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Flora and Fauna indicating Heavy Metal Pollutions in the Kosaka River

Masayuki YASUNG' and Shigehisa HATAKEY AMA!

Abstract

Some species of attached algae or chironomids in rivers are known to be
tolerable to heavy metal pollution. Surveys had been conducted in the River Kosaka,
Akita prefecture where the effulent from closed mines as well as operating mines have
entered, and we confirmed the specific flora consisting of Achnanthes minutissima and
the predominance of chironomid larvae in the rivers polluted with heavy metals. Baetis
spp. showed some tolerance to the heavy metals compared with other macrozooben-
thos but decreased the density at the heavily polluted region. While, chironomid larvae
composed of Eukiefferielle sp. and Orthocladius sp. increased in such regions. The
relationships between the electric conductivity and the number of species of algae or
insects or the abundance of them were clarified. The diversities of the flora and fauna
decreased with the increase of the electric conductivity.

The accumulations of the heavy metals in these aquatic insects as well as fish
in this river were also studied and it was found that Baetfs spp. had highly accumulated
Cd specifically. Baetis spp. had accumulated also Cu and Zn in great extent but some
other species did so for these metals,
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REANLDLEFEOEHBOBEHEL 2, .
L RBBHTERE, REXHYD, FTE BR OHEELE ST TRERROBEE LRk
WAV LNRECZFELRE- 2.
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BREGRIENS L WBECERTE2EMIEHICRoN s, EEEFRMESLIAMI TR
Ve, —RICERIRIEN S 2B/SCEPER TN TNREACERBEY & o, SLELIEVY
FHAHMLTd, L LEEROBAICIIINZEZRIETIEEL v, BrAYOEHICE S
TREDBBBEURNSL RIS > T, BRICHT DEENZN BT LA OB % L2 5
LT3, Lo L BEEHERANIIAERENTHS 2 THLA TS EYFW O FET
B, Wi Achnanthes minutissima ThH b, TOBIIBESRICFREIN TR Wil TL Bt
FTIEBTELRI D LERHAI P L VEWLDEEI LG, LPLESFEFRIEZL v
EIATR, BFIOBBNAIIE-TLES 2 EHECHILNT W59 M3 3REMSTHE
MEE GLLREKICESEENESBITINTVENT, TNRALELDELTREEZELT
VB BRI, A F 3L R, S SNBE L LVIBBEY R D, ) LA BN TD Achnanthes
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BLTWB I XL AP, I THENESRBIBEL TV EPRETH I LITTE L,
BEEICL TI00cm TETZ OBOBE ST 2. LR 2O BRI H 2 Db ad-
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minutissima Dk 5 ZTEEIC L2 L N TH S,
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W BHORASIR ELBLrTHE, L LBERECRASTL, 7 3088 H > T
LRIBAZ ENRLENTWE,

FELL )Ll 3EEBICOVWTLE LA (KS), LHELIOMIEZA) AREEATW
v, EHREILIEL 2R LD Y, BEMIIESEHEE 10005 200£0/cm iz 2T TRA L,
FNLREH T DB TIEANTH 7z, 1ZEACDELREMIL, okl cESBFERC
T MEA 7% € 20040/ cm EETERTELL LB LI RENDE, ZOMMENELHLHEHHIZ 2
A% 07 (Baetis spp.) & ¥ d, ZOMELHREALTANZE & LIFRENTWI VT
Mz EBLTEVEEL WD Th 22, FHOMESTFEA TV, BEBEHRANNIC
H T 285 Loe X PRESRTH B,

SABEOBELFAL I L # OOV T L RATAHLSRIE 6 LRINT 2, EEE
R THOREIRACEES 20000/cm TR EATAES, FNLULETHOTLA2BS T2, L
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AN L TEW e, BRI MR RSB S0 EE 05, 2D
SUMEENEESMIMIC LSS EEI LN DY, EEREIS LD Lk,

BAE IDERTHERENEIE 22 ) A THE, EHERAMBELIELL I CESRERD
HEZLWAITRLANSZL2REZEHTELY, FRTOEBKRLEECS( T LR
FENTNL M, BRICOWTRFRM L INTE LY, 1HLOrREE 0y, FHilhicig
HulhUDp it EAMD L 3 Tho 720 ANEND EFROFEBRME & hfmoFRRna 2 1)
ARV THANLHEREZR LI LHTH 2., BHERBE TR Y HIRI0EL ERV 2T 2
EHTE L, TNENDOBHRBUTHEL TH < Ty, FRUICHL THERME Tl Orthocladius sp. &
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BAKEC & 2 BRI OEBREEOEBRNAR
EEIEZ  HATHE - SREEEK!

Effects of Insecticides on the Benthic Community in a Model Stream

Masayuki YASUNO?, Yoshic SUGAYA? and Toshio IWAKUMA'

Abstract

Benthic community in an outdoor model stream was exposed to organophos-
phorus insecticides, temephos at a concetration of 5 ppm for 30 minutes or chor-
phoxim at 2 ppm for 3 hours, Three species of chironomids were predominant in this
stream in the 1st experiment and Aydropsychodes brevilineata joined to them in the 2nd
experiment, Both of the insecticides killed the majority of zoobenthos, and as a result,
the bloom of epilithic algae occurred. From this result, the extent of grazing pressure
by chironomids on algae was assessed. The chironomid populations recovered quickly
but trichopteran larvae did slowly.

There were some differences in the toxicity between the two insecticides.
Paracyclops fimbriatus and Procladius sp. were drifted only by chlorphoxim.

1. gLaic

T TEMICERE R LR BRI RER A FOKRICHAL £ oKk LMiEE R
Loz DicBEERZTLE-> T2 I EEBBMc I ML TW3, FIKBIREREMICH
T TS (OB BBIHEA I NTE14, Bald b FOREEIC OV TR FEHHY Y Heckman”
I RBRERNOKBOEBREOEWIRL ERMNEF L KL, HE(OEREYIEFHELLZE, *
kL HBEIIRER T v, BRAEEE ML, FLWERLL TR 25
BLAZEERELTWE, BHRRR) EFRBERO—KE» LERL 25732 T 5% ppm
DR IFF L TLEEhL LR LR, B BRENMES B TAEFLRITL

1, EAENENR S%EES T305 FRENEESHIEENFMI6E 2
Environmental Biology Division, the National Institute for Enviroumental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2, EYSEWRE BER TI05 FRIRNEIGHWEE16E 2
Engineering Division, the National Institute for Environmental Studies. Yatabe-machi, Tsukuba, [baraki
305, Japan,
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CEREN—DEEL bR D,

WO EHIE =D & 3 HRMBBER 5 2 RHNT VD L B2 HbATVRY, EEOBRAD
BTk BRI & AR RIZL TV 3. Yasuno 52 0B K S BB E~OK
READWBE T2 WO & - THBOETHERL ~THN, b5 HIBIEER &
TELEZE, FLAEFRITIEASRLAZCWENXFELEEXZ s P MICENR, B
OB TAL AR b O N OB ) Tid % ¢, SR OMEIC & 2 2 K0 408
o ThE CAENTHS D L ARROERCREES {2 2 £ vd, KB £ R THRERE
AT L,

2.8 &

BB B BRSO I EE S e, £ 2100m, 1823cm, 2 B2 % THEA S
ML Lz, BBRIZ0.47 /s THGEIZEIRICERF 2 H 2 2840 & 0 B4 548 1 2cm/s
Thb, KREIEBMOHEED, THBNDAHFERIZHZ, EBRIXPHELIZ LA THLEEL
R GT R, TOBATHEABOEY s LY EELLLEEZ LR, EIZ2H
TTo72e EB1TIHARY BBB, 7475 AOFALA#* 5 ppm iz 2 kI 304 HHL 7=, &
B2IIAIEROMBIHELI - LEDNZETFHICEA L ARV RAMO 7O T+ X 4% 2
ppm DB B L ) IERBEL IERIEL 2.

BRI WA EBRABRIIBIRIZIIEALLTVWEE I NS, EELKBTHS 20, LK
L <, IITHERER CRBEREIELI IR EE L L, BEBE 2ERAKBO—F
Ay be—iicgEE N, AR EY~OBEZ(EABHOR T, QR < RER, M
EEEORERE L T2 007 4 b a BV TENL A, (DOR TR KBOKEICA
FERREL, —EEEMEERE TR L TED, QI 10cm?Of A By TKBO EFTFRO & T
7 EREL 2 BRFEL em*BIC AR ERE A FATLA—NIcBLEOMBRIIC L -
THIZEL 72,

EBRAOAREHNIKMEENT—2 3R 10BN Tho7o, HEE, EHEBREO2HI
BE2NTvD, £BFRESEL, ) VBB roB L BEESMMI I ENTINTY
L, INLNFRBEREZZOKBRZI0m BT L TUIFEAERAL 4w, CODRHT o %hr
HERL, KBTHBELL-BHEZENBRETETRL Twa, KBEOEHEIHEFAEECLO L
# 3 Lid Paracyclops F EF LA~ RBUETELNT W5, I Stigeoclonium sp.hi&
&L, Achunanthes sp. % ¥ A NICRWTWS, HWREWEIER2DEBYTHS,

3. & R
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BuEHREATIE 00K E L 2R AVREL TWT, MOKERBRIISHE D HEL XV,
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#1 RIVEBKBOKE

Channel A Channel B
Om 100m Om 100m

Water temp. (C) 18.9 2L.5 18.9 2L.5

cl” (mg/1} 3.13 3.25 3.13 3.5
COD (mg/1} 0.8 1.2 0.2 2.3
T-N (mg/1) 0.43 0,40 0.40 0.40
NH,-N (mg/1) 0.07 0.06 0.05 0.05
T-P (mg/1) 0.52 (.48 0.49 0.43
PO-P (mg/1) 0.31 0.30 0.30 0.28

2 KEOKBIDHBRT 8

Algae Insecta Ostracoda
Stigeoclonium sp. Chironomus flaviplumus Copepoda
Achnanthes spp. Polypedilum nuvifer Paracyclops fimbriatus
Nitzschia palea Paratrichocladium rufiventris Oligochaeta
Teiraspora sp. Cricotopus yatabensis Nematoda
Phormidium sp. Thienemanniells majuscula
Scenedesmus sp. Procladis sp.
Synedra sp.
(Gomphenema sp. Simulium uchidai

Hydropsychodes brevilineata

2.7 1) At $HESUEICL L, F0 9 b T L Thienemanniella majuscula ¥ ¥ % STz,
L L 38825 H D BBy » T T Chivonomus flaviplwmus 13 EWRERS Thienemanniella 13
FTHBTicFHmDPLEH 72,

B IR a0 R ) A RS g, (B1)

Lo L@l aB®micizBe dEE 3MIEEL TL £ » 72,7277 L Chivonomus flaviplumus &)
BHES DB = % OFFROTRIBDH LI, ZORBERGHRDL ) HORFRERNEG
BEBEOZTIL: L CHEL TV, 222N ADnE K- A208TX a2 40
HLE6AMHO Zua 74 a@ERLTWE, 2 b r—AOKBTIE, MEAZ7DOT 4
VaBickENENR LT, £ THREE TR Thienemanniella DIBRRED2HIZIFF ISP U
W EHTREAT VS, MEAR T, FOFHEAK 28MEN 7o 7 4 La BIZIFEICEC,
2z AOBEELZ6Hicikar be—nrBLSHLITIZALIC X2, OB, GV
22 AOEREFREVAFbE 2, TOI L, BRONFERRORTEIRERRICKE
(HEPSTTVB 2R TRBRT 200 ThHS. BANERICE T 2ERTRBEDHEBNETL,
K BROMEOEILHRS L N, FOHE, BEIAAPHEE DA IHME L TH- 5
CHBTRON AN A THE, COEBKBTRENS L2 AN 0 EBELTIRETHE D
ELBRLBLECL - ThEENnL BRTHS,
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LAST I rZHRBRBEE L TEELVE L DT KT ERRO KBTI Thieneman-
niella T 185472 9 10028 L 5 KRB BL S HOBBIZIZ L A 8 vy, HoTLA%T
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b2, BORMBAE, BTFETCHTNEMOI0MICHIA RN Thienemanniella #7172,
L5 A A0m ABDET TS - # - HERLE SN 2D THENE L L CnERIE S
0 s, KIS B T Thienemanniella R E G MEF SH T A el Lt o1z,
TR0 IS i L2l Hydvopsyeodes Th 5, ZOBEEKEL FOBER» LT
NEPENBALDTHE, 22 A0 Cricotpus & Paratrichocladiug 13RO 305-HIZH T L,
Chironomus flaviplumus i3 2 L 1CROTEICHET Lz, ZoXkBicidfagEoa 2 2 TH S
Procladis B L TWwad, EB1OT A7 4 A TR I OBEEELZ TV, BWZHETT
BEMEIZ A 7ead, 7007 3 X ACEHI EATRENT, BL I &1 Paracyciops 122v>C
DV, BINERODE XL EMERL Twied, THLIRESBRTTEILidbro1e,

#£3 sUNTa+RYLIEAE (RH) OkBOEEDHOFT

Time Hydropsychodes Procladius  Thienemanniella Cricotopu.s Paratrichocladius Chironomus Paracyclops
brevilineata sp. majuscula vatabensis rufiventris flaviplumus
Treated channel
1350-1420 5 0 6% 1 2 il + .
420-1450 5708 1 108728 0 0 ! 5895
1450-1520 1285 3 15962 58 31 1 4697
15201650 429 7 9792 0 0 91 3772
1650-1720 44 3 2631 0 5 4 1969
Control channel
1420-1450 1 0 7 ¢ 1 i} +
1450-1520 3 0 77 0 6 0 *
1520-1850 2 0 89 0 3 0 +
1650-1720 i 0 92 0 il 0 +

RO B R EEOBEAT(LIE 3 ISR S LT v 5, Hydropsychodes (338 AL
BAMTIZNEL T LEETLET 2 A»25L 9 THE, vt n—KBICEWTLE
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72)o Thienemanielly it R THEICTENL & 5 ICITITLBRIIEAE S LI 2 2012 2:EM#RIC
REENE SLAERLNDL, BHET2EAEARS L OREHSERT I EBbNE, (B3)
Chironomus flaviplumus |15 SFE AR OEERE IR P LV b bH T, ABPTRET
vie—nll bicEERDEA L, IOL I ICBICHENTAZLRERITLRD LN,
k9 LR BRI A RO BRI Paratrichocladius 12 LB LN, L LAY IZE D
BRTHRMICHERY S22, ERBTLHMTEIETLERS> TS,

MHFHEFEOBRGERIT LB CRIZRFRADKEIEH LN v, (B4), &6 ERET
DR HOBERS L L L ETHRERS (2t ofzl®, 22N HDHED 2RI LB
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Thienemannielly /3TN OB BRI EAOMBT, F L L LRETH S 720y Simulium uchidai
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ARV EDREL TV 2, Chironomus flaviplumus |33 2 T HEA & 5 W2 iic 3R T 5 HH
T# b, Paralrichocladius iz#b & 2 AT TR EN T H v, ZOBREDKENDKEEC
BT AL DL EILNE, THRLDHBRIZANE L TR EN WL 74 7TICHETE D,
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JEQBRE~E 2 BRI KEWDRY, TOEBRPEHLP E LT,
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Vo b LIELNS ETRIE, AROWIIS L5 2AA ZHOKBKE T KAEEF 2 ORDIHC
WETHERBT LUz HERL 2 20w,

BAKBIz L2200k ) ZEBROBHSY, BRMFRE, RoMEG L 2 RofROmS
RN, BEBRERNL I UBERBEETH), REFROFERWETH L. HCEERILEY
EOWTLRMOZRBIITHNLZ 24352 R50THEY, TR RIERTIH LEY
BOBRMEICL 2B XL L THOBIP LA TS, L TRILVIEIRELLTD
ZHEORLHBN O THD Y, FHRICALND LI L 2 RME, ThbLiEEIR
FTEOMM, 5V FOEDEEBHOEME EOFI 2 THREZNTWE W, 2F 0, &
YHAEOBGEL+5EEB L Ty vwdicd b, RHBER AEORIEOBE L 4% M ICHFR
TLLEXEY), TORCRE T TEMHEOMRrBEE: 22 Bbis,

FIFRTHN: 2HEOZEFIT S 5o HEHEE (FFLECRLT) TEO#EMSZZ v FT5000
mg/kg 7 5 10000mg/kg TH B, KEOEDCHT L BB DAL, Ll 208K
DEGICIRRELEBV2HLZ %L, TLARALIY ZHEMAZLNLZ 2R, THL%
BHHDBASTNTE LS E0RBELTRT EOICRLS2EELNLS,

INETOBEROBRTHER BT 2 L 22 THL S Eh - o BRRIB A L 2 EWEE
DESGIE, BROBRO—BISREY, L LBEOREORy, Tibsb, BHLBET M+
=T ELTHBEST N2 A ARESTRTH- 2 L ICHBYH Y, B, BLKBTIT
STWVAEBREGIIRELEERI LR -TEY, F2oBRLALNTWE, TOER
T REBINDITFETH 5.

5. 3&® .

BAKROEEEMMEL AR L BBBT A 74 2% 5 ppm DEETIHFEH LB To0
7% L2 ppm ¥ 3BMBELS, BUOEBTREEN AN S0 BETLEET, 06
AR A TR R ER MRS i, HENRICHT A AHEOMIISII ) itk
SEARBICHALZTALE I LN, 2 AN ABRENBEHBRECHENEOKBIIBTEREL
NLARLPEVYEBEIELL, $L0KETLE TR 3B ) A0SR FEL, 24
) AOHEBNBERLBOREFICEE | TwaZ raRdhn, 268HNEBRTRoFS <Y
rINEHRAERL Twiz, ZOEoERIZZA) Akl TKRERB» - 12,

50 A X M

1) Hechman, C. W. (1981) ! Long-Term Effects of Intensive Pesticide Applications on the Aquatic
Community in Orchard Drainage Ditches near Hamburg, Germany. Arch. Environm, Con-
tam. Toxicol., 10, 393-426, .
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. Impact of Insecticides on the Zooplankton Communities of

Model Aquatic Ecosystems

. Junichi HASEGAWA! and Masayuki YASUNO?

Abstract

Moedel aquatic ecosystem was made with the mud taken from Lake Kasumiga-
ura, in which the resting eggs of zooplanktons had been contained. And the impact of
two organophosphorus insecticides, chlorpyrifos methyl, chlorphoxim, and an insect
growth regulator, methoprene, on the zooplankton communities of this ecosystem was
studied. Almost all species of zooplankton collected from Lake Kasumigaura were
observed in this ecosystem. Populations of a copepod, Eodiapfomits japonicus, and its
nauplius were less susceptible to these chemicals and no obvious effect on this species
was observed. Cladoceran populations were severely affected by both organophos- -
phorus insecticides. Methoprene did not affect these populations, but the delayed
population growth was observed. Brachionus calyciflorus continued to increase for a
longer period in the treated ecosystem, where cladocerans were eliminated, than in
control ecosystem. Filinia longiseta remained at low density level in control ecosystem
but increased conspicuously in the treated ecosystem. The increase of Ceonochilus
dossuarius was observed only in the methoprene treated ecosystem.

1. @C®HIC
BELE FMERILVRARBELFOBWNTEDSTCEROBEIMHINTEY, £
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v BREAGROETEA S LD F 7 b, BESRS D VIIRIBMFEKD S OBBEN LT RAL S
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Research Collaborator of the National Institute for Environmental Studies. Present Adress : Department
of Agricultural Biclogy, the University of Tokyo, Yayoi, Bunkyo-ku, Tokyo 113, Japan.
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Environmental Biology Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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Ve FRIALDBREIRICKEEWOTT, BELLALTEH N TR, EBRNICHELY
TRMERESIZRITIERRCALNTE Y, HroKEEWICNT L RENELICHT S
HEL 2w, Lo LREHIEBRNICE 3R TRRICET 2EBWRILS 3 1TbN Tk
ya -3

FWRETIE, BP7T> 7 b B LTR7BEL VBN 2 ERTFORAIE A€ 704
WREERL, 3EMEOZBESEY TS0 L BB LT A HERH LT B,

2, BBRFEEZ

ETNERROERITER 20 COERENTITV, 600X295X360 mm @747 2 YK 8
FRELZ. BRORAZEITLHEBRPIEIAKEEREZES 3 mm 0F 7 AR THEY, F12
LBHcAT b EROME L BT 5 Lo &KERMIC IR AR =—n 82 AL, X
RIEAIE 12 B8 12 BERERE & L, RSB AEREL -, TEREREDARIZEK
BOKEELETHI3W -m2Th-7c, BT 7> 7 b s, 2 BicE »lBEA (368
N, 140°20E, A#E2 m) & VERL, FROSCOBEPICHSH»ABRTFL-ERE2ERALZ,
TRk, ACEASZMEREASBEE (Mii-RO 4) k) AL, EXRBREOROAKY
THRIAMBEL2KEMEAL 2. ERICEL TAKYL 7D 2000 ml @ EELE ¥ BERER K
40 1 DEEFAKEMZ, EBRPIFEKERRZT- 72,

AR BFTEE U > R B2 H chlorpyrifos methyl 20 %36, chlorphoxim 20 % FLALAI
PR BEhE RV € BEEEYE methoprene 10 % 8FIT, MEBERFA AR 0.1, 0.01, 1
ppm & L7z, BEANE I EBERNE 3 B H Ty, BOAER, MBEX I RERI2 X L2,

777 ERBESIIERBNKLY, 7,10,14,17,21, 24, 27, 30, 34, 378 B 24T 2.
77 7 bR TABAE IE mmay ) arFa—TERHGRY 4 Rric b ) EXE
LoD 2 1 #3RML, WE S8 umnF A4 oAy i (NXX 25) TAHBBHER, 90 % =510
Ta—NAFEFL 2. B 704350 ml # 22 v 30— T128 R0 LA #RE TE B & ¢ 10ml
ICBEER, Y 7AREKIZOWTERMEERT 0B TEWMT 7 7 FrORERFIHEERIT 7

3. BRRUEE

EFNERRICE T @MW S 7 b ARSI b U6, HAMGHE, »vhHLEAS

BTah (#1), BrHicBt B0 bIARTHELATIb0 LE, ARV
FOKRBHHHO LNz, L LHEEEK (copepodite) THET 2 LBhN2vHLED
Cyclopoida BHICB T 2 BEILI LA LHMAL -1, ZHEBEROVBERERTENEETH S &
Ei L, 3HPHLULROMEETHNE cyclopoid LB T2 2 A HEINT W3,

vk LM E. japonicus B UF% @ nauplius 122V Tk, BBFIOBINIT LA LBDHL N L
572 (@), —FHHEABEOBRER T IREEZLULE 20 LHECEEBHTES, £
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ROTIFERA
Brachionus calyciflorus Polyarthra vulgaris
B.angularis Asplanchna priodonta
B.quadridentatus A brightwelli
B. budapestinensis Pompholyx complanaia
B.urceolgris Conochilus dessuarius
B. caudalyts Hexarthra mira
B.diversicornis Filinia longisela
B. forficula Collotheca spp.
Keratelln tropica Trichocerca similis
K.cochlearis T. capucina
Euchlanis dilalata Trichocercae spp.

Mytilinia venlralis

CLADOCERA
Moina micrura Digphanosoma sp.
Bosmine falalis Ceriodaphnia cornula
B. longilosiris Alona gullata
COPEPODA

Fodiaplomus Japonicus

28803 chlorpyrifos methyl, chlorphoxim MR T3 S|AEK Iz L T 90—100 % TH -
72. L# L methoprene MR 712300 HU BRIz FoBiErEsH LNz (H2), F-0T LHEHIZ
ORI — 2 Ip 5 0D I A T b b, T bb—HIIRANMEOFRII» 20 S
FTHBEL L B calyciflorus TH N, HHE MBI THABELWEER L2 F lngisela, C.
dossuarius TH 2 (R3),

B. calyciflorus i3, BRAER TR T FEICEEBEICEL 28R L 4 RLME2CHRL L
7 72 %, chlorpyrifos methyl MEBR Cix 7 B B2 i3 ITE0ER L 13TR L EEICEL 108 =)
LB AREZFOEWESAHEL L, FOREL L TUTOREZ EEITLNE, T4bLET
WHEBRICBITL 7an 7 s g B2, 7THEICIZEAEI T ug - 17!, chlorpyrifos methyl
MEBX T3 ug- 17!, BEHRRRWTAL 2 pg- 1D UTTHD BRL L7, $72108BD
AR 1 R X T35 inds - 13T H ) £ 096 %ix M. micrura R UF B, fatalis 75 &8
2205 MBRTEVEAL linds AT Chom, 3 bl AKREER B. calyciflorus™ 1-7
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pl - animal-! - h""o ¥ U T M. micrura™ T3 100-200 gl - animal™ - h"' Tk 2, L Loz &b
by, BHAMBEI L AEARORI T L L EOBERERTYREE TS 7 F v olme bz
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DHBEII MR ERMER 77 v 7 b v DEd 2 FE-Twa 2k, B F Y TREZDAR
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2o L LB Tid F. longisete 138 BRIOEEIC b b T 20, 248 Hi23E0ED 4-16
EOEEISEL, BTHANI L A YRE S M7z chlorpyrifos methyl SLERE % (F chlorphoxim
%EE’C’Fi%@iﬁﬁﬁﬂiﬁﬁ%?% 272 72 C. dossuarius Oy & BB R M AMBERX S5 b F
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Monogr., 42, 269-299.
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7) TEE#% | personal communication.
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Evaluation of Toxicant Effects on Structure of a Microcosm

Mamoru MIYASHITAand Masayuki YASUNO!

Abstract

To assess ecological effects of pollutants, an aquatic microecosystem consisted of
bacteria, green-algae Chilorella sp., water-flea Moina macrocopa and chironomid midge
paratanytarsus Parthenogencticus was developed. The microecosystem was established
in 200 ml beakers containing 150 ml of autoclaved tap water. Four types of microeco-
system were constracted, Type 1: Bacteria-Chlorella, Type II: Bacteria-Chlorella-
Moina, Type III: Bacteria-Chlorella-Paratanytarsus, and Type IV: Bacteria-Chlorella
-Moina-Paratanytarsus. M. macrocopa and P. parthenogeneticus populations in these
systems persisted for three months. Parameters being observed at intervals during the
experiment were the densities of M. macrocopa, P. parthenogeneticus and bacteria, pH,
chlorophyll a, phaeopigment and total biomass. The averaged coefficient variation

(CV) for the densities of M. macrocopa, FP. parthenogeneticus and bacteria in these
systems was 51. 5, 41. 4 and 56. 4 percent, respectively. The CV values for total biomass
and pH were much lower than that for the densities of M. macrocopa, P. parthenogeneti-
cus and bacteria. To examine the repeatability of the present microecosystem, the
pearameters in two experiments of Type 11 were compared. The patterns of the
changes in the parameters were almost identical between the two months,

The response of microecosystems to the stress of cadmium were observed. The
population growth of M. macrocopa and P. parthenogeneticus was inhibited with 10 ppb
Cd. In Type II, the differences in the density of M. macrocope and chlorophyll a
between control and 10 ppb Cd treatment became significnat after day 4. Significant
differences in the density of bacteria, pH and total biomass were detected after day 8,
16 and 20, respectively.

1. B SPREN T306 FMELHEEES HIRET /N 165 2
Environmenatal Biology Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan,
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1. rsi:

HROEBRIISEVICASCHETH L0, FICELEYIENL S IcEEL, %7,
ENEILEEL L TwE23HRTL L EESTEHL », HROEBZOMHNFE X L T,
ZCOBE, BTN, BBGEHRKL S, FRLEHEL Ty 2 BESS, 215 DES
BTHHEH, 1B Kir2£y PRkBLERBLT, BUEKOERRAOER, whd3
ETNLILATLEEY, TP TOBEDOE R, HANE PDERNEE): BEEL Ly
B/RBFESLE LR TS,

S, ETNLILATLEANOEEOWERSED, ) okl B 2HED, X HRD
HERRAOEELBO T 220 LTHWL Ty, BEEREENETIZIRT,
HARDERERICE T 5 FRMEOETLRTY, @RI T 288, 2 X 2B~NLD0ER
TFRICED I 2OTREVEVIZETERBENE L S22,

REBEEEICHL THOET AL 2L AT ARAVA I EDRE L LTS, KiELroEBC
& LAD I RETERIMTI 5O TRENFROLEN L VI &, EMRO 82T LT
ERFTINT, WEOBRHPESICL), AHETENZ Z 2 TiL &, £/, XkohD
LEELVEL LT, YWEHNRE, SEROEOBELY, SFTELEFTRIELTE
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LITH, REFRECRRL T T 2o HR L 2ME, 7or P, 12va, 22Yd
PLYBE—H—LNNDETFINLID AT A 2WTRET 3,

2. EFALAL AT AOMEAIT

2.1 BEEIZonT

ETNL AT LA LERRE L CREET 20 0i0i3, 8L, HESE IHE0=
EYLELEND, AEELL T, BEORENLETHL 7005, NEELL T, 0f
NLBBERETHIET S 7~ 32009 22 Y HS0ERAN, FBREL LT, Foi1dra®
2ZN) ADEFIE, ENLEERFLTW2MELZ ZOEEHVEI L, 25T, o
NETEKBENTHEEL TEEYT, FHESETE2ETHLI b, EBIEHA— 204
T.—ﬁﬁmﬁﬁﬁﬁ<,$ﬁ®$$ﬂf&ﬁﬁﬁ%&0ﬁfﬁ?%&:t,é%t@@ﬁmi
WEAFTEIHTHLI LY 2REMEL L TRIZTNT,

2.2 EBEHIIOWT

EFNEILAT LN AT, MGRG, EREFCOWTIEELIZRLE, 200ml O —#
—IZEBE L2 K500 ml 2 A4, FIEEN70L 507230, a2 ) pemiEl, EE9
MDA FI Ay~ ThHRELLZLDE Ly bOET VLI AT AELEZ 2NLE2HE) =
Fr 8oty Fizl2ey P30l 30 W AT 2 158~ 24 60 cm, # 180 cm HEE
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Microecosystem

Type 1 ' Bacteria-Chiorella
Type [ : Bacteria-Chlorella- Moina
Type 1I - Bacteria-Chlorella-Paratanytarsus
Type N : Bacteria-Chlarella- Moina- Paratanvtarsus
Experimental Conditions
Container . 200m] Beaker
Culture Medium: 150ml Tap Water {Autoclaved)
Temperature 23+ 27T
Light Intenrity 15 000 1lx, .Fluorescent Light
Photoperiod . 12h-Light, 1Zh-Dark
Materials [noculated
Chlorells sp. 3.33 X 107 cells/ml
Meina Macrocopa 10 individuals

Paralanytarsus parthenogenelicus 10 individuals

BENLIZEW, —DoNEBREEICIIEECS Ny L, 9By FOET AT ILAT LAHET
b £7: 54 >—THRYUHLFLTEL L IICLThd, V>N 7iE, 4~6+2y bDET
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EOMBERS000 Ix T, 126 EEE & L2, EREEER23L 1 CHOERZICE»ATVS5, £
FRL L AT ANDKIBIRR~2CTH -2,

3. FRFAOEFNIIAL AT LD
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5H%, FOL~ULiE 5 X108~ 2 X10°/150ml Dz k9, KEL Tvh. FEERR 7oL 7~
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MY 28T, 22 A LIiRY S, ZORTIE, 22N A2 3#HNBNRAT, 1008#ETIC
AR ET (F3), 222 AIHIMBEDIE L, SHMEL R E —h—DES
B—Hic 7oy 3 THROBEEDL Y, KEIEY, 230BHICL2EIYE N5 TLE
ORCERLE(, GEREPEGD EOTEZHMIBBRICTELVY, 7007 L BiE2 %
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WREBL L2320, 22D F2B0RTHE, o312 aidEr LTS
BELTYWS, —F, 22 ) A0 EACERICE2E-> THEL TWEETEVITEAS
FRIZLTEN, £ETRTHE, ZoFRERI, EnEvid, 220 20iHRA R 2
alzfadiz, 3L L 2HRMBVR LI 722k, RU, #iio 7 < 3 vy o nEEE,
RILZEBI L T wI e " a2 THE([H4), 22 ) ANHRIZETNLI AT LADER
IR L 127 = 3 P anBht v CONER A BICHAIL 2, RT3 2 L CHEEENER
ZRESLTED, 70V indEREL?BEHIBELLTCWLLEZLNS, =Y 3D
H¥ S FEOBERN—D L BbiL b,

4, EFIITAL AT LOYEEIZS>WT

FI, I, VOBRETHZ Iy aRUF2A) AEEEOFRFAORICBIT L SR
a&2icmli, RABICBILIRIIN =2 o2 a3 XPBETEEH > Tnfn, 22
VADRTRIVTIR, 2IREEHS LTz, —F, 220 AR g1 ranik-hRIVics
WTRETEER-TBY, FoiorandFRI) 70LRICH L THEII LW LEEL
Lilb,
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Type of Time in days
Species
Microecosystem 0 16 24 34 54 72
1 Moina 30% 28 28 28 28 28
i Paratany. 30 30 27 27 27 27
I Moina 30 29 26 26 21 21
Paratany. 30 30 30 30 29 29

* No., of microecosystems tested.

