) 5th instar pupa
0 8 0 0 100

10 3 D 0 100

500 8 0 0 100
1,000 8 0 0 100
2,000 8 0 0 100
3,000 8 0 0 100
6,000 8 0 0 100
8,000 8 0 0 100
10, 000 3 100 0 0
12, 000 8 100 0 0

The larvae were reared as shown in Table 2.

3) Ex

Ni QLA HRCRVBIOBY L ECBRREBTHLHZFRZIIN TS
& (Schroeder et al.,1961 ) I£ X' 5, COLRDOHAEMIT R T 5 BERE < H
% (Phatak et al., 1950 ; Tedeschi, 1957 ; Weber, 1967, 1969 ) , Ut L B Z~
DERCHOVTORFRIEL LV, FERTIBAELAVTINI OFH 2R/ <E
DOHIFEHBE, RECHEDO L VBEL L LD 2EOREREINICHSL T,

NiDBHEC DV TRAEFCREHEOLVBFIZ 1B TIZ 200ppm 2T T
bbb, IWMEBEBTIZII00ppM T SEEBTIZ8000pPM TH 572 100 % T
ZMEZ 1M T2000ppmil ), 3WTi23.000ppmllETHH, SETIX10000
ppm b TH 5 12,

LEDISCEAERIZBSVTNIOBHEL2BPOLICTACEN TR, REL
(1974, 8THITL AL CA DL HIT—RANTHEREBE FENALOREENER
HT4ubb 10ppmU FEBETORNEERETH 20N L, REXZROHY
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hieaAL, EUBEIRULTWVANI KT 200ppm & BN EEBRERIE L,
TWVW5, ED 100 %HIEBE R A3 & Zn ks X P (EAESY) & RREIC2000
pPmULOBCBETH 12,

BS5H o EEERIHSUILBGOEY

Coid MITEEINICHELEL, ¥4 i VB, OR/ELTHISN, ZnRAEEHE
MOLAMBITETHY, BIBHRNT IEHEC >N TRBEDH 2 (Becker
and Smith, 1951), &FiZx T 5B DL Tid Sridhara 6 (1966) »iCo 53
BIZNTEN S F V-V EDHRLBHET 52 L, £ CoREVEDRRIR
BT BB B/~ LN T 5 (Sridhara, 1966 ), L LEBTREIIOEF R IZH
WTOBERZE(HV., AER TR CoNEHRRXN T 2E5H 2 ERKITH

N1z,

1) ARSI UERE

A BERERIXBEXRBE A, BSEMRRCoCl 2R, #E5BAIR 1
B 3IBERLSOH5ITENTR 0, 10, 50, 100, 200, 300, 400,
500, 1,000, 2000 & ¥3000ppm & L7, SEMEBR» SORFOHERE
iT4000~10000ppm & LT, MRBROEBFICELILALFBOER, BHET
%, CooB55HKE, REXGBIVBHOARESERRINDDOEY TH3B,

2) EBRER
O ®|E»L-ORS

BELSCo2Z3UATMEITRANEL, 10REOERDOHKER LS L 5
CEROWTRBUMRRIATHEY THD, BESOMBRIRETR, TXT
IBTELTED, BAERRIE(ALONLD 57, Co 10ppm TIRINR & R
100 %D 3WHERRL, 50ppm Ti2 85% L /ch, 100ppm Ti2 50% & 3 @K
BPPETUL, 200ppm TR 4.3 3MICEL, ZhoboBE TR 10 A
BBLTEIMIZETALOIRDON LD 2. 2L T 400ppm D HiZ TN
TIMTHEAERIBLL, 2BITET3 DR Ld 72, FELERIZOLTIiZ 100
pom E TRILCEIZE(BD SN D 1205, 200ppm L ETEH S, 200 ppm
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Tix86%, 300ppmTix 35%, 400ppm T3 54.5% &% b, 500ppm Tid 90
%EFREFETL, L000 ppm THRTNTHRELL, 400ppmbl LOAEERIR 1
BMTETHREISEL, BuB»BKET2L 1 BOTELTLTHRTLIL. 2L
T LDsotd 300~ 400 ppm ORI H , 17,

Table 14 Effect of graded doses of cobalt in diet on development and
survival of the silkworm larvae (lst instar larvae)

