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Abstract

The effects of heavy metals on the aquatic flora and fauna were assessed in the rivers
receiving the effluent from abandoned mines in various districts in Japan. The species
specific of benthic algae and insects to the heavy metal polluted rivers were identified.

The mechanisms of the tolerance to the heavy metals were also studied in details both in
the field and laboratory.

The effects of insect growth regulators upon the algae and macrobenthos communities
were studied in a river as well as in a outdoor artificial stream. The destruction of the fauna
brought about rather higher density of dipteran larvae in rivers afterward. It was also found
that herbicides and pesticides applied in a rice paddy field developed a specific fauna
dominated with ostracods and chironomids.

Various types of model-ecosystems were developed and their usefullness for assessing the
impact of hazardous chemicals were examined. Those include both lentic and lotic ecosys-
tems. The effects of pesticides and herbicides on the ecosystem of enclosures set in a pond
were actually studied.

The detailed studies on the bicaccumulation and the effects of heavy metals through food
chains using various organisms in laboratory were reported, The effects of a herbicide or an

insecticide on the reproduction of fish were also studied.

‘.,xi‘
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Flora and Fauna in Heavy Metal Polluted Rivers 1
Density of Epeorus latifolium (Ephemeroptera) and Heavy Metal
Concentra tions of Baetis spp. {(Ephemeroptera) Relating to
Cd, Cu and Zn Concentrations

Shigehisa HATAKEYAMA!, Kiyoshi SATAKE! and Satoshi FUKUSHIMA?

Abstract

1) Heavy metal concentrations of attached-algae collected from the metal
contaminated rivers were excessively high, Therefore, the effects of Cd, Cu and Zn
accumulated in the attached-algae (diatoms) on the growth and emergence of mayflay
Epeorus latifolium were examined using an indoor model stream. Meanwhile, the
relationships between Cu and Zn concentrations of the attached algae and density of
E. latifolium were examined based on the results obtained from the indoor streams.
Mayfly might be adversely affected from the Cu and/or Zn through food (attached-
algae) as well as from the ambient water.

2) Heavy metal concentrations of mayfly Baefis spp. were found to be very high,
particularly with two metals Cd and Zn. The concentrations of Cd and Zn of the Baetis
spp. were about 12 and 6 times higher, respectively than those of caddsifly {Hydropsy-
che spp.) in the Kosaka and Yoneshiro Rivers {(Oct. 1984). While with Copper (Cu)
concentrations, differences were not apparent between Baelis and Hydropsyche.
Cadmium and Zn concentrations of Baetis increased in the downstream contrasting to
the decrease in the Cd and Zn concentrations in the water of the Kosaka and Y oneshiro
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Tsukuba, Ibaraki 303, Japan.
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Visiting Fellow of the National Institute for Environmental Studies. Present Address ® Yokohama city,
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Rivers. Competitive interactions of Ca and/or Cu to the accumulation of Cd and Zn
were discussed.
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BHB L BEFEEAN:,

1 BLsic

B4 BB NOESARIC T TREBL RN L 0, HIUTRETENOEMEOHAEHE
OPNTEEATOATERY, il (REEZ30) L 2B R 1EROERBLE I L0
4, #(Cu), HEHZn), # F I a(Cd), 88 (Ph), & (Fel 2t aMENLFHRTHILBE
A, TORTLBENMGEEZ LNLAE, BT LICOVTIL, Kol L hYAE (8
Bl L0 oEBRIRIEINTVS, FlziE, WEYNCLiEAKFRo CulEs30ppb LT
EEROBEY SEUT I REF T EA TV £ 2 CunBBIZn LN v T HEWLn
rENtz, )

—4, KEBBOELHENH L L THACTWAERETNESBERENES TE W2 Lo
LR TS (EEMEEE LY, RroHEYTH Zn, Cu % K THEVWEFREE ATV 5,




IAECETFIATRTNENERERFREERRE

BERERMNOERTHENEF 28T 2 LT, KhnER2BENALLT, INLEROES
BopgrgEant,

AYENOBEP LN EE L 0L, KPOBELSBBEEYE X2, HhnBEr LY
BERTTRGEVHBETHE, BEPOESBYKERACRIZTHEBLETTNVERICLE - TH
LIEEHMATRTH L, FOHMICOWTHR (Cd, Cu)'IcEL, Zn DRI KE6) O—
MicEEL 7. S EIOME TR ETNER L BNFEENER L 0EERRY LEBRORNTORY
HEEIC kA RERRIINTAHEBORE, XiIZnBELMITL,

EMEFOELSBRBELIET LI LICED, F0EYrERTIRBOBRE ¥ KPiRED
TENCH L CTRESEN L LN L L THBZ EFRL 5N T3, BOEMTRHEZ LT X4
HA L EHREOEEESE L THITFLN TV A M TRFEESPN L) ST IrAT7 e T
TEREBREROEEEIBIIN TV S,

FraDPABEREP LAYy, FOHTH I3 HY 7 (Baetis spp) POESBBESNEVI L
HEBENS, Foanrav{B)ii Baetis thermicus D L J IZELRBRMHELZ AL, HWHEREK
D hFROTVEE S THVWEERE TR FRITRE ThH 5, Z0BENEAPTIEE L L TR
THRLNEHRICETE 227070 EEBBEROIEEE B L 72,

2 h &k

21 BEBRREOGRE

1) #ANK 5 250mi 3 ) FéRcEKL, BB T4 ml/ o HNO, (EEEoTA) £&mL 2
L % ICP-OES (Jarrel Ash 975%!) i3 B IR XEE (B AA-640-12%Y, B37180-80%Y) T4
WL 7z, —¥BI20.45, 0.2u 7 47— (ACRODISC) TAMBLA Lo 2ERC L THHL 72,

2)AEATAEE | WAHD D KEI0em FIEOFT L L BERN L, 77 & THFEELRIL 2,
FVBEBICANSH (>4 C) LTAHAMICEAT., BRICL 2R, A2 Mo 358 TR E
Bpd L2, BLGHERIE(6000 r. p. m. 15min)i= & N0.1mM EDTA(2 [8]) & $iK (1 ) T8
BAoESBRLREL, EELE2(00C, 1H), Sih2 M, AERRToRL2HE, MK
TEF I L ICP-0ES i3 Rk egedE Tatr L 72,

3V kBB (Avay, PerIhl)  KEBREZREZSTHEL, A X EEREE L
BZTHE2LIZEY, 0.1mM EDTA TF ¥ &k Lk, gAYt LL, REREL
#%, LRI LESRBELNEL I,

2.2 XEEROEHE

BRSO b, RUdHHICHE 4 2 RFRE 2B, TLTRCLW (D2 OBEMAE
BTitr, —MATAEOY S—F oy} (32X 32em?) ¥ T NEBR, BOLNLEMHEE ZREN
S ERE D & Shannon O SRMEIEH 2B 2L ZofEr ) A2 L U TR f-> T




ML - Er B Ens 1

Do AZNHAIZDWTIE FE2)ILENTVE, ZAEL LT AT (E latifolium) H
BEEY L T4H 7 LnFEHEs By,

I B R

3.1 APBUMEREFOERE(Cu, INYBELIALELES2A5AVNEREE : DBER

ELIZANETFLNEBOTELALINEY L EFFAYevndR IR kbR
B EPD Cu & Zn OFFE &R L 72, TAFAEORER, BEIEEDO CdiBEIRFIZ T8N
LI 00ug/gldry wt LU T Th -2, —F, @ETNLIL2EROBR IO L ) HBETH
IEYEZIHrATNERICHG P TEEHNDSH LN Lo 0T Cd OIS RIS,
LBz, TR, AEES O Co, Zn BETEBERESR Y SRAIVET L 2HERRIRKE (L
S Twd, B sLAKRD Cu, Znii % F125pph, 100pph DL~ TH s ok E2ITiTEL
i, —F, BEPO ZIn BIEIZ2 000pg/g OL_NLTHY R OSBRI E L HELRITTZ
rHEh ot 72 Cu T3, 500ug/g BEVSATIILEY £ T 9 57 78R L 8y
N85 EAREALY, '

BABECRL KPR UCARBABES (HFERF ERT L T3)FNETEREL e
tZearavnERBELEEBICRL, R1OERTFT—F LOBEFLBICE T HEEER
() hnBESENEEERETL 2,

2 383 F10 B R RN ~ KRN OBR TR LNLERTH 2, ARRSOMNERRITR
LizR L7z, AD, SORENNO LFICAE L FHgEa A% Wi, B0, Z3% K il ¥ ¢ TRTii

£1 TILEFET 7 #wy (Epeorus latifolium) e, TG
MiTT Cu, Zn My E

BENE "o TR % Ow HB E O
Cu-Water 10 58 wE e - Pk +
(ppb) 15, 20 8 ik R % T #1. 50%
25 838 g PEEEEE
30 34 JELE 83%
Cu-Algae 300~200 58 bR R - L +
(ur/g W) 700~ 600 538 RN - Ak (g - 0%
1,400~1,000 S8 SR B #. 50%
Zn-Water 30 58 R - L <60%
(ppb) 100 2H, 58 k- Ik - 0
300 2E, 58 E-nt =ik 0
Zn-Algae 90090 54 W #, 7%
(ug/g M) 1,400£220 54 RE R - 3L #. 50%
2,200£410 1,8 - 508 s - 3EE #25% - 100%
3.300£870 24 i (3IEPE L

fERrmgth ey Cu. Zn MEEIE B AM e 2 IS L 2, Zn 3 5RO ES D (n=5)
{(Zn-Algae (T8 OEEBEOGIIZfTHIL I L2,)




51

ppb

No. of Indivs/ mf pg/qyldry wk)

B
oo

N

- hS

!
F‘k AL -+ HI
Lfﬁ——"r\“ifvf/ |
\\j '/ | { -

A RE) Y\\{\M
tt’ -

INANEL LTI OOEREERCTEEIRY

w/ /

L

e Z 6 THRHEL 22,

aor 3001 —
— Cu-Hater Zn-Water
o — _
207 1
H 100F — |7 -}
10 |_l
[] [1 Rlw! — | 1] =0
P -
000 2 T‘ Cu~nlgae  zppol —.—. /;_ _Zn Algae
- s ;
23 E 4
1500 ———pA——— tA 1500} S :
o g xd i %
10001 f g4 10001 i 1
[ & : :
sonf oy L o p 5004 ) ﬂ
obom o B B B 2 £ ol FALLLE Kl ol ¥

0 - LR
A5 SO BOZ1 727376 7576 77 01 M1
STATION

Diversity Index

A5 SO BN 71 72 73 T4 5 1677 01 Y1
STATION

AN~ AN (B3F10H) DEEER

Kehr 5O Cu, Zn BERV Yy (E latifolivm) OFHEE (n=4), EEDHHOE
BAtE% (Shannon ORIz L 3) Y. BRMEREMTCHEZA AR 1EELL.