FivanfEiii, RII (K2) CRIvo 74 VEMETIZOATERLICEHAS L Ty
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DEGEEL, RILNLECHBENTVWE, Lid-T, BRICEELS, 7oL 30~
(BNHBEHPRIVTRRIILINLSEWEEZ 502, —F, 220 2II3#R%% 3 #4 (RID)
b 2ER (RIV) KRS SETEY), REEFOBLCHEC-GHEMMEMME L2 LT, 8
BOBELHELTNEEEILND, .
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EFINLILAT LAOBEIL, FOWELBBETT ST A—F—Il Lo TREN D, Wil
L2 T AOBPERREOME, BEMEFRT INTNOEKRESRTRE SIS - T, Bk
X, 0L AT ADERTRTRSRSHR, KEEOVA I LIt s-TERENS, RES
P b ORERET LTI AT AL - TREBT 2801213, BROEBRRUD €T
WLAL AT LEDRENTHETH), 2, HERSROWB LM T2 L) w7 A —F—%&
BIRT2ZILHUELINGY,

£33, T THANTEMN2OET NI IV RAT LANDEFNEND T A =5 —DEBRE*
ML ZOMEE, BNELLLTA—DEFNAIILATLARMAIE T E EDETLHDE
LOEXDESWTHE, EINMEIL, SHEHLTZHEF TS HEEIL Lo AT > TN
EEEEOENTH D, WE, s~vivra, 22 ) p0@E&EETRT/ T 4 — 5 —DEEEE
it ks, pHOFNIBITH L, TNETHET LI AL AT LOHRTIE, EEREOCEED
BEEEA 0% %8BT LidETaH ), WEIL 7 A — 5 -4 BNMEEZ L 2 2 3R Tw
2% HAER, 70074 VEOEEFEEL, BRI TCEMORLNLASWEE LT3, M
BETE, oREoERALATV, oIV, 22 ) AOBEROEERKIIRII LR
IV, Rl:RIVOMTARSEEBIRALN R, 22T, BRYMME TS 2T L2027
LANMANTEZHEE L THRA#EHTER2o, T L TEEASROESZR N K- T 225,
HERTAL LI~ 0y aTREFNERDLD EERL 2ETIRBHLENENSH D, 12,
BEENRICE, AB0LOnS (b, Litd-T, RERNELTET L, FOEBNIMEE
BTRLELOLD LEWERAAS RN, BEREELAS (b, T0id, 2R AR
DWTHREBRTH S,

F3 BT A—F—OEMREANTEE

Type of Microecosystem

Parameter

1(3) * m(s6) m{6) V(5)
Biomass 2.7 13.6 11.0 16.9
Chlerophyll @ 8.6 38.9 32.5 38.5
pH 1.3 4.1 3.2 4.0
No. of Bacteria 56.6 41.0 65.4 62.7
No. of Moina — 49.5 — 53.5
No. - of Paratany. — —_ 36.1 46.7

% No. of replicates,
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Time {Days}
4 8 12 16 20 24 28

Parameter

Type 1 :Bacteria-Chlorella
Chlorophyll « - - - - - - -
Phaeopigments - - - 5 - - -
No. of Bacteria - B - - - - -
pH - - - - g - -

Total Biomass - - S - S - -

Type [ :Bacteria-Chlorella-Moina
No. of Moina
Chlorophyll ¢

Phaeopigments -

n i W Wwn
n
|
1
¥

No. of Bacteria - s S
pH - - - 5 - 5 s
S

Total Biomass = - - - S

Type [ : Bacteria-Chlorella-Paratanaytarsus

No. of Paratany. - - S [ - - -

wn
1
'
|

Chlorophyll a - - -
Phaeopigments - - - - - - _
No. of Bacteria - - -

pH - - -

n wn
n n W
4
1

Total Biomass - - -

5 : Significant, - > Not significant.

6. 2&¥ .
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FANFRPEARALLEE, ¥, FILE2OREFAN, DL ICERLTT(»%H
NATEPETFNIIVATLAND—DIMEGTHEY, T CHRL B EF LI L7
ATY, TRHARTHD I EWRENT, Gk, BREND DRREMOHY, o/ T 4—
TR, RUFZDETNL I AT LORFRR - VSR LRELEND,




ol R RO I MY B BRI E O W B

2 A X’

7}

8)

Odum, H. T. and C. M. Hoskin (1957} : Metabolism of a laboratory stream microcosm. Bubl.
Inst. Mar. Sci. Univ, Texas, 4, 115-133.

Whittaker, R. H. {1961) | Exkeriments with radiophospcorus tracer in aquatic microcosms.
Ecol. Monogr., 31{2), 157-188.

Metcalf, C. K., C. K. Sangha and 1. R. Kapoor (1971) : Model ecosystem for the evaluation of
pesticide biodegradability and ecological magnification. Environ. Sci, Tech.,5(8), 709-713.

Taub, F. B. (1973) . Biological models of freshwater communities. EPA—660/3—73—008, PB
—225029.

Hatakeyama, S. and M. Yasuno (1981} | The effects of cadmium-accumulated chlorella on the
reprodution of Meing macrocopa (Cladocera). Ecotoxicol. Environ. Saf,, 5, 341-350.

Sasa, M. (1979) . A morphological study of adults and immature stages of 20 Japaniese species
of the family Chironomidae (Diptera). Res. Rep. Natl. Inst. Environ. Stud. Jpn., No 7, 148p,

Hatakeyama, S. and M. Yasuno (1981} . A method for assessing chronic effects of toxic substan-
ces on the midge, Paratanylarsus parthenogeneticus—effect of copper. Arch. Environ. Contam.
Toxicol., 10, 705-713.

Haque, R., J. V. Nabholz and M. G. Ryon (1980) : Interlaboratory evalution of microcosm
research; Proceedings of the workshop. EPA—600/9—80—019, PB 80—175005.

Isensee, A. R. {1976) : Variability of aquatic model ecosystem-derived data. Int. J. Environ. Stud.,,
10. 35-4L



|
|

B2 2R PR TR S 95624 (R—62—"84)
Res. Rep, Natl. Inst. Environ. Stud., Jpn., No. 62, 1984,

HBETFIIERNE-ODESEN AL P2 — 42— S5 4LBGSIIIZ2WT
BE - EE K

Interactive Computer Programs {(BGS II) for Ecological Simulation

Tomoyuki HAKAMATA' and Syota HIROSAKI!

Abstract

BGS I1 (Biolegical Growth Simulator, Version I1) is an interactive program
that helps ecologists writing ecological models by simultanious ordinary differential
equations and simulating the ecological phenomena by the models. It is machine-
independent program because of writing in FORTRAN 77. A model is written as a
subroutine of a FORTRAN program. BGS Il prepares a framework for users to write
the subroutine. Model parameter values and other simulating conditions are inputted
from a keyboad followed out a menu, A lot of default value are prepared in a
simulating condition file for biginners. The BGS I1-commands are represented by an
alphabetical letter symbelizing an operational function. The most suitable integration
method can be selected from five numerical methods such as Runge-Kutta, Euler,
impruved Euler, Runge-Kutta-Gill and Milne methods. Simulation can be intercepted
and rerun after resetting such conditions as an-interval of integration, etc. BGS II
produces tabular and/or graphical output. BGS II stores five cases of results of
simulations int a file to compare with one another on CRT screen. A simulation of
biomass fluctuation of chlorella-moina system was shown as an exemple which was
operated using BGS 1I.
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Environmental Information Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305 Japan.
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FORTRAN DHIEIZUETIZ B V.
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V=BT, ERTEGBENA=2—% CRTHEBELETL, tRLELIBTEF]
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PRETELIEE LR, 77 70HRIBWTREEEOR/ME & BCELHE L CHEMIC
A4 — LR RN, 2 — R —NOEELTLHZELTEETH 2. Z0HEEHR,
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Xid, Foiy TERBICAMTH S,
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BGS (IO E L BIEORM £ BRI oo, E—d—RHICBT2 70 7-3 v 2R,
A2 ZABOEAIN OV THEAL LR ETRT 5, TR (2) & LT, 1 )ERRAM
Bz oe7alL 2, WHEZ TICREMLA SV 20 RSN THEA L, MBkiiRE L &
DLEET B, M, i) U108 HURBIIRE L LA RREEICEL TR, £2T,
SR — R B ET NI > THBRT LI X R RAL
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EBRE TR 2O ORIEY T Ca—F — 7075 ABGSILIZ DL T

R T 24, 77 A NICEBKBEAATLOAHHTLANBROERIERENS, -2 T2,
ETNHT P ANCEILEEAZN T LDEBEL T N =B &2 5, FRiNLTEF
NPBERAINTVE 774 LA EMVIEL TWa, 208, XY 7' w e Ba 7T rANE

T2 hTErOMGIIHNL, o TR “N'=TBe&Eir,

FR1 BGS lo#S

READY
BIGS2vz2

MAKE NEW MODEL (Y/N)

N.

DATA SET NAME ¢ «£XAMPLE - 1ODEL . FORT )
. MZMODEL . FORT
. CLEAR FPLOTOUT FILE (V/N)
N:
+EDITH “"BEGE" [ENTER] 7" “"w37 7.

' olantan 29z,

B!

"END" C(ENTER]

@ SUBROUTINE MODEL (%R2)

ETRBIRC 7 7ANVADERT VAL T, BHED 4TIE, fIRLz (T r7
LTHB, STBUTREFASRL Y 7T A—F o OHERNLERTHD, 2—F—dEbH
LETIEERTH - Th L, FHETLHEHE LT, MBEIC), »<7 4 — % —(PARAM), #
WMo %L (D), ETVWNOREE V), FIRIL 2w S 2 — 3 —DRE (F) & 2—H—»
AT 2, NY 3FBRRNERTHE. kD 21713, T LROBEHEICEWT, S DGRED
0 &% 2BAMTEFHEETHY), WTHPOBMIZEAL TE(IENEZ LY,

FOITHEAL TV, SR LEYE OBRLFT L May dETVITH Y, KRAD &
BN TH5,

dH/dt=vH{(1-H/K)—kV[1—exp(—cH)] (2)
dV/dt=V{—b+8[1—exp(—cH)]} (3)

V idkity, H 3WEEBOR, n b b B8 ¢ K37 A—7—THN, B K i3 HI-HEE
HrMihsinThs, 2o %, FORTRAN TEHE LS L}: LT~ 1B0ITTH ), HE
iz (2), (3)XLHIEL T3,

Q@ A-a—M@EH (BRI, 4)

EDIT OB (KR 1) T, “BGS" 2 ANT 2 (BRI)ETERET S, 7, v te—n
B a— BT S A 2 a—HFERE N D, 22T HELP (TR 4 T3 HOW) B 48R 1 5
&, BAZa—ONBEOEREHFREND,
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=TR2 ETLORR

OO0 L0 FROGRAM BGE2721

00020 CALL MAIN

QO30 STOF

onoa0 END

QGOS0 SURROUTINE MODEL

NOOLD IMPLICIT REAL%Z(A-H-0-2)

QQO70 COMMON  /GENERA/ T T3 OT. TF.NY,. MT

OO0 COMMON /] Eﬁ%’f (1370)

QOO0 COMMON /FARAM/[ P 100

o0i00 COMMON /D[ D, OM. DDO{ 122)

Q010 COMMON /Y PVC VML WY (1)

00120 COMMON /F/LF (25)

0130 COMMION_/NCVER/] 101, 102, J03

Q0140 [NY=Z%

Q0150 CALL OVER

01 A0 IF (101 .NE. o .0R. IoZ NE. O .0OR., 103 .NE. 0) RETURN
0oL70 [DC = PALYANVCH (L O-VC/P (2) ) =F (3} UM+ (1, O0-DEXP (—F (4) +VC} )
810 $=1n) OM_ = VM (-F (S +P &)+ (1, O-DEXF (-F({7)+V) }) _1
00190 RETLRN

o0Z00 END

JET4S2001 END OF DATA

BGSII T, S5 b BNOFIHAERL 7 A VICHBIT A LATE, FNFNEBGS 72— X
(B-GSPhase) ¥ L T2, 2T 2{(ERI)TIE, 2BN 7 —XTHESFTIZEELT,
‘Bu2” EANTE, T, Yiarv—ia rEHOT 5 (EBHICS-ETDA=2—il2 Y
¥—R-FrLANZINTWELDNETE) 2774 LD T (Get Data) 28ic “Go
D", [E4Riz, W (Output) &4 (F-IG Iz X D ANEA L T2) 2H0 H¥ (Get) 2012 “G0” #
ANt B,
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@ ETNLHOEEEAOMER (FTH)
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FRY A= a-BREEFT— O AL

BE3
*OFORT77 "ENTERED

*FROGRAM NAME = BRZ7Z1
#PROGRAM NAME = MODEL
#PROGRAM LINIT= = 2

] $=ET F-15 L-5T F-UT G-ET B-GSF X-EC R-RN C-NT O-UT E-ND M~LT {-TA H-LF
Bz
3 S-ET F-1§ L-%T F-UT G-ET B-G3F X-EC R-RN C~NT 0-UT E-ND M~LT [-TA H-LF

5 D

3 S5-ET F-I5 L-3T F-UT G-ET E-35F X-EC R—-RN C-NT 0O-UT E-ND M-LT D-TA H-LF
g o

3 %-ET F-IG L-53T F—UT G-ET B-33F X-EC R-RN C-NT O-UT E-NID M~LT [-TA H-LF

— BB —
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Fm4  HELP #HEONE

H W
= DOMMAMD -
O SELECT BGR SIMULATION FPHASE X CUTE THE FHASE
o CONTINUE THE SIMULATION Ft @ RERLIN
0 OUTRUT THE RESLLT 3t GET DATA FROM FILE
F & FUT DATA T FILE Mot LTIPLE LITPLIT
It TAKE IN DATA FROM DATA FILE o TOOR RESE STMULATE CONBITION

F ¢ SET QUTPUT AND DERLG CONODITION
Hor EXFLANATION OF CoMMAND

ERD
LIEY OF SIMULATE CONDITION

@ (Whole) }) 2 F (List) # FT T 3,

¥ Ial—izii, 0 HE (Start Time) 25 1 B 2 > o[ #4 |A5 (DelTa) 760 B B 7 (Finish
Time) TEMT 5, T3y FR7 7 70OHNOBELEARTH 5, [T [BIELr 579 FHE,
BEBEOMHUEIZV 3,000, H: 1.0, 7 A —F—RIBTHCRLIEBNITHE, 75y T
BToOMNETr 7745, TR Z7HHBELT, 7770 TREBE>—2, 77712213
FAMWNLGEEER B, AT v 7OFERTHAOMAITOE, 1047 2BTHRYI7Z 7L L
THENTHZ ERERL, L L ED>—7, TRER252Twb, T0M 32— 3

FERE T ANCEMENRLT— O

] S-ET F~I1G L~3T F-UT G-ET B-GEF X-EC R-RN C-NT O-LUT E-ND M-LT D-TA H-LF

L w
HTIME ¢ ST . DT - FT } H 0,0 1,00 &0, 00
HMETHOD O-~Rui, - t-EU. » Z-R.E.5 . 3-ADLEY . 4-FR.CIO 3 ]
HINTIAL CONDITION H
0G0 QOO000 1., 000000
HFARAMETER 3
0. 800000 000, GOO000 1, 200000 QL OG0 000 1. 100000
1. 506000 O, OUL000
#TAELE 3
0.0
#OEELG TYFE { O-5RFH 1-TABL } E]
DEBLWS INFORMATION H
v v
NCH 1 2 4] Q [\ . (&)
L ADG0, OO 000, QO 1000, 00 10040, 00 10600, O 1000, GO
LL 0.0 0.0 0.0 0.0 L ’ 0,0
ME i M i E F
/F/ FRNT 3 O O 0 o 9o O ¢ 0 40 O O 0 H o0 o0 o0 0 0 0
DEBZ TIME ¢ =T . DT » FI ) H 0.0 1.00 A0, OO
BTITLE 3
ik CHLORELLA MOINA MODEL ik
HEXF.DATA
#OUTPUT TYFE ( 1-TRL. Z-FLT Z-15RH b 3.
TIME ( 5F . LT . FT ) H 0.0 1.00 &0, 00
GRAFH TYFE (O~GRAFH, t-COR. )3 [N
SRAPH SIZE H 70.
VARIAELE NUMBER H z

COR. SRFH MODE ( T-TIME N-NOFIME ): T
VARIABLE INFD

CHLORELA I, 0.0 4000, Q0OO0000
MOINA v 2. M 0.0 4000, QOO000
oUT TITLE = -—- FIG.1 CHLORELLA MOINA MOBEL ———

QT FMT = ( 1H . F5.0 , 3X . 7Glé&.
BKEYIN MODE ( F-FREE . A-FIX )
HSIMULATION FHASE NUMBER
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FEETAMENLHOLEN I Va2 —F—7 0 7% LBGSIz 2T

if, FORBATAvE—Y3#HL Tt O0—NEL 12— N~ARED, TR6DEERTIE, CLM
LRFREL Ty, REIL 22 5RBT 59— 3Bo T, F2T, oz L E-
ND(“E™ & LT, TFNOBEEFITIZEE LIz,

® ETANMEE (FRT)

BERRFERTIRLE, BR2HETARCEITEP(2), T4hbRESRIFELES
KRONERMOEREN DI/ b2 LB L LN b0 T, Bl Lo+ 2888 L,
Th#P(8) tL7, 72, BR29,%% A—2F—P (7) iz Demographic efficiency & iEiF
N, ZEFLPLVELBRITyINMBTARAEETLOTH DL, R EHKE L LR

(33D ELT, BDRTIDP(I)THETI L E LIz, EBICIE, Z0EE2B2 3 CiomEY
DT 3y TEBNEL T B,

FRT ETNOME

"""" SUBROLUTINE MOnEL

1
B3
i
00141 FL3Y=01.0-0. 00T #P ()
QOI70 FA7 =01 0/ 1300, o (1. O=0 O T eDLORAR{A) / (PR =F (S ))
00130 D = ROy (L, O-VD/F(3) ) —PA3y#VMe (], O-DEXF (-F (4) V) )
Q0200 OM = VMt (-F (S)+P (&) (L. O-DEXF (-P (7)) ) }
0230 RETURN '
OG240 END

@ vial—i g iEROEN (£78)

HRO 7oL 3-3 U ARDBERN - EEB0RENLZERETL T84, i
HOETL—BIELTHITLLOTHY, BEBERLBIT0E, —FEBHLKHLELS
WEHH B,

® ZEMHN (FTI)

BBOLTEHO~BE LT, BRERNET 2 L0880, 0B, ZonRe—E@ICER
THATZEFNTHSZ, 22T, ERZOETLICBWTZ VL T oiIHELHHE & FERRIC
30000384 £ 1,000054 2 B L, 22T, VERD 1EB, Tibb, 720v 70WMAHE
$1,000 L, HHEELEBTT72—X210BWTETL, TOBRET7 74 VBT 5, IR\
T, Y b R—EY 2— BV T, Mu-LTiple output % &4 2 “M™ £ AHL, BTV
01 EHICOX0BH2 L 1BETATOHEE THAT 2 & HIRRET I BMERITICD
Wi, FEEKE N LESAL, LDL, SITCHERAKRRERLAZVWILELTN %
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FRE vialr—igroi

2000, 00
&S00, 000

4000, OO
12004, 00

AHL, 72—ZX10RE 208EX"HICHATAZE LTS, THERIZEZ0, 4,00T
Ho, BARRICEEE, 1000058l T 700 7288 HmL, 3,000 k¥ICEY,
PSSR B 2 L dthr b,

4, BGS I »EHE & PR A

Mejer it, EFVEBECEITE CSMPIL DYNAMO 2@ 2 a v —i 3 »EREOESE
AL, SEFERBLO2HDHMEFROBELEHL 29, 20T, SFEUAE LBTE(=
BEEkEN) oEEM 2HEEL T3, BGSIIR, kdntsn, 4FENMM LR E
F RO LTHBY, 7T 372 FORTRAN 77 #HT L 2 ¢ THFEF LER L,
%72, TFNNER % FORTRAN TT9 2 kic kD, CSMP A E>7 Vv 22094 5% EeE ),

— 60—
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ERE T RO NSRBI EVa—F— 7o 73 LBGSIIzowT

%R0 SELI (7oL FOMBELEL 2 BEDLE)

1 §-ET F-I5 L-5T F-UT G-ET B-GSP X-EC R-RN C-NT £-UT E-NIO M-LT 0-TA H-LF

M
M> "CM.+N, +5. 4D +E "CU-COMMON NAME N-VARLGNO, S-STRT O-DELT E-END
Vel 0. 1,460
SENSITIVITY TEZT (Y/N}
N
INFUT FHASE NE, AF MULTIFLE OUTFUT

1.2
INPUT L.LIMT AND U.LIMIT
3. 4900

0 - S I
. E A
L. 1 a
2. B a
3. E a
‘. E A
<. BA
£, X
7. X
2. X
. X
10, X
1 X

X

TOTTLDERT T RE LM e, LT, REEFR2MBIEEN I E 2 —
F—, BlLiE, /e—aFNarPa—F—OBEMEEIc L2 HBELTEE ko, L L, 20
BIZET LDV — BT ESBREY - 12,
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DY MR TWAZ EThE, V— MHBEEEHOZ LItk -1, 2— P~ EFLOE
BREFEERLAWTT RS 1IN TEROT, MATRBLPTWETCEFALEBT S
ZEHTED, T, RELUZTTFNTIE, 7ol ie—0eBonEie>wTHERFE*F2 v
LI ERRBAHNTH A,

BGS 11z €714 FORTRAN 7075 Ly 7 N—F2 L LTC7R IS 3 v 7+ 0T it
HIEFE FORTRAN ticféb it hid e o ev, T4k b, BRI & LT, GEAEHZ L
HICEE o2l T e 6 Ze by,

L L, BGSIITH, 21— 4 BEF B> TI—T4 > 7L TLRELBREC L L LW
94, el odiic3 27 % CALL L TEAEEIEF ANGNT, B -A RADES
T4, '

EoFmEDLS, A4 TR E DB RS BBSIHFEEFIMEBE 2L v, L
G 2oy FEEY & T 1 EO S TEE S MODEL # CALL 4300 T, FFEIERFC & 58820
At OGN L PEIOMBERX M 3 R E N ET 2. BB o THERI0BREFHIZEKEL
wvikEZ LNLY, SBATEHFD LBLPREMMLE- LBESITE, BoBEIC,rZNE
B4HLEZLNLZOTHEENLETH S,

ZOMEELT, At Tubhh (M| MBEE2/S T, FHRASECLS. BN
BE*UEIZ4 55, 70 readability % RIZEIZ T 22— — b § 21304,

4.2 5372492 TF4 A7 LM OERIZ>WT

ERL 2R, Sy FULARIIEETIUIERS THEN L WEETH LD, FHROL
NERLHG, EFARST A— 9 —SERATHIE, BOIRREEENT) > F—IZHRIL 2
Bk s v, 2, STFLIERNLESI v, Jna28ETL20i0E, BROM
HEBBBENT 74 v 7T 4 274 2HS, A—EEO—RE2ACTET AR T A—F
—DEBRTIZEMEILND, FLT, SELEABRICOVWTEAR(~—FaE—) Tk
52 ERENS, CSMP Il Graphic Feature 3 £ k3 4V 7 727 TH 2w, 72,
Mejer &, 7774 v 7HBREOBANEER LMWL T 519,

toE S UBBEERY NI, BRCBWTRIWBY e /72 40BB1BETHY, B
ENRERENTZ 74 v 7 TAATVAKRELEAL, FOEEFHDO Y7 7275 #HLT
Tl L RBRTLEI L %b, THhbb, FALLEEEOERYRANHIEGTTHE
TEELB, LbL, 4TIV MERE Thbh, HLEENHARIE: A€ ) —2F2
1T 4 ATV AEBEERTLE, BCGS 1o (W5 | ke 3L LAY 7 by aT a0t
a—F—ERETEREE, ARNBEOAZFHEBCRAI LI LI LY S,




e TN HNRER I L P a—F—7 0 75 4BGSIIZ 50T

HEMRB T BGS I, —ok 3 4E2HIc&E T2, TOSBAC UX—300(UNIX®|z# 27
0S #4M) %, MR MIBD Y F 7 4 v 7WAE LCHERL, —BRIEICEEITLIL LI
KFLIR—Y a3 Thb, FOMEICOVWTUL, HoTHRETEITETH S,

5. 8 ¢ &

D2 —F—yIal—a VARBETASERT 22007 e 77 4 BGS 11, FORTRAN
TTTCEINTWERS, 2> Ya—F—HoERiErHE, /2, BWAFERFRLFLET LD
W8T A — 7 —DEBEX T DB L EFENN T S 74 TH5.BGS I 2T S &
Ik, EFALBRNICE2—F—L Talb—1 3 L EREMNCTI I EATESL, EEY
BRI KD E BN TH B,

1) R fER A =2 — K-> TEFIXFOI FEANTAZEICL M BBINE T 72,
Help BEsic k) A =2 —DFMPHB Z LN TED,

2) £F /i, FORTRAN @ 70—+ » & L THE A, —ENFARFINTERICEWER
TXAR—F2LANL, 77AN~EWT 5.

3) BFNODTA—F—F, XF—K—FXET A A7DT LD HANTE S,

4) EAHRROEEMEL LT, A4 78, Wy Zy ST S EHEO P LBLT
ENTED,

5) YIalb—ia it BEEIEGR A —RHE-TANTD, LL, £TLESH
HIEFEEH S 4D  TIMEEM TG T CABMICETL F2 v 7TE L (77 7HEE).

6) &z, PEREEMTHYTETHY, PEHICIHETIMBLEN L I 2 —2 3 X &4
EHHITE S,

NSBEIDHFERELZ 77 A NMCFETE, TNLMADRK(ELRESERA)»TRTH S,

8) #BI, EHRALR T TR TX T IS —T A ATV ABIUFTA TN v F—iz
TWHT 33, XY Fous—~ DAL TIERTH S,
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Assesasment of Hazardous Substances with the Guppy

Mamoru MIYASHITA!

Abstract

Experiments were carried out to study the effects of the environmental pollutants

on the growth, reproduction and behavior of the guppy., Poecilia reticulata. The
following results were obtained.
1. A yellow strain of the guppy used in the present study was selected and colonized.

2. Fry of the guppy kept without food after parturition for 2 -6 days were suitable

for assessing the acute toxicity of pollutants. LC; values did not vary with
seasons in the acute toxicity test of pesticides and heavy metals.

. The 24 and 48 hour LCs, values of fenitrothion for fry were 4.22 and 3.72ppm,
respectively, Sub-chronic toxicity of fenitrothion, namely, the 30-day LC;, for
fry was 1.2 ppm. The growth was inhibited significantly at concentration of 0.05
ppm of this insecticide. )

. Chronic sublethal concentration of organophosphorous insecticide affected the
reproduction of the guppy: fenitrothion inhibited the egg production and temephos
induced a premature birth.

. The schooling behavior of fry was inhibited significantly with a two weeks
exposure of 1.6 ppm of fenitrothion. The diel vertical distribution of the fry in
beakers was used for assessing the toxicity of fenitrothion. Significant behavioural
changes were found among fry exposed to 0.001 ppm of fenitrothion after 24 hours,
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Effects of Heavy Metals on the Growth of
the Mayfly Nymph (Epeorus Iatifolium)

Shigehisa HATAKEYAMA' and Satoshi FUKUSHIMA?

Abstract

Effects of heavy metals (Cadmium and Copper) on the growth and emergence of
aquatic insect (Mayfly, Epeorus latifolium) was studied using indoor model streams.
Water temperature in the streams was controlled to 12°C or 14C,

Cadmium : Mortality of E. latifolium (body length 6 mm at initial) reached to
50% when the larvae were exposed to 100 g Cd/L for 2 weeks and 300 ug Cd/L for
one week respectively. Growth of E. latifolinm exposed to 10 ug Cd/L for 3 weeks was
not affected significantly. While, growth of those exposed to 30 xg Cd/L for 2 to 3
weeks was significantly affected. On the other hand, survival and emergence rate of .
latifolium (body length 8. 5Smm at initial) exposed to 10 gg Cd/L for 4 weeks decreased
to about 75% of the control.

Effects of Cd through food chain was also studied. Growth rate of E. latifolium

(Body length 3 mm at initial) fed the attached algae containing 1,100 to 500 zg Cd/
g (dry wt., Cd concentrations of the algae decreased gradually) for 2 weeks was not
affected. While, growth rate of those fed the algae containing 1,300 to 700 xg Cd/g
for 2 weeks decreased considerably but restored when Cd concentration of the algae
decreased lower than 700 gg Cd/g. The sensitivity to the Cd-accumulated algae (500
-250 ug Cd/g) differed between the larvae of 8 mm and those of 9. 5mm in mean body
length. Mortality of the formers reached 50% after one weegk, while that of the latters
remained at 10%.

Copper : Sub-acute toxicity of the Cu was much higher than Cd. Mortality of E.
latifolium (Body length 5 mm at initial} exposed to 30 gg Cd/L reached 40, 70, and
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80% at 1, 2, and 3 weeks respectivley. Increase of mortality was alse observed in the
larvae exposed to 25 ug Cu/L. Decrease of the growth rate were observed in the larvae
exposed to Cu higher than 15 gg Cu/L. At 10 zg Cu/L, effects of Cu on the growth and
emergence of the mayfly were not.observed.

Growth rate of E. lafifolium (Body length 4. 6 mm at initial) fed the attached
algae containing 700 to 600 xg Cu/g for one week was significantly lower than control,
but restored after one week when Cu concentrations in the algae decreased gradually.
While, growth and emergence rate of those fed the algae containgng 1,400 to 1,000 ug
Cu/g were affected considerably.
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0.5X0.5mm?) TRBLLAY D72 02— LRI ANBRL AR/ SR AVAT—F—T
B CHEESISEAY, 28303 GEBEIAOEIAD SERIZE) -, 27 o 7GRS
wABICEA L, UTFakETH FIoa (CACL, LT Cd) iddd (CuSO,, LUF Cu) I2RE
L7z, 0 1AM ickERZMEL 72, ARCHRE LA Yo 70EERBE, (fERD
R, BERAERL S P, ThbI3HE—(4) KT,

(1) BRAKEIC L ZERFTHEOKS

T L oK TR AEDOE THAPH 5 2oL BERAKKIC L V EBERERETL 22,
KBOXBICEHFIAE (F1) 28, 2aficEv-hxdhEr 7zt D ARIC260 1/min o
THTAEFERS 1, KEBZHERT2ROLRIEHI01 TH 5, KiEOEKRAIC(250cm BT
B2 5em DR AN (41349 8 cm AARR LB, ZOEBRTIIKG O CdBEAZES, Cdic
L ABEOERELOAE, BERCA 7070 CAdERB LR L 2. #0720, 1EOKEIC
Cd #*100ppb iz % 2 L5 Cd L, 2 B & i2KE» 51001 k£ 8Ed L #E/212100pph o Cd
RUHRML 22 TFAKI001INZ 72 MAOKERIZHEKBLE L2, ENFRDOKBIZIEZAT > - AMD
AT (EMAF2Icm X 15cm) Z36EE =, FOPIEKEIImm #2077 ISR ANRE,
ZEELTHYOTERREL NP LBIAZAMUOXTXIem®) 2 3 ~4BFOAN, A

Model strearm

Fiow meter

Peristaltic _
pump— t.5 ! /min

¢

s

Reservoir

Waste water

1 ®FIENOREH
HHRLUAKBC Y O BE L 2 BEEHE.