Concentration NO.of wmortality Percentage of larvae reaching through

of cobalt larvae various instars in 10 days
{ppm) tested (%) Ist instar 2nd instar 3rd instar
0 16 0 0 0 100
10 20 0 D 0 100
50 20 0 0 15.0 85.0
100 20 0 0 50.0 50.0
200 18 4.6 0 87.1 4.3
300 20 35.0 50.0 15.0 0
400 22 54.5 45.5 0 0
500 20 90.0 10.0 0 0
1,000 20 100 0 0
2,000 20 100 0 0
3,000 20 100 0 (]

The larvae were reared as shown in Table 2

@ 3WEE»LDOHG

IRB LU 2HmPBATR Co2 B3I LVE RO ATIMHTRAMEL, SHEE
25 Cox BANALIHETCARKCHABL, 10HARKBTIRRLROXRARLZBL &
PRUCERRBISKICRLII, RELBPERICAS &  WNROBHSX Ti293.8
L SHICTEL, 6.2%X4MTH 72, Col0L50ppm T2 882% D5
R Z/RL, 100ppm T2 941 BE L H WER EFRELSLVRERRL I,
200 ppm Ti2 47.1 %, 300ppm T 23.5 %, 400ppm Ti2 6.5 %% Co OWEEH
BALDONTSWHEIRETL, 500ppmI TR SEERELED S H
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o12e FETEIZDLTI 10, 50 B X F100ppmIBVTRBEHRE X & RRKRIE
CREEZLBH SN VD, 200ppmTiE 23.5%, 300ppm Tiz 294% & 2 h
400ppm Ti2 37.5%, 500ppm T3 40BTh 512, L000ppm L E Tk RERK
RETHIBARIIZ40 U EIET L IZ, B, TEBRDLI00XBIEEME I 1.000
ppm Pl L Tadbh, LDsid 50026 1,000ppmDOBITH 10,

Table 19 FEffect of graded doses of cobalt in diet on developwment and
survival of the silkworm larvae (3rd instar larvae)

Concentration NO.of mortality Percentage of larvae reaching through

of cobalt larvae various instars in 10 days
(ppm) tested (%) 3rd instar 4th instar 5th instar
0 16 1] 0 6.2 93.8
10 17 ¢ ] 11.8 88.2
50 17 0 0 11.8 88.2
100 17 ] 0 5.9 94.1
200 17 23.5 0 29.4 47.1
300 17 129.4 0 47.1 23.5
400 16 37.% 0 56.2 6.3
5090 10 40.0 0 60.0 0
1,000 10 100 ¢ 0 0
2,000 10 100 0 0 0
3,000 10 100 0 0 0

The larvae were reared as shown in Table 2.

® SBMEEICBELLIBA
4WMETRCOZIILVEBREDODATARNTRAMEL, SHBERILS5C0%23
CALMETCRABRICHAE LR SRI0HEBR LS 3 RTFEEB LOFRTREF 16
FIWRLIZ, Col0 5 400ppmD BEX TR VMOBFYEX & AET X THAE
WU T ABEIIECALNED 12, 6000ppm Ti2 25%DWTERTH b,

8o00pPm UL TCRIFESHIOABT 1008 DFECRERL T2 FL T LDssid6000
D6 8000pPmDETH LT,
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Table 16 Effect of graded doses of cobalt in diet on development and
survival of the silkworm larvae (5th instar larvae)

Concentration NO.of mortality Percentage of larvae reaching through

of cobalt larvae various instars in 10 days
{ppm) tested (%) 5th instar pupa
0 8 0 0 100
10 8 0 ] 100
500 ) 0 0 100
1,000 8 0 0 100
2,000 8 0 0 100
3,000 8 0 0 100
4,000 8 0 0 100
6,000 8 25 15
8,000 8 100 0
10,000 8 100 0 0

The larvae were recared as shawn in Table 2.

3) BEE

MBEAEPHTCoDBSRNYE, RBIZEBOLVWEBELIPLD . 2HEORE
BEICHL»IZLL, BEHECHOVTIRTHER2#IEL ITERED 1245,
ARBRBHAR CEIEBE L L OFEHFEBE BB NIIOT, BEKEXEITH
STEEABN B,