19—



BUNBRA - {2 - R 1R

NHENFTTH D, L35 LNz behe L CRESEREIL T > T2, 83F10A D ZoHa
(F1oE) TifREIcEuEI BN, ZTHIZ Z6mT ¢ LRICERSA - TR EDNER
D EHFICHDBELTIAHR IR TE N (H 1), ok Cu BESABIMIC &, - 72
Lt EI TS,

ASHLE IR Cu, Zn OBES VTN LEWD, 2t e FFZHravnd BEEIL NS o1z,
IR OME D BREIERAIBRTH), AOBIE T Y ERETALA L LESRTGR
DrzHTIRE L, ZOBAGIEMN L m EERBCECRBICh - n EELLNE, BR
DRV SORFROEE: 27, 01, YIOZALEY b T 747004 8 5EEIZH300~500
@Whﬁ&%“bﬂT%oto:ﬂtﬁtfﬁ%mﬁhB&Z?ﬁimw%ytﬁfﬁfﬂﬁuﬁ
EExNTh T,

272 71, Z4, Z5% & TRAS AT Cu it Zn BEX VTR TERTHEL SRR
BL~Li#zTwd, TNLOMEATIIINEXES Ay e BEERE, -2, 22L&
YITRATE TEEIEL C(EY2, Y1E ) LBEXNRCORAFN Cu 2 Th - 12, Z2OEE
DET BRI KDPD Cu nFEFIEBr -2 LN EZ LD,

B412i384F 6 BicAT- oM i LN ofAxER 4L 2, St Ao EBRIIRE 3
THY, St.6, 7, 8izIEFHIRX, St.CO, 0, 1 iEBIEIUN TSR, St IIRMICB TS
P Thd, SLCO, 0, 1, 2% XD Cu, ZnBEIRFL (&L, DL ILZFTRH2LANAHL
WIRRBENT 2o TRIAYe 7 P OBREREREEEL TS5t 3 TlRARD Zn
WESFFREVNEMZ, kP CulBESFIcHEL T, 22564 TiEd Cu, Zn & LEEER
ETH 12, NLOMETIITLEXETZ Ay a7 OBEIRIM LT L& o720 —F, 75
Ry St 6, 7, STHEEZI00ET R E &, SHRMEHLMEL Y Er o2, St91E Cy, Zn

3 #ioREtaE (8446 H).
St 0.CO, 137125 % KIFBHBE, 6, 7, BRIOXXOEBIIETHE,




INECETIAY YO RTERCEERIRE

300

2501 [ [
2000 [ [; T Cu-water D E 2 Zn-Water
] 200|
1501
Fed
& oo} 100}
sor
o TD'_' — o
o ] Cu-Algae
= 2
5, 20001 4000 I
H . S —
z T g
2 1000F 2000 [
g ]
[ = Sanul
o~
i 100F Epecrus latifolium ER S
£l
Z 2 f
b sor
8 1}
i | o B Lot B
0o 1234567 o123 567879

STATION STATION
4 oA RE B4F6 A)
Kb & B Cu, Zn i, R 727 (E lalifolium) D EXEE (n=4)  BEBhO S8
fidiit-

DHERIMHE, - 2B NE L 7707 70RERECENFR LN, ZoEERTFREET
Hot:HOABRFRLENERLFEFL SNAPREENFEITH L Th v,

5 icEibgnl & L7, Wik (M1~M6) Rrr, &M (K1~K6) §nilod FiEhEN w17 - 728
BREELTRLUI, AREIMEIAPRNICT 24D TH B, Wikgho M1, M2, M3% & Tlik
FIATER R (M2, M) CuBEDEL, ZAEX LI I A7 oY bR L Ty, M4
T4 HFRDOBEIHREV-NWLUTTh-2, 22T A 707 OEEITI00EE/m? & i E
rofzo ME, MBTIZEEA O £7203 3 o2, ZITREEDD Cu i EFREL~LE
B2, ko CulBEL ZFHISEY - f2, EMEILOBDRE T kb Cu, Zn RUHEED® Cu
BELZENEELNVICHEWLODH N, 2 HNEHEFEZ L s K3, KATR 252 TEE
MO Tho72, B, ZOMENBREIEILZ) A TH-72, ST.ETIREIER: LESRBBEY
- 7227, ArenEENEr-, COMIOREIZRTHD, Y= FERMBOER
Hho Il b ERIFLR DY RERIZE L Thv, ZOREN SERSIIRENR (, B
it 28D+ © 4 7 (Cheumatopsyche brevilineata, Hydropsyche orientalis) T&H - 12,

[ 6 (2844 3 BN (Y1~Y4), 834 3 HoAN (S1~S5) nBERBETLLAOT
Hh, HENOSLYITRAIBELLENETHY, TAEXEFFH70TOEREETH . K
HRUHBRERD Cu, Zn BEH SV, TR Y2, Y3, Y4TR LB T A7 a7 3RES R
T, HEREIEEL R,

FERNEZNZ TomIE R, fOBEMESITH S, SHIFERIETHD, NKRLITE
AEEBTINES LT 5 A7 0 IDTERL L EELOEEL bils. S4THY BINE



Bl - ety - w48
100 - = 2 : 120 *
B0 Cu-Water toaf” Zn-Water =
60 i i ‘ r
6 st sof H é
* -t :
nl :
o Flnﬂr—,mﬂﬂ — UH -—-|—|:r-1r] =
& { cu-Algae Zn-Algae : &
2000 [ s 4 1 — 300f 13
;5'-1500 ‘}r — 200[_ s 1
., 1000 ] 2 nE
H v & & 100 4 b
T 500 b e BlIel&iz
5 : mmfaﬁn DHHE-
5 0 i
™ 400 |- Bpeorus latifoliun af Diversity
g 00t ‘ : if
% 200 | ; o
5 100 m r‘] l"l (1)
g ° MT M2 M3 M4 MS |“|6 K1 KZ K3 K4 KS K6 M1 MZ M3 M4 M5 M6 K1 K2 K3 K4 K5 Kb
g @ STATION w4y l“‘ # STATION . 4
@5 w&ﬂm,EM%meTﬁﬁEﬂmﬁﬁﬁﬁ(M$3ﬁ)
Ao R R Cu, Zo B A 7 a v (B latifolium) O LT (0 . A SRR
WETT,
— 250 —
100( Cu-Water Zn-Water
7k — 200} EEE—
50} ] 150
g 100}
a I | || M
25 ] I sof
al - r— 0
< & Cu-Algae
5 3000‘ :3' 2000 F —— ;J-?_‘-F'? ______________
& 2000 = I 1s00p f &
2 [ 2 2 < wool  f 3
2 > g g
g 10007 20 soof B 3
o) P s W v M ot L B &
& 250]. Epeorus latifolium Diversity Tndex
- S Diversity 1
£ 200
5 s
Y 100
g 5 - $
U T T T T T ‘I' - 0 T K ¥
Y2 Y3 ¥4 | Sl 82 53 Sb Y1 Y2 Y3 Y4 S1 52 83 54 S5

|3

6 B84 3 A),

g o STATION ooz gy

W ot on STATION oo s

ERNOBESE (8353 H)

A R U R# S Cu, Zn BEER A a7 (E. latifolium) OFHEE(n= 4), BEEDWN S
B ETRY,




IUNELEF AT LEIER TR

EAETOMSICHAYL o Twd a0, TOMETIHEED O Zn BESSTL~ILEME, K
By In BT F UL T 7z, SETIRAKH O Zn SR VA, BERO Zn BERFIE LY
LG, INSWENEE»LOAT ) & SUTEREDPO ZniBEAAKPO Zn LD L 8L TW5
WL tZEZ L ENFHES,

F2ER2, 4, 5, 6NTNEL LTI TOELERE L RKFROAERETD Cu, Zn i
EOBERBINOERTH S, 2277 L S5t sih 6, BREo 2 M4 (A5, S1), BTHRTHE
BBz LA (B SE9), 4BRNBENI b, FALMAr—NLERL, AT ay
NEEH 0D M, FF8fatBuvi, HRARKEIECLOTRELD» 128, ZostinE)
TR ET ) Co EREFERRES TR OECEEZTRL 2,

P2 AHruOEN (per Im?) EAh LR E oy Cu, Zn iBEE
7 i ER T {N=236)

¥ =746—0.700 Cu () —0.180 Cu (&} —0.149 Zn (i) —0.024 Zn (u)
(7 =0.420, ¥t 1.66)

BT i R

Cu (w) Cu (a) Zn (w) Zn (a)

—=0.109 —.339 —{.034 —G.021

¥ooAn g, Cu lw) Zn lw)) fobay Cu, Zn )% (ppb)
Cu la), Zn (&) D AF Aoy Cu, Zn B2 (ug/s G000

3.2 khOESE (Cd Cu, ZIn) BErap4 Ay (Baetis spp.) POESERE » OBH

M 7131980~ 2EFONNARK (Fi2 1~ 20) cbBH 2 KERMOES B2 JEMH M
K EHBiEsiz AL TELAZLVOTHE, —RLTassay (Baetis spp) ey Cd, Zn #E
HlfE (NE R R, b AT, 27T, EOA ) ANLEBTHAL I LG T,
Zoize, 83, MEOWRICHBERSEICKIRF Ay e PO ESRBE & HMEICREL
B TOEGBETHROIEEE PR L 2 84EICIIN R E LT+ b v 7 (Hydropsyche spp.)
bEEH o L 72, (R 8 IZ83F10ARER AR, 358, #4 v CdBE, K9t
oo (THRBTREzLEYE T FH 57 o7 LEIZON) o) Co, Zn BELTRL 72, AH,
HEPD Cu, Zn PREBELIZR LR 2 holEThH 2, (F35#0 Cd, Cu, Zn BT KPR
BEC R TR L TR ERH LS, ERMTIEIAY e hOBELKFORELITR
BLTERL T2, —H Cd & Znidkho i & H 5 ordniEr by L L —8 L 4, Z3~Z7
THRAFPNCA, Zn BEXFELTLN0CR L TCH7 a7Ha@BEFT L ABML Ty CIEA RS
n(HESRECH2 XHI),

F10izid84F10 A A NAKPR 7 Cd, Cu, Zn #E (Total, 0.45¢ 7 4 L7 —5Hi8), RUHEE



SWEA - ¥ B

20 30 40 50
{ m T { i |
Bagtis spp. ¢ 3 [ { pg/g dry wt)
( 10) P s e
- Protohermes { 6)/
grandi's {12 @ [ Gadmium ]
Trichoptera 5 l%% o E: Non polluted region
4 G Pclluted region
Plecoptera [ 11} E
 18) A
Ephemeropteral 14}
{5
600 800 1060
I I ]
Baetis spp.. {pg/g dry wt)
Pratokermes [_C_c_nE__;_:_g_r__]
grandss
Trichoptera
Plecoptera
Ephemeroptera
1000 2000 3000 4000 5000
I I ] I |
Baetis spp.” = (ng/g dry wt)
Vs s
Protonermes
grondis i zinc )
Trichoptera
Plecoptera

Ephemerogsiera

&7

MEAN & 95% C.I.