Bl R B

EAOHERE LRI, AV 00D KE, ESEOBE, BE MR, BERGEEONEY
CIXEBRM & 1AM &I 4 Mk E TIT- 72,

(2) BB—THLR) BEHABIZ 55 F 274 (10pph) REREN

At (E. latifolinm) HgR & LI BT+ Cd o8 % 10ppb OB E TH#ET L 2. TE(1)
OFEBRAKE (200 /min) c—Eo@mE (7 1/min) THEK (11~12C) *HA SRR KE
DA R L E R, ZoFEC L D KBOKORARIIRZE/D & ko7, KB IZEDR
DAT 2L AN T 22T OBENR FRFROD A TITIERED A LA ($45mm M)
*OET AN, ATHOFEBICEIABCREEZEAO~0D TERICHTROAE Y 1 BSRE
Lz, TOBRBETEAFROAL DS IMD a7 kg2 BEL TA, KBEici Cd
oEiBER (500ppm) L) 2 FHETICL D EKECERE L (200ml/d) Wppb & LB L S
BELL, BRI LAY TOKRE, IR 5070 CdBE, REOHR, LoREaHR
BB EROBETRAF I 706 EEIL L 2. KH o CA i3RIk 2078
D CABRICELS TS, COBRB TR ERic Ay e 7 RHEAL, KB I RITTRYE
§iz L A CdniEmat L,

(3) AFIVLrADBERRIC L2838 (ITRLAKBIZLS).
1 A7k BEL/I0) 252 7 om OECHEAE T IRCHATY, Ko Lk L—2niHE
(7 I/min) THTR (12T) 2R L 72, ABRIIESL TW 20 TEENHYR T RIS DT
WMEDOAKIG EREARLE S22 (1), ZOEBETIZCARL CudmEEEE D & c#li~, 3K
PWDANTH ($45mm) 3 HHESXRNFTNERF A VAEN AT (T oamX 7T cmX 9 ¢m,
Ayyat4 X1 mmX 1 mm) TAR, FBERCLRETOEREL . AEICHFBEOIEE
PRE LB TINThO Tichra 7 E LEES-O8AL L, —BEOELHOERERD
LRI 2 F R TICE VEER 2 EAEA L, Cd it Cu B ES F3A L ME, 3, 1pph,
Mo A T30, 100, 300ppb & %3 kY BEL L, CuTH S LI, 5, 10, 15, 20, 25ppb
DBETLERE T2, 2OROPE (KELTL), BRER, S8 ROREER), &S
BiRE, AWESHICLZRESFIHE(DEERIED LTy, BLRVWEETAKRE TE
BEiT-72,

(4) HENRE

1) #erwry (E latifolium)
RRCLzawT A0y P CRND B 22, AEDOBIERHCIE A T LBHIMO LIl ML,
Th)okERELTHEZ EHREREREICROMI el 7o A—F—THEL,, #l
Bk BOH TERTHESBANEOT 7N E L2, ZH LIS COEIRERNTIT- 12,




WEEBA S 50 7 (Epeorus Latifoliem) 120N 3 52000 f7

2)® M
AL S77 THRRL, E0EE (6,000R.P.M) 2k hik MilliQA) T1E, 0.1mM
EDTA T2 E#&L 72, kSR BRONE I LRY > 71— % Glass Filter (Whatman GF/
C) bicHY, 7727545 — (Potter #47) FTHUT L Fick DRl L. ks
SHER (R 72 Model3d) THRIEL, BRESE, BEHA L LTy A Fig (KMnO,,
H,SO) it =) »EENY 78203 1, 0ME0REC L D EE, HEET- 2,
HWE, 78, BEIRLY CEEYCTAERBLTHEANS,

3) ERREaosF

AidFRAHH 1 B0MEE (EEEMTH) 25mL, 7v—2u (BEAAG40-128) iz 7 v —
LA (HI7180-80%Y) RFRAERBC L VEEL 2. SEMIRAIRNL J ICHRIETH - 12—
WrI0CT2 BREMBLA, ZNLWER 2 BERE (E&EFTH) THfL, Mk Milli-Q &)
THRERH LROFETFRCEE CHIT L 2. 7' 2 7 idkE 2 HIEE0. 1mM EDTA THE#HL,
2 HR100CTER LA, AR EHDOBEE L AR L2105 12, — B s 7 7iiiEik
B L 2NN Tt 24T » 72 0 B, EER0E £ BIRE T2 wg/g(dry weight)
TELL,

3.8 R

(1) WEARER - L 2 ER BB

BB KBS (£27KEE3201, WE2601/min) (2100pph DMEETHEML 224 F 2 74 (BUF, Cd)
BERIEESUToBRECES L2, 2 BBLE, 108 5ICKEOKI001 % 5z oL 2
100ppb @ Cd % HmL 7o T ACT 20 L 72, 20ppb MHlE F T L Tz CA B 2 DE %4940
ppb ¥ TEEY 24, 2 BERICIIFUB L2330 BEICHLSTH/ 59—~ 2BVEL (R 2),
EBVABIZAKBOKOITEA S % CA 2T F L VKTLHRL 2, F0%E AKBBOKNHIZ%IZ
B2 510010KE Cd 233 L WHUFAKTER LT 24, 1Wppb ELFBEICET S 22410
AHEL, FOBRDBERPIZELIZBRTH-L(E2), 0L 7 ITERAKBETIEI—ENE
BAERTAHICL, LAY EHNAC LA RB YR T 220K, 6 CdERET L2010
BETHNZ EFaPp -7, BIGBRAKBTCAICREF L 2MEr 15 (BAEIC L 25N
DHREFER1BRE 1A ARICHEAKBEARL 2L THS (BEIIE2 & —8). EBCH
WERBIRREL- WA 2820 ThHE (B804 3 A). HE T HERIC10%LL oMK E R4
TI0E#BICHTE 20 R 5 N0 5 DI Achnanthes japonica ¥ A. subhudsonis T, RIE X TIZ
AL T v d Cd-kEED & Di34930% o i, B TIIXTEIH60%8 1L L T 3 4 Cd-
KB TREL T, A minutissima (Z RSB & L THALNESRE BRI THRES
LTwahOCd ZBRIAETLINRE CAKBRTHL» L BERED bR -1,




BIEEA - 0 18

100t

80 I,
60I> L
-

40

\J\ h Mayfly introduced
201 * \\ b

.y
1

Stop of Cd-exposure

Concentrations of Cd (ug/ 1)

10 ———,
i 1 1

0 10 20 30 40

Days after Cd-expasure
B2 EERFKE (260 1/min) 2B 2 CdiBEOLH
2B EicsekE (3201) #1/3%2100pph @ Cd-HE TR TR 72,

AR CA BB R 1BBRTHIS0ug/g (dry weight) & %0, 258 Tl3#450ug/g
WL ([[H3), 2HEBED HIZKBOKNI0% % Cd 283 VKR TEHRUSIT -2 EED D
BERH3OL S Lt —> TR L, 200ug/g D505 NBAEIEECBETH -2, HEB2
HgIZE—8Da & 7 T KM CE #2722, B3 DBERESF OBRELRTINBREIcH L
72755 Cd BED@EAH R, Zhid Cd-KBEIcEBFET 2 Cd 235 E T o Cd BEDHL 458 5
BTVBZEEFRL T3,

Ao bEHMICEBED Cd $ ML 70, CAdR£K 1 AR 2 HEIC F N FS30ug/e,
100pg/g O Cd #FWML 12 (K4)  EROBES LA T LR KBHTER LAY 70 CdE
Wickrdyk (@2) @8 (X3) nF5EBA L. LBZNERTRAWE YTt 3 A
— 4 A#TANCSRE L - o> 588 L 72 L o THREA10mm 8k & bR vWL 0 TH 5,
Cd KBS BE F W BABICHE L 2BA TP O CABENEZ &2 LIHTEENLD 5L OB
NAHERLINBHL a7 CAdBER 2 BEIHDue/g i -i. —F, MHBAEOEE
2 Cd KBCR L 23580 rud#6lug/s & 700, ZofMoKS o Cd BEI315~ 8 ppb(X
2) ThHd, N7 07HMEDLERIIC 5 2 MLE (REWLED) DdElerAE(, »2Cd%
BELZHELLBEIC L > TEHLNT VLS, 27070 CABEOHICNT I E S AL
LnrEZEiILNz, Zohb—Hor o TERMBEESE (REYE ) #233HL, oh
LISt ofhar & Z2ie i T L 12 E OB RERBNES L CdIREB LU0 TS LS
(75 Cdo@id 1 8%, 2BBTENEFNREENTY, 60% TR L1, 272410 CABEIE
TFTLZERE (R2, 19H#~) 2o BBLELOOFNIENY, 92%E 2DHEIIEDTE W, —
FarasogRBiodT 2ELE (AL EE) O&&311.011.9% (#=13) T, Cd
LS & 2 ONBEWOETIC BIREISHFEL T, :

ERAABTOERZLEL, TOEBRTRERNICAK2TRL T, CdBREOEEITAEW

— 78—
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T 7 07 (Epeorus Lattfolium) |2 31 5 BGRELET

£l AHFITAcRBLLKEBIIBITAEEOMBREN (%)

Control-Channel Cd-Channel
Exposure-Time Exposure-Time
Species One Week One Month  One Week  One Month

Fragilaria pinnais 1.0 0.5 0.2

F. vaucheriae 0.9 2.1 0.5
F. sp. 0.2 0.9
Synedra rumpens 8.5 4.1 0.9 5.1
Cocconeis placentula 10.4 3.2 4.9 9.2
Achnanthes japonica 21.3 23.2 18.3 5.5
A. clevel »par. rostraln 0.5 0.9 0.5
A lanceokzia 13.0 11.8 15.5 16.1
A. lineariformis 7.0 17.7 7.6 17.4
A, lterosirnia 6.3 4.6 7.9 8.3
A. minulissima 0.2 3.2 0.5 3.7
A. sp. 0.7 0.9 2.6 0.9
A. subhudsonis 18.1 10.9 19.9 20.2
A sp.’ 1.9 0.9

Navicule decussis 1.0 1.4 1.2

N. secrela var. apiculala 0.2 0.5

N. sp. 0.2

Amphora otvalis var. pediculus 4.4 4.1 4,2 3.2
Cymbella sinuale 3.6 3.6 5.8 2.3
C. veniricosa 0.2

Gomphonema intrictum var. pumila 5.6 3.2 2.1 2.3
Nitzshia fonticola 2.4 3.2 2.1 0.9
N. palea 1.7 3.6 1.4 3.2
N. frustulum 0.2

Sk, 27K Cd BIEL BB HD L D kb EMENO A & AHBET~A0R b
BTN T LA T2,

(2) EE-»UHLBHAMIZL22 F 74 (10pph) R

EEAKEE (FiE-(1)) O LRERs 6 14CHMTARE 7 V/min R TR L 2 KEBOR




BllEA - EHE 3B

500 +
= Stop of Cd-exposure
&
- 400 -
£~
Ry Cd~channel
X a00f
) k)
8 3
£ o0t B
g Control channel
g .0
g \
B ..
< 10 Cd-channel s, o
§ LA "
o
Cantrol channel 7
F—  — —— |
10 20 30 40

Days after Cd-exposure

®3 WERAABCETAMNEEN Cd@E (ug/g dry wt.)
MHLECd nEmEEE L2, Kbho CAdRERE 22T,

120

1o Cd-channel

80
Contrel-algae—Cd-channel

Gd-concentrations {ug/g dry weight)

st g
s / \\
Mayfly Stop of 4 N
Mayfly S5 - “
20 - Cd-exposure 4 y/ e b

‘ L e Cd-algae—~Cantrol channel

a L]

1 J

0 10 20 ¢ 30 40

Days atter Cd-exposure
S04 Bh-nBTWHERICL) CACREBEInrryaery R FET7LRE
{(ug/g dry wt.)

HIZERF 70 L 2260 1/min & &bH8#2671/min 2, 7 Vmin 52 KB TR O EA
Ltk Sz, 2 STICHREOALE (446mm) % 9 B¢~ TREBICERE TS FH40BT
EREAGED T A BEFRTETHAEFEIREL 22, ZOBE»rLFHE-(2) i0b0—Fo
KEEiz10ppb @ Cd 23 L 2 IR oo T LESIIRET 2008 1 HS 2 /oo
T4 N-aDBEEES IR 72, Cd B8 3:B%E TIINB LILTFEB LN RS L », 480
HEBTIHCI-KED 7O 7 4 L-a BIEOHTNYG LT ETHE, 72 A BRLE2 TN
LTwaaitis Cd AR THELEZERS LN v, 68E2 570074 g cH AR
LNAFINRNFEDI(BEFICLZINEELLND, '

"




RO Y 707 (Epeorus Latifolium) (2 M 5 BEBT

Cadmium-exposure (10 ppb) }

-

—

I+ Control

10 ppb cd

{Chlorophyli-a)

N

—"

mg/stone (¢ 45mm)

B (Phacophytin] Control
phytin a\/_:/
.—-1?‘4"—-—&—-—"
—MI ] 1 1 10 Dpﬁ.Ed

o1 2z 3 4 5 & 7 8 9

Tima in weeks

M5 A F37aRE (10pph) KBAOATH (H45mm) EicFEL TERD 7

una74NaE

Cd REROMEROMEELER2ITFL 2, EBYM %18 L € Gomphonema Parvulum 757
BHRETHY, BERBEFCIZ9% TH 722768 F TIOMEBAR TIZTLY, Cd-KEETI286%
AL T, 80 IC Navicula sp. & Nitzschia palea LB /EINL, 6 HEN RS
TIRATEHT11.0%, BEHFITAR L T -7z, —H CAKRB TR ENETNE.1%, 7.62%6TH ) MED
M OFB0%IC & K E o,

fHAEBE N CdBE 2 R£BBAKEN,S AT LICHE L2 6,858 E TiIIZESSIHEMNL,
6 /% THL00ug/g {dry weight) {2:Z L7 (M6)., ZOEIZESBHRAN ToOMEE T2
E1TBNETH D,

1) #% w7k RiT$10ppb-Cd AN RE

kB Cd % F L ghed 7 B HICRES. Smm BN A Y a7 2R EREL, 5 EET2 5N
T ANEDED Cd ERERE- UL RIZTHEL AN, A TR ado Cd 2 EFL 2
rABENBTHALE»OET AT, 27073814 6 ARRN (KIR20T) 256K
B, 2nrxnAru7iRGIREd, BwinTilAR 2:B%> 5THLIES 2, BE
CERBEIEET THRBEBIZO LN L S22 (7). RE 4% THEKDIETE, b
BWEERICTL 2. CAdKEETIZ 387K, 4i81%i230%, 0%DEEHIET L 222 0 HKEE T2 20
%TH -7, 4 BBDOTULAT LHEHT2%, Cd KB TIX56% & ZNZITEL VO T h Vo
Cd nEB»EH LD, —H, ERCHE 7 mm IO A 40 7% 9 EHR30E ] Cd AR &5
Lzt LREOBEICRPBNY RSN, FOBMBLEIBHLN L (L7, 30BEE
TOREH, PEOREMIRARE T 2 Btk : 6 Mk, CdkBTix 3Bk 5 @Gk (MK



A - 81 18

%2 A FIva (l0ppb) EMERL KBS BIT 2B EOMKEL (%)

Cd-Exposure Time (Weeks) Cd-Free{Weeks}
Species 0 1 2 3 5 6 3 7
Contrel-Channel
Synedra rumpens 0.3 1.3 0.3 0.3 0.9 18.9
Achnanthes sp. 1.3 L0 0.9 1.3
A. lanceolate 1.8
Navicula sp. 0.3 1.0 LG 0.6 5.0 1.0 1.8
N. pupula ‘ _ 6.0 28.7
Gomphonema pervuium 99.7 97.0 96. 5 96.3 86.8 71.0 33.8 3.0
G. angustatum var. producia 0.9
Nitzschia palea 0.6 1.2 0.9 6.6 17.4 47.9 45.8
Cd-Channel{10ppb}
Synedra rumpens 0.6 0.3 0.9 0.8 2.9 1.0
Achnanthes sp. 0.7 1.0 0.3 .6 0.6 0.6
A lanceolala 1.¢
Navicule sp. 0.3 2.2 2.6 4.2 5.1 4.8 1.0
N. pupula 9.6  10.4
Gomphonema paruulum v 98.7 98.4- . 95.8 94.9 89.7 86.0 36.7 44.9
G. angustatum var. producla 1.0 2,0
Nilzschia palea 0.3 0.6 1.1 1.6 4.5 ) 7.6 44,2 29.6
Cyclotells sp. . 2.0

Cd-exposure (10 ppb)

. o 600 — —| Stop of Cd-exposure
® B
22 {Cd-aigae) —410
2z }
58
85 %o 48 ~
2% 3
53 a0 { 16
-]

8 \ 2
E w0 14 &
(= g 3
g \ [water) £
g 100 12
5 [Control-algae)} °°°°~o___°_
© Y | i 1 Y R S P - i

Q 1 4 3 4 5 & 1 2 3

Tima in weeks

e HFIvLER Qoppb) oEFAMMC BT HAEGRT CABERL
HE 6381 Cd Dt 24k L 7.
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Bger 7 a7 (Epeorus Latifolium) |25 3 5 BBRUT

Controt To, A, 0
10 ppb cd L Y Y| =
12k {(n=1)
Body length
(n=14) (n=5) {(a=2)
10 (n=15) - 80
- % 3
£ f g
oo
s :
s Emergence —40 ©
(=] o
@ ar- &
Martality %
2F —20 =
V] I | | 0
0 1 2 3 4

Weeks after Cd-axposure

E7 10ppbo % ¥ i 4RBE®ROH Y 07 (KES.5mm) DE LFET, TLE
BE b LEEEGR) 20, CAick 286U BBEREHLNL T,

2) RMBEGNUZE B4 ¥ 37 ADKA

KBS 10ppb 0 Cd % 3 L1 T b 46 B ific Cd VA % 1135 2 Khod Cd IS 2RI
WAL 5 BT 2 ppb, 10B# T2 1 ppb 2% -7 (K6)., —HBRFETO Cd BEORKIZEE
THN, Cd &Lz i3 #560ug/g DIBEH 4 B, 108, 18B#%ICIX %N £H500, 350, 260ug/
g & B < DR LE (H6), coRBTECd o 2EEL T4 IRIchAE L
Aoy 2l oHe L ARCEAL Cd 244 L SOR R £ 2 HEEHE~L, 20k 50
Ao 3814 8 H BRI (KiB22.5C) LR LZLOTHE,

E3.Smm BN Ay a7 E Cld-BE2E L 2 ATEA I BA - 247 TI6EKRT2ANS,
AR EE R ) CABRERE 60 % 51 T 5.Cd BEERE 1l b 3BRICHHREDE
AL 1> 15 5 E DR BRI M Y BB bk ol (K8), KR7ERE TIOA
MAHTUEL 27, 20k % ORMETHES N A 14EE (0icFEe 1, Pk 1) Cd BRFRD
LOTIRIZER (MUFT 1, AM3) & CA-MINR & 3 BELVBILES b LD - 72,
B Cd BN Cd DEEIEILE 2 ik % TLABEL Tt ([6) o7 —s (143,
K13) % B3 &200ug/g DL~ b OEARES TEBTHY, ZOEROBE L FAROMI
CRALIE LD LEL DD,

BRERHIC £ ) CA-SEHR R T 5 MRz B & 5 b 2 BN B e ovtkE 8 mm Hiik
XKD Smm BIH0) 7 — 70 % 1 % b 1A T D 4 TIe AR Z OB E Rz, SELIN(2
B e 3515 B M) Cd B 6 12—BK L, 500-250ug/g Th bo = DIER T EBRIEH P
W2 CAd-KRBEIZBE L T3 Cd(2 ppb~ 1 ppb) (X 6) i mstd 2R Cd-k



MDA - igE 15

(=13

10 3 emerged
= SF (n=12)
E 13)) 1 emerged
=
] .

S 6 / {n=1%) 1 emerged
&
o Al :
w {n=16) 1 died
(n=16)

2-—

! Fl 1 1 1 L '
g 1 2 3 4 5

Weeks after Cd-exposure
8 HFITALEMLL 500-250ug Cd/g) MBHEEZEEL LAY 0 70RE
Hi R

B, 22 Ca-BEENBRABASERLCETOBEBLERCHEHL . M EnFhaokE

(MeanxS. D, n), UF, PHMEELRL T3, FEImm a0 CAE8E 1 RBICGRHE
Hr Tl UTRW, hE 8 mm 4w T Cd-BIEBAROTERIZ 1:8181250%, 2
B TIT0%I23% LA CA-IR % k) Cd REHER T3 2 BARICHE L2BHE ®I-(4))
DFECRUILALEALT2H5 2 b6 LRDECIZAMEHNAICL 5 CADRBLRELT
dwdiicEbhd, dhicREHRUNESEREEY Cd-KBICH L 28B40 2 BHBOFETEH
WEE LB THE b b, CARBRLTHPRBEL T2 RPO A EELEHLNY
ol EBR D,

Contrel-algae Cd-zlgae (500-250 1g/g)
~ N ’ ™~
12—
w @ Cd-channet @ @ control-channel

£
£
- —
(=
2 8
&
2 L
@ 6 [ ! 1 | { J L | J L— —1

100 0 1 2 ] 1 2 ] 1 2 ] 1 2
PRt o Mortality [A  9.5mm Emergence {0 3_5mm .
§ 60— {A 8. 0mm rate L ® 8, 0mm
& wf

20 % /

ol I/ ) ! //T

] 1 2 0 L 2 0 1 2 ¢ ! 2
Time in weeks "

Mo @a¥pEsictn Cd t;ﬁﬁL 72 E, latifolium OFETE, BRI BR LK
FRR (KB8.0X(29.5mm) ok ARESHNE
i@ RER TS 2 BERL 2.
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HfEMB A 70 7 (Epeorus Latifolium) 12 57T 2 508 RAT

WEBREIC L 2TRE CAd-BHEE LEMERTHRETS £ 8 mm oy orn50%icxt L
9.5mm N HOTIZSRBTH ), REEMICE) CA- BRI T 2REMICENH S Z LAREE
iz, TMEEII R T 28151040% & 4% - 7o d, CA-BEIERNL O TIRIS%Ic L F o0, —
7, BECHEL TR EDRTLHL 2 HHBRBHLNLD - 72, FEROKTHIC AR L
OfFEBFRTEL 70074 -a 25 -7 (H10), #5227 AT W& /o7 4 4
g T 2L ChHr e Aot TOFERTIEENENLRA L T b, CA-#B8o
AR AR TLRD IS nwoid 18, 2 HBICH50%, T0%oAre ot l, Eal
MRS LHEEbNS, 72, ARSI Smm A a o AR TL B AL Cd- o
B L LECEDFEGF (B 9N, UNT7on7 4 b-a GG E oz,

Controi-algae Cd-algae
E, latifolium E, tatifalium

= () en

E
u
~+
-
g {N-—*Q?
5 (8mm)
2
E
® 1 (8 mm) (N=9)
=
'§. Mean + S, D.
s
5 ® put in the Cd-channel i
3] e channe| @ putin the contra! channel
1 1 1 1 1
4 1 2 1 1 2
Time in weeks Time in weeks

F10 Ao k 5 AadakEd
zau7 g DAEICE B,

(3) MERMICLEAF I LARVEDKE (MHKLAKBICLS)
1) #F:9n (Cd) oW ‘

FiE-(3) & OKBEHT VARG Z BV iotk, 12RO 4 7 o7 28571 3, 10,
30, 100, 300ppb @> Cd I HFFE L 72, KO LR A H312CHBTARE 7 1/min 0HRETHL
727 Cd &% 3 BEA» 5 3KRH 7128 D SMERBMATLAEBEREE (200 //min) KA
TOREFEME 2, COEBICBITL 2707 38EIR RBII (KiB14.5C) THREL -
LDTHLABICBEM G 2HL LB Liskdho CLBE2HE L 240 E, LREBEIR
{2N. D, 3.4£1.0, 10.5+1.5, 29.5+7.3, 92.2+23.2, 302.4+66.3 (Mean+S.D, #n=75)
ppb HILITEEBRNOBEL AL 7.
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Gl - fRE 18

CAdicRBL 2 ApruondF s TILSRL -, 100ppb (3 2 :84&12, 300ppb Tt LA
ENETNH0BNBESTET L 72 £B - 2 BROFHEEY L, LROBETIRERIEL
Ml S 4, B ALMNTIE A PREAMEE L7z ((012), 30ppb T4 85 1A L 2 BB
P TOERPIINB L OB TEE LB BDH LN (P<0.05), —4, 3 ppb, 10ppb Tz 3
BN RBBRAAARECEEBIBO LN o7, BRICETEEEN Y F I 7 ABESEL
2o 10ppb @ CAd i #FBEL 72 L T L #9250ug/g (dry weight) @ Cd #E# L 7z, 30ppb LI LT
BARPDBEIKE L 2 h oo CAERIZRLA L -7 (£3),

2) EWRESETAIZ L B Cd e
RIDERTH 707 % Cdiz 3EMBR L 24K 8 502 28 Cd 2 %L, %0 Cd

1qg o CONTROL

—\ 10 rr2
3 ppB
30 pe

0 i L 1

WEEKS AFTER CADMIUM-EXPQSURE

M1l fEaDiBEOHL FITLACRESN Ay ndEE

10+ 10 ppb
Cd-expogure 3 ppb
contrel
8 3% ppb
‘E 100 pph
[Ny 300 ppb
F
=
mw
5
24,0
ol
3
ni]
zr Acclirmatized
[—
0 | L ! ] 1 1 I
0 1 2 3 [

Weeks atter Cadmium~exposure

M12 EFAAMBTIEMAY VYA RBENLA 70 YO E R

]
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BLR A 407 (Epeorus Latifolium) 1241+ 5 2B 84T

B2 Eo7 ([13). 5 BN S BERKHBEF ) Cd BRI & 300ppb £ 3 TEHEH0. 15
0.1, 16+ 1, 86+ 3, 249+ §, 1210+29, 1351+141ug/g (Mean+S. D, #n=13) & o12,
BWH Cd BEIZ100pph £ TiiAkF o Cd BB ICHE V80T L 72 £7300ppb T3 #0618 niz. 5:848
b Cd s 2480k L 22t i L KB Tid Arh o) Cd I o iz /i L 72, 300ppb DREEE
T4 1.5BM#%ICI3 5 ppb IR & 200, BHIZIZ 1 ppb MU & T 720 —F, WS H o Cd 18
B30 L 5 2oty — 2 T#d L7z, 30ppb BUF T300ug/g BT Cd 2 EWM L 22 # T2 Cd
IWEE DM KB TEB T & - 72, 100ppb & 300ppb KT Cd # T L 72 BM T3 CA kit % %
HHEFRFHI2E L 14H%ICH50% 0 Cd BB R L 22 ([13),

WM Y KB Cd 2L 7 3EED ST A By ETH )RR T 3EOESE
oAtz i3 Navicula sp., Gomphonema parvulum, G. angustatum var. producte, Nifzschia sp. %«
AR b Lz, M, 3 ppb, 10ppb R TifTE&#MOMELIc#E L WwEILiZ % {, N pupula 5750

£ ETFNKBTHFIIACIAMBEEL - 70y n CdiBE

Cd{ppb) Cd{pg/g dry wt)
Contro) 55+ 0.8(n=11)

3ppb 58,6+ 2l.4{n=5)
10 ppb 265. 0% 33.4(n= 8)
30 ppb 277.6£173.4(n=§)
100 ppb 180, 3% 42 4(n=3)
300 ppb All larvae died

Meant S.D.{Sample No.)

= La0- —> Cd-exposure ——————3 Siap of Cd-exposure —
E QO Contral
Z 1o & 3 ped
K a 10 peb
X oo A 30 peb
g 0O 10¢ ppb
%’ 800 B 300 ppb
s

z

£ 600

[

S ano

9

=4

8

)

o

Weeks after Cd-exposure Weeks after stop of Cd-exposure

Ml EFARMNBTH F AR RBEL BSOS F LY ARE BREEE
DIBIE DA

~87 —




BllRA - B 13

% LT0%% &i#d, S. rompens & A. lanceolate 775 %% H30% ORI TER L /2. —F, 100ppb,
300ppb X Tit N. pupule D582 L, 80 010 S. rumpens DHRAE L ( BIL 724 A, lanceolata
IR LRI T - 22,

Kiiz Cd DB £ F1k L 2R B2 L 468 3 mm B0 H 707 % LEKT 24 212 AR Cd-
MAEAIC L AHEY 1 BELL ) 12 TN R o Cd BEIZEI3D 5 T LA &
0T, CdBEIEAICLARTENENE &0 C-BER LIRS LA 1, ZTHIEE
S mm OB EFRAVEES (M9) s TRELZ-THED, REREBIC L > TRSESE(LT A2
EERTBLTWa. RRICHLLEHHRD L ILDIE300ppb KO A4 0 Th - 72 (H15),
L2 LEEET O Cd BESB00ug/g LITicidd L 22 2:8#4 5L RIKEO BES S L 17 (115),
1A kBN T ERE 1B, 2:B%ICMETIH9.825.5(Mean£8. D, n=12), 8.0+
4.4% (n=10) {234 L 300ppb X Cd B2 FAL 22 34137.224.9 (n=11), 5.7£5.6% (n=
10) &{Ed 72, 100pph L TOR D Cd BE TR A7V vy NRECHEIRHINE» -2, 6
BRIZ B2 EFERIESES L 300ppb R TN FNY, 8, 9, 8, 8, BEKTHD, Cd
DI L7 (R d). TR, A5 o 3BEO CAREICHE > CAMESRO2 25 L&
BENCAEERT I EHaP 57,

O Central A 30 ppb
® 3 ppo O 00 ppb
A 10 ppb H 30 ppb

r_ Achranthes lanceolata
gg -
% -
0
— Synedra rumpens — .
§_q —
% —
40
20
- 6L
0 Navicuia pupula
L T =5l
60 |- E
% - £ Cantrod
— bo y |-
a0l 5
'\\\ - {300 ppb)-algas
I~ 3
201 e @3-
- Cd-exposure
] 1 1 1 ] ] J
e T H B Sy 2 . ] , T 5
Weeks after Weeks after stoo of Weeks after Cadmium-exposura
Cd-exposure Cd-exposure B15 300ppb @iﬂﬁf Cd & &8 L ﬁ‘%}ﬁ
, pp ‘ AP
14 & F 37 ARBE LR FEE .
{1,000ugCd/g, 2:ANEH) Lifg
DIAEAL Lzas e solEEE
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BEBOA T 07 (Epeorus Latifolium) (2 1+ % 52847

£4 AFIVLALERMLAHERE 6 AMBEL Y070 CdigE
TS Cd BEEIE 130 Cd REE EHEOBEIC—H

Cd Concentrations{ug/g dry wt)

Cd-Algae ¢ p latifolium fed Cd-Algae
Control 241 0.2(r=3)
3ppb- Algae 9.1+ 0.6(n=23)
10 ppb- Algae 19.21+ 14.8(n=13)
30 ppb-Algae 57. 8+ 99.5(r=3)
100 pph- Algae 106. 74 18, 0({n=13)
300 ppb-Algae 272, 0108, 7(r=13}

Mean+5.D.(Sample No.)

3) 88 (Cu) i

R4 .5mm Bk A 7o 7 & Cd & EfkL e & ) KB (KiR12TC) WT AR ONELEE %
BV /2% 3,10, 30, 100, 300ppb 3 Cu ic R L 72, 20 & 5 OMEHIS1E 2 B BRI (KiE12.5C)
KTHBLELTHS, Cuiz Cd &0 LRSS E <, 0ppb DBS TIRIMEEOEFHIL 1
B b 3BT T, 4, 2EHERICES L 72, 100pph, 300ppb Tid 1:ELINIC &EHRAFETL,
INLDRD Cu-BRITBRNAYEMKIC L 2HBEFHANLERICAH2. —F, HHE, 3 ppb,
10ppb @ CulZRFE L 2 47" 0 7 OFEHR* H161C 74, RREDFEETIHE L T LI E10
ppb @ Cu REMICEFTLZRZED Lk d -7, MM, 3 ppb, W0ppbickits 8B%E T
DEFH (hH), FECH, DERoMBEEIMRE Tz 1, 0, 18K, 3 ppbRCikr2, 2,
8 ik, 100ppb XCid 0, 2, 1MAKE CudB LA BREIBDOLNLh -7, 722 DR
EBEWTCUIC L 3TENBRLED b Lt - 72, Z0#ER Cu Tid 10ppb 7 5 30ppb @ Kkl
BWEATHRE - L SR RIZTBEY DB Z L g -7z, €Dz 5 ppb b
525ppb £ TH5 ppb ¥ 2MML 72 Co BECERNERZIT- 2. AV A4 w7382 8 A AR
N (KiR23C) 2 L3R L 72, 12CHABTS BMDELI2 BV % Culc BB L2, ZOKER
TIHEROME £ 12COKBIc ANz 2h &2 L FHETENSRKICEHD - 72, Lo L 25pph
DCURRBELLAY O VORCEDAIMOB L F 22 L5 RE 2 HT50%, 581 TI290%
HFEC L7, 20ppb LT TRMB L NZERBH LN L d -2, —F, REHMB*EITICRTHCu
DEEII 15ppb LA ETEe & N7z B Lzl L7 e REEOTFHE THET 5 L 10ppb LT T
BB ERELZZ#ES L%, —7, 15ppb & 20ppb TiZ CuBE 2, 3, 4, 6BHOKE
BRIz EFEEESBO LN, 20ppb Tid Cu BHR 2 BHEP AT LA SIS N2, 2o
HBH 5 L Cu#10ppb LUF T 2 O REAES & 1LV AY, 15ppb-20pph B Tl BRI BBt
BHbi, MUCELZ T TORREELELIRFTILEN S EEI LN,



MR - e 1A

=

=12 Control
=102 oo

-
a
T

3 peb

gtr
= Cu-exposure
=
gs,, \ (n=7)(_ 3¢ ppb
> "=4)n=2)
Bl ’
[+

ir Acclimatized

_—
(] i -1 L L L o I

4 1 2 3 Ll 5
Weeks after Cadmium-exposure

{16 EFAMNFTCHEICEEL 2470 OREHE

8 Copper (ppb)
CONTROL ©
5 peb @
7+ 10 ppb &
15 prb &
20 ppp B
gl 2% pph @

Body length (mm)
T

0 I L 1 L 1 ) I 1
[ 1 2 3 L] 5 ] 7 &

Weeks after Cd-exposure

17 =7 fTR2OBENHICREEL A0 7R EHE

4) AYRESEETNLICLE S Cu B

SUIESBHERTNONERPIZLEHSTHVRETEAIN T LYY, 20K ERHIC
BT Cu o friigiic b 2 B85 M4 2 - Bl T o8 # 47 - 72, 8118 ) 30pph, 100ppb, 300
ppb @ Cu #F L 22 KET Cu £ 2 B Cu g 2Bk L. kdo Cu BB R BIC L,
WAz NERE 0. 45ppb & EITE UAEIZ % - 2. Cu BFH R U Cu S F LR BE T o Cu il
i R18) & IC R 22, 300ppb R Tix Cu £8 281 IC#M+ ) Ca BRI 5 & T1400ug/g
2L, BRE LS5 3EMSEE TERIH B 2710004 5 1400ug/g HWEEEEEIC S - 72, 100ppb,
30ppb W34 L HE O Cu M TERMICED L7z, Cu D ftis £ 3 1E L7228 Bicxdid, 3 ppb,
10ppb RO L # TIZ AL, FAEN30, 100, 300ppb X ic# L (HHRK ~10ppb KK TiE




BEIRD 5707 (Epeorus Latifolitm) 2 5 5 55T

CuBELHEIT T i 26) Cu BEIc b 2B A~ ZOBOEBHEMI Navicula minima
HBERELTED, KWTrtE, 3, 10ppb X Tk Gomphonema parpulum, 30H*5300ppb KTl
Nitschia frustulum D% h 72 (#%5). —HF Cunfti #E1LL T 3 HRHRTIEIMNEE, 3 ppb
RTi3, N. minima OEEHEAL G. parvalum DEEHE 272, F 72304 5300ppb DE T
Synedra rumpens QESHRIIL L (£DH),

| Cu-exposure

LI o
1200
1000 -

800 -

Copper toncentration (xg/g dry weight)

Centrol 4 P
2 3 ] 3
Weeks after Copper-exposure

0 M18 #H|OEBRURBELRICSITAAFE DD CuitE
BRI REE RO BEEb.

-
00 1

5 WMIESRBL L ALKBICBIT2AEREROEREL (%)

Cu-concentrations {pph)

Species Control 3 10 30 100 300

Exzposure Time

1 week
Gomphoneme parvalum 38.4 36.0 12,0
Navicula minima . 61.4 64.0 . 88.0 95.1 88.6 89.9
Nitschia frustulum 2.4 7.6 6.7
S.'ynedra rumpens 24 3.8 3.4
3 weeks affer stop of Cu-exposure
G. parvelum 5.2 66.0 8.3 1.0 +
N. mimima 45.1 21.7 89,7 74.2 78.4 77.1
N. frustulum + 41 21 21
S. rumpens 3.7 12.4 2.1 20.6 19.6 20.8

+:<1%



#HUEA - B 15

L UWfEREFE-(3) oty B4 6mm AIEO B2 0 (83 3 A REIERE, K
212°C) KIBAXURERUIHLIC RIZTREE 1A SIS~ 72, ERBKEED L OBEF D
Cu BIEIZ18D) & 7 2 &, DI —B T 5, 3 ppb, 10ppb DFPABEEL Ty WHH
3% & GRHEL TT2xg/g, 126ug/g (H18) 2 LBBIBL L TiT- LD EZ LB, 100
ppb R Cu-BHE TIRRERITH T o DB 51, 300ppb R s Cli% e 3:8ME % TH
EAREORESBH LN (H19).