CoDBBTRIINT A/ DN TAZ L, 1, 3IHBBIPSHBEE»S 10
BEBEGRESUNHARRERICL , TEEXALGN, 1 W TZ50ppm T,
3BT 100ppmL T, SEEERTIE 4000rpmUFOBERETFCEED
HWEBEEVALY, 100%ECTABE OO TERI0HEORETIIHERT
Kot RERTETIEEL T3 0>, WThETRTET 50TLD
BE % 100%5CT AR - (ETHUL 18T 400ppmilE, 3@ TI121000
ppmbl L, SEETi26000ppmi EE VA LS, UEXH B2 EL TADZEH
AMAREE50ppm UL T THD, HIERER 400ppmUETHB LV AD, L
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BREPAVTEDIBH»LSMITORBIBBRITCo 25 AT BADBEI.
EKBE TCRRERICFHERERZRITTH, 1L000sg/ml UETREEAEZRDbT LV
5 &EHH D (Sridhara and Bhat, 1966 ), UL U WO HH T OV TIIHE
BV, IR BABBTERD Zn L 20BFR2UKT 2L, ZnOBEONRE
BRAE M it 500 ppm LA F CHIEEAEIZ 4000ppm L ETH B C £ H CoizZn D
10#0HFEHERTC TN, —HBEDCoRA Tzt 2ABERIIEDCA, Zn,
Pb 8k NI OIR AR Y REGBEBORUE ZRLI,
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BIE EEENPERBICHFRELI
BEDOFMIZBET AR

EZIEAE R MAVTCL. Zn, Po (¥R - AR, 1974, =87 65,1971, 1078)
Niss L 0¥ Co D (83 - MR, 1983) FBEWER2 T L 2. ZFLTEND
ESROFABRABE., LD BIUBRBERBOHITLI,

“BCESHEGERERIFNFNLOALEYSBEBCI AL D S BEOLDDODHES
LEAVDOWI2EABEROERCEIBANGEEDI>TH 5. - TEER
DHETCORE2Z OB THRETILEY DS, TLCTEERTR 2HED
TLRVMBHRCHELIIESG, Z2n2BALIS@NRIEOL I CERERT 2D
RRIZNSD, U V2OMEB L ERAEDFREE( BRI TV IZVEAETEL2A,
ZTNEFNORLELBEMRCHABRICEEL., 22 HATFULICBEITIX 1000ppm &
WHIRBERBOTOREBHERZTRIL W20 P ZAHAV,. ZNHITCd D—
FEREERFIRBUNBAEOBUHOHMBITOVTR~NTI (BRRS, 1978),

FBIEH PFIvACHH[ERAFERES LU LHEROSEN

Cdi3RED ZIn BITHBL THFET A2 Z L8R 6 T3 (#I, 1973),
BRGBEIOCd IEBE THAVEBHER2RT. AEAMBTETH 5% 0Bt
Cd X H#L THV (MR - K, 1974, = 6, 1971 ), KEBTi2 CdICEX
DOBEDIn 2 HEIVEHABECRS ULBA, CdHESZaFICY , TEH
INZCE, BBISLBRETH S 80ppm B XL 160ppmDEBRED Cd D Ftt
PROVBRILIZZInBERAGHITLI,

1) @M BB X CERB K
HABERBEIEEX T EL2 A, B3R CaSO., ZnSO 2 A e, B E
BEICABE 80ppm & L, ZnBA% 0, 10, 50, 125, 250, 500 3L X 1000
ppm & LT, BGBORSGHAREBEEBIOLER G BEML 10HEE L
P3RS S 10 ARTMAN ICEHNICRAL, BELTHREL, #RROR
B, AL ABEMBL2ITL 12, fEER, ARORY, HE, Ho
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HBERX L ORBERNBOHERIMBEASL (1967, 1975 ) OHKICEL I,

H#UERER, 1BRBIOIHEBSE L. 26°COERETREFREMT 10T
MK 2ATaY. I0HARABREZ8ML . SBIICHEN 2T~ FizRE
BICOVTEWBICRNTI, ZEBEHEEFZOVTR, FREHIELREL2RET
A, VBN CHSIRBICT 5 1,

2) KBRR
Cd 80 ppmis X ¥ 160ppmiZdL Zn %, 0, 10, 50.125, 250, 500 5 & &F

Table 17 Influence of lead on cadmium toxicity of germ-free silkworm larvae(lst instar)

concentration No. of Percentage of larvae reaching throuth various instars in 10 days

larvae
cd Zn tested Ist instar 2nd instar 3rd instar
ppm  ppm % % %
0 Q 40 0 25.0 75.0
80 0 40 45.0( 55.0) 0 0
80 10 30 50.0( 50.0) 0 0
80 50 30 57.7( 43.3) 0 0
80 125 30 96.7( 3.3) 0 0
a0 250 40 30.0 50.0 20.0
80 500 30 33.3 40.0 26.7
80 1,000 30 16.7 50.0 33.3
160 0 52 e {100 0 ¢
160 10 58 0 (100} 0 0
160 50 36 0 (100) 0 0
160 125 45 16.6( 83.4) 0 0
160 250 40 47.5( 40.0) 12.5 0
160 500 30 30.0( 26.7) 43.3 0
160 1,000 30 46.7 53.3 0