AMEM O (1980~ 2 5F) 0B B RERUBRREICE T KERE

7 Cd, Cu, ZniE

{ ) R 7

244 a7 (Baetis spp.), ~E b ¥ (Prolohersmes grandis), } ¥ 45 7 (Trichoptera), #7757
{ Plecoptera) BUF 2 214 0 7 LI 4 1 77 (Ephemeropiera) MiE £ 7T,

(Ca, Mg) ®#Rl72. £MILCIRERCHWHLIzaAra 7Ry~ 45T (Hydropsyche
spp.) @ Cd, Cu, Zn BE L TRL 22, BERSIZE L LEHETH S5, ZIRIFDPRLEE L
(1, EHFEHALHD. BO, Z3THWHFRAFMD 21341 FTHRIZA - TAFD Cd, Cu, Zn DRk
A DRSS b A TROEEBREISIFORERE L AROMEIE LR A,
B L FEg, 23~Z7TRFP 0 Cd, Zn BEARST LD LT, Ay ey ho @R M

HHSRETH -T2, —F, BO~Z20 Zn i AKPOBENBPIMH - Ty 7HRORE LRI L

Twvd,

__24_
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h#mw 8=
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— 2 = [s) H
° g © - S &, === 5
= s = 8 & = o
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5§
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B3 2407 (Baetis) RUFTLVE A E T
LTk,

F A vy (Epeorus) ey Cu, Zn iBE

KPR H#E P Cuy, Zn BEERK 2
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AN~ KA (83410 H ) B
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B A - YT - ey

30r
Cadmium
o 20F
o
[}
10 1
0 o e e oM. ra

Copper

Zinc
.
BN =) eora
- Hardness

£ Mg
Smini =
i [0 e
Z1 A

750 B0 2013 11015 7 ol Y1
STATION
B10 AR ~ Rt (84410 8) BBA 12 51+ 5 7)Ao Cd, Cu, Zn B1r Ca, Mg

DR
Total B t¥0.454 @7 4+ -7 —(ACRODISC) THBL ok 3DfEE: T,

200 -

Cadmium

150

100

50t

8001

Baetis spp.

400}

[=]
——
o

]/Iiydropsyche Spp-

Eda B3]

pe/g ( dry weight }

EOOOL

€000
4000}

20001

SOOBO 21 72 23 Z4 0I5 26 21 01 I
STATION

n.; not collected

E11 RN ~#A0 (B4F10R) #EIZE 1T oA vr {Baelis spp) R
<} w4 F (Hydropsyche spp.) @ Cd, Cu, Zn B
v b ES 7323 Z4TRIBEREI LI,



LAEYE ZFAYO 0N EER TSR

v b B IEe Cd, Zn BERTHLFAE (A7) » L FMSALL I IChye T L0 b4t
Bl BoTEWEETR L7, UL, Cu Dl 3 ais k- TRE VB LRBRBESH LAY
Pt (A1), v ErFOELBBE L KTRIE L OB Zn ) BO~Z2T—HA780 b
N2 MOMATIREBASL o7z, Ll 347070 LS KPBEOMD 4
MRS LN o1z,

KRN ESBEE L 270 (Ca)iBEIRENOEE Sy — 2R 2, ZHUIBEINA N
BETLERTH - 72 Bic83E 10 B FA&rED Cl-, NO—, SO @l E #5 L 2 47([12), ClI-, 8072
DBEZEEBS Ca L EMNOER 9 —> 2RL1,

5001

PPM

]ZDIIHH 0o

A5 S0 B0 Z1 Z2 23 24 25 26 27 O1 YI
STATION

F12 AR~ (83F10H) BAFEIC 51T 5 ™k 5072, NO—, Clraig
)4

SO7t ClovidEi B4 B o Ry & ML T8l A,



AR - B R 8

4 # B

4.1 APRUHEEDOCY INREEILEXETFIRAFATOEREE

W PO BEEBTRAN TERAERR Y BNERTEL Cu ZnHFERE L~ L& KR
LRt L, EROMMNICEITS Cu, Zn OREBR 2 ET L 72,

Bk (20 A5 H6DSD) RTHRHE (M40S5t9) k&, KPRFMAERTD Cy,
InBErER, LELRERESRBZLN, 223 I IOEV LY DME T LEX TS
ok BEEL0XINEL{ o TwB I tdRENk, Cu,Zn nBECNT LI LEY
ES a7y nFEE L SREERORRBL N L L —RL T2 Eh - 72,

AN —RACH], BT Cu, Zn WA DBEIE W2 LATBINLS, Tk d-TizEs
Lr—HOEEH L ) KEEHL TR eamBdhi, Flald, EENTReRke LT
DBEFEL, SATHEERO In BEFBWI b L 20BN THE Lz, 272, BB
FiIll) 5i < o> M5, M6y 7 & T Zn DREE AT MK A7, FEEEP O Cu REHBEEE
M2, KPFDCud FNISELZETH B, KFDBEL~LAERWE Si2, (IEEFOESRS
EAHEBELZRE(RZTVAHARVE I TORAETRRLN LV, 2 F0ENBAELD
TWEk3THd, L LEEBHERANTE, FORELHEECTLORBERETH 51
LTy, RO Cu, Zn A YR EFRAIBAT LAY 7ICN L THEL RIZL TWwD I Ly, £B
TR HEBREL R TIENCEWTRART LI TEL, LPLSE I T4, KPR
UHERDESRIIZNEIEREBIC LY Z20BEFFL(EBLTE2 L3N0, ERNEBRRUH
HEMOBESBOFEREL YA RERFE IR LTI L Ly,

HERGTOFERIZAER L L A7 07 0BEEORSIHEE» S - 724, HBEREZGELD
Tld 7t - 72, BRI FEGIAE R TN Cu B LK - 22, B2 TL 2 2t ) %l
R OHRDAD LT, FERFO CunBEIRELR-Z Ll B 20k 5ot
HHFO CulBEIKPOBECFATLTEBL T2 00 TH S,

42 BB oAy nEeRRENMFE

FEOKERIUI OV T L 2 TFHIOFAZS L 2 42y (Baetis spp.) HDELBBEN
G, HmTHCAZn DL (BN EHFe D, WO TKkPDBEE NBEELFNTCE
e 23 Ar T BILF OIS Baelis thermicus O LD S ESBEREE S &4, 252/
DEFAE TIL B. sahoensis LML AL LBLRE, BHRERFICHEE{(ERLTWE, 20020
B LEFRR E TR TR, LEEORESTETH S,

—H, ety T kB EWT AT Cd, Zn DBEREIENFLFR, 11.848.6
B(H=7#8, FEr70EH N.DIUTRIATHALE(), 5.7£1.8f5 (N=8) &ML »
CEWIEHHBRENS, CoL I THESL AV TRESRFRANNFGRERTEEEY
FLTEMMEELLND, —F, AR Zn TRLNL L S @NADOSEREN AT 2 RMH
T, Bz I A7 o7 H0 Cd Zn BES MY 2BV DL e hGh o2, ZHE ) WHREH




TAEYETFELYOTNEREELFEERRIE

LPRTELHOBPELEREBFI LA LT Td v BLONREELTHEILT )
Avagaizt s bo, i) KE (pH, BE, BHEELS) CERETL0; ) hoEEE
LOMERRAL P HITENS,

i) ELTEY, KERTOBET¥EIFLNL, LL, ESFRMDT S TRICHSTE
L (M9, BY) @47 a7 Cd, ZniBEXEHw22, LLRETOA»LHHT S & Cu L ER
NBREHEH > TLWHEFITHEVIEZEPLB T I AHMIZBL v 2 HI—MHEZEM
St 2ESBBEOHMIE LN DL, 2L 1983F 1012 26, ZT TR LN BB Tla k&
BonAasevhogEil sQninl ) BERGRRER) Ch-1. Lirl, LEOBELH
R 512, Z3~ZTRMTH Y U704 R RRBH LN hh o, $REPFHHTFES
TTIRERENNEWAEPESBREXC LAV EREVERTWERL A5,

i) CBET 2K LCit pH, BiE, W (CatMg), (SO, Cl-, NO; (2037
Hiz834 10 H) pflsE R s, #0HT Ca, SO, CroiBEEIrE4E (Cd, Cu, Zu) BEDEHE
Ny = EE L TERL 2, BE (Ca, Mg) L 2EHERICEN, BEEBORN ALY
I S R EE N T o E2BOBEIBMENLZ R ECHLEATEY, F1cET 28
ELH BEIC L B E Cd, Cu, Zn & VEORINC -, 2P oichT 5 £t (24
R EEEEGERE) H URECEA L 2, SEORSETCESRBED SV IHLG OB 100814
EBBADINL, KBDCd, In DBENFESL TSy aThoBEI S 26,27 (H
10) X OEEIZOLT LKL SNALRENMEATH 520 TALDI Ed L, BEDTRS TS
HCAIENABpRUAFY RO Cd, ZnBEAT—H L 26 S RNATHREREWEFL LA
B. —H SO Cl Yt Ca t MUEEZRLIA, THHNEA A it Ca & K Cd » FEHERE
POMEERICERT A LN, L LINsAr eI Cd R In 0ERICE S HEL T
LIS ROBETH L, KPOESEIWIEEEL X v — FRICES L 2R, KEEWIcHY
BHEHIBRT S 20 ) BER SV, BHEERICH T 2883 CustZn e Cd L ) LW, F7z,
AIAKR T KRED Cou ZBHEEBIIEAL Ty 35 Cd R In IEBHEBICES L TW 283407
WEWIBELHLR, INLALTRBTH Y 7® Cd=* Cu DBEHSMAL TWVEAT, Cu
BENBTLZWZ Y TRECRHE? M2, Cu tET 2 2 kick Y Cundipilist, 10
MEI Nzt b—onEEEEL H1LD,

pH 375D BO~Z 5 K T6.4~7. 1% 0z LT, Z2 6 & Z 7 T127.1,7.2T5 1, Cd,
InDARPRUSLA Yo TOBEOSA—HEMNHATE L o1,

i) NEEBOMEMEICEL T, Cd, Cu, InMTRELBES I 7 (A F0F T2 A
Y ERTIHNES Cu TR AR Zn L N L FEWZ LR ENT WSS, KEEPICL 4 F o
FAAA PERENBIEDPLCALATVAEI), AY 0T ERNOEEGEBLENE( AT
FARAL TS L TWB I EEL LS, —F, § 3 2 (Moina macrocopa) TTF- 12
EBRTHLY, CulkF=3 a0 CAEREZIE L, Cd3RMiz: v an CuRELEME
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72 (13, REFK). IOHRLBEHT2LNLLT, Cuick 3 CAEROMHIL, 323D
CEEREAE S 7O HE L TER L CAdr BN EIC L) CultBRT L EEr 6N
5, EBOANTI P> 2nERTHLALL 7 Cuic k3 CAEFOIHIARE 3 & T,
FEROKBEFATa RO CdBENT—B 23T EH] LN 1E5,

ERiciz s L 260008 FrodRBELLSEIL AT B & 2520, £ DKRBo LABBETILMEIC H 5%
FORTHEFREOREWEINO TR TIEEEHENTRL T b,

EFFECT OF CADMIUM ON THE COPPER ACCUMULATION BY M. marrocob

1 CADMIUM { ppb }
0 5 10 20
160 T T T —
140 |- COPPER
{ n=4 )
120
-
bl cu; 10 ppb, €4(-) 187.% pg/g dry weight
“ 100
E Cd; 10 ppb, Cul-) BA.8 y9.9 dry weight
o CADMIUM
80 |-
( n=8}
60 -
40 L 1 ] 1
0 - 5 10 20

COPPER [ ppb )
EFFECT OF €u ON THE CADMIUM ACCUMULATION BY M. macrocepa

{13 #- 3P >3 (Moina macrocopa) @ Cd EMIZRITT Cu, RUFCAEMIC
Rzt Cu DB (FROLHDEET 7))
CudHHFR LD, 3 ¥ a0 CdERFMHS N,

SRl OIEC LHRNOANFHE TKEDBEFBLTLTHRETI A2 7O Cd R Zn B
BENEWEHNFSE I LGl TOZLR Y e 7TRERMAORDFRLIEET S L4 5
BRESTH LY, FOKFo bif, B2 LR MIBOIIIEERIC X 2 HRE T S
TFRTEBLEDTREY D LB TRENRESTH L, 00 LEROEHEY HLEEHS
PRTALENFHBLNDEEILN D,

Zf-sr e (ICP-0ES) (2 & 2 & BIBEOHE i SRR, FHEHmSoEIEERIcL 5L
DTHN T DICEEEL 2§,
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Flora and Fauna in Heavy Metal Polluted Rivers II
Seasonal Changes in Attached Algal Flora in the River Mazawa

Satoshi FUKUSHIMA!, Shigehisa HATAKEYAMA?,
Masayuki YASUNO? and Nobuo YOKOYAMA?