Bk L HE L 2 kEomin (% per week) O F£ETRTL 3 ppb & 10ppb K> Cu-#k
FCIIEBAAM %8 U A EEEEDH Lk - 72.30ppb XKLL Lo Co-EEBRL 2247
o ES LAY L BRICHITERGIREND L) AREOMELIED Lz, Cu— B

Body length (mm)
T

0 1 1 1 1 1 1
v} 1 2 3 ) 5
Weeks after Copper-exposure

19 $HAFEMLAAERZHBEL LAY e rofEkR
AERPOEBEIMISOBREIc—HT 3,

=6 HAEHLAAEERZEBEL LAy 70EERN (% per week)
fFEB RO Cu iBEIIRISOWEHMIZAT (30, 100, 300ppb-Algae),

Cu~Accumulated Weeks after Cu-exposure through the algae
Algae 1 2 3 4 5
Control 30.516.8 19.2+9.4 16.8+3.8 12.3+5.3 11.1+5.8
{12} {12) (11} (11} (8)
3 ppb-Algae 29.6+6.7 20.3+5.3 13.5+4.2 7.544.2 14.2+7.8
(12} (8) (8) {(8) (6)
10pph-Algas 26.4+4.,9 21.9+5.3 14.1+5.3 9.243.4 6.3L4.0
{12) (11) (11) (11) {10)
30pph- Algae 24,4+4.9% 18.945.2 12.2+2.8* 13.1+3.9 8.5+6.3
(12) (12) (12) (12) (12)
100ppb-Algae 21.44+6.4** 16.014.3 14,343.3 13.044.0 17.7+7.9
(12) (12} (12) (12) (1)
300ppb-Algae 16.0£5.2F*  10.24+4.6%  7.8£8.0** 10.6+7.8 6.9+6.0
P (12) {12) (11) {10) {10)

Mean= S.D. (r) * P<0.05, # % P<0.01 (1—test) /,

.




B 7 7T 7 (Epeorus Latifolium) i k4 b 82884

FBASERE TR BT AT RUTHEOMEME LR 7 10 R L 72, 100K °300ppb [Xod Cu-#3 %
BELAY T TRIOBENEED L2, 300pph ROBHETCREE RN 4 BkAthho F
FTLEEE 272, 272100 300pph K TIRFETH A4 B L MK TO 1 BEL D LB (%
o 7o PLEUI AR TR 1MEEK & % > 72£7300ppb K> Cu-BEBR L2 b0 Tid 4 Bk &
LUFThd, ALREENEHRA YO 7ICI NEMOELLIBZ X EFREIN, FOBHIAD
HF2ZE LTACRED, SR3ntiarE0 ¢ R E R EEICH 5 2 Lhh - 72, 100
ppb, 300ppb X&) Cu-{THBE T Z DBREDEIEL < 4% ¢, CoENTOEER =R
Oz, FEREDHD LREOWHICEHS L TWa 2 EaREir.

FT7T B oMAEEE GAMBRL-AY Y (EKR) oL, S8, B
TR OIEEE
Ao Cu BRI R 18RI R,

Cumulative number

Cu- accumulated

Algae Died Lost Larvae Emerged
Control- Algae 1 i1 0 10
3ppb-Algae 1 5 0 6.
10ppb- Algae 1 1 1 9
30ppb-Algae 0 0 1 11
100ppb- Al gae 4 0 1 7
300ppb-Algae 4 ¢ 4 4

4, & &

(1) E&Hi:
WEAARE TIIAT) CA BB SRS L, 1 BB X12830%0K % 57205 L 720 1ppm
DCA-KTH|LUTLBENERIIRE» -2, X2 X ABRLPHEETAAR (320) »oHET
5 L EBRO LERBA TS 5 2 BTH6,000ug @ Cd 498515, 2 720 3 5 b 558
1 g (dry weight) 25720 2 BRITHS50ug O Cd 2EH L 72, L a7 T Cd »d~T %
BEHL L0 L ESTNEKBLENERIZNI0g S ME2 N2, KEEIZIZ6H BB 22
B 12 THOLEMAEEISMADOT — 54 H#200mg (dry wt.) TH ), AEMAERIIL L2
7.2g L HIND —HAELUNTIR A TORRRKBEORECRE I b EEI S RICTEL
TEDRIBATLE N0 & S0 o2, ZD7200KS 2 5 0 Cd WEDFA L FDKREFH KB D
AR ER L LI0L 2B L0 5, EOMA 7 07 ~0ER, ERABORE RS
H (BORELLWED) ~OREL E0'H5Y, HERIRBROE,LZORBZHTLTHY,



FHURA - BE 4%

HEDR L FE~DEWRIC NN T L0 #FZ 502, ZOOEIABTORE (2601/
min) %5 02—E9 Cd BEZR2-HERARIEESIC Cd (10ppb) 4 1FHKL 2 (7 1/
min), 2N EE & 0 KEOHKEIZI2E/A & % D —EOBE IR BRI 1 B0t &
ol, FRERAKBTIIAOKBETIBRENHEL pELN L2, £OHMERL
KB E T AR S THEOBER #1872, ABokRIwK (12C) oftiiEhiki
poDOHIETT I/min 28R - 2247, HE TIRERAKBEOR 3 %ol Lk LT & A Yk
RBiZkolz, LAELAYe bR EENOES LR ERE REORICL WL L LRET
BHbil oz, 2217 LBEO Cd EREEICHERKE [X6) &K LA (H13) Tii 4
~ 5 H TR SEDEN S ), KIBIC 2 CHZNDS & L TLRENIKE (BE LT
NENT, FEAGBRT IO ET 2 H 8- 4 Cd-KaBET 2 Z Lok ) Cd &g
KTBLDEEI LA, SROEBZTHI LA UHHBDN AT A LCKSBOTERE 2L
RELBEP LAY 0T BALBSBICREL I, FOOXBERENBTIIEREOME, X
SHEEBCHRELHEFEHLNEP LD EF L LNE, AT RECEREL 2Bk
5 W% L AR OB TI3100ppb LA b E CHIRORAIREL < IS hre,—#ic Cd
2 Cuit Zn & 9 LBMEEIE VO T, B2 5 100ppb Xid300ppb 2 & Cd % Cu L 228813
AHBEORERIFL(EEINLLDEZI LNL, LD > TAHYa7icHL CARCunE
L RBROMICEREOMA L A HENTHEBLES L T(sbDEEI LIS,

(2) #F3vLDHE

FARAKE (12°C) oBiT 3 E. latifolium o LC-50ff12 7 B1£0BE 5 X £0.3ppm (X11)
Thotze —HE—%— (500ml, 14C) ik 2 ERMEENRE (BRICL3) T TEMOLE
-50fEH4.0 (2.0~6.9, 95% C. L.} ppm {XRFEK) TH D, RBEHEOE L THIMEOEY
B fz, ZOERFKRAE T CdBEIIIZ—EICELN, Cl-KiZER A0 nkEE
EHBTHoL, CARBALLLSEBRLALZE, BBTHCADFERBELIZED EE2
Ld, KB 2CHEND LY, BELIE-AHFTLABEIB(L20TRLERES S LC-
S0NERELIAS B LD L BbN 2. HARNKETI0pph 1o 88 L 28 & Rz 1AK%,
LEL(HHENL. SENERTEOWBNFHEHI ML 22012 10ppb NBETH 2. 4KES
~ 7 mmDAYaTEHAERTIE10ppb # Cd It & NV REDEEIIL AL BEHLA LD -T2,
Lo LIz it 2 Be s B aR e mE ), MeRCLEEFBHoNs Ly, &
SaTNEBFRBICE Y CdIicxt T 2 BEMICENSH B Z EHORE NI, Lo L10pph Tla 4508
BERTHEL Twa D &, ESEERTMIIc BV T10pph IR Cd AT ofa A4 04 B
FFTREICL TWd o E 3 it L A8HE T4 2. 5ppb 25 30pph DM T2 4 I B0 B ME
PRHTILBENDILDEH L N5, A BREAEPORN THRDHE A T3 10ppb B
D CdiHES TV B, 22Tk E latifolium 138 REINTESRIEED 22 ) %4




HEB 707 (Epeorus Latifolium) 12+ 5 3R

Ay ErERT 5. ATINL I S ETIE CoR InDBEHCd LN L CuTiz—it7,
In TEHZFE G CunEBRFRD In TOEBERS 5 BREHRAN Tl 2o BN
HEENEeL O L HAE NG, BYESIC L 2RBERBRTERECHL 2 EEFZED LD
g e Cd BEA1300~700 (2 BRI H T2 81L) ug/g DM TH -7, Cd-BEI-BE
A E - 226 8 mm AR 7T FRTE, FLERICHEY D & N1z 0id500-—200pg/g @
BITH - 20 200ug/g B TFOL~_ATIRER, IHLICRIZTEBIIZO oo, —H, B2
NENFROER TR ATAERD Cd RERBR LB CHETL20ug/g LT TH- 2. TEAE
WMOHBBRII0—0%ETL, TR LA SITEE I BEORI Y, BEM L0 A
BMEEZ LN AL 2 (BRICR-7220%0°Cd 2R LS e L TH, BEHSHTD
DEBRYEFO CABERRERIOSMSC A AN TL2ME L3I TEL V EEHic 5 Cd
DHEBCEL TN THBEOETNVERTRITL T, HAEVFBENBECRLI LIV
2 b KA 7 (Cloeon sp.), 7 A L {Brackionus wrceoraris), 2.2\ # (Paralanylersus
parthenogeneticus) e KA WRAEF E LCHW L, S OEETLEMEFP 0 Cd BEA200.g/g (dry
weight) LT T2 20REIE EAYEBHL I LR TE L7, SRDOEREZNLOEET
BHRY LOAICR- THATIUWIESBAIIZE WAy o 7o i L ) Cd o ls 2
TRMEREL WL EEI LN L, Z3NETE 2, BEXBHRWN T Achnanthes
minutissima ) & 7 X EE BT EEEH TH-BEEL TR T2 L 208N, BNLCE TOREL
ME2EYLL)ICEZLND,

(3)

SENDER 530H BoEBIM i3 Culz Cd X 0 & E latifolium 23T 2B LD
RE N7z, 10ppb TIHERESLTEICREHERDH LN T, 30pph TIXESMNBIERE THLZ L H
b, FOMTOE LICEAOEBRYINELE 2 Lk, BAEFAEDOBESBHBRANTIEKPO
CulBEirt: L A30ppb 282 5/ED BV BIRN L S ic 2D & § LBT T E. latifolium 134
BLTwZwd, SEAENET VDR ZOTTEMATLIR) CRIOEDA YRy NER
EATRICL TYWaREE L TAKP Cu 2 THH245RTH S,

BRYEME T NOBRTIITERERD Co BELI2004g/g BBEOESH T IDETFRER
BHEEICH L P BEIRD L, —F, AMEO#EEIC B TOREAEY O CulggEi Lk
H5000ug/g itk D & THED1000ug/g -~ LD TEVEZRL 22, L« BB EIZ80-90
%THY, LLEWHES L CurEl L Tl b {HET U, FEPo CulBEIRS 612
BWlEE LSS, AEAEERO CulBEF G2 LIZED-BEY, IIsY kil T HE
ERTEN, ThonBETL CABEIL I35 Ty » 2. S RDERERD S HERH LR
K ERBIZKRED Cundi s FRWEHICE L CudPBE 2SI T BAREEARE N7,
MEDMENHEE TH L I KH o Cu A10ppb BlENFCA EfT AR Cu BEEAH1000kg/




A - B 15

g ORBIAH D & TIUIRPEHNAIC L B2 CuDERL +o8 2 VR L 5, FEMSEWH T
IRAINLIABRYWHEDANESGRBEL ERICRE T2 LE S5 LI cEI LN b,

(4) EBREROHER

SEERICHWR AT T A0y (B atifolium) (3 €7 VAN TOEBRTRICH® 2 6
HThol, BRI Epeorus (b 75740 "JE) # BB EBERICHVERE L TETF T
B, KB k- CHRABERLRH LN ELTwD, —F, Bl BEYN L 3HI0HEE
i3 E latifolium 1X Chivonomidae %° Baetis sp.& & LI SLIUFEKDRENWE LS TOFELHR
Thotze HE-ABEIVOBETL E Latifolium 3 ESEBHEESERT 2 0RI0EBR T 5108
BIgEORIZ A Ty b, 320 -HHEYC L 2 HANOBERFE RTL E. latifolivm |3 Baetis
PR BERETH - 1o AN BV Tt BanBTETY E latifolium 5B ERBLTwBHZ
BETD (RER). ook 5z E latifolium OBERBHFEIZ DV TIRET L LFHESrE S L%
Wi, FROSELEHLTL AMEIECEECAL LD EEZLNE, SEOTTAENT
BONLEBRER L TNHATOBRVCBESR > - 203 ZEAT IR TRBREFRE IO
TR CunBEEIIEHSTEL, CANTHRIEBTHZEE L 5, -

—h, BEEROMBEIATICBT2EROTFERBIEKTTZLE3N TS, WIXKFNES
BRBEREDEA A A REDMC 2 ) DRETT 3 VB Y ORI, T3 /B )7
Frow, LidigEe2 ot 4 AnBREWEICHEL THET S 31 5Y, 72 pH REEORMIC X
D IRERIE, KBt L TOBEHEL 25V HEBOBERREBW R EWE AT EE
MAET 45 Z LA LI T WL, TS DI & P ERA R & s8R 2 R+ 2 £k hiz
BT 52 L RESN T 5199,

ETFATMMICEL 2T RO pH BBICEBRTH N pH MR TH - 22, —5H, TR LXEBT
A 1 RERICHET AN PEELHES N, BT K2 LIcAERYIEATIHRS
FEAE VLD EEZ bE, JHIEN L ELBBRWNTWNALE T+ 5P cle
OYEBRAL, BEOIEA + v RBC L 2B MATI L0 E2 L0 s, pHICEL TIRE
SRHFLANTIETAEENITHON TV A E L TLHRL TBEXIRBETH -2, 20 L5
BEBOBHRBICHL, EFAMNEEBORN TR+ FREANERH L, €T AN
2 Cd 2L 22354, MG Cd BEREH THL G720, BEEBRHERTNICHIT 5 MEY
BB pg/g L FTh 72, 200 k5 %3 Cd kb 51 s HERBOECRET 3
HAREWEEI LNLA, TTAANEEBOANTOESBOFERE - ELBOBEREA~
NEBELBNT LI LS ROBERRBTHLEEI LN S, :

IR THKBLATIRKEESICH L TR BEIFLENE CA & Cuitr2TENREL
FAT X f2 o —F, B I3#6, 000BFr OB EILAH 2 L HES LT 5 (BBAH, 1975)2,
Ha FBRAEREL T 5 S CRLNLZTNOFARMEREL R TH Cd % Cunftic T, 8, Sk




EwBor s (Epeorus Latifoliom)\= 5T 5 52 BRAR

HEEGBROBEE V., ShIZESCHY COREERER, FRENETRIC L S HETHROY
BhELELRBRHEHTITETH S,

5. #¢®
BB R BT TR BT 2 HATH F 2 7 4 (Cd) &8 (Cu) b &' 7 (Epeorus
latifolium) DEERUCIMEHCRIZTREL T VAN L 2 EZBARTRE L 72,

(1) # &

KR LW AE LN T L THER— 2 TR L ROEHAAKBRIATH D, T2
WMLURAKB TR 2R A2 ML 201220 1 AOABTHEDBERXOERAFTHRTH S,
B (S OATHRAYeo£EBE: LTnad LY, EBREHfon—t, #HnER
HE, EEREOBEL LT AMIOBEEE L THMTH -2,

(2) Cdozg ,

E. latifolium @i Fi330ppb HCAdIcLn, B LEE»LEL CHEINL, 10ppb TlXEE
(243 & A Y EBEHEED b N WHTHEEISE VR TR TR, TR Cd nBgrR s,
MBS € TILOYERD LB CAd BEHL 000ug/g (dry weight, 2 BEOEH) oL~
TIIRE 3 mm DA 7 0 TOREERICBESEDH L L W, RRICEBEFBH L, Ly
LBy Cd B #850ug/g (2:EMNFHE) UTHRER TRENHRIBOHLN LM T2,
#E£8.5mm &9.0mm N7 =7 TH Cd £ L8 (500-200pg/g) IS LBTIENF A FETERS
B PRSI RS L N ES AL Lo, BEIPEHCGE-LOTHS,

(3) Cumirg

30ppb ) Cu i1 E. latifolium |23 U EEERMBGERE TH ) 15-20ppb TLEESF L (HEL
72 10ppb ClEEE, FHEHIZ £ OB & A - 12, EWIESH T T VO R b /- i (H5R)
Ho) Cu EEH1,400-1,000ug/g DESTERDEENRD b Y, TNLUTORER T ED
Mo Tz,

(4) HERFHROHBA

EFNANOEBRERY> L Cd X CunFtEicEEYEREH 60T, EREMBER Cund
FULAERTH -2 —F, SN L 2 EEBHFRANTRAPRCBHEPOBEL L Cun s
HCA LN LELVECVBEYF S, ThLNERP TN L 2ESFHRANTIE, CAEND
CunFHrRERBRIZEITTREIH LD L EELL,



M - g 15

51 B x ™

1} @A EEE(1960) | AR, JBRESIL L L CRRILRFEEEIOEANOT I S48 LT T

BB, HA&mEei 10, 38-45,

2) TREE-AEHEE (1975)  RBRATNOEEE%H, (DERoxtBIEEN L EIIc>wT, Bk
M, 36, 122-130,

3) LR - BBeR (1976) [ LR BROMEKEBNC L S BEBEOBM & PR, gARIEWE,
12, 65-72,

4) WA RHZER (1976) © LLUBEARARN —#il—ic 51T 5 BEgBo o7, RERS
T RERTARE, 8, 20-25,

5) TS -ITEEE (1980) | BIFRARINOELEME, QEMONBEAN L@t T, B
SEMERE, 41, 19-23,

6) Letterman, R, D). and W. J. Mitsch (1978) : Impact of mine drainage on a mountain stream in
Pennsylvania. Enviren. Pollut,, 17, 53-73,

7) Winner, R. W, M. W. Boesel and M. P. Farrell (1980) : Insect community structures as an index
of heavy-metal pollution in lotic ecosystems. Can. J. Fish, Aquat. Sci., 37, 647-655.

8) Peckarsky, B. L. and K. Z. Cook (1981) : Effect of Keystone mine effluent on colonization of

~ stream benthos. Ent. Soc. Amer., 10, 864-871.

9 WA - SEGER - RMEE S - SRS (1977) | SLILPAAR IS BT 5 8RR £ EA Tk
EMERATEY., EMic L 2 BEROBME, okt 20, 44-56.

10) Hatakeyama; S. and M. Yasuno (1981) : The effects of Cadmium accumulated Chlorella on the
reproduction of Moina macrocopa (Cladocera). Ecotoxi. Environ. Safet., 5, 341-350.

11) BilfA - HHEZ - FH 5 - SR - RILEHE - 518 (1983) B4 REFERTN oL BRENRE

(LR3I I, BRECEHEhnE2RERE, BABEAEs - BEEYHE, b 125

12) fFEREESR (1975) | EMFHRoAYIRE, B L ANE 2 (BRERY-2RNMERMERSE),
13-39,

13) FHFE®-ABH (1978) © TIDKEBSRERAOHE. HoRBEEIOERAEEDOFE. Ak
BE7K, 20, 65-73,

14) Stiff, M. J. (1971) : The chemical states of copper in polluted fresh water and a scheme of
analysis to differentiate them. Water Res., 5, 585-559.

15) Fogg, C. E. and D, F. Westlake (1955) : The importance of extracellular products of algae in
freshwater. Proc. Int. Assoc. Theor. Appl. Limnol., 12, 219-232.

16} Gibbs, R. J. (1973) : Mechanism of trace meta! transport in rivers. Sci., 180, 71-73.

17) Patterson, J. W, H. E. Allen. and J. J. Secala (1977) : Carbonate precipitation for heavy metals
pollutants. jJ. Wat, pollut. Cont. Fed., 49, 2397-2410.

18) Zitko, P., W. V. Carson. and W. G. Carson (1973) : Prediction of incipient lethal levels of copper
to juvenile Atlantic salmon in the presence of humic acid by cupric electrode. Bull. Environ.
Cont. Toxicol,, 10, 265-271. i

19) McKnight, D. M. and F. M. M. Morel (1979) : Release of weak and strong copper-complexing
agents by algae. Limnol. Oceanogr., 24, 823-837

20) Fish. W. and F. M. M. Morel (1983) :Characterization of organic copper-complexing agents
released by Daphnia magna. Can J. Jish. Aquat. Sci., 40, 1270-1277,

21) WMEEFF (1975) | BEAHE, p. 481-482,

-



Er B RAFRHRES $62% (R—62—'84)
Res. Rep. Natl. Inst. Environ. Stud,, Jpn., No. 62, 1984.

T yl—ORRBUVEFCRIZTREHICLIAAF I T LAOKEE
gl A

Accumulation and Chronic Effects of Cadmium on the Guppy
(Poecilin Reticulata)Fed the Cadmium-Accumulated Midge Larvae

{(Chironomus yoshimatsui)

Shigehisa HATAKEY AMA?

Abstract
Chronic effects of cadmium {Cd) on the growth and reproduction of the guppy
(Poecilia reticulata) were studied using a food chain model composed of the midge
(Chironomus yoshimatsui) larvae as a prey and guppies as a predator. The transfer
rate of Cd from the Cd-dosed midge to guppy was between 0.5 to 1.0 per cent during
the 30 days experiment. Growth rate of guppies fed the midge larvae dosed about 270
ug Cd/g (dry weight) for 30 days did not differ from that of control guppies.
Cumulative numbers of fry produced by the adult guppies fed the mide lavae containing
210470 ug Cd/g for two months decreased about 80 per cent of the control. The
percentage of premature parturition among those adults did not increase, and fry
produced were all healthy.

Guppies had been fed the Cd-dosed midge larvae from young stage (age ; one
month, body length ;: 9.5mm) for seven months, Cumulative numbers of fry produced
by the guppies fed the midge larvae dosed 500, 800 and 1,300zg Cd/g for six months
decreased to 79, 65 and 55 per cent of control, restectively. The effect of Cd on the
reproduction of guppies fed the 500 xg Cd/g-dosed midge for seven months was
equivalent to that of guppies exposed to 20 g Cd/litre for the same duration. Cd of
the guppy was highly copcentrated in some organs such as intestine, liver and kidney
when fed the Cd-dosed midge, indicating that such Cd-accumwulation in the guppy was
brought on mainly throuth the food, Cd-dosed midge larvae.

Mortality of the female guppies fed the larvae containing 1,300xg Cd/g increa-
sed abruptly from sixth month after the experiment, whereas ne male guppies died
during the experiment.

1. ESroErsear SHRET06 FKep R W E s 0w ~Fi168% 2
Environmental Biology Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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1. Lo

S EMEEC L > TLEEHRYEHPERNCER L 20884 275 2 L iZ—BEcBs
BNTVLEZAHTHSL, FIKEAPERRTERAEL FOWAELRI—OFHRRSIC AR
LTWaEasrE L, BanRESYizkhosl s, FREMEERIC L > TLHEEFRPELR
WIcEML, 2OREBLZIBarREVWLnEEILNS,

ABBKRORPEHEFR TIINTREMICH ), SEOKEEWFFE L THATWS, F0
LORMEBIC L 2EEGRMENREEIRFAT I LIEETH L, K, LUV ERBENE
BEEIETL L, RPERERBR TLAERRDE LT K EERNL CiibR TE 2,
AFI7AAT Cd &3 2) iMoot L FEtE v b, KRR X & L iokEEMIC E » TR
LHEELZEERO—2TH L. 2D 0HERILEEONE LS L, 2038 2 OE 6
RESNTEL, AICHL THEPD Cdo#EERE L2 iz a4 e84 2HV 22U #RIR
LO—EBENBESNH SV, —F, Kumada 594 == 222w TKH o Cd :8Fd o) Cd &
PO R EA, SFEIC X ) RIS RO CA MR BEDIR LB 2 L2 HEL T2, 372, Williams
& Giesy®id A gHIc L 3 Cd DERHEIZE AL DL LT aA, 2ok 2afide Cd ME1.13
Ke/g EHBIECLIDTH -7, THNLEZFBEOHETRVFADES D Cd % Mo ALk
BAFETERICANTV 2, ATENCIICd 2 FACHOREBRIEBEHNES L0 EEZ L1,
FAHRDOCABRELERIIEOI L TELTH S ). L LT Cd R B EFEDBE
ETIRRTDHIE, ALERHIKR THIBLE (B2 L0 CdDEH R, Cd oo Reg
RPIEREICKROEEW L CER FEANEWLNEE L LN 3,

FEHLE 7= 22T (Moima macrocopa) 1= Cd % 3SEEREO B TER A Y v E—iont T
LCANAMEHEICEZEMEMBE TR TERCSVWTRIEEE L . o873 7 F v
BADEL L THETHLIE» ) T BYEDOVWEMNEETL CAiE A P uFtRi v L
HOBESBHEES T 7L THEAEL TWA o W ric b s, 8o vraidflc k
NIEAINZITEFL TR L0 ALERL IO L S CRDTOBEI Y (IBREFESE
L&, DnTidfficH$ET S5 Cd Ry AABIRDRFT it ko L L3P
20 CABEREIBHTEWDH D20 o CAdBE+BEDHLDIHBASN, 1 »ANDE
BUMAN Tl 7y E—ORRICBMEN T RREERS SR T LR TE L, 12,

SEOMFEBEREE L LTESBIHEL2ET 2220500528, CdBE» 2 51259,
PORBHMPZEET2Z LIcL ) ApEIc L 2 CdoesglE s & (7Y ) omE, BT
RRIZTEENEE L RELLLNTH D, WREEL LT Y h (Chironomus yoshimatsui)
D3~ AFhEE Az, 220 H I3 OREGERDEIC LTESS DS, ZoHGELY
Bhl, EBIcHBLZ L TANLI L LT3, 2422 ) AREEBICEME» S, Cd %
BRETEMSELZLOTRTSHY), REN I 2L ) KEoiGilRE St iz L
NFRETEL L Y AYEHEIC L 2R ERRPEOBVE L AL BT HEETHL 22 5
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7y E— DB KU R s r a5 F 3 7 L0858

N AEBRTRISICKPIENL 2 CAd 0B, TN L A L 2 BEOER
XL, apESc & R HHEORY, FRRRC B KL ERED CdORBOES LY
o EHE R

2. MEEFHE

(1) #hé&# 22 % (Chironomus yoshimatsui)

WEREOZZ) A5 FEERICERTAILOTROFER Lo, 22 2 DSRIIR) 24
BlHEERE (25C, 12L-12D) iy —y (0.7Tmx0.7mX1.2m) $#BEL 72, Oz E
Wi ZOoNAKRE (7cmX28emX1lem) WCHEIGEIR E TR E AR, e L TILEREER (7
i, TEAR) EHBOT FF 3 (Tetramin-E) £z, @5 % L T2 4 #EEIRS w-k
AT L7z, 1HRRILEEA00EOTRN, L 22 LR ERUATROKMIC 38R E AN,
THRORMGTIAREMETLI&1ICE, 3~4@Bnax ) A sBe, @AEAELTHT
& (pHB.0, B #60 as CaCO,), BE E L TRF T2 —X (¢ #200um) 27, HE
REL LA, BFCBL TR EROBRATNSE AR THE, ¥ AL EEHTH S22
HaAN A (FRE) OEFRELIFHELE(, DEAOERCLBELTEE TH - 72,

(2) &L 7y v — (Poecilia reficulaia)
MR OKEEHERBTHRILETL TWRERO Sy E—2 Bz, BE2~26CoHb
TARFCHAATERICL VETL1TT - T3,

(3) RYESIC L 24 F I 7608

Bk 4 @22 1) 4 24500 0%z, 2nER1, 2, 10ppm o Cd(CAClL iz TR%) +&
AR TUBEEREL 2. KE L TATIRA® 4 1 2 Hw, 23+ 1 CTERET- 72, 24E5R1 %
AN A ERy FRERLTKTHFHITT X, hEO Cd 4 BEL THERRE > LI E Sy B—
CEEL-UTInso2 Y32 F0F N ppm Cd- A0 %4, 2 ppm-Cd 22 7, 10ppm
Cd-22 ) % EMET 2, 22 40 CAdiBEREBER > LHEHOLT 2R, REOFET
ALz, 77 AMOMME (4 8 cm, &2 14cm) DEICH (HE0.4X0.4mm?) #5&Y, WA
KEPITHL (1 /min) L Tv 3 KEIZ6EE~, EBICIIS 0L 5 AkilEiE 5 AW,
M DR % KENED L# 4 om LEC LT, AESAOKFSEICANEDL LI BR L2, &4
OHEERCIE 7y E— KE 170+ 1dmg, n=40) # 1 BT >AN, EH20ET 2N Cd-2 A
AR, BNRLY S 2BEIRE0%ERGL TRE L2, £BRI0A, 208, 300H#
REBER 5 6 BET o0y E— 2B B L 5 ~ 7 HOMARM 2 By %30 Cd oot
RBL 2 OBRES v =t onTh LA Y chEEREL, Cd-2R ) ##ErERICRT
THELHEN,
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A

22N AN CABEEL F0BaE (KK $B8HAEL, 7 E—aBOEBEL 72 Cd HEERE
PRI, ZOEEX 7y e—rey Cd & {10, 20, 30HBICRIE) oy APEic L s Cdok
BENE | TRDIZ,