() :mortality
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1000ppmD 7TRELL ., ENo 2HEFEIVRBOREHL» S IOHE/ B LIS
GOBRRORERBL L PR TEICZHOVWTREBITRWRTEAITH T, £T
FEBRBITOWVTIICAB0ppm DM E TR IMTINTREMEFELL, 100
MEBALT S 2BIET A 4DIZALNIKLL, Cd8OppmiZ Zn b3, 10, 50 Bk
O 125ppm EHFRE LT H CAdBEBBS LA UBRAEASN S, UL Zn b
250 ppm~ LOCOppm DI FERE TREBFRIRF L, 20 IMAEMSHERL,
FEROBAR TIX Zn OMEHBRL LB, TRERIL L 3BEALA
bfr, FECHIZDOTIE CAd80 ppm BEMEY 5 Tid 55 ¥ T 345 Zn b5 125ppm
OHEETIZ33%LEFRL. Zn 250ppmLl L L000ppm F TIdFIEEIX £ <
BHONKED 512, CA160ppmDBADRE B EBIEID Zn 5 0 ppm OB AL
1M THRERELLT 5. Zal25ppm LI TFTO_ER S Ti2Cd160ppm BiIh#Y
HrRUERABA OGNS, Cd160ppmiZlZn S 250ppmEF L IZHEIX 28 TR
ErCHBT A, Znd 500ppmILFFET 2 EFRETEBIZR /LD, ZndSL000
ppmtFFT 2L 53D 2WMERTLIZ, CDLHICCA160ppmiZBLNT & Zn
250ppm L ETi2 Zn OBEBEL LA KON TRERBIRFICL 3 @3B
HoNT, FEFTEIIRBDOCI160ppm B S TRRESHD 1 B T 100% D
CE2RU, Zn 2108 L 050ppmDEFRHETERRTH S, Zn %2 125ppm
HERS5T 5-83%Lzh, 250ppm T2 40 %, 500 ppmmit@‘—?rmi 26.7
% EIFET A Zn OBFICREBAL TRTEIZETL,. Znl000ppm DLEHS
TIRIECERIESRDEN L0, U LD X Hi2Cd80ppmB L X 160ppm T
TZnit 250ppmbl £ 1,000 ppm T COHERSFIZ L . TEEEB 2L, 3
HTA23Zn DBREVBLLAEODNRTRBRETT 5, COIIXBROKEER
BWELIRTEDOED G CAILZn 2HEIRNBABEO EFHELHEIS b itH
» ot

DEICd 80ppm I L FCd 160 ppmiTZn 2 0~ L0000 ppmD W T I®H 6
ERELLBAOBRERORFTRBS L UETHIZH 18FIT/RLUTZ, Cd 80 ppm
PIMBRICHSUIIBSEGORERRBIRSHI0BRT 30 %D 4 BERZRL,
SIHMEOHBRIIALNILV, 2 TZn%e S0ppm CAlZHERET 2L s @BED
10 #IHBRLIc, Fic Zn B A5 125ppm Ll £1,000 ppmiT/s 3 & 5 B2 30~
50 BEWML ., BRI L 1, FEERICOVTiZCd 80ppm DB W 45 T
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240 BTHAHHZn 10ppmPHERST30%, ZnS0ppmDEEHST 10 % &
ETU, Zn125ppm U E 1000 ppm X COLERES TRART R £ B HLH
212, Cd 160ppmIZBVTREERBE2 A2 ENROBBMRE TCREFRBLET
5%, Cd160ppmilZn % 500ppmtFI VST EL 40 %, ZnL,000ppm®D
REHE TS0 $DOSBENHBLETREFLEZ 72, ETHX Cd 160ppm
DB ¥ X O°Cd 160 ppmiZ Zn 10 ppm DI EFHH S TIZ100% THbh, Cd 160 ppm
{€Znb50, 125ppm OILFHE T 0% L b, Zn250ppmDHEFKRET60% &
EFT42, BxZn500, LOOOppmDOEFH G TREARR L A6NT, CdF
PEDSZn i X L, THRIK BRIN A C EVIBRAL LI,