Abstract

Seasonal change in species composition of attached algae was investigated in a
mountain stream polluted with heavy metals. Fifty one algal samples were collected
from a station of the Mazawa River, polluted with heavy metals in effluent from
abandoned mines, in Yamagata prefecture from May 1983 to June 1984 at intervals of
7 to 10 days.

Concentrations of Zinc, Copper and Cadmium were 1,140%500, 67.4%32.1 and
7.63+3.10ug - I! (mean*S. D, n=46}, respectively. The concentrations of these
metals were relatively high in May and June.

Total number of algal species collected during the investigation was 22. Fourteen
diatom species were found, among which Achnanthes minutissim a observed in 41
samples and was 95 to 1009 of the total cell numbers. It was followed by Surirella
ovgte which appeared in 16 of 51 samples. Other diatoms were very rare.

Number of algal species found at one time ranged mostly 3 to 6. Achnanthes
minuiissima existed for the longest time. While, Cyanophyta Phormidium leridium
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Visiting Fellow of the Nationa! Institute for Environmental Studies. Present Address | Yokohama city
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Tsukuba, Ibaraki 305, Japan.

3. BEFISGHEE - B AETRAEANRER (UFXKEES T990 WEHSNE 1T H4-12)
Visiting Fellow of the National Institute for Environmental Studies, Faculty of Sciences, Yamagata
University, Koshirakawa, Yamagata 890, Japan.
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HEBICHFERINLTNOFBEREICRITTHEICEL T3,
HEPLIATERL I AERBINEOBIIMAEL T2 2088 L 2% { MINESBHRS
FORBLIET L Lo LTRE, SREEY. B4R, BR2HE, a0z ER
2 PHE R DD S ORMEDHRETH 2, Pl 2137 1 B A minutissima |3 HSBAEHERE S LT
o, EEEHEMNTELUELERy A BEN00%, o3 FISEELTLY, ELE
BiRafsEBE L ShTw 5, 2 2FETid Whitton ic & DK NEEBICHT 2 BHOEE

tg j"'J

increased in June to July and Chamaesiphon minutus in November. Then, Chrysophyta
Hydrurus foetidus, known as a species adapted to low temperature, increased in
January and February.

It was shown by a field experiment that the tolerance levels to heavy metals of A.
minutissima and P. luridum were higher than those of C. minutus and H. foetidus, and
Cyanophyta Homeothrix janthing, a dominant species in the non-polluted river near the
Mazawa River, was a very sensitive species to heavy metals.

g B

BESL»HmBT2EEBIC L - THRENRBRMRMNOESIT BV TEEE
FHOBMBEOFEEL21983FE 5 A»HBEN6 AZTH1 A, 227U 24/it108E1
Fn A & D~

1) MiAKFnESEBERS ~ 6 Hloge@mERL 2, —FEMoER, @RS F
I AOFHBETFNFNL 1404500, 67.4132.1, 7.63%3.10ug - 17! (467> 7'50)
FEVEZRL 2,

2) FAEMMFIcHBRL 2T EBRESIRAORETRE SO TL Y2, FONE
a4 BCHE Tk o M RIEIL: Achnanthes minutissima O41E], Surivella ovata 031618
Ltz 1 ~3E & 2u <, 2ORFRLOL T TH - oo A minutissima D& { B
deh BEIAILBEL00%, FLitEnIGEWESRL

3) 1EHOAKEIBITL B 4 HBOBESREL S C18H, RWThEom, 3
IR, 6fEn T THIIEXRIEEITI~2HNATH -,

1) B¢ BTt A minutissima HEEFRETHIHMHELEVY, Zoliz, 7
) Phormidium luridum 5°6 ~ 7 B, Chamaesiphon minutus #°118, wKEDE B
$EEHE Hydruwrus foetidus ¢ 1 ~ 2 Qicigiy 22 A HENHFRIDEFIZZZIN4HETA
HHNEHT B Pleurocapsa fluviatilis, Phormidium sp. 2t 3 TRAMMT>TH 5
i -7z,

5) MIRN EEBRmN OB THERREN AR £B 41TV, BeEEERRE
Y% & OBE 21T - 2. A minutissima & P. luridium B LB CEEBHEERL 2.
ZHLZHEET B & C. minutus, Ochromonas sp., H. foetidus &% & O tEILgERIZ T <,
SEFLEMN D Homeothrix janthing Ot ELIEWZ & L FHIRENT,

L&

Bz 2w TORIAFR NS,

2 aT, BABERCEDAMIEER~OMEHEHERIE I Ers 5 L LEHTED

ZhF TEORNTEHS (DR
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FAMRBESTHONDLZ &%, Lizd-T, F1~20o@FEKizE), BEEWoREZ
I HIREF LB OHRORBEER, Bl—WI| T EFR BRI BRI N LI LTy 5,
ZOgE, EEEHORRAREASRE, FLEFHMCEOREESTI Lo, X
NEBERBFEH» L 3 RASTHECLErS L LE L LN,

BRBSIMRETOSEEREOHER LIz YW TiE, ThETERKELHY, iz 20Th
BT, BRI BT AAE S L FWEFREH TL L v, 2OLHEMATIIELS
NS LB TAEERBIC L - THREEALFENOESIC ST, §H 1 EORES 14
BT 2, AEEEZFESER, FEEH EEEYTHH0EEBHIC > TIkSEOH S
EHT v, '

IOWETIES 6L, EEBHRAIOMFROBECBEE L HEEREOTHER » &
BT A8, FRROERE, ZoOECEHLIEFRANEOMTEEEELIBILEERIZD
HBOBEHEOELE TN,

2 BWEFE

2.1 HEEME

FARIZIIR-FMRNOES (R 1) TI83IES A oBEN 6 AF TR L ENER TTLLL,
P LAMIZI0A 2k, B4 5 A, 6 AIZA 2 Eo#EEE L, MENIRERTIIOIET

Bl

R

AL

[
1 km

M1 MFRNOBEFAEET- L ESBEARN S 4TH D,
ZANCRGRE SO R,




d0, PEELIERAP L2 km ERICVET 2. BRI m, RIBPLL S
EETH), WERBEE KELEH LETIR0.6mY/sBE AL SN,

AEME O km ERICIIEEI N2WEILAR G, A LRETAESBICL 0 ARG
B, M, AFIvALLICE N EECERINT L,

2.2 BEFZE

REERE LT, EFRHESRUNICSIE, ki, pH, BLHE, EXa0KE, il
FRELL. BEEBNEDLHOMNAKIZZ0mM DR o5 L o FECRR L HB TH Y 0EE
(Fisthidn, ERBMTA) 2EML 722 L0 % BETRN3EE (H37180-808!, i AA-640-128) X
i3 ICP-OES (Jarrel Ash 975%Y) C#@l%EL 72,

BRI AL S A EHOBEIRY, ENFN5 X5 cm®*OEEE2 A w77 T2 T0%EL
THEL7, THoE2—20cF 2T 17, hA=2) Y5 %EEY M THREL .
BROY>TNE A2 25— 2Bl RBWESBEL, TO0fRBICEZKTRELE,
BEY S TRE L, ‘

BB 7 o0.05ml 2 FBAN AT A F7 7R, 24X82mmia 4 »3— 77 A ki,
HEFEFCOUMHE T, BAL000ME L EE, L. 2o0Bs, SRNCERBESFTETASNT
WH MO A EEHEOERE L, MBRGOTHE) § 57 o BETRRESERT SO
WTE, TARIRE L LB Lo (B BEE | mmiSh fosliiiz L 1 HERTEL 2,

A BHEOBOEEIL, Y TNO—HEBONEL, Vv Ty 7 ATHEALLKAT L
I — Pt ERWTITo .

2.3 BEREOANELER

fIAEEFEE L RN E BRI KRN & TEE B BRENESBFEE R UREAIGE 2
BEL 7z, KEMLFAMTNOZRTH ), NS LR & EEE THRFUIOEY, 74 km
T THET 5,

EERITI983E 6 ALTHICEES, 7 Hik, LHRICEBEHERLA, AELLTE, 218090
AN CERENFE L 22 EEHL0cm (LB A KBSy b sl od o EizHE L 72, /T
HROAE, EEORN, REZLRB22EEKRTH 5,

I B B

3.1 REER

RIRINE S BITAKES: pH OBEEL2H 2 12 L 1z AR 5 HokiRlx10~15T
DM TH-720, 6 A b9 AT EAEDREBIC BV TIS~5CHMTH- 720 FNHRS
e e LICKIBIETL, 1~2FI2i0.5~2.0C & % -0 3 BUMIRKEEE2 - FRAT 2

_38.._.
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PFARAIESTLHWCLTETRL A,

pH I AERMFFICR LK S 2RLA2A2N®ERL, 6 ATAL»510HRE TIR6.55 ¢ %
Fot, LAY LA FHIETLALMIZ 7 ~108 £ 0 LR EERIEd L, FOIES
Ay b LR LA Bizies Y THRETRL,

19834 5 A LBFEN 4 A3 TITAES Lz FANRP o &S (Zn), #(Cu), # F 374 (Cd)
DBPEFRIIITLA. In E CATIRE B — 7 %F 2 B MEEZRL, 7TATECITBE
RIEFL7Z.CuTH5~6 HILEL { BYREA MRS 2. Zn & Cu T T AT L 58
B 0 InTR12AM A, Cu TIRRI0BHRE CHEHEE EE T L 2, TOhREHMIeeHm

30

20 Water temperature(®C )
10

A

MAY |JUN IJUL 1 AUG Isep locr | NOV l DEC IJAN I FEB IMAR I APR
1983 1984

2 PERNSESE 1, St.4)okiEx pH o BE21L

(S - ] =]

3000,

Z1NC (114045002

2000

1000,

COFPER (674x321)

CADMIUM (7.63x3.10}

Concentration (.ug/L"}

0
MaY | Jun | yuL] aug| ser| oct| Nov| DEC| JAN] FEB| MAR | APR

18983 1984

F3 BHRINER(Z 1, St.4)nESE, 6, 4 F 3 7LBE (ug 7)) DRFENL
# 3 HIEFRE+S, D,




B OtES

WIERRL 7255 Zn, CAd i3 4 Ao A S IBENERT L 2. BEMEE L RILBE T Zn, Cu TH
315, Cd TlE# 2 R EILH D - 12, ALY & Zn, Cu, Cd O FERBEIIL F 1 #i11, 1421502,
67.4%32.1, 7.63+3.10ug-!"! (n=46) FIEFRMNIKHETLLEL(BLATH-T2,