(4) 7o r—DEFICRITTRMEEHIC L 20 F I 72008

BEAFHO 7w E—ICRIZTRPEEIC L 2 CAOBE L RETL, T 3nEEE Tt Cd B
LD 2O TOERIT- 72, 601 (30cmX60cm X 35cm) DAFENIZET A T (17em X
50emX17cm, 7IHIX 3 mm?)#EE, 2ol #IKTons Y—alfsr Ans,
WSy e—iih b LHENCEEL, MENEEL LN LEIRN>OKEI7— VL2
DTHB, NLNT v E—BOALABZREL Th s Lo 4> AHEFREEAL, £
%5 ppm TR Cd 2FMS 222 ) 4 (UTC-220 %) 2 20AMH, 1K#Ea7%2Y
HH3 g (BE) faiFL GIRICNLEREREZE L) BEFRCRIZTRELEN . 2
NEEsN2AY A0 CAdIBEIR210:T0ug/g THS, £HKMEITIESL C—EHE (0.71/min)
NFEK 24+ 1°C, BTK) 22FHEL 2, No.l & No. 2 mkiicizi—=2Y # %, No.
3 & No.4 DKz IZ Cd-2 2 ) H #8468 L 72,7272 L No. 2 DKizit No. 3 DAREDS H A ——
Fo—LRERG, SABBRETHS L LTH, 22 ARA0EE 0 5 KB ICELT 3
CdOBBER YT & b~ OFRERE T 2729 Th 5 HBHEF L2 AOR~ELEBIET LAY
BHL Nt ERR TR T ERE L0 CdBREXHETIIEKT L ic Cd BE 2210
L7z, Zo%f, Gonad (BBH) & Muscle LM AR L DTS Bitkar & 77— L Oatric gk Lz,
ey 4 EEIZRF L EIEL TOBBITHICA-2,

(5) BYRESIC L B4 F 37 a0BERE

ER1PHNT vy E— A ((KE18.312.1mg, KKI.5+0.4mm, #=10) i Cd-=2) 7
27 BMEEREL, RE, BT AFERCRIITAYEHIC L2 CdopBrsa L. 4&
22 HEEFNFNL, 80, 160ppm @ Cd # &L 7c ATskoAk s T24msR] Cd 2 BWMS 22, 7
o E—i260 1 OFKRAM (0.7 1/min) (225WEF O ARz, Cd-22 Y AORETRIZ 1 HL 7
N1.22+0.25mg (GEE) Atk > TELIEH - A 4 AL 2 Y EAR—RICZ A 272, Hilf
DE BB 7 ERBE (Cd-2 2 ) A #FT4A0E 1) TRAKMY - 0 kg, TIRT oL L, ETFFHN
B & AR DREIF A T2 AR, EFREFEHEEL L KRB SKEr LA ——7
O—F B HART, £ 3HENY Y E—#80BRIFE L, Cd-22 Y AR RDPE W &b
AT S FEZ 55 CANBME RBICH~N KROVRTE L Cd-2.2) A 0iH21E
L TA0HBICHEN 7 E—TIREBREI L0 Cd £, BTIEERT L0 CdDREFSHTL 1,
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7y PR ERETC T aEdic s Vi anml

(6) Kepic@mL 7z CA DB

AYRESIC & B Cd DB L ATIZEML 72 Cd 2} 2 BBOELRET 21U TOEBR 4T
af2e 601 DA ICEEOB D 7y B — EH0EHE T AN, 2.5, 5, 10, 20ppb @ Cd #34fH
HokicmE L TERL 2, Cd DBIE L KEOEED 1B HA | DKDEF S HEH L, F#Z i
Tk (201, 25°C) 2 AR, HEAVFENBEICESE L5 CAdOBBEBREEML 72, EER
M iBA ST, 288 LTAADATIENEEE | AR~NEL I HWEREICE2 2,
EEATHIAAES 0 & (I HEHE X L 10T D & L, BIFA TICART, EFN, 5E, WESE Cd &
B1EEE TR, CARE 1L, CARBRT 40 HRICH TR AR X 0 Cd BRE, #
TRMEETED CAdBELZ L 2,

(7) Cd ot

EWEE (22 ) Aofh, 7y E—) MK Milli-QK) T+Ha8- 2%, 100CC2 HHE
WRLEERLBL, tORBSRESVTHONE LEERE R, FESEMNER) TERS
ML, Mk (Milli-QAK) THEREL 2%, 70 —4 (B2 AA-640-128Y) iz 71v—24v 2Bk
t—-=> (H3r180-80%1) BEFEEXEHTEHML . 22 H0BEi330~50m% 14> 70
EL, 7y E—niETid 1 @K, T2 Gonad, Liver, Muscle % ¥ RIREVE BN H HE8HEIL 1
ks 2 He bDLEOERIL2 ~ 3EESE 1Y 7R LTaH LTz, $RTDT—F 3%
HERY D oBETELY (pg/g dry weight),

3. 8& B

(1) aYEc kb Cd BT

JFe LIz 2 A {(Chironomus yoshimatsui) iCHTH2EEBORMEERBNIFBREELRL 2,
22 % RESERICEESH S 2 ik d  oFIHEE2-2RENOFHTE Y L LIRENTWEH,
ZITLENBHELPTHY, 52 U 3 TEESRLERD BT 5 & Cdizxt L 48h-LC50
T3, 00fE DL H 5 2 & BRIz,

1 ppm, 2 ppm, 10ppm @ Cd £ L 22 ATEOKIS 4B MR L 7252 ) 4 480> Cd 1B
$F 2R, 1 ppm, 2 ppm, 10ppm ic3i+5 Cd MEEEIX F R TH4129, 88, 27L&
wé@fu&wﬁCdm%ﬂﬁﬁﬁEw:a#gmwﬁfuﬁi%wwygmwwwmCd%¥
ML, 2t a2 )22 1 HE D 0RTORELZ 7y - CABEZR 1IZRL 72,
1 ppm & 2 ppm Cd-2 2 Y A DFEFORBEETE WA, W0ppm Cd-2 2 ) H EEELL S
oy E—TIE30R#IITT 4 ug/g O CAMBEIEL 2, —7, 10ppm Cd-= 2 Y A & 4afk L 2B L
KENTRY P THPLZ L OMBOLRY) A £30BMEMHELL 7y E—hn Cd B EH, 0.07+
0.05ug/g (n=6) LEWETHNE1IOCAEMIXILAE Cd-22 ) ADERICE>TL
LINILDERELBL, 32V THORER TLEE TR IFEIZEL T2 0d-2
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ANADBRZ LB 7y E—~D Cd DEREL K3 IR, 1 ppm & 2 ppm-Cd 22 ) 7
Han0.5%A0#%, 10ppm Cd-2 2 1 2 DBET, 0.9%E & WTRLES, EBYHIC L 22
BEAYZES LN LD -7, Thbb, CAd-22 ) #2BERT L2 LICEN Vv P—akPic LY
AN CdoeR, ERIMAEL 1 %B L rREFCERTL Twid 72,5 411 10ppm Cd
—1zUﬁ(iZ)%mﬁﬁ%ﬂLtﬁve—mW$%ma:tmﬁ%Lﬁ%ﬁﬁpiéCdm&

R1 AR (Chironomus yoshimatsui) (203 3 B4 B o) 48BE M L MITE B
(ppm)
FeIiPraTOMEE B,

(A) (B}

Metals Chironomus Moina

yoshimalsui macrocopa  (A}/(B)
HgClz 1.4 0.0017 824
CuS0, 2.7
CuCl; 5.8 0. 047 123
Al (S04}, 133.2
CdClz 212.6 0.071 2994
ZnS0, 468. 9
ZnClz 1.2
FeS0O, 1216. 1
MnClz 1021.2 23.7 43
Ph (NO3) 1228.1
PbClz .43
KMnO, 0.8
K:Cr0- 7.6 0.74 10

F2 HFITVLCUBMBEL L2 2HRDH F I LBE
7 F I ai ATEKICEmML 22,

Cadmium concentrations of midge larvae
exposed to Cd-solution for 24 hours.
(ug/g-dry weight, Mean® 5. D. )

Control 0.43 + 0.41(n=28)
1 ppm 129.3 + 48,3 (n=21)
2 ppm 176.3 + 65.0 (n=21)
10 ppm 274.0 £ 7.8 {n=238)
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10 ppm midge larvae

2 npm Midge
1 ppm midge larvae

Control mige tarvae

Cadmium concentration {ug/g dry weight)
L=}

=

10

0 30

Days after Cadmiurn-exposure

7o E-OREREFC RS T S EIc L 5 4 F 3 7 Aol

E1 AFIvaA2EHL-22A230B8EL7 vy E—nAh F 7 4BE

{Mean+S.D. n=3~6)

AANADH F IV LBERE2ZILTT,

£3 HEYEEETNMCBITAZZANALL T v E—AD A F I 7 ANEBE
22N A0 CdBERE2ETT.

Days after Cd-exposure through midge larvae

1ppm  0.50£0.21
2 ppm 0.5240.15
10 ppm 0.98:£0.15

10 20 30
3. 520, 08 0.56+0. 17
0.40+0,08 0.44%0.15
0.85+0. 27 0.98+0.15

Transfer rate =

Cd{u g} in fish body

Cd(s g) uptaken by guppy
through midge lavae

£ AFIVLEFMLLZR) 2 EBELR Ty E—DKERM(%)
AN AD Cd BIEIZ 274 76ug/g (dry wt.),

Days after

Camium Control midge larvae Cd-dosed

Exposure midge larvae i-test
5 16.1% 3.5 (n =20) 20.3+ 5.0 (a=20) P<0.01
10 38.3£ 5.9 (n=20) 47.9+ 7.1 {n=20) P<0.05
20 T 85.9%£12.7 (n=14) 94.4412.2 {a=14) P>0.05
30 164.9£18.8 (= =10) 181.3£32.5 {(n= 8) P>0.2
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RICRITTRBERS 0 TH B, NENEBHMATIE Cd-2 2 Y HEHIC & 2 KENHRE
BECEHLNLY, £BRL A%, WARTRGLAC-22Y A EREALLS Yy E—DHHHE
DRI KRE (B HDBEIZB L #2805 Uo7z,

(2) EFHFD 7 E—iordd 5 AE# £ 2 Cd nRE

MEENTER 2 9 BADNE L, FEOMd L% 2WO0KETH L2 Lo 45 FEEFE LR~
2 (#&5). £M4%5 ppm, 24BFREMEEIC L D 210£T0ug/g (2 =16) » Cd 2 FHS 222 )
RS LEFRCITTEEF AN, 7oLz 1 » AR TEF 2T IO TES

£5 &% (Cd-z=2)#, 210+T0ugCd/g) ZEBLRAFI 7LD vy E—RK

MOBFICRIZTRY
Pre-Exposure Cd-Exposure
1st Z2nd 3rd 4 th 1 st 2nd
Exposure Month Month Month Month Month Month
No.1 Controt Live fry 16.9 10.4 14.0 10.4 21.7 39.2
Dead fry 0.9 0.6 0.3 0.3 0.4 0.2
Eyed embryo 0.2 0.5 0 0.1 0.1 0
undeveloped embryo 0.1 0.2 g 0 i.0 0
Total 18.1 11.7 14.3 10.8 23.2 29.4
No.2 Waste Live fry 14.9 12.7 16.7 8.0 7.0 22.8
water
Dead fry 0.5 0.7 0.9 0.3 0.3 0.2
from _
No.3 Eyed embryo 0.2 0.1 0.4 0.3 0 0
Undeveloped embryo 0 0 0.1 0.6 1.8 1.0
Total 15.6 13.5 18.1 9.2 9.1 24.0
Ne.3 Cd-accumu- Live fry 17.8 9.3 10.6 6.0 16.9 25.6
lated Dead fry 0.6 0.9 0.8 0.2 0.9 0
midge
larvae Eyed embryo 0.1 0.1 0.3 0.2 0.1 0.1
Undeveloped embryo 0 0 0 0.1 1.8 1.7
.~ Total 18.5 10.3 1.7 6.5 19.7 27.4
No.4 (Cd-accumu- Live fry ! 20.6 12.6 10.2 11.4 25.8 27.3
lated Dead fry 1.9 0.8 0.3 0.3 0.1 0
midge
rlarvae Eyed embryo 0.8 0.2 [} 0.3 0.2 ¢
Undeveloped embryo 0.5 1.3 1.5 1.3 4.3 0
Total 23.9 14.9 12.0 13.3 30.4 27.3

Numericals indicate numbers per female per month.
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o r—NREERFEFCRIZTEWENC L2 ¥ I T ool

i 1B 0 o A TFERETFEL R 2. Cd- 2 ) S EETETD 4 5B Moo A Tk
150K - 4124112.943.2, 13.1+3.8, 10.9+5.0, 13.7£4.7 (Mean+S.D.,, n=4)
LM 3 TS BEPEERIIED LN o T, Cd-2 A A #E% O AMEFE & MR
CHET R BN 1 ABRTRNB?T7.9% (No.3), 118.9%(No.4), 2#»ABTRENT
Nn65.3%, ¥69.6% x40, BT LEmS B LN, No. 2 DKBERNBEO A} A REL
72Kk No. 3 b A —s3—70— (0.7)/min} LbDEH, BFER1I2»2ARTELC
B, 2B THEHTCH L, 2oREICOWTIE, No. 34Ky LRSI L 58, B
BEIABL - b ¥ FELLNBHFALATIR YV TR TLHETE LI IC No. 3
KN PR LA N A% E bKBRERLAZ CAOBETR L WLNEEZLNL Ty
BRI RIP T RES R Y R BRHIC oW TR~ TR LIIRIBORB TO R
EOHEIE L olb, Cd-22 ) ATHEN L G MBS SN L o2, Cd-2 A A &
2 AL - BB T RO 7 E—DEERE D CARE S FA~NL (£6), RO
A 2L DB TIREREN Cd BIFII0.4Tug/g BT TH -2, —F, Cd-2x ) A 2HGERL
7= 7w —2 Gill, Intestine, Liver, Kidney % £ ¢» Cd Ez +h £ £ £4.0, 13.0, 33.1,
42ug/g 128 572 (No. 3 & No. 4 DFH), No. 3 KiEsLndkp TNBR ) 47 £1GHEL 72
HSy— (No.2) TREMEEEL, G, Liver 2 ¥ CisdEn@ELr -7, LiL, Cd
-2 2Y) A48Tt Liver ) Cd EIIHBOM0B I N Zh b CA BRI LA L Cd-2 2
JARBRLZEICEBERYEN,

%6 AMC2AYA) EEBELTHFITAR2AMBELL T v U (i,
W) EEEoh Py LB (ug/e dry weight)

Aquarium No.

No. 1 No.2 Ne, 3 No.4
Waste water Cd-accumulated Cd-accumulated

Organs Control from No. 3 midge larvae midge larvae
Gil 0.41 1.92 3.95 4,02
(2.70) (2.73)
Intestine G.16 0.37 15.74 10.22
(19.01) (10.14)
Liver 0.37 1.47 30.28 35.88
(63.64) (74.55)
Kidney 0.47 - 0.72 34. 30 51.55
{75.92) (62.56)
Gonad 0.06 0.05 0.10 Q.22
(0.60) {1.30)
Muscle 0.03 0.02 0.16 0.22
: (0.75) {0.60)

Values in parentheses are those of Guppies reared in Cd-free condition for 40days after the

end of Cd-exposure.
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B LIRS A

CAd-22 ) A DBELFERCd 2 FE VK EHTOTMEFEL 72 7 v B~ Cd 112 Gill
THI686 (2 Hirh | 7247 Intestine T3 & A EE{b#F, Liver, Kidney Titt: L 5 Cd £B= 11
BFD#) 2 1, Gonad, Muscle TLHIENEERL 42 (R6), —F, #N7 o ©—TRMEENIK
BETHC2 2 H0oEE 2L (T2 CA-22 ) #0ikiB LB 1% 7 AMBRES T4
L2z RO v &—a CABEIL0.02ug/g THBH, Cd-22) 21BN 4 D TI3#2 . 5ug/

gEB o, g7 CAd-2 2 ) AKX LEAKRTIBAR ) A 2BFL 200 TI30.28ug/g X200,

AFEBEH L CAICL 5 BMOFSUE L E2L2FMBONRBE L RSN, Z0E Ky
LN CANEREFLLWENTHY, HIERN No. 2K (£5) DEFENMETE Cd UANER
kst EILNG,

(3) &gz & A Cd g

40ppm, B0ppm, K 1F160ppm 34 F I 7 ARCARMER L 222 ) Ao CABE#R 2 12RL
fzo AN A12124F Cd DB I ILF | 40ppm, 80ppm, 160ppm T# fL&1500, 800, 1300
pg/EEIERN Cd 2FWML 20 20k ) 22 H & RAROKEIC A4 1 4 A TBEED
Ty E—IcBEBBRIFL 2. B2 OBREIEUBBZENRENAL 2 A A FREL T2 )
DO CABETHBEHL/2~1/31CHP L T, L LKERGD ) A3 EEE S L
MBI R S U5 O THEERBISE: CARED 22 7 2 HBAL L0 R SRE, 22
VACRBENDCI # MBI LI L2 2 20 BENERLZEHTELHC-2 A 4D C-N
WaERH2 (FT7). CAORBRE L X LICBZROBAEH LT HICED L Tw 2 08 2 oflic
HFEZIBDoNLL 12 (P>0.05),

1400 —
1200 [~

1000 [~

800 |-

400

CADMIUM  COMCENTRATION{ pa/g ary weight )

200 f— """""" ’

COMCENTRATIONS OF CADRIUM ( PPy )
2 AFIVACUBERELLIRYAROS F O LBE
B BERCRL, 4FREORELZRYT (MeantS. D),
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ey E—nRER BRI TAYERICE LA F I a0

Cd-22) A ##8FL TR ®Iz&MED 7 C—DERELZAEL X NEEICREROEEE
RIS L N dr o 72, 277 LRGSR 8 DASHEZICRE NS & ) 4 2EH'H 1) 160ppm Cd
—2 2N AR TIRNRICH OB D S o7 (F8), 25EERNOMH & 3EIKT D&t
L#2#%, 160ppm Cd-=2Y) A &L 27 v TR Tee/g D G 2 ERL Twis (R
9), Cd-22 Y # R EH 1 T45 B ETkD & L EEDREENHFIHTIRE L & - 12 4%, 48 BEICHERE
Mic ok ESAEL > (), #HTIRAR) 2D CABEIL L ZEKENEZZRD L i ER
B)18.3mg # & & LFN210mg BT I E Ui, —F, BTk Cd-2 2 #ic & 2 RENED
SHET 4 O IR T2 410mg BRI 7 - 72 A4160ppm Cd-2 2 Y AKX Ti3280mg BIRIC E X E 1z,
LASMEEL " §1 Elﬁé:i; 160ppm Cd-2 2 ) 2T 1 BEE - - 2 BB H & D & (Sl & 7 ER

Fol &2 2 LEOEFC I TR B,
HERO1H %D HA0RRIZ T 6], B~ 22 4 24EMENL, BIEELOE,S 1 HY

720 DB AR F Kb 7z, M A 6 160ppm Cd-2. 2 Y A [X % 70.96:+0.23, 1.03+0.20, 0.82+0.24,
0.80-£0.28mg/22MEHK/d (n= 6 ) & ¥THE & 40ppm Cd-= 2 1) # R it 24788 b 1.7V #780ppm,

%7 CAEEZ (4B5M) 22 A48 C/N H, %/ (%) RUEE
22V A CdBEIEIRE2 oY,

Cddosed C/N Ratio Dry vt (o) Body wi/lndie
Larvae Wet wt (g, drywt.)
{control] 35.2+2.9 13.740.3 254449
{ 40ppm) 36.9%1.5 (P >0.2) 13.34+0.3 27446
[ 80ppm] 37.9%2.1 (P>0.1) 13.3+0.5 23679
(160ppm) 38.2+£1.7 (P>0.05) 13.6+0.6 24433

MeanES.D., (n=5)} P t-test

%8 AHFIVLBEWM2AY Y LMBEMKELLY Y E—DEREEL (mg, BE)
2 A ey CABERE 2125

Days after Body weight of guppy fed Cd-dosed midge larvae
Cd-et)}tl;t)sure (Control] (40ppm] (80ppm) [160ppm]
20 M, F 98+ 26 (25) 110L£ 24 (25) 112+ 25 (25) 109+21 {25)
48 M 209% 29 (15) 215+ 25 (10) 209+ 27 (11} 208£14 (8)
[ F 413+ 67 (7} 333+ 65 {12) 294+ 73 (10} 281+61 (13)
225 M 245+ 46 (4) 284+ 29 (4) 284+ 44 (4) 247412 (4)
210~250 [ F 1,422+333 (7) 1,535+199 (7}  1,703+469 (5) 1,306 (1
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EINHA

Y AFITLERLZ22)ALEHAMGELZ7v0— () oy
LiREE
220 Ao Cd BERR 2 27T,
Dayfh:fter Cd concentrations of the guppy (ug/g dI’S" wt)
Cd-exposure (Control] (40ppm) (80ppm) (160ppm)
20 M, F 0.1+0.1 (3) 6,3+0.9 {3) 12.8+2.4 (3) 17.3%5.6 (3)
55 M 0.3+0.1 (3) 10.1+2.3 {3) 13,2418 (3) 18.5 (1)
[ F 77424 {3) 14.1+2.2 (3) 17.7+2.6 (3)
225 M 0.240.1 (4) 16.9+6.2 {4} 2861115 (4) 48.5+21.7(4)
265* 2 {M 0.2+£0.1 (3) 13.2 {1) 16.0+18 (4} 27.5%6.3 (3)
BO** ) M, F <01 (5) 0.740.2 (5) 0.940.2 (5) 1.5%+0.2 (5)
M; Male, F; Female Meant5.D,, (No. of individuals)

*) Reared for 40 days after the stop of 225 days Cd-expsure.

% %) Reared for 80 days with commercial fish food in the waste water from the aquaria spplied

the Cd-dosed midge larvae.

1000

800

500

400

200

CUMULATIVE No. OF FRY PRODUCED BY GUPPIES EXPOSED T0 CD

X3

) Eggegfmaure
10 ‘/U
i i
2.5 3 s
f/ l .
A g
B
©Q Control Af ‘
® 49 ppn [ )
fia0 om 2 Hortality
.. 4 o .
4160 ppm L2 3
s bt e e ‘
AA “‘ __‘,A-“—
vrs o .
fﬂn e I B
1‘ 1 f f ; , rg
2 3 Yy 5 : . . g

MONTHS AFTER CD-EXPOSURE

AFITLARERLAZ A AEREBL L7y C—0BEESTS (17 EiE
A7)
6 ALIRE (FTF) &) aRCHREBI -1,
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FouE—OEREFEFIZAITAWESI L2 F 27 a0

160ppm Cd~z 2 Y) AR T3 7 v E—DFRBEFRLPELS L 12,

RO 2 HEREELR 7y E— L EBR2.5% A1sd b EITFH 4 - 72 5*80ppm, 160ppm Cd
S ZNAEN Sy C—Tik# L ABAZ (R 3). FETTI3160ppm Cd-2 2 ) A X TER 6 H
Ll R 0 MECIE R nic 7 BN 6 BIE, 80ppm Cd-2 2 ) AKX Tl 2 BRI FETL 72,
—%, #ETIz40ppm Cd-2 2 Y AKX Tl 8 & A%z 1 @EDAHFET L 12,

FEIFIEATEE & 40ppm Cd-2 2 ) H RICIA 3 I ER TRA 7B #b L, SEMO#D D
THAE TS % 8t 2 & 40ppm Cd-2 2 ) A RO BEFEIEMEO#TL, 75, 84, 89%NIETH
Bl 7. 80ppm Cd-2 ) # KT8 & e FIEGIZ X BT & 2oy, EBRE 6 2 H LT BT
{EHB50%, FHLUBTIXF0ER L 2N ({27, —F, 160ppm Cd-2 2 ) # K
Tid80ppm Cd-2 A #RE L D b &L EFRE V2276 2 B LRI O TR BRI
Hx o2z ([M3), '

EBRT7THHEL L2.50 HB I TREF 21T MR EfFE 2 BLIRIZER ) WL Cd oozt
L7z#%, Zo¥iisBs4160ppm Cd-22 Y AR ECENFNG, 4, 2, 1EKTH B, RIO
EBEILNOCABESR LA (MeantS. D), TE (b) OEIFERT .5 A#IC Cd-22Y)
HOBEEELL ZT0HEWBM A2 EE Wk L STRBELZZMEERSLDTH S, 40ppm Cd
S AN A EHELZ 7y e—Tb 2 b, MLE, i LYo CABERS L %12, 88, 217,

F10 AFITALERULA-IAN A2 THAKELLZS yE— (#) BEBTOS
b3y o (ug/g dry wt.) MeantS. D. (N)

Organs (Control) (40ppm) [80ppm] (160ppm]
Gill a) 11.81+ 4.87 (4)  31.50 (2) 46.1 (i}
1.13+1.76 (6)
7.09% 3,46 {3)  26.50 (2)
Intestine a) 88.35429.40 (4) 136.95 {(2) 65890 (1)
0.5740.73 {6)
) 15.13+ 3.58 (3)  50.35 (2)
Liver a) 216.834+61.97 (4) 237.00 {2) 398.45 (1)
0.48+0.81 (§)
309.60+88,32 (3) 529.75 (2)
Kidney a) 87.95 (2) 262,90 (2) 8514 (1)
L9672 {4)
116. 70 1) 133.25 (2)
Gonad a) 0,784 0.16 (4) L9% 071 {(3) 1.59 {1)
0.014+0.09 (6)
) 0.854+ 0.19 (3) 2.6 (2)
Muscle - a) 1.38+ 0.66 (4) 2,06t 0.93 (3} 2,70 (1)
0.05:+0.25 {6)
) 1.84% 0.32 (3) 2. 94 (1)

a) Sacrificed during Cd-expesure {7 months)
b ) Sacrificed at 40days after the end of Cd-exposure

No. of samples are shown in parentheses
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88ug/g (LER) T E -7z, BRE, HATLAE L BT D &80 UL30ENBE T - 1.
CdnRFELEEL TAOBHTIIRY, 250 CABEMETL -, FIE BH SARZETE
Cd ?ﬁﬁ@iﬁ&iﬁﬂ&) LY, 80ppm Cd-2 A} AEROBRUNMITL AL 1UE» 52 . 250 AT
Bl o, IDZVDTHBET LOSTTIEEL 2HBERT L ool (E9), #L Cd
WEEICTE » TR Cd % ¥ L, 160ppm Cd-2 2 ) # R Ci348.5+21. Tug/g & BHTE W
HEARL, 32RBAE L T400ETHHT%D CAdEI B LI, ~F, Cd-2 207 %
KRR L 22 kA2 b o8k (0.7 /min) P AR ATERC I DS0RMEAETL 727 » E—0fEf
@ Cd i2160ppm Cd-22 ) 41 5 DKDBETLHL.5ug/gic b ¥ E -7 (£9). Tt
LEBSMHE#i2 B+ 440ppm, 80ppm, 160ppm Cd-2 A Y HRD 7 o ¥ —D CA BERFNLFR
89,wj,wymmﬁﬁqt(ﬁﬁm$mhLtﬁqf:nemﬁaﬁMW%aﬁwﬁﬁe
CAd7 DR THEMBMICHML 72 5 L Cd 22 780 R #A{EIEFNFH10.1,16.0,22.7
peleBEXHEING, AdO CAic L 2BHOE (FI) R h LoENF N #NT.6%, 5.5
%, 66840 Cad-2 2 A #FBEL 7y E—thn Cd IE AT EWA B TEE L LD ER
L85, E2ATCA-2R Y Adh Ty E—~DEBRIIUL TR LDTH - 12, KES
HERRE M E LT cHE L 72 2 E 2 s oo T, EBEY 6 |, Cd-2 2 ) S 4T
24RELIIcHR > X N BEER D3 2 IR B L MUK T W2k, Cd Dot 247 - 72, 40, 80,
160ppm Cd-. 2 %) A #6012 351 B 18i3 2 1L £ 119871463, 11124314, 2036+ 184pg/g L BHT
BEERL, ThGETOL2 ) ARGBENFNFAF2ME, LLUE LETHA, T2
10ppm Cd-2 2 Y A DFA13499+75 (n=3) THV 22N 2D CABEDL.SEERL 2.

(4) KAuzifml 7z Cd Hi8 IR E
CAdR|BBKILITLMENDKE > ko) CdBEZFILCRL 2.Cdic k 2EROME
D 7 U= TRD LN DD TIEHETH B MTIE5 ppb T CAIC L ARENMERR
b vht, 10pph & 20ppb TE & L F NN N82%, 52%NMKE £R L 72, ki Cd e
4 Cd DMIBREITHE - THAL 2. BHEDERZ S L WHHOH TR0 Cd BEHEL 1, 20

ppb THMENG.54+0.73ug/g 1K LBETIXT. T340 88ug/g (n=5) Th 5. Mffid CARFE2.5

P AED GRS - 2R 4 (g LIRS 7 ) O EEF R * R L 72,2.5ppb & 5 ppb Tid Cd
DHEMMRIIL(BHLNTNBL I LETERTLA22HTH 72, RB6HA»HL20A%
12312 10ppb & 20ppbh FFE 0 A HEEEFEIL 2N TN 067 ~80%, 72~-95% DB THEL,
WEEL CAOBELS T BERICL 2T LA LB oo 1 1 kA1 2 A
EN LR RENEL L EFRE> S CAER 1 F2I T2 2RO FHEL LTRLE(E
12)o EEBEMEIC L 2HL» LREBREIES LN T WD T, €M FETH~NE X CdBIck 2
FEEGHMINIZBS LN d -7, BRI L 2RERGERIM 4B L 2 FHETRS &,
Cd-22A ) #HETE H > TwAEFMREDMICERERIED LN o7z (P>0.05),
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Ty B—OEERUVEFZMZTEABERICL 2 F i Y20

#11 HFIVLAOAMERL 27 v E—NKEE A F 17 ADRE
HHEOH D T B BRI R W,

female male
Cadmium Body weight Cd-Cone Body weight Cd-Cone

Conc. (ppb)} (mg, wet) (ug/g dry wt.) {mg, wet) (ug/g dry wt.)

Control 5024153 0.05+0.03 228136 0.070. 06

2.5 603+ 89 0.82-40.19 211+17 0. 82+0.13

5 601147 1.334£0.22 188157 1.50%0. 21

10 4124129 3.42£0.59 183434 3.6310.41

20 263L 44 6.54+0.73 166+45 7.7340.88

MeanEtS.D., (n=4)

Contrel
2.5 ppb
5 oppb
16  ppb
20 ppb

nr-

ED’-

50

O >@CQ

a0k

30}

Number of fry

%%/

L1 ] 4 y
6 3 10 12

Months after Cd-exposure

B4 HFIvacR20ARE L7y C—OMERITE (9 ~ 10EENTH)

20

10

=l

Fi2, EATLICRATL CANEBHMIC L » TZOEEI M 2REAIEED L LD -7,
CARB L PRI BTEERET o, BTREEI LD CAdBEL FNFN S EKRT 2 AT
SIFEL 7 (%13, F1). $72208 EOMEOKRE 2 £1512R L 7247, ##TH10ppb, 20ppb T
HEORA DD &N 10ppb THMBOMEIY L & - oo —7, ECRABENRAIERH LN h
ST, HBEDCABEIRZ S, BV, FR BHLr TiTfSREICRAL THRED Cd
% EH L, 20ppb TOFER I FNFNOBBETH & £27, 50, 560, 114ug/g & % - 72, F7210ppb
& 20pph TIHIIB EHHTL 1 ~4 ug/g ) CAdDERAR LN, 20L& 5 1210ppb & 20ppb T
EEEFEUC Cd DIBREEICARTE L 2 B0 b b - 7205, Cd DB ICB L CIRAER BB Iz RE -
PRI ENFNOEE, BTIERTREL N, CARBOBIE 4 AR TR L ZHLETER
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Bl

10~40% iz Cd BEEb<iA L 2, IR T3 Cd-2 2 ) A#EDE 4 X Rigt L A8 5 EEs
B bz, FFRICHBHOES X AOBEFNEL 2 CdORMBRICL), 2NLNE
SRBELEL - 2. B TR CAdONBBEIZHVWNBOB L 2 2 — 845, §1CI21.5(54 58.7

#12 A FIVLBES v ¥ —DONE, REM (THIE/Mg/H)

Cadmium Months after the Cd-exposuse
Conec. {ppb) 3~4 5~6 7~8 9~10 11~12 Mean®S.D. {n=5)}
Control D.f 0.30 1.15 115 1.30 115 1.01+40.40
P.b 0 0.10 0.10 0 0. 80 0.20£0.34
2.5 D.f 0.85 1.25 1.20 1.80 0.85 1.191£0.39
P.b 0 0.35 0.10 0.10 0.10 0.13+0.13
5 D.f 0,40 0.50 1.06 0.95 1.45 0.871£0.43
P.b 0 0.30 0. 40 0. 60 0.77 0.414+0.29
10 D.f 0.45 1.10 0.25 0.70 0.50 0.6010.32
P.b 0.25 0.85 0.70 0.10 0.60 0.50+0.31
20 D.f 0. 50 0.30 0.75 0.95 1.99 0.74+0.35
P.b 0 1.40 0.40 0.15 0.10 0.41+0.57
D. f; Dead fry P.b; Premature birth
Numerals indicate mean numbers produced per femal per month.

£13 12AHEA K2 LICRBLA Y v ¥ — (i)

BBEROH F IV LRE (vg/g dry wt.)