Table 18 Influence of zinc on cadmium toxicity of germ-free silkworm larvae (3rd instar)

Concentration No. of Percentage of larvae reaching throuth various instars in 10 days

larvae

Cd Zn tested Ird instar 4th instar bth instar
ppm  ppm % % %
80 0 10 50 ( 20) 10( 20)

80 10 10 50 ( 10) 20( 20) )

80 50 10 0 80( 10) 10

40 125 10 0 70 30

a0 250 10 0 60 40

80 500 10 0 50 50

80 1,000 10 0 50 50

160 0 10 0 (100) 0 0

160 10 10 0(100) 0 0

160 50 10 0( 90) 10 0

160 125 10 D( 80) 10{ 10) 0

160 250 10 10( 60) 30 0

160 500 10 0 60 40

160 1,000 10 0 50 50

( ) :mortality



3) # %

MAS (1974) B Cd DBHR Zn DHEFIT L > TEBINI L ERELTY
5, FEQRCIBENBVEBICRZINSORFEHREAMEAL LD 1085,
HETH2n 2WMBEBITNEZOMNEVBHBET 20TRLVDEZALIL, ZLTE
ER TR Zn BB TR B RILVBLECEERBATRB 2T L0 L L
2, BREOCIIZEVT H Zn DFIc Y , THEBRHELYWAL . 20HRBR
bRIWVWZn OB LBLEHIZTHIENTEN, 22 TCAEZnDHEFILL LT
BHVBECBERINIBAOABEORE LEEHICOVTAL L, CdBEIBBE
BEOSOppmBL U BEZEBED 160ppm 2 AL, 12 Z2n it 20T KLk
NI D IEHIEBE D L000ppm AR E L, Cd & Zn 2HAEDEIZEC S, Cd
25 80ppm P 160 ppmDEVEE TH Zn 03 250ppm L L LO00ppm UL T D HLEFHY
izt s TEBHTHROBEAINSD, CdH320ppm 223 E Zn DEH51.000ppm
P, ZNUERFUTIBRIRIZD SN L0OT, CdéZn OREFERL ST
Cd iR INIBED Cd Bi2 160ppm L FTHH . Znid L.000ppm LLF
EANIND, EULTCd 80ppm THE S B 2E< BEILHLLDTED 2
OEBFIL 250 ~ 1.000ppm T, Cd 160ppm Ti2 500~ L000ppm &5 A 3, AR
5 (1974) 2 Cd 40ppm L FTOEMBE Ti2 Zn 5 250 ppm U T T EDZRDH 3
CERBELTVAY., KEBTEINE2BBTICLEMBTAL,

PELIHERY 4 V2R URAMAY S R EEL L VERZE T TRAELT
VADTHBEDCD & Z2n DRFIRIIEHOBRDR2PRETT LM TR
reHs, RRICARATRIDI S LEBETRHUHOBRYREACN LV,
Hiugv, ZOHMEULTIERVRS (1974) BBELTWVE L 312Cd 2H/&5L
PZEIEY ( WATRIZBERLBV DL TH S, 2 HhARARTIZICA, Zn ¢ EBiE
BETCOF/NIHAERRBLIFFIZEN, =F 6 (1971) it i nid Cd T 1ppm,
Zn T200ppm e ), WL THRRBETTOEGROLEBR2RMT 5
BAWCREECOHEAI D L EICEBE COMSYIUET, INZOPRE
REDRAMEDOBFLROERICL , TRLATEBELLNS,

E2fE AR IOAXEERTFHRES LI GOEY
MAXFEZ B, Po2HMICANPICRBALTHSL, N2 A TFLTLH
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EEMETRINLWVI000ppmDBEREAL, ChIXCAD—ER2HEFIVEBSL
BEADOBRORICOVTHANIN, TLTCIPvAfET I LT 5T,
FOBUENEHBINACE, BRCIF T »®R T ABBRIGUI. PbBR2IES
y LN [ U A

1) HEAMNB L OEBRHE

BtABREIBXEX T REE2ROI, BRERR CISO, X X PbSO 2 U1z,
WE5BEI2CdBE % 40ppmis L X 80ppm & L, Po @M%, 0, 10, 50, 125,
250, 500 % L &F Loooppm & LI, MRIEOMERE, SEHEMK, CdBLUFPy
/S HE, RERGLICSHEREARQIAEADAE (KBRS, 1967, 1975)
IZBEL 1,