3.2 BNMEORE

19834 5 A H844F 6 AOMICHBBRLSIRMEM L 72. ZhLoH v IubbLEEEN 4
Hoy r FoHBRERCEFOBRERLE LICRL 2, Mt BR 322 L FL <
Ll aiz, -

FOMTHBEEIRL 200t A & A, minutissimag D460, T B P ridum
D44fa], C. minutus DAL, HWE~NAFTED H foetidus D28 70 ¥ TH o7z, hiedT LIk
INLEDAHESBENILALYESDHTWEY, iz S ovata, O. sp., F. sp., P. fluviatilis 0 ¥
DHBEEH L6~ 8B4 T L. FAUADUEDHBENIZ 1 ~3FLEH T Lo, 2
INLOEITIHERTL HERNEO S WIEIZ B & Microspora sp. % B & 1004052 - mm™2L),
T ez R L7, ABARIC 515 RS & B 82 5, BHEAE Shannon DRI & 3)
FRAZARLE, 1HOFAETHRBIN-EHEIE/T0MB4E 4 A, 11), FkTy 10HEE

#1 BEES (@1, St4) oFEAECHAL AR En2BERFZ O
m# & HF R (meantS. D)

) ; H i
e # TR N
Cyanophyta Chamaesiphon minutus 4] 20403520
Phormidinm luridum 44 1746043800
Phormidium sp. 10 2751371
Pleurocapsa fluriatilis 8 88041130
Chrysophyta Hydrurus foetidus . 28 228043740
Ochvomoinas sp. 15 L1010 £1470
Eugtenophyta Euglena sp. 2 60
Bacillariophyta Achnanthes lanceolata 3 9+3
Achnanthes minutissima 46 6420+ 7610
Ceralonels arcus v. hattoriana 1 41
Ceraloneis arcus v. vaucheriae 2 9
Cymbella sinuata 3 3845
Digloma hiewmale v. mesodon 2 9
Eunotia sp. 1 5
Fragilaria pinnala v. lancellula 3 178317
Gomphonema intvicatum v. pumila 3 104438
Gomphonema parvulum 2 21
Naviculg radiosa 1 46
Nitzschia paleaced 1 1
Surirglla angusta 1 46
Surirella ovata 16 49493
Chlorophyta . Microspora sp. 1 368
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NUMBER OF SPECIES

(=2

DIVERSITY INDEX{H')

=

MAY | JUN rJUL IAUG[SEP |OCT [NQV l DECIJAN | FEB |MAR|APH IMAV l JUN
1983 1584 )

4 BRRIGER(RL, St.4)DAREENEY (@) & M (O)

® NUMBER OF SPECIES. QDIVERSITY INDEX

(B4FE6 R, 1[E) &A%, FME2ELTRI~6BNEAY S 7. SRMHERL05~1.5
DFHEN S, THEBRHEXTHZBELES THMLEE 2RI T,

3.3 RERoE(t

HHERFORGROBNEE S IR L2, MIOMBEEREOBARIE, BHECHEC L 2%
HOMASICRELHBEET 22 240 5 h 0 21T 39, 207 F 5 i iR EAD
SEALEIC 35 3 KR, HAES T IR & FOR R BRI TR S e B RRAR b bR
Lize HBEOBERIIKE CEBL 22, TOED S - b2 6 Bk~ 7 Bk, 7 A
M~8ALEM, WVATH~1ASE, 12ATG~1BRD% L TEDE = O[I220,000~30,000
B - mm R & T L 72, _

ANk WG 2 - 72 A T8, A. minutissima, . P. luridum, . C. minutus, %.0° H. foetidus
AL BHERAARICES ICRT EHRSKONTREEM AL TIR LN AETIIE A
FHEO LT,

BAEROZIORE L L THRASTRIIHMAOMAD AL 5 F, pH LELBME, Kk R
L AER, BEASOBBLYELOBER E 2 6054 5 DEE LI oW T IR0 2
&L,

3.4 WERSEEBEOAZEEL

A, minutissima %D LT HNENL AHOBFRER ULy A BHIC a3 A minutissima O
e (R oREEEER6 2R 72,

A. minutissima DBFRII 6 AL LML EHBEN L B TRE(EHLBNVEL 2, &%
ABICEH D A minulissima DEEZ, 112 ACORARRET0%E IR EF AW ERZRL
T2, ABREATELSERIEN 2> 7T50, 22260%%, KWT2AN 1> 7785
Y% ERLTz0 A minutissima LSO REN T SEOBEEN S R 5 PMIZE (. P luvidin 3*
6 ~T7R, C minutus 5117, H. foetidus H*1 AL 2 AT 2. H. foetidus 1335 K1E
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Precipitation
4 p

)

Tetal ¢ell number

4

Total cell number {10 mm

Precipitation (mms day ™'}

BPepth (mm)

o & o e DN B 5
I DEC l JAN ] FEB l M AR T APR l MAY l JUN |
1984

5 FNRNSEA(E L, StA4)NEECBER - AMBEARS & KR (E5)
S REEAL
(O)FEFE, (A)ITELEEM, Achnanthes minuiissima, Phovmidium luridur, Chamaesiphon
minutus, Hydrurus foetidus 4 ¥ L 2B HFE

HTHDLH, FORGFEFIL 2N KIEIR0.5~2.0C & {Eh - 12 AR 2 4 HEIDRWT
WA %4 - 12 S ovata, O. sp., Phormidium sp., R P. fluviatilis DRFREEH T2 L
77 S ovatai2 5 A L12HC» T B4, BERIFCEH TI L o/z, 0 8Dk 5 A,
W~11B#FLT4~6HiIcHEL, 10~11HOHFRIIBAT5300cells - mm2#RL 722, P osp
1210~120 # L TRED 5 ~ 6 A HBL 7245 1VHRKET L1500cells mm— BT & Bich
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Flora and Fauna in Heavy Metal Pelluted Rivers III
Sepecific Chironomid Fauna in Several Rivers in Touhoku District, Japan

Yoshio SUGAYA!, Masayuki YASUNQO?and Shigehisa HATAKEYAMA?

Abstract

The immature satages of chironomids were collected at 22 sites in 6 rivers in
northern Japan where the effluent from copper mines had inflowed. A total of 95
species were distingished from the larval specimens of which 5 were specific to the
heavily polluted region : they were Eukiefferilia sp. A, Orthocladius sp. A, Orthocladius
sp. KA, Cricotopus sp. A and Paratrichocladins sp, A. Since these species reached an

extremely high density only in the poltuted rivers, they might become a good biological
indicator.
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Z3 12.7 6.9 380 10.0 34.7 183.1
Z4 11.0 7.4 320 5.7 25.3 155.9
YA 11.4 7.1 290 4.8 19.0 127.5
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£r22) 2EF(TANYPODINAE) 5 #, =22 #3% (DIAMESINAE) 5 #, PRODIA-
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EHNTIE S, SLIMATEREBEIEVOIHL, St.4 RUF St AT B WEREE
PRBEN, EBBEENEVEL St 4 TIE Orthocladius sp. A T50EE/m* TH 4% St.b
T3 Orthocladius sp. A #1756{8K/m?, Cricotopus sp. A % HITEW3IT5EIK/mM* TH Y, St
5 A T WM TIERY S D2A Y A BAE R L T 22,5t 3 o) £ BEIEIR 160K /m? £
RONAEN LD ThH - 1208, FOKERSE Enkieffericlla sp. A TIGEEK/M* TH-72, ZD
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H & St.1 53 Std4 Suh S5t.3 St.4 St5 St.1 St.2 St.3 St