Cadmium-Concentrations (pph)

Control 2.5 5 10 20

Gill a) 0.410.3(3) 9.8% 2.6(3) 13.7+ 3.6(4) 12.8% 5.5(3) 27.3+12.2 {4)
b) 1.0+ 0.4(3) L5k 0.3(3) 5.0+ 2.2(3) 10k 2u3)

Intestine S a) 26+1.3(3) 6.7+ 3.003) 6.0+ 29(4) 13.6% 3.0(5) 49.5% 33.7(3)
h) 1.2+ L0(3) 2.0+ 1.2(3) 54 4.3(3) 9.4+ 0.9(3}

Liver a) 0.510.3(5) 32.8+116.6(5) 110.2463.1(5] 276.2+ 48,9(5) 561.21244.4(5)
bh) 63,4124, 4(4) 109.9%£52.8(4) 341.7%180.5(4) 440.1+141.8(3)

Kidney a) 0.8 45, 1 (2) 45.8+33.6(3) 72.4% 19.9{4) 113.6% 80.5(3)
b) 14,44 5.9(3) 16.4% 9.9(3) 53.9% 14.1(3) 85.9% 18.8(3)

Gonad a) 0.2+£0.1{5) 0.24 0.4(5) 01+ 0.1(5) 1.i£ 1.5(5) 2.7 (2)
b) 0.3+ 0.2(4) 0.2+ 01(4) 0.5+ 0.2(4) 0.5+ 0.2(3)

Muscle a) 0.3+0.2(4) 0.4F 0.2(4) 0.4% 0.3(5) L2% 0.6(5) 4.3+ 3.2(3)
b) 0.2+ 0.1(4) 0.2+ 0.1(4) 0.8% 0.30(4) 1.1+ 0.2(3)

Mean+S.D., (=3 to 5)

a) Sacrificed after the 12 months Cd-exposure .

b) Saerificed on 40th day after the stop of Cd-exposure.
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Py =R CEF AT A L B4 F 2 Lo

e/ (%16) TBEZOMEMIE Cd-2 A Y Ao k32 LB LA F I LAETROBE LI
Honl, o7y E—TL CdonBgE - hflL T CdBEOBn»Rsh, 20ppb £81£
FBTIENug/g N Cd 2EWL 2 (), hHDEIECADREBEL42ABRTLIZEA YK
Btttz

CdRZ 1B ARTRIMNBE Clid ooy, ETIIEROELIZ2.5 5, 10ppb T 1
Bk, 20ppb Tid 3 EEAFEC- L, HETIE5 ppb T 1184k, 20ppb T 2 EHESFELTL 2.

£ A FITALLYAMESRUEEEILOBBICETS 7y E—lny F 3
7 LB (ug/g dry wt.)

Days of Cadmium- Concentrations (ppb}

Cd-exposure Control 2.5 5 10 20
360 0.2+0.1{5) 50k0.8(5) 8.4+1.2(5) 15.2+25(5) 30.8£4.3(4)
400* 0.1£0.1(5) 4.5%1.6(5) &3%1.3(5) 13.9%3.4(5) 24.3%4.4(5)

Mean£5.D., {7 =410ll)
%) Reared for 40 days after the stop of Cd-exposure (360th day) without exposing to cadmium.

#15 A FIVLICRZAHEELAEY v E—RAaDKE

Cadmium Body weight (mg wet wt.)
Cone (pph) Female Male
Control 1,016+170 {10) 229135 (10)
2.5 1,002£125 (9) 225118 (10)
5 951+153 (9) 21522 (9)
10 846147 {9) 235+34 (10)
20 8214117 {7) 229420 (8)

MeantS.D., (&= 7tgl0)

6 HFI7LBELFRIIBTE7y C—MIFEFOCA, Zn, CulBE (ug/g dry wt)

Cadmium Concentrations of metals (zg/g dry wt)
Conc (pph) . Cadmivm Zine Copper
Control 0.5+ 0.3 144+ 11.8 5.4% 4.8
2.5 32.8%+ 16.6 36.8+ 10.1 9.4+ 7.5
5 116. 2+ 63.1 38.84-23.7 11.9+ 7.9
10 276.21 48,9 53.51t41.6 47.5+37.0
20 561.2+244.4 116.1+53.3 38.11£20.3

MeantS.D., (n=31t05)
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i

4. & ¢

LA ARG T —~AD CdEREIEEHM 2B TI1%UT (FI) Th-773, ZOE
B2 AN HDCdBEN 7y - BERLEEL WO LTHEL METH D, L2 AT
AN 2o CdBE G e LS ¢, 10ppm Cd-8 2 2 1) 4 T 248 Mgic 221 29 Cd
REISBIIEENTE6.745.8 (n=15) %ITRWAL Tvilz, 07 SRIERNERRIZ 00 R L
IR BHENEAVERFEL TAL, 7y E—RELL22) s KB ITHAER
b 8RELANICHR S N 2D TRICEE L THF 6 Blici~Tonaz ) ar—Eiifgsn
LLDETh. 5022 p0 Cd BED24M% E TS EETRAT L L0 & TRIT 6 B
#BOCdREIL LROUBRMBOEA AL T, BI04 2% %2, 20 » L ET L LER
BIE1/0.912=1.0621% & % ) BAGEEOBEEIZH 6 % 2 Z BAXALOTIRAVEHE b5,

SENERTHLNLCAOEREL I 2 02 AEEL L TRCW-AROEBROKE X ik
LTAB, ¥ 3¥7%10ppb & 20ppb @ Cd ic 3 ARIEER L THI25L 170kg/g @ Cd 2 B2
4, IRELI2ABZ Yy =it L2, 20 E0 CAESRITERLIEICL DB 7243 .4
% (10H#) 7#61.6% (B0HE) THhote, ZOES CABEITBLLANDZZ) 42 HEE
ELRERLEBT S L a0 RuBanERENLTE» b4 .KE -1, DL
GERGELLERO—DE L THAEDTO Cd T REF % L b ¥ 2203 Cd
RBUNBMBETL ATV A~ LBHRO CA R RBSEST T 52037 B THD AT 0FA AL 22
FEL TR, —H, 22 A TR A I 05424 o Fl~n Cd DBATIE LI - ¢ DA,
CARE2RRTLAHTD CARBA TN S >V BSBEICHEEL TWA, 3P akar
HEWAFE L THOAYENIC L 2 BB 2R 584, Cd 08B HomEMo Bk X
VI Cd DBEFRBTH B 24BME THET 2 £ 3 22 30 Cd OBEEKIZ L2 ) h05 &
ZHHETH T (B, RER), Kb BE+2#F 2 5 LA—BECI Iy 23az )4
DCABENIEREL L0, ZOWEBICRIZTHELREI (LSS,

WRHEFGBED Cd 28 12 2RO FER TR 1, S50 EEELIc £ 5 Cd Bl
DML BB E RITT 2 L P B2 b, MR 2 HER (%) A5 580ppm Cd-2 2
DHAXFTCAMBIZ L 2L (£T), BETFAZ2-BRUSERTCLR—Th-7. 40
D EEEER T80ppm, 160ppm ¢ Cd MBI L H 2= 1) ﬁ@%ﬁﬂﬁl’%ﬁ;ﬁﬁ“ﬂ‘%@ﬁﬁ%’&ﬁ)Eﬂ
RHNBEDEZREE TR Y >z, —F, Rathore 5322 ) # (Chironomus tentans) %
HBEDCAI I MBEETLE 22 ) PN I 0 EH2~UUEA L m b 2 8E L TWa,
SHROAEBE T, Rathore 5¥ BV L2 BEICKVLO2H ), NEEHL BT P
B Z 7 HBHEHL LTS H L LNb, 24, Ty Y—ORBTRELAL LSS
CA~DHRBIZLD, CuR InDBEIMNML2. 2HIERERT 2 AP 0F AR L 0k b LDE
#FZ NS ATLAHEBEBEZIEE YT Zn % Cu &t’mé’fﬁiﬁﬁl;?fbb‘ﬁ: B kht
R - Ey (W
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A

TR ERCETCRIZT EWEN- L A4 F I Lo

fhork e E AV EEHEO T T AER T AYWEMHIC L 2B e BRiLc (v
D EATRENLTE, SR OEBETH Cd DWEHV200pg/g D12 H 2208, Xi3270ug/g 7
22 # #0HBBREL-BETL 7y P—oREEE(EEIRY, HETRUOLANELY
LEKEDWINPKE T, £72, BFFO 7w =t LT Cd BEH220ug/gna R ) 4 & 2
A Feﬁﬁ%ﬁﬂLf:i%é@iﬁ%@é{%&(iﬁﬁﬁmﬁm%’é{%o Tre —H, BEBOEBRMA 5800ug/g Cdig
22 A eSS e T L EEEFHII BN ~-60% + FREEEN L £ECL ) Cd
OB 2 PARBENBSL VB LB X3 b hb T,

AMRENA Y BLTRLNACEES CAR2ERRPENLLES L BB L TRS. CAdDBRE
HH500ug/g H>40ppm Cd-2 2 U 4 2 RN LG L2 7 ©—D AMEFEIENBOT0
9% ~90% %4 - 72—, 7 F12 10ppb X3 20ppb @ Cd # Fhn L 22 A L M 67% ~93
% L IHITFERORBY £ T 72, a0 EEORRE TId KA 0) Cd #BE H*10ppb BTN & 2 5T
i, SREEBICERL- LN LIZEEZ P22 AB0 CAdBERERTLEIug/e TH -
2. L7z THROESGERE B LN IHARAROEROA S SHUTILWTERR T CAd 2 &Y
HEC L ) AORBEREEECBE S RIZTEERKPN CAickL it FRIINE, —
F, LRI L > THRS I RBO SRR RS (L ENTVEH LY HiFHICE
G EHEMEE > | TR T 2152 3 LR YKFOESBIIERANCIIEE BT TL &
EHHTWETE, L 72hto T2 AL EFDEEEMIKDOBENLTFRENL LU LICERE S
LESBFBHETIZEFEILND,

Fovr—iitath s komgEREs L SRE0 CA2ER L . EFCREREENORENSH -T2 2
419 Cd B EH500ug/g & 7K+ 10ppb X i220ppb 0 Cd 2 ML= HE&TEBED Cd BEE
W2, B0 Cd 3L L CIHLED L, KO CA 2 b2 5REN D, Lid->TLb
o Cd BEIZ CAd 2Pzl 230 EFrguvwio b FEI Y, Cd-2 2 ) A #EEL72
BA (2ug/e) ERBOETH -2, —F, HIEETIE Cd-22 ) 7 2B L 2 Hr¥iEEo T
b, FRCECd 2 AL 22 59 <, 20ppb TIi#9560ug/g & %) Cd-2.2 ) % (500
ugl/g) OEENHEL o, —H, BETIZICd-2 2 Y AREO LMK Cd 2 BRmL 7
LODEIENERTL 72, 2RSS & B Cd KD L DENTRERTOREBIZR VB
TERTRBLTVE, FN—2E LT, AFuFAi{ vickie L7 CddbE s b EEBRC
BITT A BMYH DI EHBEESN TV A, 3 72 Kumada 5912 & 3 & $FEECEM L 22 Cd
Pt Ahp L BEL 2 CADES LY LEWY IO ) LRELVEEEIC L 2 ERENEY %
FRLTWE,

EECINENBRRICLN Fy b —FRN Zn L CunBELRE -7z, AETY 4 S dF
AAVHBEING D ERBEINTVEOTY-D, ZOBKIE Cdic L N BRI A-BERMS
BF I TEBAITF AR, v Zn R CudE L nEBICLZLDEEI LN, AT
% (Oryzias latipes) % H\72 Cd DSMBIERBEOFER TR, toHoHE D L Cd IcFHED
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HdIEHRENS, =K, FED CAd-22Y 22 L 2 RERERABRCIHBO A ESETET L,
B L BEREEV R LI L Cd DEBFWBEBOEVIC LY, HEIBETRE - LDCE
272, e BRMD Cd iz L 3 THEB /AL -IRRDIC L 3 E5700pg Cd/g @ 2 2 T158 LIFEIZ80%,
1700ug Cd/g T25% Th - 1z, £ 224 EOHEE T Cd ZKICHEN L 2284828 i3 20ppb, 1FH
TN L 10BERD 5 LA 3 Bk, #H2BEFTECL, Cdictdd 2 i M OBEE 2T
BHonLh o7z,

22N A7y E—FHVRRIICE ) APEHIC L 5 Cd S RDEEREFICTTHELRE
L7z, BINMEMZ SV, 2~ 3FEThE, SENERTIIZRY A% 1M CAIcHEL
TCA-2R ) A RAB L7, FD0H A FOF AR DELHIE D7 (29, 22 HENT A §
OFARA REAELLECAdOBERD U b EEZ bNB F2 7y E—IZEF 1AL
b % Bvizd, BIFEES L ORWESIC L 5 HBEIFASTW I W, MEBEEROHASE
BUREL T LY, EMOI ol ENEMPRACEERIVLETHLLEZLND,

5. 2&®

ETNAUERICEIN A FI0AXEYESIC L > TRADERSHERE CRITT RS E = Bt
Uire #AEE L T2 ) % (Chironomus yoshimatsui) s, HaE s L7y ©— (Poecilia
reticulata) % F\v1z,

22 ) Aokhsic Cd 28130, 180, 220ug/g (dry weight) DBETEMS ¢, hxEHE
FoB7y E—IZ0BMBE L. 22 AL Sy B Cd DEBEIERAM4EL0.5~ 1
% AEETH - 2. Cd #949270ug/g DAY HEVAMBETL T 7y E—nRRISHEIR
FH b T, REITERBREREN2 BFICT -7

4 AMEFE2ET 27y ©—ic CABEL#I210ug/g DR % 2 H AMKBEFL 2. F¥o0
1% B T BT CER) I R 0#98%, k) A THRABIKICHA L. 7y E—#HBENCI A
EREL (B L2772, IRLBEBLAYAYEEL B L2 CAnEBEMTHLZ LT,

22N itk & £500ug/e, 800ug/g, 1300ug/g (dry weight) @ Cd 2 EWME ¥ L4 &EH,
7HAMY Y C—~HERDBR b 5L, 2 ORI E Y, 7y ©— Cd BEHS00ug/
g DBL, MBEFERIEFRE» S 4 » A% S THEOT0~90% THM% L 72.800ug/s DHET
I3 O#950%, 1300ug/g HBEETIZA0%EITRE LY R- 72, Lo L1300pg/g o Cd-2 2 1) AR 6H
DTy E—Ti3 6 BLBEEAF TR 2. —F, BTRETHL ( M TAMESIC L2
Cd izt &L -7z,

KAZ103i220ug/litre @ Cd 2 FmL 72854 & Cd BEAS00ug/g D22 4 2481 L 2358
YTy C— I RREOSEREFES LN HEOBA L LBSEICHEED Cd
HREL -, HEE, BE, FRL S TRERERCL - T2 - BENREZ S - L2 0ftn
BRETREELERR b -T2,
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Tolerance to Cadmium and Cadmium-binding Proteins Induced in

the Midge Larva, Chironomus Yoshimatsui (Diptera, Chironomidae)

Mitsuru YAMAMURA!, Shigehisa HATAKEYAMA? and Kazuo T. SUZUKI'

Abstract

The midge larva (Chironomus yoshimatsui) was exposed to cadmium (10zg/
ml) for two days. A large portion of cadmium taken up rapidly into the insects was
bound to the high molecular weight proteins and was rapidly discharged in control
water. Low molecular weight cadmium-binding protein was slowly induced in the
larva by cadmium exposure, and the protein was a mixture of four isoproteins and
showed characteristic properties of metallothionein. The high tolerance of the midge
larva to acute cadmium exposure was not explainable by induction of the cadmium-
binding proteins.
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EERBOBHEE(OKERBIZDWTTRLNTWEY, FNLOHRITEICKEE FEREE
LENBEr LTI T VA, N, #, B roBERICERTSL22) AR HERIEL K
BSOS TR L 52 LML N TWB BT Chironomus yoshimatsui I RIZ KBS
BRIZFELBAFEEN -2 TH B,

*FRLETRERELLAT2ELH2LNTH D,
Yamamura, M., K. T. Suzuki, S. Hatakeyama and K. Kubota (1983) : Tolerance to cadmium and cadmium
-binding proteins induced in the midge larva, Chironomus yoshimatsui (Diptera Chironomidae) .
Comp. Biochem. Physiol., 75C, 21-24. ‘
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WiF A - I - AR

AFRFAR PR ATA VICEUESTFE (BTR=H10,0000 OBLZBRHL S 0H
T, HENC A BB FRICESTL 2 LI ) BESBOEBORE ¥ £+ 2 L oo
MENTWED, AF0FARAL VITINE TEM, #2590, 40 FOKEENTEOTFRHH
FEINTwEY, BATHAZ0F 444 v oBFEicB+ 2 @& v,

% 2T, AERIS Chironomus yoshimatsui Hhd AV, CdRBICI2BhTO X YO F
AR DFEETEANLE L LI, 2R AHRN CAd iz T 2T L A Y oFd R4 vl
DBLEERE L2, &8, #7577 CWMDAZ AL Cd 2 BRB TS ICEERT 5 & v 5 #4550
HB20Y, FHECHCAREZFL L 2ZA ) DGR ERLIIBARTHEL TERL: CA BT
B~z

2. X &

3Er b A2 Hhd (Chironomus yoshimatsui) % 10ug/ml @ Cd % ST AD iz
eSS4y L2 8METFL. 20, CA#E/ML 22 ) Am2 A28 4VWHETAD
FTILIC3AMEAFTL THLE 250 CRHBRMEBE SN Cd 2RV, 22 Ak
(1 Cd R EHME» LEB, —ERBE 77> 7L, 0.1mM EDTA B, HEAKDECHE- 17,
ZO—EERRKE (HNO, t HCIO, =5 1, v/v) L, BEFRGEE £ ) Cd Borie & Haa
EROESH (Zn) L@ (Cu) DREZWEL 72, Bz ) 2z 4 FROMBEP TR E
PHFAXLTEAL, EWL2 Cd oEEREDOREICH -,

Cd HHFALET B BETIC I Sephadex G-754 7 412 & 540585 & TSK gel G3000SW # &
LERWIEER 7 v —RTREE (HPLC-AAS &) Wiz k -7,

3. e R
Chironomus yoshimalsei DR CAd e L THVIE2RL, Cd 2 SBECER/L2, 20
22} A h % 26pg/ml O CAiIC 3 HMZZEL2BE, 22 VA BBEEL Y0 CARIRB L £200
ug/gicbiEL 2y AR TIR10ug/ml » Cd iz 2 BRMRERL, +0#%Cd 2 &F 2 wigkb T2
LIZ3HMEAHELL, 2ne 20 CABRENELLARKVEGBTHE In RUFCUDBELRL
SARTW, 22 Y AR RERMC AL T Cd 2 EH|L, 2% Ao CdIBRER
3. 7ug Cd/g MBRICEZTELL. LL, WRETHETL Lax) Aha Cdizgfic kb
1, 2HEBCIERDAEINACENRFCETES Lz, BEDVBMICEWTA I aFrdd
EDBESTRRIN TS Cu k Zn DBEN CdREIC L D 24BN T L Tz, BT L
7 ZnBEIEKPTRETTAMIC oY Fo— AL _uF THEAL 245 Cu BERETL-E S
TH-o7, l
22 HHDCAiz# 0%y R EVA—F EETICERE Nz, M2EEnREDS R LK
% Sephadex G-75% Z LMLz L 20 A 5 4060 Cd DEE 2F— 2 2RLELOTHEW,
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Concentration of Cu (po/g wet welght)
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Concentrations of Cd and Zn (Lg/g wet weight)

Day

W1 2a) At~ CdaFER L, Cu, Zn BEOCEMLY
-@-, Cd.-l, Zn.—&-, Cu '

~
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=3
o

-
T
Absorbances s Copcentrotlon of In (pg/mt)
[=]
=
—
[
ca
( ——
(" T
!f(/

r
T
o

Q.8 r

Concentrotion of Cd (uas/mD)

gar

i ]\L i~

2 @ ® % m
Fraction Nutber

2 azath#reidsifzhEsr— b ki) Sephadex G-757 9% | 77
L“)
H1DOHEBTRLZEFMUE2A N RO 7 %0. 1M Tris—HC] B (4
R, WIHRTHFTEFHA Z L7, £D170,000g E#) 5 ml % Sephadex G-75%
2o (2.6X9%0cm) EMLT, 10mM Tris— HCl8&H (pHS.6) ok himdL
fz, AL S ml FoHHEL T, £BBERFUVERNZAEL:, FBEOZn &
UUV "ﬂ‘mﬂ)/“'f’—‘/li 5 H Em_tiﬁ@{)@f'%%o'—_,cd , ™ Zl’l V—- T
254 ; nm— - - —, 280nm.
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Wt FE - Bl - Sk

CdnEdi-cy—> iz, EBRSAEN2 2 A E#IZ BT 2 Znifric 254 & 280nm & UV
RIRD %7 —2 R L 72, UVIRIR D ¢ 7 — 322 ) 4 L#Eh O R FrEicaa TR Y v
ZBENGE, ~E7aE L HELESEICGPNTVWAZ EERL T3, CAEBOM, T2
Nz Cd RERRSFRS V37 BORBEICHEEL, b T2 IC~T 798 SRR FIESEIC ST
LT, R oomE Cditz 2 ) 2%y Cd BEME TS - TR L 205, NEEIC~T
JobraE L ESEOMIcR B3 CdE—7 (Vo /V,=2.2-2.5) 3B KB THEEL T3
MLBL, BBl ELLAE— 2 k- R, ZDESFRY vV BOSE(V,/V,=2.2-2.5)
123513 5254nm DRNUL CA B — 7 5K E B 50124t -» TER L 224%, 280nm DRIz 13 2L
RN,

B3R 2ZRLicbALREDR— b LiF? HPLC-AAS B L D F s 30 &
7 LTH B SW3004 7 L LT Cd Difih- ¢ — > 13134F Sephadex G-75%4 7 4 LD LD X
—H L7, BRRFH1L.03L18.790CdE—2 (ZhLIFNEFNAZ AOHBRERE~TS
BEYFEICHST2) 322 29D Cd DR > TRE L 2. BESFRIED CAH#LS
»s¥ 7% (Sephadex G-754 7 4 ET Vo/V,=2.2-2 52 1) i2 SW #F 2 FTHIBHENR
%520.1, 20.3, 22.8525.59 4 RNz, 2 b0 Cd B — 713 Sephadex G-75

BTLETV/ V=222 52 HENECAdE—70MIcE-TAE -7 (M2 L3S
")

AZOFARAL B LA Cdid CudFEmic k (DRI BAT 4B Er5 7
BRI CulBERINEZ Y, 227, 22 AH R HERI N CdES T 37
BotE4 Cu b 0BBRGICEDFANL, Cu 2T 3 &, ROFESEACAY—7i2, &

1L0

187
g ¥l \
L

2 days
e

3 davs M

213

4 oays

55 28

Sdys A ~ 4

Retentlon Time ( @in )

3 2ANAHHRpLFLNRESA—F LBOBEE 7 0—FFIR¥H (HPLC

—AAS i) i & LA
2DHF 7 (L) 1004 2 SW 7 7 4@ L, 50mM Tris—HCl 81
(pH8.0) %1.0ml/% DWHETHL THEL 2. RFELSEEE OBRERF

RLARE FIREREL . 11.0590 Cd ©— 734 7 AR ENIc B+ 2,

0.1 yo Ca/mi
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AN AHBROAFITLIINTEAMEE 4 F 1 AKE Y P HOKY

BTRY VI ER~ES O R E L O e — 2 b2 52 T, i L A LY
KL (MABE), 72, Culck NEBRINL CAREE T 7 BizELMEIC Cults s >
SN2BELTHEREAL (5B, tALORBRERA) AHMCHHINL CAdEE T
NIEH A FaF A I A v AR Cu i T 3 EREIGONE A/ O A TRTLOTH S,

Lo 27

0.l wo Casml
-
(2] o

Retention Time ¢ min )

Retentlon Time ¢ min )

K4 220)A8hRicHEang CAEEs > 7 BoRe Cu BRaotgY
4 BB Li#100p1 42 Cu* % 0(a), 0.07(b), 0.13(c), 0.27pg %M 2 T HPLC—AAS
B LN, 7R e LT 2 BE @ EE100p1 2 Cu' £0(), 0. 13,g (O8N
L2bnERLTH 5,

a

T T

A
c 756 24 200

S SN

d

0.1 pyg Cusml

Retentlon Time ( min)
5 CdfEfsr7HRBENICERLL: Cunyowt 774w

H4o&H 70 (a,cd) # HPLC-AASHETHF LT, Bl Cud e g
'—Lf\:o

4, ® %

. 2.) A (Chironomus yoshimatsui) D did S8 Cd 288 L 1225, TWL 72 Cd ki
2 AN A% CAdEFE R VIKT THET S LR IC kb, 20k 5 % Cd DED A A
EHRIEA TSI TOURESATE D, REICIEET 2 Cd 3YBOBEILER 2 & IC IRk
HEINTZLDEHELLNDBY, £72, 2.2 A LHHICEN S L7 Cd O 609% 13 7T #et5E 1 fi
Aniz, EBEFO CARECESTFES v 7 HOSE, ~e 70 b LR E I B A 0
2205 ENLOCAE 7322 Aifihdt Cd LT L5010 TIEF LA, LaL, &S
FROCARE 7V 7BARBEELCAOL— 7 2B% L iBaic BNl 72, Th s ORIz~
AN Athiiz kb Cd OMILERZ 5 ~DIRFEHFHE <, 2 ERECEZICL bbb T, R0
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EPH~D Cd DELN AL DD BV Z & 28| T 5,

AN AHBICFERINDE CABAET /7 ER, CEDWEHIHEEINL A S uFt Ry
PEBRIn L Cu TN L, 1IZEAYIn & Cuk T ool 22 ) AR CAdHER S
YRR IABMO A T OF AR NSNS EFTRERTEDY, 2O CABES V7 H

(Ve/Vo=2.2-25) 37 vt AFOFARA > (V/V,=1.8-2.2) 1D { BN T Sephadex
G-TAZ A LHENT, 20 Cd¥a s > 27 Hix254nm (CRIL* 5, 280nm HIRINLE 13
EAERR Loz, ZNZ LR CARER T 7 B A S uF AL ERBICATA
VICEA, EFET I/ BARRSIEPRBL TV, 352, CAEAS Y 2Eban Cd
ML Culc L I RENCEREZFIILZELINS V3 7EF Culc L CHVWRRINE AT
BANATF FREEERDILEZFRBL TR, Ld-T, 204928 aF42 4 712
BFERETEEY L, A AthhicEE I L Cd#Ee Y 7/¢7’Eﬁix FaFi4rEFLLi,
Lal, 22 ) AR CAES S 7 BiIZABENA V7 > 7 BORSMTH Y, F0us
B i) 2 KN £ BB SR PRI T b - 725519,

AOFARL CEESBOMBIES L TwaY, 22 AR BFs A aF AR
DEEEII RS TR {, Chironomus yoshimatsui O HBACAd iz L CORTEMES A P uFt 4
NHEMCENHEAT LI LR TEL A1,

5. &8

22 A hd (Chironomus yoshimatsui) % 10ug/ml @ Cd R L T, 22 ) A#%Hm~a Cd
DEREF~ . 22N AR CARTRIC L) Cd 2ENICEFEIZB Y AALIZY, FOHLARN
% Cd2E 3L WAKCB L THAET TS &, ML 722 Cd ORTFFTER I EPIS HIEHR L7,
CARBITL 222 A YRITES TR CAd#EE 5 > 7 BOBHIBH LN, £RLIT 4
XAV F 2 BOREMTH 72, UL, RO CA#E S v 2 EnFHIIESH TR
¢y Chironomus yoshimalsus DMBIZR SN LE - CA TR Cd#e 7 w27 HEOBHEIZL S
LOTRECIEFHLEE T 51,
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EFRCBEL, R 2B LTS -2 BBEBHE AREEAIEECRE L 2,
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Cadmium Uptake and Induction of Cadmium-binding Protein in

the Waterflea, Moina macrocopa

Mitsuru YAMAMURA?, Shigehisa HATAKEYAMA? and Kazuo T. SUZUKT

Abstract

The zooplankton, Moinz macrocopa, exposed to cadmium (20 gg Cd/1) took up
the metal and attained a maximum level in 72 hr. At this time, the concentrations of
zinc and copper in M. macrocopa were not affected. Most of cadmium accumulated in
the animals was bound to the low molecular weight cadmium-binding protein. The
protein had an apparent molecular weight smaller than that of rat metallothioneins
and was a mixture of two isoproteins.

1. RLwis
Cd 3 EMIEDFRWE T, KEEWI AW E KEE LT Cd 2ENICH ) AL, Williams & Giesy
i CACLic B L - FH 2/ AUc B~ S 548, A b CAOEELIR )AL hd - L 8
LTwaY, =K, Sl ERNAWEHILAVTAYETEL L CdngE2HEL TWw5%,
Fob—idCAd2EMLF=3Prarfll LTSI TLREAYEELZT 20 20
e FIFBAELLBEE K b BEERNVAALZEE LN L CAOBEFREP - EREEN
T3,
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Yamamura, M., S. Hatakeyama and K. T. Suzuki (1983) : Cadmium uptake and induction of cadmium-
binding protein in the waterflea, Moina macrocopa. Bull. Environ. Contam. Toxicol., 30, 298-302.
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BW7 77 i S akEERIc L > TERLAMN—2TH Y, AESHEEL TH G
DEBLARTHOICRRLBAL L BLNZ. LIL, 8777 oo CdoFiafRico
WTIEBEY TV, £2T, FHARREH 777 on 18, s=i P raiHWTCd0ER
CEHANL CAdO b ERBEHLCTLZ L FEME L TERL 2,

2. A &

L ROy LB LN S 3 P> 3 (Moina macrocopa) % BE L 72KR (23C) odT
BrE52udL@mELL, CdEAMP oK (HTTK  BEER0-84ppm) 1257 2 T20ugCd/ )iBEE
hsEicl, ZORBEAFLWLOLTELL, #7123 RBHEK0, 24, 48, 72
BRI IR L TEEAK TR, 2R 0. 1M Tris-HCl i@ (pH7.4, 0.25M 7L 21—2)
DPTRESFHA XL 72, RE2PR—FiE 4TT170,000g, 60 MERLL TLEHEZEZ, ke
PA—rRUFED LFEPo Cd, EE (Zn), 6 (Cu) BEIZERIKL (HNO, : HCIO,=5 :© 1,
v/v) LTEFRAEIC L VHIEL .

ki Cd bRk Sephadex G-754 7 L & Bviic ¥ 5B L D R~ /2, Sephadex
ATLZENABEINTESTFRCOABES S v 7B IIRA 5 8E: (DiafloUM-2E%2ER) ©
BEEL 7218, TSKgel G3000SW # F A2 /a7 v-BEFEEE (HPLC-AAS &) 9 k
NarHrl iz,
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Mlidg~=312>a32CAicRBEL-LENF=i 3~ CAdnEHRELRIY, FT¥R—
by CABEREZRTHFMSE TICBERICELR, ZOLE, dECA—HDOCa Rk Ini
EREBE S o En R Cudar F o —HIZFNFN2.850.20ug/ml TH-72).
REVA— G0 CdnHeo%r LESEICHE I N, EHPo CdRER I w1y ya~nCd
BRI T8l 2,
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Time (hr)

Bl Cdi#Bitas~=3irra~dnCdni)iAsd
g ra%r Cd (20ugCd/D) ICREL T, &KH (0, 24, 28, 728FM) ric
—E BRI 7z, BT 2ER (viw) 00.1IM Tris-HCL AR HF Tk
EUHA4 XL, 170,000g,. 6040 ME L T LHEEBL, s A2—P 2T LFIR
BAKEL 2%, SRBESMEL .,
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5o 2 BOSE) o Tl EnZ (H2E8R)Y, LiFto Cd 50% L EaiEa FR S~
2B (Ve/Vo=2.0—2.4} IZHEHEN, FOE—713 523V a~nCdOFERICH-
TREL ot FEHA ZniE UV D702 L 77 ML DDty — 2R, 2HE
AFRS o BEONE L ESEIRERI N AES TR CAEE S 7 E(V./V,=2.0-2.4)
HABOIn E Cu 2 GA TV, FOREB CABEES 7B mML TLERLZH - 72

BEMICHEYINL AT 0F AR i3I A FaF AR 2 LR LSTFRE (¥6,000) &
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DSEL, BBEr UVIRRENEL 2. W), B, OREnFniE2, 48, 72
Bl LBl <4 —>»Thd, DO UVIRNETRL TS, — Cd
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IHEOHR» LI Uy afIcER L CAdIERESTRO CA Sy 7 8iniHae L
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NNELGTREYEDL, 2HEEOA VI o0 ERLRD I EARENS,

4, ¥ ¢t &
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AFFRICEEL, BB (EE L TT R - 2 RBEAHBE ARBBEROELICEHL T3,

[

—132 -




iU IIHEITAAFIVANERMESF I VLRGS0 oW
5 A X &

1) Williams, D. R. and J. P. Giesy Jr. (1978) . Relative importance of food and water sources to
cadmium uptake by Gambusia affinis (Poeciliidae). Environ. Res,, 16, 326-332.

2) Hatakeyama, S., M. Yasuno and M. Miyashita (1979) . Effect of heavy metals on the food-chain
system of cladocera (Moina macrocopa) and hydra {Pelmatohydra robusta). Jpn. J. Water
Pollut., 2, 163-172.