2) RBRER

CdBE% 40ppm# L F 80ppm & —5Eiz & b, Phr#E % 0. 10, 50, 125,
250, 500 X F1000ppm & TERBKICL T, Cd e Pr 22N ENKF IR 1
/B LB ADEROERBEB LS I VT E, - HEL2ANIHRIBIEX
WRTHEAITHD, HERBEA2L., WROCd 40ppm B HE E T3/ 5 #
IOHBTIWMEM 0 %, 2BES 70 FHRT 20 L . Pb 125ppm 2 H#HE
BE5TAL 1M TRESELTABERI 70 4BH 6z, FITPb 250ppmELE
OHFRE TR 2MTET 2L TELV, UL UPbBRTRAEAKRL I
LI PbLOOOppmDEMIF S Ti2 90 L LM 2L EwET A, FRTRILD
WTRXNELTCd 40ppm DB ME 5 35 X 18Cd 40ppm, Pb 50 ppm UL FD3t
FHRRETRELBDLNLLY. Pb 125ppm bl FOHEH S TIHRTE SHEAL,
RETZ2PhOBECHAL THTRIIFL LD, Pb 1000 ppmDIEERHS T
875 B LEAPDIEEKERUIL, DXREEL S Cd 80ppm 2 HEHIy S, 1084
DREERBIZI TR THREVETHEIEL, Pb 10~ 1,000ppm DHEHSITL 5
THPoBFBELZ RABOEELTT, RUXRR Py 125ppmDHEHRSE T
270 ~90%Tdhbh, 250ppmUl LOPbDHEFEHST100%L72h, FETEiL
2TIWTH 7. Cd 160ppmPl LTI CABM TLTREREELRTES
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Table 19 Influence of lead on cadmium toxicity of germ-free silkworm larvae (1st instar)

Concentration No. of Percentage of larvae reaching throuth various instars in 10 days

larvae
Cd Pb tested 1Ird instar 2th instar 3th instar
ppm [V ¥ ¥ %
40 0 40 30.0 70.0 0
40 {( 40 32.5 67.5 0
40 50 30 33.3 66.7 0
40 128 30 63.3( 6.7 30.0 0
40 250 38 73.7( 26.3) ] 0
40 500 40 37.5( 62.9) 0 0
40 1,000 40 12.5( 87.95) 0 0
80 0 30 30.0( 70.0) 0 0
80 10 40 30.0( 70.0) ] 0
80 50 40 20.0( 80.0) 0 0
80 125 40 10.0( 90.0) 0 0
80 250 45 0 (100 ) 0 0
80 500 46 0 (100 ) 0 0
80 1,000 45 0 (160 ) 0 0

{ ) :mortality

100 %THb, PoeHFIVTERABELERERTOTRIRIND 5 12,
DI IWMERERNLHCALPo 2REREGLIBAOBE 2 R~IIHRILHE20
RICRTHEYTH-T, Cd40ppmTIRETAMBETH D, CdiCPb 10 ~
LOOOppmAEFEL THLRIFETHHREEBLBOZRRBY o 12, BTEXRT
3Pb 125 opm U TOREH S I TIZ0BTH B, Pb250ppm T 10 %, 500
ppmDEFHET 20%, PobLO00ppm DRER G T A0 % & CAizitFET2Pb D
BEHSRLICONTHRERIFL K 2H@HA SN, Cd80ppm iZ Pb %
EFERSULIIBAOAERRI:, NEDCIHME S T2 905D 4R 2 RT,
Pb 250ppm D#ERE T 20 % E{EFL, Pb 500 ppm I LL000ppm DIt Y
JITEESGMOISHTREIETEIEL 12, FEERCONTHAS E, Cd 80 ppmiT
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Table 20 Influence of lead on cadmium toxicity of germ-free silkworm larvae(3rd instar)

Concentration No. of Percentage of larvae reaching throuth varfous instars in 10 days

larvae
d Pb tested 3rd instar 4th instar 5th instar
ppm ppm ¥ % ¥
40 0 10 0 100 0
40 10 10 0 100 0
10 50 10 0 100 0
40 125 10 0 100 0
40 250 10 0 90(10) 0
40 500 10 0 80(20) 0
40 1,000 10 0 60 (40} 0
80 0 10 0{ 10) 60(30) 0
80 10 10 0( 20) 70(10) 0
80 50 10 0( 20) 60 (20) 0
80 125 10 D( 40) 50 (10) 0
80 250 10 0( 80) 20 0
80 500 10 0(200) 0
80 1,000 10 0(100) 0