- Conchapelopia sp. A 75 -5 5 - - - 813 - -
2} Conmchapeiopia sp. B - - - - - - - - - - 6
31 Conchapelopia sp. C - - - - oo - -
4} Conchapelopiz sp. [} - - - - - - - 59 19 _ .
5 Nilotanypus 63 - - - - - - . R - R
6 Diamesu sp. A - - - - 19 25 19 - - - R
7 Diamesa sp. B - - - - 6 19 - - - - -
8 Digmesa sp. ¢ - _ - - & 3 - - . - .
9 ligmesz sp. D - - - - - 38 44 - R - -
10} Prodiamesg sp. - _ - 163 - - - _ _ _ _
11} Abishomyia sp, - - - - - - - 6 - - _
12} Acampiociadins sp. - - - - - - - 13 - - -
13} Chuetocladius sp. - - - - - _ 6 _ _ _ _
14} Corynoneura sp. 6 - 8 - - - - 313 3 - -
15} Cricotopus sp. A - - - 3975 19 25 - - - -
16} Epoicocladius sp. - - - - - - - [ - - R
17) Eukiefferictin sp. A 6 163 406 - 3044 5075 6788 - B R
18} Eukiefferielia sp. B 19 - - - - - - 31 [ - -
18} Fukigiferiella sp. C - - - - - - - 406 k3! - 6
20) Ewkiefferivila sp. D - - - - 6 - - 150 - - .
21) Ewkwfferietle sp. E - - - - - - - 50 - - -
22) Eukiefferietln sp. F - - - - - 19 13 19 . - .
23) Eukigfferieila sp. G - - - - - - - 44 - - R
24} Melentelle sp. A - - - - . - - 59 R - _
251 Heleniefla sp. B - - - - - - - 13 - N R
26) Hydwwbaenus sp. A - - 6 - - - - 50 - - 13
27) Hydrbaenus sp. B 75 - - - 6 13 - 213 a5 - 6
28] Hvdrobagnus sp. C - - - R . - _ 41 - _ .
28] Kenosmittin sp. - - i3 F - - 6 125 - - 19
30) Orthocladius sp. A - - 2150 1756 1219 1525 344 - - 363 3231
31} Onthocladivs sp. B - - - - [ - - - - -
32) Pararladius sp. - - - - . - _ 56 - _ _
33) Pargkiefferiella sp. - - - - I3 - - (- - - _
34) Rheocricotopus sp. A - - - 59 N R - . R N _
35} Rheocricotopus sp. B - - - - - - - 56 - - -
36} Thienemanniella sp. A - - - 550 k1l 19 - - 6 - -]
37) Thienemanniella sp. B - - - - - - - 58 - - -
38) Thienemanniella sp. C - - - - - - - a4 - - -
39) Thienemannicila sp. 1) - - - - - - - 29 - - -
W) Tokunagaia sp. - - - - 6 - - - - - _
411 Orthoclad. genus sp. 1 - - - 44 19 25 - 31 - - -
42} Orthoclad. genus sp. 2 - - 6 - - - - - 13 - 25
43) Orthoclad. genus sp. 3 - - - - - - - 94 - - -
44) Orthoclad. genuos sp. 4 - - - - - - - 131 - - -
45} Orthoclad. genus sp. 5 - - - - - - - 19 - - -
46) Microtendipes sp. - - - - - - - 19 - - -
47) Paralauterbomniclla sp. - - it 88 - - - - - - 31
48} Paracladopeima sp. - - - - - - - - § - -
49y Polypedilum sp. A - ] 7 188 38 6 13 - - -3
500 Pelvpedifum sp. B - - - 188 - - - - - - -
51} Lenaella sp. 25 - - - - - - [ - - -
52) Micrapsectra sp. 6 - - - - - - - - - -
53) Newzavrelic sp. A - - - 13 - - - - - - -
54) Neozavrelia sp. B - - - - - - - 13 . _ R
80) Rhkeotanviarses sp. A 38 - - - - - - 19 - - -
561 Tanylarsus sp. A - - - - - - - 19 B - -
57y Tanviarsus sp. B - - - - - - - 19 - - -
58} Tanytarsus sp. C - - - - - - - 106 - - -
59) Tanvigrsus sp. D 6 - - - - - _ & _ _ ~
60) Tanytarsini. genus sp. & - - - - - - - - - -
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1} Conchapelopiu sp. A 138 42 56 50 13 31 56 213 175 7% 113
2) Conchapelopia sp. B 63 - - - - - - - - _ _ _
3 Conchapelopia sp. C - - - - - - - _ - _ _ _
4} Comchapelopia sp. [ - 13 - - - - - _ _ 6 _ _
51 Potthastia sp. - - - - 25 - 19 19 - - - 31
6) Acampiacladius sp. 13 - - - - - - - - 25 - -
7) Corynaneura sp. 50 25 - - - - ] - - - 8 -
8) Cricotapus sp. A 13 - 50 k3| [ 3l 31 44 25 ] - ki1
9) Cricolopus sp. B - - 42 - 19 - 6 - - 19 25 25
10) Cricolopus sp. C 25 - - - § - 13 - 6 - 42 25
11) Diplocladius sp. - - 8 - - - - - - _ - _
12) Euhiefferivla sp. B 100 - 73 25 81 19 56 19 6 & 58 13
13) Ewkigfferiella sp. C - -8 6 25 13 5 2B 63 216 42 4
14) Eukiefferiella sp. O 50 13 - - - - - - _ _ _ _
151 Eukiefferiella sp. D - - 183 - 6 12 144 6 - - - -
160 Eukigffericlia sp. A, - - 17 - - 6 25 25 [} - - _
17) Eukicfferiella sp. £ - - 25 - [ - 25 - - 6 % -
18) Exkicfferivlia sp. F 50 - - - - - - - - . - _
19)  Exkiefferiella sp. G 13 - - - - - - [} - [ 42 -
0 Euhieffericlia sp. B 13 - - - - - - . - - _ .
21) Euwkivfferiella sp. K 100 125 8 - i3 - - - - 6 - §
22) Epeicoctadius sp. 13 - - - . - - _ _ - _ B
23 Kurvkapsis sp. - - - - - - - - 1 R ] 50
24) Helemictin sp. A - - - [ - - 3 - - - ] -
25) Hydrobaenus sp. A - 38 - - - - - - 6 6 8 -
261 Hvdrobaenus sp. B - - - - - - - - 13 - - -
27) Hydrobaenus sp. C - - - - 6 - & - - . - -
28) Orthocladins sp. KA - - K - 213 3 431 63 69 238 425 313
29} Orthocladites sp. KB - - - - - - - - - - - §
30) Chrthocludius sp. KC - - 17 - [ 56 181 - 25 50 13 19
31) Orthocladins sp. KD - - - - 25 K] 5 - [ 13 8 25
32) Owthoctadius sp. KE - - - - - - - - n 25 _ _
33} Paruchetoclodins sp. - 13 - - 6 - - - 6% 125 31
34} Parucladins sp. - - - - - - 25 - - . - R
35} Paratrichocladins sp. A - - 292 - 156 250 244 75 6 - n7? 83
36) Paratrichocladius sp. A - - - - - - - - - - 8 -
37 Paraivichocludins sp. B 13 - 42 - 25 13 25 13 - - - 13
38) Paratrichocladins sp. C 63 25 33 - - - - - - - 33 -
39) Parovthoclacting sp. A 138 - 8 - - - - - - [ 17 &
40) Parorthocludiuy sp. B 1 - - - - - - . _ . . ~
41) Rheocricotopus sp. A 13 - - - - - - 6 - - _
42) Thicnemanniella sp. A 162 25 k] 6 [ - 13 - 13 a ] 6
43 Thienemanniellz sp. F - - - - - - ) - - - ]
44) Thienemanniella sp. G 63 25 - - - - - - - - - -

48] Symorthocladius sp. - - - - 5 - - N _ _ _
46) Ortheclad. genus sp. | - 25 -, - - - - - - - -
47} Orthoclad. genus sp. 2 - 13 - - - - - - - - - -
48} Orthoclad. genus sp. 3 13 - - - - - - - - - -
49) Demicrvplochiranomus sp. - - - - I3 - - - - - - 6
50) Microtendipes sp. - 13 - - - - - - - - 13
513 Palypedifum sp. A - 13 - - 5 6 - 13 §3 100 25 63
52) Chironomus sp. A - 13 - - - 25 - - - - 8 -
53) Chirgnomus sp. B 13 - - - - - _ _ _ _ - _
54) Chironomini genus sp. - - - - - - - - & - - -
550 Cladsiunvtarsus sp. A 13 - - - - - - - - 19 - -
56) Cladotanytarsus sp. B - 13 - - - - - - - - -
A7} RKheotanviarsus sp. A 100 188 - - - - - - 6 _ - -
58} Rheotanvtarsus sp. B 45 63 - - - - - - , - -
59} Kkeolanyiarsus sp. C - 13 - - - - - - - - - -
60) Stempeliinella sp. - - - - 6 6 - - - - 8 -
613 Tanviarswes sp. A - 288 - - 13 - - - - - -
§2) Tanvtarsus sp. B 13 - - - - - _ _ _ _ - _
631 Tanyiarses sp. C - - - - 6 6 - - - 25 - -
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Impacts of Diflubenzuron on Zoobenthic and
Fish Community in the Kokawa River

Kivoshi SATAKE! and Masayuki YASUNO!

Abstract

Application of diflubenzuron at the concentration of 1.25 ppm for one hour did not
affect the fish population in the Kokawa River ; no mortality was noted among both
adults and fry.

Aquatic insects were all received a serious impact from the chemical. The predomi-
nant speices, Hvdropsyche orientalis decreased markedly 2 weeks after and did not
recover till the 4th week, when the observation ended. Ephemeroptera genus spp. also
disappeared but Baetis spp. started to repopulate in the 3rd week and recovered in the
4th week. Dipterans showed also a remarkable increase in the density 3 weeks after
application. Those speices were Anfocha sp., chironomids and simuliids which all have
high potential in the increase with a short generation time and high fecundity.
Therefore, continuous efforts to control simuliid larvae with this chemical will result
in a simple fauna comprising of dipterans only.
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rufa) REGE C £ B L T iz #OtMer=8 T #7377 (Ephemerella) RUFE 7 5 447 a7 (Epeorus)
DENDHRFRTH -7z, HEL2METRELBWIIALN LD 272,

RN A 1R R, SRR Al m DA 5L50m TR St R I h W A 24Es 51818
R LAY, StIlicEWTidEb L dd -/, LAl 2:EMEICIIFERAC By B o ER
OFLHBEH LN, THLLIET O, #ETIICE- 2. 3EMBECITEEOEM T
ol BREBICBWTLESETHE 72—t By 70RO HIEE L 2 BHEICRIKE
TN, SLETIRHBARFNN IR L w -7, JEMBCE—HBEETIEIALN DT, KERE
BeRTREREIIEDL 2, 7L — 22 F E4 T30 1m? Y 72 D 100~ 281 FCAF A 2 A%
(259~121I02 W D 2 BRHICI3 3G, 3BM#BIZI0.5~ 2Lz F Tl - 72, 4 8ME%ICE-
THEEL &t =z, D FES 20T EERES 2 o724, 3~ GBRERICHEL &
altDBERICL B EEI NS,

—F, WBEHIE, 3BAZCUGLAEVCEETHRL Thiz, 2O EESL8IcEWT7T 2

(Simuliidae), 7 2.3k £ 74 w8 (Antocha), =2 # (Chironomidae) (2358 L T A & L7z,



TR R EHEL

KL T 7u~rXormBE () St 8)ic 17 5 AR
& EE SO LS

AR ML0 . ImPH— i 2 T 22 1)

KOKAWA St. 8
Pre- Post-treatment
treatment (weeks)
1 2 3 4

Water temperature 24.0 23.3 24.0 23.0 23.0
pH 7.5 8.2 9.0 8.4 7.5
Chlorophyll @ (mg - m™?) . 54.8 145.9  216.9 40.2 35.7
Ephemeroptera

Ephemera sp. 0.5

Paraleptophiebia sp. 0.5

Ephemerelia (Drunella) cryptomeria 1 1.5

Ephemerella (Servatella) rufa 16 1

Ephemerella (Serratella) sefigera 9.5 1

Baetis spp. 50 0.5 12.5 84

Pseudocloeon sp. 20 1 2.5 10.5

Fsonvchin japonica 4.5 0.5 0.5

Epeorus uenoi 9.5 0.5 0.5

Epeorus curvatulus 10.5 2.5

Epeorus latifolium 18 2.5

Rhithrogene juponica 7.5

Ecdvonurus yoshidae 6 1
Megaloptera

Parachauliodes japonicus 3 1.5 0.5
Trichoptera

Rhyacophila brevicephala 1.5

Rhyacophila sp. 1

Glossosoma sp. 3.5 0.5 0.5

Stenopsyche sawteri 0.5

Diplectrona sp. 1.5

Cheumatopsyche sp. 7.5 2

Hydropsyche orientalis 100.5 59 3 0.5 1.5
Coleoptera

Elmidae 2 5.5 2

Fubrianax granicollis 1
Diptera

Simuliidae 4 20 kil

Anlocha sp. 1 67 61.5

Tipulidae 2.5 1 0.5

Athericidae 0.5

Chironomidae 14.5 7 0.5 89 7l
Turbellaria

Planariidae 0.5 0.5

4ERETL ZOBMIEIRS (EbL Lir o, SLILZBE VT T RSk A7 AT i1
L7, SBE EERCEENEY» -0, 32707 THY, ARBKICEEARLEDLLY
WEETHEL Twi, MBRREIC B TR IOMBESEORBEC R RO oL r o7,
WEURFR TR L 2 FBH B EWEENE L Th-72 (K1 ~3),
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#F2 T4 7Ny Zo MBI S 1) I2 81T 2 RO RE A K
& MR E N E)

A0, Ime e — S — 3y b 022 Y

KOKAWA 5t. 11

Pre- Post-treatment
treatment (weeks)
1 2 3 4
Water temperature 24.3 24.6 24.5 23.5 24.0
pH 7.6 8.2 9.3 8.4 7.7
Chlorophyll @ {mg - m™?) 23.2 242.5 248.0 58.9  38.6
Ephemeroptera
FEphemera sp. 0.5 0.5
Ephemerellia (Drunella) crvplomeria 1 0.5
Ephemerella (Servatella) rufa 16 2 0.5
Ephemerella (Serratella) setigera 34 2 0.5 0.5
Baelis spp. 99 4 146.5
Pseudocloeon sp. 58 16
Epeorus uenoi 64 2.5
Epeorus curvatulus 15
Epeorus latifolium 6 15
Rhithrogene japonica 6 :
Ecdyenurus yoshidae 2 1
Megaloptera '
Parachanliodes japonicus 1
Protohermes grandis 1
Trichoptera
Rhyacophila sp. 0.5
Glossosoma sp. 1 1.5
Stenopsyche sauteri 0.5
Psychom yia sp. 1 1
Chewmatopsyche sp. 6 34 0.5
Hydropsyche ortentalis 281 121.5 3.5 2 4
Lepidostomatidae 0.5
Coleoptera
Dryopidae 1 0.5
Eimidae 3.5 4.5 6 4.5
Diptera
Simuliidae 9 8 13
Antlocha sp. 3.5 0.5 52 131
Tipulidae 1 1
Chirenomidae 6 4 1.5 111 61
Turbellaria
Planariidae 1 1 2 1
3.2 A8