3) Hatakeyama, S. and M. Yasuno (1982) : Accumulation and effects of cadmium on guppy (Poecilia
reticulata) fed cadmium-dosed cladocera (Moina macrocopa). Bull. Environ. Contam.
Toxicol.,, 29, 159-166.

4) Suzuki K. T. (1980) : Direct connection of high-speed liquid chromatograph (equipped with gel
permeation column) to atomic absorption spectrophotometer for metalloprotein analysis :
Metallothionein. Analyt. Biochem., 102, 31-34,

5) Yamamura, M., S. Hatakeyama and K. T. Suzuki (1983) : Cadmium upatke and induction of
cadmium-binding protein in the waterflea (Moina #macrocopa). Bull. Environ. Contam.
Toxicol., 30, 298-302.

6) Olafson, R, W, R. G. Sim and K. G. Boto (1979} . Isolation and chemicai characterization of the
heavy metal-binding protein metallothionein from marine invertebrates. Comp. Biochemn:.
Physiol., 628, 407-416.

7) Overnell, ], and E. Trewhella (1979} : Evidence for the natural occurrence of (cadmium, copper)
-metallothionein in the crab Cancer pagurus. Comp. Biochem. Physiol., 64C, 69-76.

—-133 -




Ei i seRm Ry Mmezty (R—62—34)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 62, 1984.

\:r

7asX«®ﬁFavA®¥Etﬁ§énb
A4aFFrAr0HE

it S5 - shoRAIR!

Cadmium Accumulation and Characterization of

Metallothionein Induced in the Earthworm

Mitsuru YAMAMURA! and Kazuo T. SUZUK[D

Abstract :

Eartworms, Eisenia foelida, grown in composts of different cadmium concentra-
tions accumulated cadmium in a dose-dependent manner and the cadmium was bound
to three different molecular weight cadmium-binding proteins induced in the earth-
worm. The three proteins were stable to heat treatment and accompanied by a
concomitant increase of absorbance at 254 nm and not at 280nm. Each of the three
proteins is a mixture of isoproteins. One of the 3 different molecular weight cadmium-
binding proteins induced in the earthworm was characterized as metallothionein ; this
characterization was based on a high cysteine and cadmium content, low molecular
vs}eight, heat-stability, and mercaptide bonding.

1. FLaic

INFT,REEMCBITE CANEFEBBOMRIZZICERL 72 Cd nEtr olEs» L1TH
NTER, FDONRELLAREEMIIR, =, BLrokBHATD, Lo el
BV L ThHo e, L, Bolf, AEGHEE U HBAEY~0 Cd DB HE S LY,
THLAKEEYTH Cd DEERENER Y, £WRTH CdOBEELHF LTV LT, BETH
BLENTRINTWDS, £2T, FHETIR, RLI L THELYRESHH—FENHI <3 3 L2

* BB T REL 2BYA L O bOTHD.

Suzuki, K. T., M. Yamamura and T. Mori (1980) : Cadmium-binding protein induced in the earthworm.
Arch. Environ. Contam. Toxicol. 9, 415-424.

Yamamura, M., T. Mori and K. T. Suzuki (i981) . Metallothionein induced in the earthworm. Experientia,
37, 1187-1189.
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20T, CANFEREEMEI N CANFAERBEHLPIZTHZ LB LI

2.5 &
2= 3 3 X (Eisenia foetida) % R%u b5BED Cd 2 FAZHESTTIOEBMATL 27 K1
FORBFAOLEBBELRLLLDOTHLS, 00, v I XEBR EEFEEL_E DM
CRB L CASEEMIRE L, MILEONER LT 38, 2oL TELN - I A 4R
70.1M Tris-HCl 84 (pH7.4, 0.25M 74 2—2) FTRELSF4 L1, 170,000g, 6057
(4C) BRELLTEOLFEEB
REYF— } bR Cd D2 554713 Sephadex G-754 7 4 2 v iz -5 @Ek &
TSKgel G3000SW # 7 2 % AV 72 Bl 7 v — R E# (HPLC-AAS B)C L DT -7 &
tz, CA#E 5 v BB ORENZIL, 400pgCd/g BEEB D Cd % F A 77HES T60 B MFE
Lizi=iixeRni,

#1 HEFORBRES

Concentrations of metals {ug/g dry compost)

Exp. No. source of Cd* Cd Zn Cu T-Cr* Pb T-Hg® As Ni
1 control 1.3 652 102 d d d d d
2 +Cd (NOQ,), 41.6 635 96.5 d d d d d
3 +Cd (NO,), 8l.2 625 95.1 d d d d d
4 +Cd (NO,), 180 643 101 d d d d d
5 +Cd (NG5, 511 644 99. 0 29 52 0. 58 3 23

a, Cdid Cd(NOs). & L THEmL 72, . HBAEE.

b, 77 LR, d, BERExp. 5icRALTHD,
1. BR e EE

HEFDCABEL =3 3 XicEWS 0 CAEDBMELE 1LIoR L 29, 88 g o) Cd BEEH
Bl A2y, o i AP RERTLICAOBLIEML . mELA—FHROCdIZIIEA
FLEERICERE N, FEFOCd RS FRORLZ =00 CAFES 0 HICHEA LI KRET
FELAZH2BH)D, 26 =20 Cdé 7 /27 H% Sephadex # 7 A4 L S LB IEIC
EW-1, EW-1I, EW-I &Mz kictd, ZR6DCABET 7 EOBHICH - T, EW
-1 » & EW-1Io &5 7254nm DIRILASE A L 72 5%, 280nm ORI IZELA R b e h - 12,
F/, cHbNCAEET 7 HIEELICRICRET, 80T, 107HOBABE T Littho Cd
DFIEE R W E P o e 7L SBER I HPLC-AAS 2 &) EW-1 & EW-NIn&F
iz 4N FH 63,000-70,000% 200088 L #E S Nz, EW-TIiz G T&9IHLBYD 4 70 F
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g GOAMELOL C L £ B, £ 22— F RUZ 0 LT OSRBIEHIERRE
Lot WFROEEC £ DREL 2, BB AT SR — ), FoWOBIE LEE
Fto — Cd:——, Zn: - Cu

0.5
0.4

0.3
- a2

=
—

Concentracion of (d ( o /

e e o
R )

e o
pe B

(=]
I

e

L

=3
¥

h EW-11
EW-1 EW-

—
-
-

D W N H AN W m
Froction MHumber

Cd#EML <3 2 X F# o Sephadex G-754 7 4 £ T Cd DoAY
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AR iR, RAFoaFRIi14,000 #EEN, M3y vHRiIcL N FFROKER
TRz EW- 1 706 EW % Cd 645 27978 % HPLC-AAS B & Wi LI s R TH B,
BRI ELIAFLOE— 2PN, INLOFTRORLKE SV 7HIBE LT
(DBDF U IBDBREWMTHD 2 LS PIE 72,

SFEHAFAFF AL FE EW-113 3BEDA v o0 Bh L) (H45H), *
ORD—DNF 27 F (EW-11 B) loowTHE*ME L2, B213£F0OT IV BohoiER
BT NI SIS A%D L RTA ke dH BEET I JBEEL AL T hr o,
$72, HELTW2RBREICAT Zn, CulSRLASEN L%, T3 BAHORE
12254nm {ZIRIL 2 R 5, 280nm DRI 21T & A EFL Vv UV 227 FLORHE —BHT 54D
THd (R58RY, Ao pH £ FiF5 X 254dnm 1350 UV IRRULIEE L 228%, Zhid 2 s
TF A (EB-A S OBRBIC LSV HP LD CAdDBEREL B Tz, TR
LDFTRTOMWEIZZNA VI 7B A I OFARAVTHLIEETRTHELDTHS,

AL ACEMENS Cd 0BT ROBL D CAMA S+ I HITkE L THETS
ZEERLHILI, TRLD CARE T vV HON, ST RIEABHWO 2 S FA AL iz
EWEW-ILiz A 7 udAif v b@pbii, £z, TNLGFROBLL CARHES /30 HE
RROBMICS 212 X &, CdORPSTICEIRLND L2 RIcRELLY,

Concentration of Cadmium ( arbitrary unmit )

fRetention Time { min )

M3 = iXCditgsy - <7/ 8o HPLC-AAS iz L 2547
%10 Exp, No.5 l2#B2§ 2 RiB200u] 2 SW # 5 2 (21.5%X600mm) (ZiinL,
50mM Tris-HCI 524 % (pH8.6). #i#3.75ml/4 T L Tisd L 72, Hlifto
Cd (B & 280nm @ UV IRIN@A &SI AR L2, 272028 L ) 8L 72 EW
-1©, -Ilm, -NE® Cd #4522 8 % Diaflo UM-10[RH 288 % BT
L2, S EIT o1,
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ANAHBICE NFEEL 72 CA#EE P w278 EW-11 % DEAE Sephadex A-257% 7

2 (1.6X20cm) Ic#miL, Tris-HCHR#E®R (pHS.6) M50mM # & 300mM HHE
ML SEIZE N BB L,
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a
S
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#2 LwiiACABESYL0E EW-IB o731 /BERRCSEEEY

Amine acid composition Male %° %?:%ﬁ
Half-cystine 15.4 14
Aspartate 9.8 9
Threonine 5,7 5
Serine 6.1 6
Glutamate 8.5 8
Glycine 17.0 15
Alanine 10.0 9
Valiné 4.6 ' T4
Methionine - -
Iscleucine . 2.2 2
Leucine 5.1 5
Tyrosine . - -
Phenylalanine ' Trace Trace
Lysine 8.6 ' 8
Histidine - -
Arginine 3.0 3
Proline 4.0 4

Metal contentmole% ) : Cd 93.9, Zn 2.8, Cu 3.3
SH/metal ratio . 2.4

Total sugar : -

a, EW-II Bl 6 N HCI #$110C, 208:R0mAsfgL 22, A Fd = an—732F 012
BEEELL RS LS RO BIIREE- 7+ /— VBB E RTRAEEIC LD
wEL 22,

b, AvofLer# 2BELLGEHEL 2.

4, 28 . ‘

Sel s CRHERAIC 213 Cd DB AL € Cd 2 BML 72w 3 3 o B L7 Cd
R AEI A TROBL 5 =00 CARE 7 2 T RICHA L THEL R, 2759 Cd
Ly o7 BT BRAEICN L TEET, 20dnm RN F - T w24, 280nm ORI R\ T
Wi ATFRNBRLL CARE I 7 HIIE LWL 28N,V ¥ v 2 BORSYT, #DON
D—DDA Y 5V IR, By ATA Y OER, TR HEELRC LTS FHEAD
BuELED L, APaFtRfrrBhini,
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eI R 2B (BiE L CT S 5 2 RIEEERE AGEHERREICREL£T.

51 B X #&t

1} Hatakeyama, S., M. Yasuno and M. Miyashita (1979) © Effects of heavy metals on the food-
chain system of cladocera {Moina macrocopa) and hydra (Pelmatohydra robuste) Jpn. J.
Water Pollut., 2, 163-172.

2) Mori, T. and Y. Kurihara (1979) | Accumulation of heavy metals in earthworms (Eisenia foetida)
grown in composted seawage sludge. Sci. Rep. Tohoku. Univ. Biel,, 37, 286—297.

3) Suzuki, K. T., T. Mori and M. Yamamura (1980} : Cadmiun-binding proteins induced in the
earthworm. Arch. Environ. Contam. Toxicol,, 9, 415-424.

4) Suzuki, K. T. (1980) : Direct connection of high speed liquid chromatograph {equipped with gel
pearmeation column) to an atomic absorption spectrophotometer for metalloprotein
analysis . Metallothionein. Analyt. Biochem., 102, 31-34.

5) Yamamura, M., T. Mori and K. T. Suzuki (1981) . Metallothionenein induced in the earthworm.
Experientia, 37, 1187—118%. ‘

6) Suzuki, K. T., M. Yamamura and T. Mori (1980) : Metabolic fate of earthworm cadmium-
binding proteins in rats. Arch. Enviren. Contam. Toxicol,, 9, 519-531.

— 141 -




B3R e Ry 5629 (R—62—84)
Res. Rep, Natl, inst, Environ. Stud, Jpn., No. 62, 1984

HMESINTIESLBORE ]
FIUVAYAHINANELBOER L FARBE VI CLEAELE~DEE"

SAMK - WA T

Effects of Heavy Metals on Amphibia I
Accumulation and Chemical Forms of Heavy Metals, and

Effects on Essential Metals in Xenopus laevis

Kazuo T. SUZUKI! and Mitsuru YAMAMURA!

Ahatract

Amphibia are phylogenetically situated at a higher position among animals that
costitute the aquatic ecosystem of fresh water. Effects of heavy metals on an amphi-
bian animal, Xenopus lgevis were investigated through a model food chain on the
viewpoints of accumulation and chemical forms of cadmium and its effect on essential
metals. As cadmium is present mostly bound to metallothionein in the living bodies,
rabbit livers were prepared as feed to Xexopus lzevis by injecting cadmium into rabbits
and accumulating cadmium as bound to metallothionein. The amount of cadmium
accumulated through the feed into the liver and kidneys of Xenopus laevis was
extremely low and most of cadmium in the feed was found in the excreta. Effects of
cadmium in the feed on essential metals in the liver and kidneys of Xenopus were not
observed.

The concentration of copper in the liver of Xenopus was different from frog to
frog and it was dependent on the amount of copper bound to metaltlothionein even in
the control animalis. Metallothionein was induced in the liver and kidneys of Xenopus

* ARG T TOEBLICOVWTE O LDTHE,
Suzuki, K. T.and Y. Tanaka (1983) : Induction of metallothionein and effect on essential metals in cadmium-
loaded frog Xenopus leevis. Comp. Biochem. Physiol., 74C, 311-317.
Suzuki, K. T., Y. Tanaka and R, Kawamura (1983) : Properties of metallothionein induced by zinc, copper
and cadmium in the frog Xenopus laevis. Comp. Biochem. Physiol., 75C, 33-37.
Suzuki, K. T., H. Akitomi., Y. Tanaka, . Kawamura and M. Yamamura (1983) : Metallothionein induced
in Amphibia. Eisei Kagaku, 29, p-51.
Yamamura, M. and K. T. Suzuki (1983) : Metallothionein induced in the frog Xenopus laevis, Experientia,
39, 1370-1373.
1, EroEufsesr musERE F305 R smEle HaseT N 168 2
Basic Medica! Sciences Division, the National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, [baraki 305, Japan.
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by loading cadmium, copper and zinc. Properties of Xenopus metallothionein was
comipared with those of mammalian metallothionein and several differences between
the two metallothioneins were clarified as follows : i ) Xenopus metallothionein was
shown to be slightly lower in molecular weight than rat metallothionein on gel
chromatography. However, amino acid analysis indicated that Xewopus metallothio-
nein might be smaller in molecular weight than rat metallothionein. i) Although two
molecular species that differ in amino acid composition are known to be present as
mammalian metallothionein, only one isometallothionein was present and induced in
the liver and kidneys of Xenopus. ili) Xenopus metallothionein was highly susceptible
to oxidation and the metals bound to metallothionein were less stable compared to
those in rat metallothionein.

1. BLwic
WS 2 D VB RRSREFH @D b A S L, FE, S, 5 WAR LB T,
BEREL TIIBE~N L EIL R E SN TV BT, KhDANEES b EN LR LEGTE
LYo B e L TEELAS EHTV2, TAMERIIL (2 b FDEFERD—
$ELTRPTEALRRDKEE RIS T L X VEITH B, WKDAREBRE
BT 584 e L ClEEHRBELELL TW 3B ES L5 THA ). FOI LIZKRREBRSR
PEXT2HEYONTIE, AWEHE W IBREPLATIRIBMCHL EHEILNDL, L
Ll AR RERROBRIC L > TEN L ) e HER ST 25 L v I BAH LOFRIZL T\,
BAFTIMERIIAS (2ERE FREFVERMIZIANENGDY, FRLONTERLBEE
HECLDRIEREE, wbWIAZINLTHEZ, SAZNHIINEBCTESEBITERICED L
SUBBES 2 2 0RE L2, MEEORYTISE, — RISk BOTONBIEINEL 3R
Bo TR ALND A LIVZELE - TELOB B LBIELET 2. Z0RHEL
LCEEE T2/ EmE L 2T NIE% o, EREME L CHETT20RZNIFES T
Vi, DX T ATIOANTH, JMEHEBIBT AT NI E0GEP LB L 3 I0F L0,
SOBEDH TN, EREOL A TRELIBRTED, HEVLOIA I x 22 DE 5
by BE 0D A T E B AR KR RS L, BEETHIEE L v, £ mhidn e,
AHOEERIEAFE-> TNl JIcLTAT S, F04HEL L THEFERO T
DEFCLTLLEETVZ 222 BFE 0T, IABWORRL L TLAETE 5, 2070
BB TN EHAD EERBH Y L TIIZS S IEL ST, 20k 5 2Bbn b fEEOH
TRERMEOETERIIRBT S 7 7)) 0 A 7TV (Xenopus laevds, ¥ 7/ 282 F —EHIC TN
2rrbhn) HRLECEREYE LTHCLATWA,

LRI BT, EWEEEBROTFALLT, 7 F IV AL BMAEL I ¥OFEE S
i;%@ﬁFEWAﬁE@i5ET7UﬁV%#1wE¥ﬁ§h6@#oit??”ﬁ?iﬁi
NOFRCERHBOWEASBIZIZE DL S L HBELS 2 B0 L ) ML, KRB
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BT F 7 AR BB THIEHEEI NS ) U HEREZ L - TWnE L
WHEERHELPICL,

#E I ARBHONFBLERICER/T L EPHLNTEY), TDL ) LEBHTIIA IR
FARA LTINS T HICHEAS L TWwAERHIREELZRELWEEIN TR A 70 F
AR RIDESEH FETALENREBCHETE 7 HELTHEZ NS EELIT,
SHRTEEN & S K DHAESBOLEEANOMRBICES L Twb 737 B LTLEBS
RThBY A uF+3 L Y RBEMCT2OBEECHET A4 F I 7L L EROMES 7
HrLTRRANSY, FO®RE OIS —ROBRICLFETLZLHL IS ALY, 3
LI BESCEET X O EDWEI AR, BYEOWEMSRREY, BEESIcL A F ot
RAA vl AZuF AR RSV EPFEZCIBEINZZEFALNA TS L
U A S uFt 24 Y HHETBPY 3 b, TRHEETIHES XNV 7EELTO
HEPBEOMD 2 o F AR v LD LS LHHEICH L0, £ L TEEDEMNDRHR
BrnSBaErLAEE, HHEPER BIEEIOMERrNLICEsTwEY, KEDA
BRELRHRN TRV, AEBRICEWTIE, TEHEOESEICNTATMEEELZHLSICTS
LT, A5 9F A4 DEDEIEREEAN R Lo TR eI m%:, HEHDAZFA
AL OWEERLACTLIRETHRT I LLERL .

2. BBHE

B (REH0g) » S KEWS0~55g) OT 7 YAy A AT (BEERG3FE) 2HEA
L, 77&xFv 70— (5o MEBRAY—, 30X30x18cm) {2 A& Z2DKEKMI0] &
AL, 17 —U R H 10058 (#24C) THEL L, Kid2 ~3 B2 1ERRLL,
PSE T T OLVERE LTI X (M, RES ~ 4 kg) A F I 7LARREL (ELAF
T LEAF AL L T0.5mg/kg RE, 120/ 2:8M, ET#E), B#EkS 3 HRICERL T
BrEBEEWE, 77V AT NI0ES2020g(#3 ~5 mm Bt L2490} %2 8
it g, av - ABHCRA FITARERE L TR T X OB EERICS 2 72,
Iy tu—ABERUA FITAREEOYYXOFBPOS F I VAL ENGRBESR IR
T, AP ITLALBREL LYY FONBPOA FITARIIEALASOFARA VICHAELT
wizizsh, ZOBOEEATaFArALr MT) EH7HXHREL 2.

1 T7)AHVAXILOEKE L TR 74X OFRF O ERRED

Cd Zn Cu Fe Ca Mg
Control N.D: 32.0 3. 66 70.8 n.d. 160
MT-containing 121 92.0 5 37 64.8 9. 48 154

pg/g iREE N D, RHBRALF (n d, REE,
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T7NVAY AHINOFELEBTOSBRELAMB,SM0.28 2L 0, 1 mlOEE B
B HIEREE=5 0 1 V/V)TIERKIG L 2210, BEARTS micARLzLn2HRBE L1
FFRIAIEE (AAS, BIL AALT0-50A) (TLF L A4/ clN&ERREZREL
bR

THXOHBRFT 7N A AFIAOFBLERFDA Y 274, BHLEOSEIR, £
BESERNIIM b ) AIERSEE (DHT.4, 0.25M ZFha— 2 2F, BEBEILERAICE%
HAEBERTHILZINRE P, KATERSAARPTT 70 r- w7 ABOcEsHA4Y
—2HVTEREDFA AL, 170,000g T 1 BEREEE L L 72 i 4 v T8~

B#DEHTOEBOTHIL, SW 4 7 4 (FEEEW, 7.5%X75mm O 7L 7 5 24+ TSKgel
G3000SW, 7.5X600mm) #FHEF L EHEER 7 =} 757 (HPLC) ot L TAAS #
Hwv 2 HPLC-AAS Bz k -7z, Li#0. 1ml # # Z2c@ml, WAL 250mM ) RIEEEE
# (pH8.0) #WiE1.0ml/4 TEH &4, 2544 280nm NRINE 7 o — v % v TR
B (THATy 7 AETIGL) 104> TEBBICHRBL, £BBERS 2 2BHEPEEAASC
Bl rick-THERMICREL 2,

3.8 B

(1) AYEET NVER
BEWMEPETNELTCAFI T L2 A7 0FF 2L v L LTELTHEDREA, 7708
AHFIRACERE LI, #FREERAWRTH X L#EROS F I 7o, H1IETRT X
IEEAE AT OF AL 2L TWiZ2 AR XHBY Tt 2B L /72027
HIZEAL TR A FIYLL, AT LR 28N LEICRRLIIZALAE L HI2,SW #
FLLETa—FLh— 7 2R EELILEWICELL TP 2ok 2y Lo B & BEE
NDEBBELFANLERER2ICTRT, AN IELE D TR 2mg oA FIoA$5 27202
LrobosT R EBHBICERLL FITAZ LM IR 22 FNFRM1.050.5ug TH
N, BEAXDAFITLHFEEDENTVEI L ERLA, FFE2IALNS LI CHESE
oo, 8 & ANLCTARURTRAVTAGQBELYSRBICLIIEAYEENALN T2
722, WRAHOMIZA VI 743 HK 25 2 28 TT » Cwicds, B0 BEE FL L, o
EBRERFBZRBICANS LFERTHEELENALNIOFER TS 5 THEIE Y,

(2) #FIT20EHICLEH FITa#Es 1 HoBEl L WRASBRE~OBE

HINANEYESIC LA VI 70T RYLE L, FREBBTOS V1Y o0FERS
RHLPICTEE o228, EROMICAHFITARRETHZEICEN, A P3O0
AN 2 RLA2L I, AFIVLRERETLE, SWAZLALT A uFAA A L5y
EHich7 o BicE A FIvLnE— 253N F i FIvae A7 0Ftrfr L
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TEUBRFESOMNICERS TR 22 DL I LA FIVLNFGHFAELILLD, [ 2aldh F
T LEORER L TT 7N AV AHINIZAZOFARA L 2B b b o e P HrrFkn s
NAZEERBL TV, IR2E2DIETy P XIcAFRFARA L 285 2358 DIy,
by, BELIAZ0TARA »O—raBEINLE LI, SxnDAFoF IRl al
BB S o EIEREEN DO EERL TV B,
FT7VAYATINCTy FORBHLZH LA F AL v EEEOMIRE LA
2, ALAORBSERPOCRBERENL ) AVEEZET UL LCLALLOMERII TS
B2, 50 AFITAEE AT CERES L L EOFBLERTDEERE > TIEER L2
FLAP R ALNLLIRAF I TLE AP DF AR VA SETRETREAF Y
LBERBIOERNICERYT L. —HA P I LB ERES TR LA P I VAR EBRICE
L, FE~OEWTRBENEII A LN o, BE~OERTIIBBTENILL N (X
4)9, £ F 37 2HERL TL 2> L EHRPHEOTREALNAT, FIBWICEWT
—BRC AL N BFEREB R - Tz, '
HFITAESERRG L EEOFRBLEEROL F I LA0GHERIIZRTY, M 2a iR

254 nm 1.3

Cd in excrate

274
Cd in rabbit Liver 1.3
provamee o]
==

Retention time,  min

H1 Hxnofiite LCHW LYY ERBOLEROA FI 7405 EA 3
T AREUTTXRRE S A L OHEOWRO S F 3 ADSH
MT # &t XFRMAHN 2 7 TS RACEL R BIHEAETHRL, T026
MBI EKE EBRICH V2, BEAD L (2300g, 105M) 25477 0— UM
~10MEE BV IRR A BT L 0 10 c BAEL 22, BT o Cd AT AT FE
LB 3 %LU F Td - 22, B0, Iml & SW 4 7 2iciimL %2, File Cd o
Eiz MT 2 g4 ¥R LiERFO CdoEHE S RT, [ L HEETRENMT-1
-NERT.
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T2 arru—LRUAFIT7LA2BUYYXORRA S 220 SV & B
&R BEEY

Liver

Body wiig) 7 Liver to
~——— Liver bedy wt Cd Zn : Cu Fe Ca Mg
Before After  wi{g) ratio {%) A B A B A B A B A B A B

5.3 B.6 27 4% L6 045 123 22 122 3.9 39 T 65 183 126 281
{1.2) (1.2) (Lo} (Lo} (e03) (036) (L.0) (5.1) (&7 (186) (11} {182) (L83} {L0O) {11) {4%)

MT-comtain- 5.2 5.4 235 4% 05 L4 W7 BT 44 121 B4 686 TR 186 129 32
ing liver (3.3} (4.6} (0.5} (0.4} (6.10) (0.37) (L3) (6.8) (L46) (3.7) (70} (u8) (L) (22) (8) {38

Control

Kidney
Kidney to
Kidney bedy wt Cd Zn Cu Fe Ca Mg
wt (g)ratio (%) A B A B A B A B A B A B

0.27 043 03 007 196 42 208 048 89 128 B0 154 B30 %80

Control W9 (0.072)  (01) (L) @3 (OF (019 08 67 04 B8 6.1 (18 61
MT-conaning livee 06 0l 2% 0% 29 &M 26l 0K %4 188 704 154 123 32
(0.046) (0.08%)  (L17) {0.17) (3.3} (0%} (0.40) (1) () (3.4) (.1 (78) (19) (4.9)

DA Iz 2y VR MT 288 T 379 XOFBE 5 47, HIZSRBOE
B+ ESBRETTL 2, RHIBAEROEN S EETHEL 2. A, pg/g BERTRL
fo & BIBE, B, pg/2MBEL TRLESEEE.

L-BRLEPDGHEe (L 22— 2R LTEN, #FIva3 4505244 22
254nm ORI 2 » THEHEN, FLEIICRL AT F AR, v BF 2 HOBIINT S
%ﬁﬁ%%ﬁatb,EBmﬁwtkﬁéwtm%ﬁ%ﬂELt%%%@4mﬁLtg/7D%
FRAGEDG FIT7LDAEIERSTEN, ZOF 37 BRI L TEETHLZ L5
LTvatz,

(3) AFITLBESIBED A7 uF A+ L THRE

A ITLAEOEBERGIC L TT 7 AV AN OHRBEERDICA uFtiir bR
bODAFITLRES VAP FRESNLEHRENS, ZNH LI ABE S0 H
WAZAFARL L THIDPE IHEN) E2HALPET N UTOERYT- 72, 11584
TRAFIVLAUANESCBTESL LEICL - TAFTRF AR, U BEINBZ EH L CHL
NTVEN EZTT 7 Ay ATV L ERE EL RS L, R BT oS BBEHE
bEFBEL LIz, PNLBHPOEHREFDFHICONTLRI L2, ESIKEL-LES I
BERESIC L - THER : BRP OHEEBBEIBIML 222, B 0fiBRERAEEIETL,
TREOEFR ALY, WP RET 5 L MBETORBE L 7249, T i
A=A NTHR L VHBENE ERNGTET L & L LICRER T EERE T L
wizeh, HELELE LTRBES N0, FLEMBE~OHBIH-TNOBBIC LT
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(S A S e a= W 0 Tp%-52

Retention time, min

B2 #AFiva@rAsoFt34-0EFHSLEATLBETO EEEWwC
BELLAZTIIAL LBBEROS F T LADFHY
# Z T CA@F 224t MT (0% Bk L 72 W2 5 58000, IM } 3 RERHR T
(PH7.4) hTREZHA4 XL, EOREZR— | #170000g | FRME@ELL 20,
Ei# (a, b) &ESCRAVZ MT BHOE0. 1ml £ SW 5 ALz, 1 &
M EAFNT y FROMT-1 £-11# T4, 724 7 AR R RF4710.6
FIZHLET S,

LRWE3 LA o712,

av e HIANDFREBPICL, AFuFRL L EHEINIAFITLESY V0
ZEERLBEMMIEBCHOE - ZHRWZE L (H5B) Y. ot — 73 BSFRET 5
EFFRTOSEBEIE T T 20844 - ThE L S o2, BLBRAEICESRDE— 7 598N
L7z (E5C, 5D, 2843 %5 L -HEBO EEPCAFoFd AL v REFTOHENE— 7 51
MLTEYN (RBEE), WHEAFNESNEFHBENMEA A S0 F 4424 FEPOWHEBICLS Z
EHRENLY I P —ADFRPOEBEL S A DBRICEZENFE LV E RS,
INLATNDFBENRBEL, LFEOA S vFAR, LABEROEYE— 70X L ERLHE
HABLZ L LERL 2.

BIBHN A Z0FF R34 VS L TYABHIEH F I 7 LAR2EMT S0 TESICERS
Ni, FRFEHEAFITAIRCE - TERCEREING, T LA FaFAAL i
ALTVWAERIE, LNHRONENBEVERBICL > TEBKERINI LV D ERS > ¥ 7]
KA LNEWEBEE T2, 22 CT 7 ) AV AN IAD 2 Fudt i »HEFLALNLD
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£3 Iy rOFBOASeFAR L EREL LA TAVDNBROGEIREY

Liver

Body wtig) Liver to
Liver body wt Cd Zn Cu Fe Ca Mg
Bofore Ahter wilg) ratio (%) A B A B A B A B A B A B

Control B.7 8% 148 ¥ 026 030 e %7 Do 24 B2 %0 A0 43X 168 19§
6.2) (5.7 (017 {03 00) {006 (L5 (2.2) (40.2) (39.1) (156) (132) (L28) (L21) (6) (24)

MT single 5.1 584 L4 26 688 L19 152 24 W 30 B M 6T 4R 189 277
injection  {5.4) (5.2) (0.3} (0H) {0.%5) (04 (1.5) (3.7) (15.5) (2.9) (136) (173) (0.69) (L&) (9) (49

Kidney

Kidney to
Kidney body wt Cd in Cu Fe Ca Mg
wt(g) ratio (%) A B A B A B A B A B 4 B

150 0.278 0.60 009 173 230 915 L33 Mo 0.2 %6 B4 157 A1

Control (G026) (G.031)  (0.21) (QG3) (L4) (027} (L) (0.29) (13 (2.9) (81.9) {12.1) (14} (2.3)
MT single iniection 0175 06 B2 IL2 0 164 27 243 410 127 A8 w2 0.6 M5 M7
SIngie 1) (0.003) {0043} (15.5) (L5} (L.3) (0.44) (76) (L36) {150 (5.8) (5.9 (18.6) (1) (40)

InkCu% Cdn 2 BLUTFEATHET v FOFMT 2#tE0# s, MTHey Cd & L
T0.3mg/kg B £ 1 EFEL, £O6BMRIZER/L 2, 72 P o AONTUCRRE
A O Iml/ sy o) 23S, ERsREOTHLERESE L URLTL A, pz/glE
BECRL-ERBE, B pg/fE#: L TURLLEREE.