( ) :mortality

Pob 3 125ppm U FHEUNESII30~50%¢BEEL WD, Cd B0Oppm
T Pd 250 ppm DR GFHETBOHLH< LY, Pb 500ppm., 1L.000ppm D HEKFEF
BETIR100%BFET LTI, K65 Cd - Po 2 HEFBE L TR LI RRIETHE
BTHhHEMBERICLABIRBEIED UL 512,

3 B R

ALY 4 WAL EIREWEDD S EFERLVRVEREARS T CEARICCA B
S CHFBIEBERMAD P 2 FEHE L LB GOBHI OV THANI,

CdizPb 2 HEISBERCHESLIIEN, 2oEER} Poics , TH®
ANsy, MR- AN (1974) PBEUVIIBREMAE—HLIL, KXER



TCdEPhOBBDEDHLELTCdR —ERL. PhOBRER2ELITILLEK
Yo7, PoBMTRE HH LRI VCERTHERBARNTH . TL. PbOB
BB LNERETA2CAd0HE I Po OB U THl®maN 3 EHHAAL
e TZTCAME%R 40ppmB L ¥ 80ppmé, Cd - Zn DHFHEDER LD
HIEVWBEICLIIDI, CdBEMEESTHRTE 100 % 2R T BE TIZPbDREFIR
L OBUHBROYHRRBONLVDLLTH S, 2L TCAdHMIFS T LDs 21T
WP ZHEIVI004FHTIRTEPr DR ERD I, BHRICL , 2DOTXK
EROMERGLZOBREOL DA LMERR IO LD IKEADN S, COHR
L P OBEMES T RBAEICERBEOL UL L000ppm LR TH 205, Lih~N
NEIDICHM ST ZnétPbOBYUYRKERLTHH, ZnEPod BE %2 —
BIUTRHWICERCD EDHETTHEOUE Z2ANLI LAY TH - 12 L
Bbhns,

Dl L3 Cd BRI P ORTFICL - THHRIN S C EITHBAL IS, Cd -
Zn OB ERETII LW,
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ALEHEROWTEEFETETEY, 1#, IBBLIUREEL,OEL 0@
EOHFITL(CAd), BH(Zn), #(Po), =9 7L (Ni) BXTF st
(Co) 210G LALEHZOYROREEBE L URTREHAN, HERE
(RE BB VERE) BXUI00%BICMREZHS»Iic L1,

(1) &FCAico\Tid, HFFREL 1K T10ppm EIT, 3@ T3 20ppm LIF,
S5ETR40ppm LITTH -7, 100%HFERE IR 1 8 T8ppm UL L, I®TIE
120ppm LLEE Y, S58TR160ppm LI ETH - 12,

(2) Znic>W\WTR, FEBER 1, IHBBLUSHOVLTHLOHPA H500ppm
PUTTHo-1, 100%KIEME L | 8 T4,000ppm LI E, 3 ¥ T 26,000 ppm UL E
L130, S5#TIE8000ppm LI ETH - £0

3 Pt oW TRHBRMERI I HBLU I T Zn LABRICS0ppm LT TH
D, S5ERTIZ1,000ppm YIFTH > 1, 100BHIERME L 1 & T4,000ppm YL E,
3WB LU 5 W TI38,000ppm LI ETH - 12,

(4 Ni iZ25W\WTid, HFEBREIZ 1 8T200ppm LI'F, 3 ¥ Ti33,000ppm LIF &
15D, 5ETIE8,000ppm BITFTH -7, 100%HITHME 12 | #7T2,000ppm KL L,
3 ¥ TI33.000ppm ELE, 5#TI210,000ppm YL ETH - 72,

B) Colco\W\WTid, FAMBEIX 1B T0ppm BT, IETIXI0ppm LIT, 58
Ti2 4,000ppm LU T TH - 72 100 % BFLREEIZ | 86 T400ppm LU Lk, 3#THR
1,000ppm Bl EE LY, S5ETI6,000ppm Y ETH - 1o