EBREENh ST A Mo, BE 1 cm BEST 7 I v OFHEEN Y OEFINEK
TLEINLH, B2, St12T&s o1, B P TRELLAEE, T772X 774D
Wiz B ntz, P7 I voifals ¥ OEMMER T $8IFEE N, 77111 St. 8 THAHR
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%3 MEXUEEN St 10) BT 5 KR B MR & BIRE O 25

HAREIL0 Im2nth—23—F o b 2o )

TOSHIKAWA St. 10

Pre- Post-treatment
treatment {weeks)
1 2 3 4
Water temperature 22.5 21.8 21.8 22.0 22.2
pH 7.5 7.5 7.6 7.6 7.5
Chlorophyll ¢ (mg + m™?} 11.6 18.2 20.2 8.6 13.8
Ephemeroptera ‘
Fphemera sp. 1 3 1 2
Paraleptophlebia sp. 2 2 1
Ephemerella (Dvunella) crvptomeria 4 7 9 1 3
Ephemerella (Torleva) japonica 4 2 4 4
Ephemerclla {(Servatella) rfa 113 21 19 33 33
Ephemerella (Servatella) setigera 81 80 54 67 5
Baelis spp. 42 53 22 55 76
Psendocloeon sp. 11
Isomychia japonica 4 2 ‘ 7
Epeorus wenot 1 3
Epeorus curvatulus 2 1 5
Epeorus latifolinm 77 63 21 3 65
Rhithrogene japonica 16 1 )
Ecdyonurus yoshidae 29 ° ' 5 2 24
Plecoptera
Perlinae 1
Megaloptera
Protohermes grandis 3 4
Hemiptera
Hivocoris exclamationts 1
Trichoptera
Rhyacophila brevicephala 1
Rhvacophile nigrocephala 1 3 1
Rhyacophila spp. 5 1 1 1
Glossosoma sp. 6 4 2 1 1
Stenopsyche sauteri 4 5 2
Psychomyia sp, 5 1 2
Cheumatopsycke sp. 54 21 19 29 20
Hydropsyche orientalis 146 27 39 52 33
Micrasema sp. 2 4
Geora japonica 1
Lepidostomatidae 1
Coleoptera
FElmidae 11 53 9 22 10
Metaeopsephenus japonicus 2
Diptera
Ceratopogonidae 1
Simuliidae . 1
Antocha sp. 16 11 19 5 7
Tipulidae 11
Chironomidae | - 22 16 4 21 10
[sopoda
Asellus sp. 2 ' 1
Turbellaria
Planariidae - 5 1 1




WS BT Sk Ragti R o~ oE

AL, 4ERIEI SEREE ALY, FORUNNREMEEL LTt (Fd), T 9+
DR F R & R IEEREE AR St 1L BW TR,

W =0.02158 - L**"

{(n=06)

FT7I3 YO BiEE (K,) oFEg+ s, ERRARICE, SLIITIE99.9TH- 288, FDik
109.1, 116.3, 115.6 & BIMENER T L A0 b a s A L il (F5).

#d T4 TS Xu B () D SE 8, 11, 12) B Oe s ERX (4] ) St LY
28t 4, T7Z5 (Phoxinus lagowski §, steindachner)) N7 774
(Leuciscus hakonensis) iR Bk o 28
FA+ IR, B, OB s, — DRBET Ao, ns ) BIBL o 2

Pre- Post-treatment (weeks)
treatment 1 2 3 4
Phoxinus (adults)
St. 10 + + + ns *
St. 8 + + + +4+ ++
St. 11 ++ ++ o+ + ++
St. 12 + + ns + +
Leuciscus (adults)
St 10 + + ++ ns ++
St. 8 - ++ o+ - T+
St. 11 + x + - +
St. 12 - + ns + +
Phoxinus (fry)
St. 10 ++ ++ + - ns
5t 8 ++ ++ 4 ++ ns
St tl =+ ++ ++ ++ ns
St 12 +++ +++ +++ +++ ns

F5 T4 TN Ao BRGNSt 1D ROSHIEE (I St 1004
BT 2T 77 L0 25E)
EEGEE Kn=100 - W /(0.02158 - L2} L 0k se, 220 Wi, Lo ks (om),

Pre- Post-treatment
treatment (weeks)
1 2 3
St. 10 Mean 1059  94.0  107.2 -
SD 6.9 4.4 10.1
N 15 9 6
st. 1 Mean 9%.9 109.1 116.3 115.6
sD 6.3 9.2 9.4 6.3
N 67 38 6 17
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4 % =

TR TNy DAL N KRERBIFIE A2 ) BELE, L 2Rzl e A LA
Bl oz, FORKR, HEBEEOBRRENLHEMPIALK, 7007 4 L BIZL T200mg -
mEERL B0k ot BABMOTEMET IS T, AHRE M 5 2 LiIfER
NTWE-9% T HIIESEROEEREIC L VAERENBMIML 5N T 2idThH S,
ZOERNFEEL 2 Py ZHICEIIRRN, 2AYeHERBRD T2 - 7 28k A
HrR-2 2 ) AR RELZ, ol bidi2 By FTHRPED ] ~BHRTH BN
2w LT, BEFEBETIHATHEEL TwalzheFiohnd, LigErFBRnBELIE LY
LEVWEEICETS Z M0 0SS PO S 2o L, —IERRICEm L 2 {TEEEsl
EEN BB L HOTWEFEL LN,

T4 TN AR DBETRT 77 v ORARTFHERICIIE LFEZ Z -,
L L AR A RE AR A IS 5 TR0 L B BB 6 N2Did, T7 7257 Cloniophora
spu L O HHRBLFRL 2, Buetis sp e EOKERBZFRLZ, 2% ) EHEOIEDIEL
DT, BEBAZEBMBUBRBCHEL T EERABATELARTHEEELONSE, B
HERAEWHE? SIR-SSUFPF/ALZER TR, BW 77> 7 F »OMENELIZENA 5P
DEEICES AN TV B MIZ L~V A 2 ) v OBGROELEHENOBRL L bich T
ANEYUIEL 22 EPBEINTE N, FEHRYE»RRICE 2 2 B ER~L0RE,
BIEOPEITEC, FOWAE OKERSD - (ERH) £ OMELHRHT 3 LB D2,

Pl & 9z, MINERROBE A 2 i3 FokoEEARIZ BT, QEEBSOELH
Fr - QEERE KERS) SABEBHELOMEL SOEYOMBEEAZEETH), TNFNE
OHEERBEL» LBRELVUOBEPERIIRTRTELWL X Ez LN,
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Impacts of Diflubenzuron on Periphyton Community in the Kokawa River

Masami INOKUCHTI' and Kiyoshi SATAKE?

Abstract

The changes in the algal community were studied in a river where diflubenzuron was
applied at a dosage of 1.25ppm to control simuliid larvae. The increase in the algal
biomass was observed in the treated region one week after following the decrease in
the insect density. Consequently the value of pH in water increased. The species
composition of attached algae also changed. In the upstream (St. 3 ), number of species
increased in accordance with the increase of biomass. Those species which increased
the biomass, however, had been present before treatment although the densities were
low. Among them, a filamentous algae. Cloniophora plumosa increased enormously.
While, the taxon was rich at St. § even before treatment and therefore did not increase
any more. Melosira varians showed a marked increase but almost all species increased
biomass also. No harmful effects of this chemical on algae were detected.

£ B

HWHIHE AL, (THEEEOBRTRI ML 72, JOBLREERBONEL L (CHBLT
B, EEEC L - THESESRIRE ST va D S LA -, RIEEEREIIR
AT RELEINIA L NY s - 12, R mL 2o Clonisphora  plumosa b
Melosira varians Th -7z, 12 SRS RER A e dBRZRLZ, ZA6

1, BBFIGOAEE ~ B OEMERLRANEE (BRIEEHFFIEERETTER T4 EREAEEARRS
~23-22) '
Research Collaborator of the Natioal Institute for Environmental Studies. Present Address : Department
of Environmental Technology, Nippon Electrics Engineering College, Nishikamata, Ohta-ku, Tokyo 144,
Japan. . :

2, Ew KRR T T305 RIRE S W AR E 163 2
Environmintal Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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DRSS, BROFACL VEERFRPENT A0 00 ¢, FOBEBSICLEL
AEEZEIENE I EATRINL,

1 raic

KB SANF AR DA ERA L 225, EHEMLA O B K X A bS] 2o 2
NBEEHIZ, KREBFRO LA TEES L L TRELREEN % - T3 (4B S 80 R
T3 2 EEBECRODPORED B DY, Lo LEA s I L OMRRHEEHOEILE LT 7
D7 ARSI L TRL L OMNI LA ST, SAHERE OB, WM
HHR, 2HEOTIL, BEBEORESIC S TR S T v, AFRTH, 5
BF - ENZEOTT 4 7Y K02 Al 7 2 REROBO M EREANEL L L0
LA b BT 5 1T 22 O TRET 3.