BEES, A FITALARUVEAE=2I200TEH, SBROBRERZT, LD —I270F
FAAVCHALTVWEERICLZ2 LD ) RRET L2, HIGIZRLL S, T7U A2
HLVOFBEBDAZ 0 FF A4 P HEICHFETSIEHOE—~7 132 FI74A, B, COHR
U8 (D, E) Ik »THEBICEREINDZ L, $2A4 17238 E, G H) i0k-TEHES
NWEIEHIELL LT Y,
TINAYRHINDAZOFF AL L ZZF 2 RTFP, SW 5 T 2 LO¥E»ELT 22 b
CEEEEN, Ty b SOUENEN A FuF A A L KN TTRER Th D D L AE S N, B
TEQ$5&%#@%&?,E@i5&%mﬁﬁ:&#kwiﬁ%%%#mT%tb@%ﬁ%ﬁ
=272 BTICHRT & JICBREIFEL, BEIEGREICESE, HRLRECH, H—%a
ITLNE—7 L L TRESINI LD, 2O — 7~ BT 52 LB L k- 229, SW
ATLLETENEB(BERENL L I LEEZ, v tnAgaFt 540 TIISFNBILIZE -
THREEN T EVLR T A LN 2B A FRRBRIRLEZ Y 207 4 FRASESLTWE L
DEHEEINL, FIDL ) uFTFHEBILST 7N AV AFINAD L F 0 F 524 v TIRES
CHEZ B ey, EROMANFICIIENTERSFDEL I Ehbh o,

(4) T7UAVAFHIADATaFAHAL ol HE
PINAYAHFINDA T CF AR OEEDPELEDE I3 A0 ETIIF8mD L o
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176
28.94 203

280 nm ,../
4.3 na
Cd 26.1

Retention time, min

M3 #F:valisfsLrAnofBE#EbOS FITLAOGEY
#INA: Cd*%0.5mg Cd/kg KBTS 6 HISHEL, S®/ES5 4 BHRICERLL,
B+ 5 ERO0.1IM b ) AIEERSEWR (pH 7.4) B Th e+ 4 XL, 170000g T
1 R L7, Eif0.1ml 2 SW A 7 AiEmML 2, 7 7 a0HERIE11.3
TG T B,

ERELAIEHRENTL, HEOVEWORKRELZRICANL L E, WEHN X S F4
AL HEDE S IREMTITE DN, ZEIEM L FOESEICHT 2 TR & oBE
T, MEHED A FFARL o8N I HEREB- TR0 LV I AEFHLPICT 5 EY
T, T7VAVATINDAZOF AL "% 3 51T L7142,

HBicRLAMZ, ZhETorsaF434 008l {(BYbnTILL7 7Ty
PRGBATLET, Ty b DAFOFARA L ET 7Y AV RAFINDAFTOFARL DS
Bty — v 2 HE L2 LD THENZOETRT 7V AV AT IADAZOF AR DM
FRICR(EREN, FTFEI 7y FOLNLNLbTRICRENIEATRRINT, 36Tt
PPT w7 RAATLTTEB L 12T v POBI-FARA T 7V AV AFZND AT TFARA
YEEAT WA TAL BT RGO ICTRL L G ARy — 2R ZORIRT
TNAYATINDAZOFARA 2 OBFY 7 T DLDLVAICHBLTWEZ L ERLT
W3, FLOBREPICT 71U AV AFILO A FARA R0 H FI7L0—8HFT o}
DAZFARA L PDOHEREIBFBRLTLESIZLLTRL TS,

T7Uﬁv%ﬁiw05?D%Z$4vm%?iﬁ@SﬁE#%ﬁ%%éﬂaﬁ,ﬁﬁmﬁ%
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HoAHR e T

Cd : \ L3
A

Retention time, min

M4 AFIvaE3BS LS ofBTRESE S BNEL 2 LBhe A ¥
3 WA AEY
3 icHW2 i BB+ SEXAN F0C TS THEAMEE L, 125 10000g 7 1 5479
L fz BB A2 B30 1ml 2 SW A 2 242U, HPLC-AAS & Cd 9%
fFaEBsizLI,

HHEETFRICUE - 2R 2 M1012 T30,

FTREF P 7 —ACLINRECI EFHEINLY, ZRIZIEBIEBHN A FaFA R4~
THLNLLDEFLTH-72 Tl A2 0F 424 Y CHEEL TWAEBOBRICTT2REY
oz 2nm FRIC A SN LREL S F I AL VAT A>DFF—NEIZL B ANHTFVE
FIEBLDTHD L2 HET R LHDER LT 12, BILzA L LS & 9 250nm fHEDK
EEHD pH # BERICIE T EE5 2 L0 L NIHEL, ZORIUES A s 7F FESORRMR
BICHET B I EHTAL D E Lo, F72280nm AR RIS A b LT, BEET 3 /B
NnTwinkwnwi ~AguFtif - O—RHYLTEEL LTRL 29,

KU LA F AR v OT IV BHEEEENZ LS, BT TE AT/ R
BEC, BFERT L /BEFATWEWI EXVHLP L 5 12Y, 20T 2 /B OERLZH
T, TI2VHEVAFINCA R IDARRELTRONLIA Y I T LBEF ik A+
AR W EETRTHMZ TR EFRLP LU -T2,

it
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MM MY 5 BB

#4 AV I7AEEFERES LA LR S BEBOERBIBEY

Liver

Body wtig) Liver 10
—————— Liver body wt Cd Zn Cu Fe Ca Mg
Before  After wtlg) ratio (%) A B A B A B A B A B A B

0.4 482 L2 28 oM 015 M6 161 o0 BI 20 21 IL4 106 131 M6

, Contral 44y (4) @) (060 (08) Q@) (23) (G0 (52) (45 45) 23 47 (L9 (5 (32
o B4 58 LE 240 RO 420 57 199 164 2.8 Wm0 590 7H 12 169
(5.9) (5.8) (0%) (0%) (83 (29) (¢3) 27 (65 (B5) (8 (65 (04) (0.06) (6 (8

oy B B8 LW 0% A0 04 16 B0 N9 D4 19 W6 8@ KI W0 B
. (821 (81) (069) (067) (007 {0.08) (L) (41) (19.2) (3.7) (33 (86} (0.68) (29) (o) {53)

4 26 W8 24 R 308 691 170 3.9 %8 %5 19% 45 47 230 148 MUY
(6.9) (6.7) (083} (071) (86) (61} (L4} (8.9} (18.1) (3.1} (34) (%) (L3) (&5) (7} (87)

Kidney

Kidney 10 -
Kidrey body wt Cd Zn Cu Fe Ca Mz
wt (g) ratio (%) A B A B A B A B A B A B

16y 036 038 006 A3 348 262 04 (T 2.0 &1 107 134 R
(0042 ) (0102 (0.06) (0.01) (2.5} (09) (0.5) (006) (38)  (A.2) {34.9) (55) (13) (3.5)

cd 0.29 0406 379 &% 1.7 3W 32 47 12 2.3 BT b4k 131 309
(0.030) (0.068) (66) (215) (L4] (0&) (0.7) (212) () (&1} (9.6} (L) (1) (43

ax 0% 0 00 14 €M 22 47T &8 33 9.1 M1 123 49
(0058) (o.o6) (0.06) (0.2} (LO) (a®) (o) {0B) (128) (2.5) (%.8) (0.3 (5 (6.7}

0¥ 03 252 &7 1R7 63 412 LM 97T 32T M0 163 122 4.2
{0.036) (0.034) (56) (Lo} (0.6) {0.77) (L20) {030} (IL.5) (6.3) (%.9) (12.3) (8 (4.5)

Control

Control

$
Cd

HEAE & PR A 2 R G £0 .5mg/kg RE T2 6 MBHEL 2. 2 b a—narhzii
I (0. 1ml/ A o) B&S LA, HBRBRILBREL ko2, B2 5 RO+
MEETTLF. A pg/g BERTRL-SEBAE, B, pg/&EBCRLEERSE.

4. % &
FRESBORAZERE LT, N, KB FICFBIFEZ SN bH, MEROEESIZIZEN2
HiL2H0HELIZBRBTH), 2OAELEILNDL, BLILLZ2HEROBAOHEICIE
BEWEEEAKLBLARACHTLZ EHTELY, BICBENSAICKBLBL 2BE L XA
TELWITHEM SV, SROEBRTHEHPIISINE A F I L0BE PRS2 +%23H
fy& Lizsesh, BEDEWMTON VI TA0FEREBE L TRLTHENEY, AFofti
A EHELEA FETARDWTREIL 72, £OBRIFXOFBRPHET 40542
AVIERELLEAFIVARIB LA A VLOBRICIIRFRT, S¢23nTULE ) 2 &
birtiote, ENRIDEIUFUABEL LTV BAFITARRE L TLFBRBRDOL
AERBEICIZLACHEELE 2 0 LD T E o T2,
BRICOWIRBRASBOEL 2BARRBRIT—HIICE, 256, KTHEELEIA TS,
WEBEDBECRZ L LNBART VY, FRIERb- TEB LORAZEZ LTI LS
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AR e K

#£5 WHREREIELERSEE L2 ORE E: FRE OSSR REY

Liver 10 Liver

Body wtfg)  Liver body wi Cd Zn Cu Fe Ca Mg
Before After  wtlg) ratio (%) A B A B A B A 8 A B 4 B

W7 089 L@ 2W 0% 03 150 177 N0 R4 82 %0 810 405 168 99

Cantral .2 57 017 4N am 0% 15 22 402 %1 1% 1@ L® L: 6 M
- 5.7 %6 L% 27 01 018 %8 %3 692 1.8 67 9% 7 120 162 50
73 67 02 03 oM 007 55 L5 65 M3 1m0 29 LW 29 2 45

o %.2 4 LSl 278, 015 0% 178 47 A5 6.8 67 1080 T8 1Ll 167 260
5.1 52 02 M 006 012 37 65 M9 4.7 140 35 e 26 4 33

Kidney to Kidney

Kidney body wt Cd Zn Cu Fe Ca Me

wtig) ratio(%) A ;1 A B A B A B A B A B
Contrl 0050 028 060 008 173 250 %15 LB W N2 925 134 67 %1
Q06 00l 02 603 L5 02 LT 02 15 29 8.9 121 14 23

7 0197 QM9 03 0% 56 W0 768 LB¥ e 190 W S0 155 M
007 G053 006 001- 83 L5 060 18 18 33 B M0 7 49

c 0188 037 03 008 158 315 7 55 1M 2é M1 2.1 155 4Ll

0.028 02 019 00 L3 06l 44 0% 19 58 136 ol 15 N6

EBITOHEN A LT EER (2> Fo—i, 0.1ml), BEERES (Zn, 5 mg Zn/kg
fKE) XE{LE (Cu, 1 mgCu/kgikHE) #HA 5 BMBEL, BRES 1 BRICEBL 7,
EERPIEEL Tt . (B 5 R L HEBEEE TR L.

A pg/g RERTEL-SEBRE B yg/£8ATTLrERETR

v, SHERFAKPTRITTF 7Y AV ATINOBEICE, BCEB»LORASFEELN
HMehbeEZ LN, SHROBEHEEL D12,
T7NAVAAINORBFIRAPAFEEINTWE E L LI, FHEKICL > TEDREN
FBLL R b o, FORRAROWTRETHTHL, Lo L FBHOHBRESHE
B, AFOFAR AL TVAHR, Lt TAZuFA2l v RICKHFLTWE DL
HREN, BSBORBME AT vF AR Y PERCBEL T3 Z LA MEHIBWTLRR
=3 { A

FEDVEWOA O F A AA L ONTHE, BIEMOLOIFRL L (BRI TWEY, 135
 BO A FuF AR CESANT I JBTHBEINTS ), FONDWMEETEIATA M
EHTd, CAATTFARL VBT RATACLUNNT 3 /BEHEYRY L 2/@ENDA VS
VR BHEETLI LN T w5 BB EADEEOSVE L L TR BET=T Y7
LGN, BETE T AY, 30, 74X, Ay, G418 gl rngaFst
AL ERTVWE, Lo LEEEOAZDF 424 YiZ o TREBREFNDTTH
N, RRRBEFHCATLERS ZERIE LN,

BN A FOFARL CICEALTRDFENIBENLD (T 2, $4) L 28BHENL0 (2
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WA T 2 R

15.4
A 16.1 13.1 19.6

C In 13.1
D Cu Jq8 '
tu
F In 198

—

Retention Time ( min )
[5 Ak, FEEHE WERCHFIVAEPRE LI VONE E#FOE
0, A F 7 Ln5HY
FHICRL 2B LN Zn & Cu DA % HPLC-AAS BiC & » T2 H G,
H & TiztE{bs F 374 (0.5mg Cd/kg K&, 12BHIC100) % 20Easgar s <
NSO CAdnE, 57.425.8ug/g BERKERET LI LiC L - TR
B LBOGHRERT. &7 40ERERIZ.65I2EAS TS,

4, T, HvAd, TH) PEEL, AEONNELOBRELBEEN ALY S pEENS L
LZHTHL, T7UVAYAFINTRSTENIERATH- 20, A AT ED LS I2
HoTwdir, ATNOHEILEDOBENH LT LICD2nCLERALZBELHEL T 219,

5. #®

BAROKREBARTBET 28MONTREFHYCRT 2EERCHT 2 EEROVEELR
L7, MERONTERLERBYWLEN TR T 705V Az ERAw, EEHET L
L BAF IV LNEREFERELFICLHAGRBE~NOBE LWL L2, BEATIE
AFITLRREAEAZOF I AL PIEBELTwaRzd, 7THXCAFI7L285L0, F
BioA Y I7L2A70FARAL 2 ELTHERIRLE, EOFBET 7 ) AY A5 R
2o AXNOIEREBRICERINAAF 2 7 4RIES TR, KBS 23Tz,
itﬁﬁt%W*@Mﬁ%ﬁ%ﬁ«@%@u&%ﬂ?#oto
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AL it FC

19.46
19.6
C
¢ tu _/\-.—/'\ Cu
19.5 G Cd
10.6%
H.In '
D Cu e, L
I _./\’/\&-4_

Retantion Time ¢ min)

M6 WEEPRELCHBLFLERNESHEALI 74 (A, B, C) &4 (D, E)
T, FRAVIVLRREL VR ERPOSF IV LZHE(F, G, H)
TERLARLZOEH, ARUHF I 7 L058OELY
Ho5D@HBEAC & D (Zn & CuDBERENEN2.88L0.3Tug/ml) iTHL 4 24T
F#EFIZ, 2 molBENCd (A, B, C) R Cu (D, E) 2BRIEFTEHRmWL,
103 HEEL 7. @5 0BEBEG H & 1{Cd, Zn, CuniBEIZZNF410.9, 2.99
E1.37ug/ml) (AT S B, Lifdo CdicHiL T 2 mol 48 Cu (F,
G H#2HEmML7. ASNHEHEC LD, invio TCd EBMT 2z 80k,
B6 A B, CicBfblL7ze Fhoinvitro TCudFEMTA2¢12iVE6DEE
DEFIELL, MSNBEHREG HETREGF, G & HicELL:, 74
DHBRERIZN.64NE— 27 ITELT 5,

T7V AV AHINORBHOEBEICILBAEOLOTIEL WEEEI A LN, ZOH
BERA oS AR, ACRELZHBIETF LR, 2374, ARCHEREESET S LR
EEBIC AT FF R VOB ENL, T7VAVAFIND A I OFF 24 - 2I3LED
AZOFAAL LB HER, DTosr8osricani, i )VaFBry v et 757
4TE, 33PN A FARAL L bFPICARENT EZRL2Y, T/ BatinERET
Biichb RIS WTREERL 2. 0) 4 V7 o2 2 Hosr et 3Ua 4 2 2 BEEE
FTEDEEBR > TIBELPHEEL Ao 22,0 T 7V 407 2XIAD A FOF 424 v idBML
HWEILEZZTRT(, FLBEALTVW2EBOEEEY, 7o DA 0F42 (4 L I N{Ed -
12s
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i f s A M A Mo

15.6 13.6 10.6

13.6 10.6

Retention Time ( min )

B7 #Fi7aEiRE L VORBERTD A 70 F1 24 ORI
2724 F 17 ADSHOELY
X5 DEHR G LT 5 ki) Cd DRIz PRCERICR L 2R TRET S
e Ea LBkl 2,

Profile A B C D E F G H
Temperature —20 —20 420 +20 +20 +20 +20 +20

()
Sealed gas N. 0, N, N, 0. 0, 0, 0O,
Duration 8 8 1 8 1 2 3 3
(days)
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AR R %

"
I
Lol
-

= |
ot h | ﬂ /\
TRV J/\L@/ ﬁ\

70 90 t10 130
Fraction number

B8 77T vl ABTLc e VITAsBE LT 7 HYATILOF

LEET POEH-FARAf v Tew T _

AINAZAFE703HEL, FEL 45800 1M ) 2 EEHRMER (pH 7.4,

0.28M 72— A EBH) FTREDF A X%, 170000 TEORRIEE G 72, LiF
5ml#7y b Zn-FA2 > (Zn&50ug ST) LREL, 777 7R G-
754 F 4 (2.6X90cm) ZFML%, #F7A%10mM | ) 2GRS &R (pH8.6)
THEL, SmlF22WMLL, 77273 >D Cd, Zn & Cu DR 2 BTHRNE
& (BIL170-50A) TEIEL 72, 254 & 280nm DURNLIL 29SS (A220) TE£=F
—L#%, Cd (—), Zn {---), Cu (-}, 284nm {(—-—), 280nm (—--—)
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WS T 5 BEB

0.3

Concentrations of metals (pg/ml} ; Absorbonce

Trls concentration (M)

0 n 49 60 a0 100
Fraction number

M9 DEAEXT7 2T v Z7AARTLICEBT 7N AVAFINET v YDA FaF

10

ARAvD TP 5L

7T P AGHRATLATHEL LA AR CD, Cu-FARA T D Zn
-FARARBE&L, DEAE£7 77 v 72 A-254 7 4 (1.6X20cm) (=@l
fzo WFA DA Vid P ) ZEBREEE (pPHSB.6) @752 5300m M F TOHEHMRENE
BEZHBCENEHEY, 3mlF580 L7, Cd, Zn & Cu Dl BT R
TRELZ, Cd (—), Zn (———), Cu (=), 254nm (—-—)

5.5F \.Glutamate dehydrogenase

Lactate
dehydrogenase

5.0

Enalase

4,5 [ Adenylate kinase

Log molecular welght

R Cytochrome ¢
4.0
) 1 1 1

20 25 0 35
Retention time (min}

T 7N HVAHINOSFFROHEES
AIRDAFaFFAA{ LG TFNBLERDEv—H—F 20 BE L LIS
TSKgel G 3000 SW # 7 4 (7.5X75mm 7'V # F 4ffn# 7 4, 7.5X600mm)
ML 2, 77 2030.1M Y BB (pH7.0, 0.2M NaCl&4H) #ifi#0.7
ml/FTHRL 72, BHE AT NAD A F 54 24 > 5Tt T FHBEIGERBDIITO
AFaFrAA s EFLHBICERENL,
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AR . LH %

0.5
0.4f

o pH 8.6

&

goaf

2

2

0.2

0.1 pH 2.5

L IS T S N U 1l (I
70 w0 %0 280 000m

wave length

H1l 77 Y42 AFIRDAZaF 434 DRI A2 } L) pH R FFHED

HUlizhznosZusti{ e (pHS.60D10mM | ) 2 BERSEHE 2 ml iz
Cd%5.Tug &) OHEMRN A7 b A% B208 48R L 72, 1 N Ek
W & 0 pH2.SIcsEL 72,
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RKE T7NVHVAFINDAIFARA DT JBHEARESBEEY

Amino acid composition Mol%® :1%:113:#
Aspartic acid 6.7 3.9
Threonine 5.5 3.2
Senine 13.1 7.7
Glutamic  acid 7.2 4.2
’ Proline 28 1.6
Glycine 6.6 3.9
" Alanine 3.4 2.0
Valine 1.2 6.7
Half-cystine 38.9 22.9
Methionine 1.7 1
[soleucine - ) -
Leucine 0.7 0.4
Tyrosine - -
Phenylalanine - -
Lysine 11.1 6.5
Histidine 1.1 0.6
Arginine - -

Metal content {mol%) :Cd 93.3,Zn -,Cu 6.7
SH/metal ratio 2 2.7

a,37ug DCA 2 BTAZNND A FUFF AL > % 6 N OEO.5ml B T110°C, 20680
4% L 7z, half-cystine & 4 F o4 A A 2 LA XREM LT L 22, ISR
Tr%Tmbic. .

b, AFA=vE1FFLLN 1 BREFET L LHEL .

I 7

FHREFEROAGEERLRBERREY FcHEHAFHEROBAERFEROMH £ L
D &z, KRAFHREBOBTREL FICKEBZNOTE 0 ERHZ LR L TiT- 20D
Thd, INLEDA2BVIAREFELICREL2BEERT S, TBEFEECL 24
. REDREILH R AEMAEOBENRSRIC S0 THE, FRCHLTEHRLET.
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B BEREOEFEMCHIILATE —BrHeHRBE LT — WFOSSEEE.  (1977)
B 25 BLEMicE 5REEREEONN & i 2 BB — M5, SMEE B FeHs.
(1978)
(& #
EULAEHRRFHERS
M 3 & A comparative study of adults and immature stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae). (1978)
(AFETRY A8 Chironomus B BORSE ¥+ ¥, YhoREoHLE)
T4 B REITF e YOS ITE SRR SRR ACERICOH R — HMS2EE DR
. (1978)
52 FEERICKE—EEZRILMFROLBCICHEE LB R o faic kT 3§
A4 2% — WS, 52EE  BrR#E. (1978)
16 B BABOEERLICETILATR(L) — Brfzhd s LT — RMs3ERE, (1979)
B £ A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae (Diptera). (1979) )
(B&@Ea =) AH0EOMG. v+ ¥, HHOEEFHIFT
T8 B AKUSRMEOE—k L A EROSEKICHT 5 REICB4 5 ERIGIF — 62, 53F
i B mREsE (1979)
WO B REy ST AKX BREKE - SRBRILYFRACEREOTIE —— WNER i
&, (1979)
®10 S BLEific L3 ASEREEONE S BB S RRAHE — [0S ~63EE  RBlHR
W (1979)
# 11 5  Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
(KRG ERGEORMBEE L UF 2 O {8 tEOWRICE 3 5 H50
B12s Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing
computer-controlled instrumentation. (1980)
(avE.— 7 HESEARBA L7 -2 BLUREREY 7 A=t L 5B L RE R
)
% 13 5  Studies on chironomid midges of the Tama River. (1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of pol-
lution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
(BENISEET 522 ) HOHSR
C—®18 To—XEkRHIhiaR ) ABEDONRETAKICE 6?‘%2&5&:@59{#—
— ®W2H TO—XMICEEAEN I Chironominae ERO0FIC VT —)
145 AREEY SRARLASY ELRSOLBEERICEITREELRLICMET MR —H
53, S4SEE  FRIEIEES.  (1980)
£ 158 AKSHRMEOR—F LB B0 ERICNY 5 R8I0 8ET 2 ERNBR — HFM54ER
FBIgFmS.  (1980)
WI6 T HBEL-—F— L -yt ARG RERR.  (1980)
BT 8 fEOEHELEEARICRETRIGE — Eiﬁﬁhﬁ@i&ﬁﬁ&*ﬁﬁiﬁﬁ%@ﬂ?n

AALEREFSHIRRARRS

— W03, SASERY FRIBFRSE.  (1980)
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#1195
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B2BS
024 E
2B H
B 205
|m2OTE

B28E
B2NS

33

Jo

5 34
B35
336

Ja Jo Jo

BN H
EBE

W3g s

Preparation, analysis and certification of PEPPERBUSH standard reference materiat. (1980)
(RHBEERE () 20 7] OFY, 4Hrd & FRILE)
FEKOBRBILICBES RSN (D — &4 M (FBH) OBF — BIfN53, S44FRE.
(1981)
ERBOBRBEICBE T 284 HE (V) — By lifidomE. SRRkHttsLrzoM
RS R348 — 5053, SR (1981)
EETKR D KRB LICRAT A RAHE (V) — R r#RAA OB ANRELE € 0FE—
HIFN53, R4fERE. (1981)
Bk DR RB(IC AT RATE (V) — B oL EROMSE - AMRER — 153,
S4EH (1981 )
EEKIBD &R hicBl e BEEEHIE (V) — MO BER S LR S M+ 2 BRl#mmR —
F3F053, H4fEREE. (1981)
Bk oE R B bicid AR &R (W) — aﬂéﬁ{tbsrﬁliﬁéGC&IIT%QODi?i{UCBé ED
A9 —Bf053, S4EEEE. (1981)
ek BEBILICBAT B8AME () — [Microcystis | (B 38) OMFARE — W53,
SAERE.  (1981)
BERKEOBERBLICBMT 2 BAME (X) —— SHERIBREI L 5 AG P DHRIE — m@ss,
H4SERE,  (1981)
FEARBOERBLICBT S8 HE (X)) — Tkets — |53, S44EE. (1981)
ARG ROEYEE T % i — s, 554E #nlifdmetd:, (1981)
Studies on chironomid midges of the Tama River. {1981)
Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distri-
bution in relation to the poliution with sewage waters.
Part 4. Chironomidae recorded at a winter survey.
(BEENFRET SR A EHOPIZ
—H3IH EMoRETRHESNIL L) 2 ) #TEFM Orthocladiinee ZFEOHBE, 04
MO TREREL OBRIZOVT —
—F48 ERIoKPoRECRHEshASEOSHLTE] —)
HwBtick Y 2 BB L RO REBMBIC N T 2 BT — W5, SMER  ARIETH
4. (1982)

T ARERMEO B L CHAEROE FC i 2 B8 MY 3 ERNTE — WRSHER

BREFRESE. (1981)
RE Y IF v v K BRAKE - FRBIHR A CERIGOHE — BEAShickid 3
HALEZRFH RBEERRBRBO TR (70— FBIZR 1) — MFSER  SHIRES . (1982)
B ORARN L KREBRROHAR — AREH EARPHBED Y L aL—va v
— ERFNS5EE  RRRIBIEEG.  (1982)
REAROERBITH - REFEOBRICAT 508 — WISHER SRR EE. (1982)
BRSS9 & /MBI R o HEIchd SR, (1982)
RERRICE 5BRORME =5 ) v 7Tl 570 — A5, S6EE SR Es
(1982)
REHERO v 2 7 4 S EREH O TBicBA S 208, (1982)
Preparation, analysis and cettification of POND SEDIMENT certified reference material. (1982)
(BREEEAN TMEE) ORR, i RUGEEE)
REEROERITH - FETHEOMIRICH T 505 — MASCER #BIRFEHE. (1982)
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%40

JB

5 41
42
5 43

Jo Jb JB

w4

A5 5

% 46

J0

& 47

Jn

48
% 49
3 50

Jga g g

# 51

JEB

% 52

Jn

#/55

B®H5

%6

BT 5

)

KEAGRmEOE—RUSEATRokkicrd 2R EICY 5 XBITT — HHSGER %

SigFe s, (1983 -

TSRS O MR & SR A B pAY . (1983)

EfRopit R UTESEicid o 28R, (1983)

Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chironominae along the main stream in June with
description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream
in the June survey.

Part 7. Additional species collected in winter from the main stream.
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Studies on effects of air pollutant mixtures on plants—Part 1. (1984)
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Studies on effects of air pollutant mixtures on plants—Part 2. (1984)
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Studies on chironomid midges in lakes of the Nikko National Park (1984)

Part I. Ecological studies on chironomids in lakes of the Nikko National Park.

Part I, Taxonomical and mophological studies on the chironomid species collected from lakes
in the Nikko National Park.
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Report of Special Research Project the National Institute for Environmental Studies

No, 1* Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress

report in 1976. (1977)

No. 2* Studies on evaluation and amelioration of air potlution by plants — Progress report in 1976-1977.

(1978)

{Starting with Report No. 3, the new title for NIES Reports was changed to:]

Research Report from the National Institute for Environmental Studies

No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus Chironomus

No.

No.

No.

No.

No.

No.
No.

No.

No.
No.

No.
No.

No.
No.

4*

5*

6*

8*

g*

10*

11
12

13

14%
15*

16*
17+

18
19*

No.20*

{Diptera, Chironomidae}. (1978)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1977. (1978)

Studies on the photooxidation-products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research report in 1976-1977. (1978)

Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1977-1978. (1979)

A morphotlogical study of adults and immature stages of 20 Japanese species of the family Chirono-
midae (Diptera). (1979)

Studies on the biological effects of single and comvined exposure of air pollutants — Research report
in 1977-1978. (1979)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1978, (1979)

Studies on evaluation and amelioration of air poilution by plants — Progress report in 1976-1978.
(1979)

Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
Multielement énalysis studijes by flame and inductively coupled plasma spectroscopy utilizing com-
puter-controlled instrummentation. (1980)

Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to the degree of pollution
with sewage water.

Part 2. Description of 20 species of Chironominae recovered from a tributary.

Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978-1979. (1980)
Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1980)

Remote measurement of ait pollution by a mobile laser radar. (1980)

Influence of buoyancy on fluid motions and transport processes — Meteorological characteristics and
atmospheric diffusion phenomena in the coastal region — Progress report in 1978-1979. (1980)
Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
(Nishiura) — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water arcas — Geomorphological and hydrome-
teorological characteristics of Kasumigaura watershed as related to the lake environment — 1978-1979.'
(1981)



No.21*
No.22*
No.23*
No.24*
No.25*
No.26*
No.27*

No.28*
No.29

No.30*
No.31*

No.32*

No.33*
No.34*

No.35*
No.36*

No.37*

No.38
No.39*

No.40*

No.41*
No.42*

No.43

Comprehensive studies on the eutrophication of fresh-water areas — Variation of pollutant lead by
influent rivers to Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes — 1978-1979. {1981)

Comprehensive studies on the eutrophication of fresh-water areas - Quantitative analysis of eutrophi-
cation effects on main utilization of lake water resources — 1978-1979, (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of Blue-
Green Algae, Mycrocystis — 1978-1979, (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Determination of argal growth
potential by algal assay procedure — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Summary of researches — 1978-
1979. (1981) -

Studies on effects of air pollutant mixtures on plants — Progress repot in 1979-1980. (1981)

Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution
in relation to the poliution with sewage waters.

Part 4, Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment — Progress report in 1979-1980.
(1982)

Studies on the biological effects. of single and combined exposure of air pollutants — Research report
in 1980, (1981) ’

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere (Part 1). (1982)

Meteorological characteristics and atmospheric diffusion phenomena in the coastal region — Simulat-
ion of atmospheric motions and diffusion processes — Progress report in 1980, (1982}

The development and evaluation of remote measurement methods for environmental pollution - Re-
search report in 198C. (1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1 98'2)

Studies on the method for long term environmental monitoring — Progress report in 1980-1981.
(1982)

Study on supporting technology for systems analysis of environmental policy — The evaluation labo-
ratory of Man-environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material. (1982)

The development and evaluation of remote measurement methods for environmental pollution —
Research report in 1981, (1983)

Studies on the biological effects of single and combined exposure of air pollutants — Research report
in 1981. (1983)

Statistical studies on methods of measurement and evaluation of chemical condition of soil. (1983)
Experimental studies on the physical properties of mud and the characteristics of mud transportation.
(1983)

Studies on chironomid midges of the Tama River. (1983)
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No.44*

No.45*

No.46*

No.47*

No.48*
No.49*

No.50*

No.51*

No.52*

No.53*

No.54*

No.55*

No.se*

No.57*

No.58*

No.59*

No.60*

No.61*

Part 5. An observation on the distribution of Chironominae along the main stream in June, with des-
cription of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream in the
June survey.

Part 7. Additionai species collected in winter from the main stream.

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
environmental atomosphere (Part 2). (1983) '

Studies on the effect of organic wastes on the soil ecosystem — Qutlines of special research project —
1978-1980. (1983)

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 1.
(1983)

Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979-1980, Part 2.
(1983)

Study on optimat allocation of water quality monitoring points. (1983)

The development and evaluation of remote measurement method for environmental pollution —
Research report in 1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Estimation of input loading in
Lake Kasumigaura. — 1980-1982, (1984)

Comprehensive studies on the sutrophication control of freshwaters — The function of the ecosystem
and the importance of sediment in national cycle in Lake Kasumigaura. — [980-1982. (1984}
Comprehensive studies on the eutrophication control of freshwaters — Enclosure experiments for
restoration of highly eutrophic shallow Lake Kasumigaura. — 1980-1982. (1984}

Comprehensive studies on the eutrophication control of freshwaters — Seasonal changes of the bio-
mass of fish and crustacia in Lake Kasumigaura and its relation to the eutrophication. — 1980-1982.
(1984)

Comprehensive studies on the eutrophication control of freshwaters — Modeling the eutrophijcation of
Lake Kasumigaura. — 1980-1982, (1984)

Comprehensive studies on the eutrophication control of freshwaters — Measures for eutrophication
control. — 1980-1982. (1984)

Comprehensive studies on the eutrophication contrat of freshwaters — Eutrophication in Lake Yunoko.
— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters — Summary of researches. —
1980-1982. (1984)

Studies on the method for long tem'1 environmental monitoring — Qutlines of special research project
in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Photochemical
ozone formation studied by the evacuable smog chamber — Atomospheric photooxidation mecha-
nisms of selected organic compounds — Research report in 1980-1982, Part 1. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides systemh — Formation
mechanisms of phatochemical agrozol — Research report in 1980-1982, Part 2. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Research on the
photochemical secondary pollutants formation mechanism in the environmental atmosphere. —
Research report in 1980-1982, Part 1. (1984)
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No.62* Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)

No.63* Eutrophication and ted tides in the coastal marine environment — Progress report in 1981, (1984}

No.64* Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984)

No.65 Studies on effects of air pollutant mixtures on plants — Part L (1984)

No.66  Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

No.67* Studies on unfavourable effects on human body regarding to several toxic materials in the environ-
ment, using epidemiological and analytical techniques — Project research report in 1979-1981. (1984)

No.68* Studies on the environmental effects of the application of sewage sludge to soil - Research report in
1981-1983. (1984)

No.69* Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report. (1984)

No.70  Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological studies on
chironomids in lakes of the Nikko National Park. -- Part H. Taxonomicat and morphological studies on
the chironomid species collected from lakes in the Nikko National Park. (1984)

No.71* Analysis on distributions of remnant snowpack and snow patch vegetation by remote sensing. (1984}

* in japanese
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