6) BEEBERSLTRCLABRETINTHEETHD, 71 LARKORE
(FER) B2 Hohlidh- 1,

ATHEPENS Cd £ 8B K Cd + Zn, Cd - P ARE S L EBERIRET 2 &
CAdBWi2 Cd+» Zn oRFEREG TRECERMEI A, Cd+PbORFHRG THEH I
I3, ZLTCABSMERLBEIE S Zn DEE I Cd80ppm T3 Zn 250 ~
1,000 ppm, Cd 160ppm T3 Zn 500 ~1,000ppm TH - 72,
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TCAEPhOBBDOEDHELTCdZ-EILL. PbOBER2ELITALER
X oT. PoBMTIRE BB A RALVEREAERERNTH T . PhOB
BEU@CLEHETA2Cd BRI PO OBEICGU TN 5 T &5 ¥MAEL
2o TCTCAME % 40ppms L F80ppm &, Cd-Zn DHHFHREDOBRAE LD
bEVCBEIZLIIOR, CABMPSTHRTE 100 %2R THE TIRPbOFHEFIIC
IA3BUMRKOPRRALNLODSTH B, 2L TCdBMES T LDs 27RT
REIWCPh 2HEI V100 HFET IR Po DB ERDICH, BB S OTEK
RBROERDVLZDOREDOL D FLHEERIM LI EDNS, COHE
LPhOHMPB ST ERRICERZEO LV 1L000ppm AR TH 243, Lich~
REICBMYBTIntPbOBHIRIHERLTHD, ZntPod BE % —
ERUTRHWI L ERCA EDHETTHEORER2A L LIt TH 10 L
Bbh s,

LED XS CdiBttd Pob DIETFIR L - THITRIN S C L3 HBAL 1225 Cd -
In DB EBEBE TR LWL,
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SUMMARY

The larvae of the silkworm of the lst, 3rd, or 5th instar were

allowed to be fed aseptically with artificial diets containing various
doses of cadmium (Cd), zine(Zn), lead(Pb), nickel(N1), or cobalt(Co) for
10 days, and thepermissive concentration (without any growth inhibition)
and 100%lethal concentration of these metals were determined.
(1) The permissive concentration of Cd was below 10ppm in the lst
instar, below 20 ppm in the 3rd instar, and below 40 ppm in the 5th instar,
The 1009 lethal concentration of Cd was over 80 ppm in the Ist instar.over
120 ppm in the 3th instar, and over 160 ppm in the 5th instar.
(2) The permissive concentration of Zn was below 500 ppm 1n the lst,
3rd and 5th instar. The 100%§ lethal concentration of Zn was over 4,000pp
m in the Ist instar, over 6,000 ppm in the 3rd instar, and 8,000 ppm in
the 5th instar.

(3} The permissive concentration of Pb was below 500 ppm in the Ist

and 3rd, and below 1,000 ppm in the 5th instar. The 100% lethal concent-
ration of Zn was over 4,000 ppm in the lst instar, over 8,000 ppm in the
3rd and 5th instar.

(4) The permissive concentration of Ni was below 200 ppm in the Ist
instar, below 300 ppm in the 3rd instar, and below 8,000 ppm in the 5th
instar. The 10096 lethal concentration of Ni was over 2,000 ppm in the lst

instar, over 3,000 ppm in the 3rd instar and over 10,000 ppm in the 5th

instar.
(5) The permissive concentration of Co was below 50 ppm in the Ist
instar, below 100 ppm in the 3rd instar, and below 4,000 ppm in the 5th

instar. The 100% lethal concentration of Co was over 400 ppm in the lst

instar, over 1,000 ppm in the 3rd instar and over 6,000 ppm in the 5th

instar.
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(6) The death caunse of the killed silkworms by the administration of
metals was diagnosed as poisoning death, while no posibilities indicating
the viral infections or induction of viral disease by metals were observed.

The effect of Zn and Pb was investigated in order to decrease
the Cd toxicity in a germfree sitkworm development by means of an
artificial diet contaiming Cd+Zn and Cd+Pb. With the diets, prepared with
Cd-Zn and Cd-Pb, the Cd toxicity at the stages of the Ist and 3rd instar
larvae was sharply decreased in the Cd+Zn, while with the Cd*Pb diet the
toxicity was enhanced. The maximum concentration of Zn which decreases

the Cd toxicity was 250~1,000 ppm at 80 ppm Cd and, while at 160 ppm of

Cd, the Zn concentrations ranged between 500 and 1,000 ppm.
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