2 WRBAARUTHE

BN FEEBOMEEFT £ HH, FHINCE LRSS km o—&&ANTH Y, &L K
BRT#13 m, TR THI0mM, KEIZZTHFNH20 t- min~!, #50 t - min"'BETHL, LFE
i oz, —FHoRERBICIZNELEESED, T LOFRERKI—THEAL T
Wh, AHOEERRICIIEREES SN, FEBICII ZOMES HFEE 3 1L BEARBERE S
3. $7:, ZoOHEANEED LOREARPFEAT A L) R I EACEORUKEEE 2 H
5. '

HHNORBITIIEALAKE L > TE N, HEEZ DIz APGEKE LTHRS AT
bo AEMEEE IR Y, HREE L TERRAME O LR 13 a, s LIZEETL
THALAHENIT L A5 2 iR S 7z, S BIE 21T - 200t ARX 2 e (St 17, St.
10) AL 23 (St.3,St.10) THN, HMILI9084E T A12HE>» L 8HOBETO 6 RINER
FHRTHL, HRLLERZERDOXF - SHMEEH L L TALNLT 4 7 X0 2%%
KB THhH 5, EFIL1984F 7 A138, FH1icTTA, B, C, DO 4T 1 oMERICH LT
1.26mg - "M e k2 i L T ERIRA I N, SHAOREEIFNTH -2, F-50EH
PRI E, MIRETRE(CEHEECLIBMIZ L - 12,

Mskis, pH 3BBTRIEL, KEOFEREOBEN2HIC T 7 IUEE) EViz28h, i
HUTHREICHF LB EBICATcH#EL 72, Sz ) BB >, &)y, TrE=TEREE,
TNERE SR, WEBEZFRUCERBENCHBIL2WTiThill,

AL, TR SRNVBLABOZERICS XS oW TAB T F7— 24 THRI Y
TREY L 1-0b, 77 ThyiEE Lz, oMz ESER, RlZERRE L, BEThL
2 yEELTHERY, RicBBLL, 720074 Ve BIIEBROHETHEROBREL L o712
Db, B CEERT TARPIZTFAT A= 4 NF—TEHBE, OET A
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EHNRENLSF > 7 > 7, A B C DIRBPEEAS £ 7T,

HEicrVERL,

I B R

3.1 REERE

IR ORMERNEILEF RL 2,

A H o KiEI:, £922.0~24.0CHEHTH- 2.

pH BHEE N 2HETIZ7T.5813 & A YEML Tyivoicit L, BIE 7 St. 3 TIREFIHA
2 AMES L, S8 THRAESE» LML Lo, B St ToimiEL <, 2%
9.0rERIEL 2,

) EEHE Y DTl St 8 TRRE# A L N2 L N M) 3HATIZ0.02mg - IRk L
FEL TV,

Trea=TEEEGSLIESLIEFELL ) AEEHE L0, THTH IZEMLE L LBEN
BT, —HF, St Tl oo 2im X3z 7 A27H120.018mg- I &R G- T iz,

St. 8 iz BITB19814E LA ~ 19844 3 B 241 T o 8 M EHIKE & AEEMO FH 2 i L
TAHALE(EL), BENENE LE-TWEDIRpH DA TH Y, FEEDBEZ) VB -,
BHEBREED 2HATHN, —F, TH-TWiniig) v, Prex-TEBE%, WEEEX
BRUSBHTH-72. INLOERPL, BHOBAL > THBERBEOREAGIZEI 3N
eI v,
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12 17 20 27 3 L

Juiy Aug.

F2 HEEHSCETIREEROLEL
B EEE i St 1, BA3 510, Atk =Ml St.3, A=A St 8 2R, MiizFEER

F1 St 8T HBITAEBRMNOFEEACH (Nov. 1981-Mar. 1984) & HERIARIZ BT 5
FL AR o Mo

(HRBBIEN LT mg - 0

Nov. 1981—May. 1984  AFHLIR O
T CHEEPKE (£SD)  EEPRE (£SD)

pH 7.42  (0.08) 8.07 {0.59
PO —-P 0.041 (0.028) 0,044 (0.013)
T-P 0,106 (0.059) 0.056 (0.013)
NHi-N 0.036 (0.023} 0.026 (0.019)
NO3-N 0.004 (0.004} 0.004 (0.0D2)
NO3-N 0.506 (0.145) 0.243 (0.137)
T-N 0.952 (D.582) 0.517 (9.100)

3.2 RER

BRI/ o7 s g BEEBTRICL - THES A, BRE2KSE, 4107 T, HhaEH
EFEAHEFRLTWE, 7007 4 La BEEHFEROELRAB L, &L ICERER - 0H
KizHHN Y HEFENTVWDE I EHbh b, Tihbbh, HRETH RENMZ2EL, HAER
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X4 BHFEROTLGEES
H o REMNS B B F ik A 4T,

DR ELERIZAL LT, St 17 T10mg -m LT, St 10T10~20mg -mP LT EEL 2EE
RLTwaNIz L, MME D St.3 THEFEA LEE L D¥mEiz Lo, 2:HBKRIE, 7o
U740 gmE | T263meg -m2, BERSLTI7.0m/ - Wilem 2 —7IELZZ. LaL, 3
ARSI 70T 7 4 b @ 5207 .9mg - m 2 Y — ZEOIITL/ 3o L7z, —F, St.8 Tid
BHBAAHB L7007 4 L aBOMIAILE ), 2 ) 2BEBICE—2IEL, £
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B 21Tmg-m2TH -7z, LA L, 3JMRMHKIZIE St 3 FERIC40.2mg-m™2 & E— 788D 1/510 8
BB LT, 2ok ERFCRER T - L ELDpoEREEOElL (®5) £45L, X
Bl AR L 13 Lo 28MBICRA &2, RoicBEEL TO (PR LD, ZDREE
i, BEOBEROTCHEL TWA I :dbib,

a0 control

t

10

3% S51.8(50m)

Number ot taxa

20

o 1 1 | ]
e 1 2 3 4
Weeks

5 EAYOREEOEL

3.3 Bl EEN

SEOFBEIAE Iz ROZ SN ABFEEIL 7 %618, & EodtE, RESHEOEG2RETE
WTho72o 2D HHELRY, TOELERLIOIEK2THD,

ZORERD L, RAFORAIL - T, KEHBEIEHLZLD, ZEALERL Tk
Wi o, BIZES LA ENDL I b s, JOMENL, E—HETH-o TLHERAIR
LoTRBLY-TWEEITHD,

209, BicE BRI E Loz, Cloniophora plumosa, & Melosira varians ThH 5.
RECETEIL S 3 & SELBTANEE mIChZ N MEV - EWcHA L, BRUBEEL T,
12770, 258 A&B L St8D Cloniophora IEBARIFAHLEAL T2 L IicA2 24, ZOM
BT ERONEICEEL Twizizo, ot ycagoEm tToRETiiong A25—T
Bl otz FEbLS, i

mEEOTL(E6) 445 L, REREDSL 1 TIH1T-13—12—11-20—19: 2> TE YD, St
10T 4 HH LR IcEmL T BRAb AL iz, —F, MERK St.3 T, EREA 1EH
I 18EED 5L 3TEA~ L B L T/, ZHICH L, St.8 TIXMAAEMMAEL, (31F305ERIE & M
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sol ‘ D//C\D SLB
- 85t.3
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LTI .
— St.1
o
o
o
E
E
Zz 10} . 5t.10
o L | i L L
12 17 20 27 3 9
July . Aug.
6 fIFBEFOREBHOEL
e EZENIFEBBIOHEA FTT,
#2 MHEKENRBEOEL 6 EEOMEENEL
Perh O F e R 1 mmP 2 2 D O R,
Species . St.No. 12 Jul. 17. Jul. 20. Jul. 27. Jul. 3. Aug. 9. Aug.
1’ ] 220 7 17 1 2 -
. . 10 - — — — — -
Melosira varians
3 — 3 33 2900 3500 5700
8 96 150 4000 13000 7000 1700
I 600 9 16 1 14 7
. . 10 — — L —
Navicula cictaeformis . s s s
3 77 10 99 970 1400 940
8 2300 L1100 5600 6100 2904) 1200
v 64 — — 1 4 -
Nav. viridula var. slesvicensis 10 - - - - - -
3 120 15 99 66 a8 23
8 1600 1560 1600 650 58 170
1 1600 16 6 — 4 2
Nitzschia palea 10 - - - 3 - -
3 19 21 44{) 440 160 61
8 1900 3900 3000 1500 650 290
I 590 — — - 5 46
.. . 1 -
Homocothviv janthing 0 2400 3100 2300 5000 2400 1800
32 — — 260 - — -
8 3800 2300 480 420 290 380
I 650 — — — — 12
. 10 — — — — - -
Cloniophora plumosa
3 - 26 260 12000 22000 1900
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Effects of Pesticide Applications on Chironomids,
Ostracods and Other Benthic Organisms in Rice Fields

Kenzi TAKAMURA® and Masayuki YASUNO!

Abstract

Benthic organisms were surveyed in rice fields treated with pesticides differently
during late May-August, 1983 ; no pesticide, herbicide only, and herbicide-+insecti-
cide+fungicide. Total count of benthic bacteria decreased from the order of 10"
cells - mi~! to the order of 10° cells - m/~* after the simultaneous application of
insecticide and herbicide. Chironomids and ostraceds appeared in large numbers.
They increased markedly in the pesticide-treated fields. Larval populations of odona-
tes and dytiscids which prey on chironomid larvae and ostracods, were depressed with
pesticides. This result allowed the marked increase in the populations of chironomids
and ostracods. However, chironomids and ostracods may have suppressed the increase
of their numbers each other in some degree. Benthic algae decreased with applications
of herbicide and did not increase markedly in the pesticide-treated fields. The latter
cases could also be ascribed to heavy grazing by chironomids and ostracods.
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Chironomidae Cypridae (Ostracoda)

Chironominae Cyprinae
Chironorus kRiiensis Cypretia sp.
Cryptochironomus sp. Cvprinotus wenol
Glvptotendipes fokunagal Dolerocypris sp.
Hawnischia sp. Potamocypris sp.
Microchivonomus sp, Stenocypris sp.
Polypedilym nubifer Unidentified sp.
Tanylarsus ovamai [lyocyprinae

Orthocladiinae flyvocypris sp.

Cricotopus sylvestris
Psectrocladius sp.
Smeittia sp.
Tanypodinae
Ablabesmyta monilis
Procladius sagittalis
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Effects of Mixing of the Water Column by Bubbling
and the Artificial Elevation
of Predator Density
on Planktonic Community in Enclosures in a Pond

Toshio IWAKUMA!, Masayuki YASUNQO!
Takayuki HANAZATO!, Kenzi TAKAMURA!
Mamoru MIYASHITA!, Noriko TAKAMURA' and Ryuhei UENQ!

Abstract

Four enclosures made of transparent polyethylene sheet (1 m in diameter, 4 m in
depth), both end of which were open to sediment and to air, were set up in a eutrophic
pond in the yard of National Institute for Environmental Studies in the summer in
1984, Water columns of two enclosures were mixed with continuous bubbing of air
and these of the other two were left without mixing for 23d. Physicochemical and
biological features together with primary productivity of water in the enclosures were
monitored every 2-3 d to check their resemblance to natural ecosystems and the
replicability in the structure and function of ecosystems in them,

Both enclosing and bubbling affected primary producers more clearly than other
trophic levels, Enclosing of the water column caused the increase in density of chry-
sophyceae, the decrease in density of some diatoms and green algae, the decrease in net
primary productivity, and the increase in community respiration. Bubbling of the
water column caused the increase in density of diatoms and green algae, marked
decrease in that of chrysophyeeae, and the increase in net primary productivity.

Zooplankton seemed to be less sensitive to these treatments, although a slight

1, EAEFEa ESREE T305 SRR ile | apar e 168 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Tharaki 305, Japan.




HREA S

decrease in copepod density was observed in all enclosures as compared with pond
toward the end of the experiment. Rotifers, Brachionus and Kergtells, increased in
density in the bubbled enclosures toward the end of experiment, which seemed to be the
result of reduced predation pressure.

An invertebrate predator, Chapborus, aggregated near the bottom surface by the
bubbling. Addition of Chaoborus into the bubbled enclosure caused no effect on the
ecosystem since the larvae moved towards the bottom and did not remain in the water
column. Addition of Chaoborus into the enclosure without bubbling seemed to depress
the density of rotifers.

Vertical profiles of water temperature, dissolved oxygen concentration, and pH were
alike in the pond and in the enclosures without bubbling. Vertical profile of chlorophyll
a concentration was rather uniform in all of the enclosures. Continuous bubbling
caused uniform distribution of water temperature, pH, dissolved oxygen and chlo-
rophyll a concentrations along the water column.

The present enclosed ecosystem resembled well with the natural one in the trophic
levels of herbivores and carnivores when no mixing of water column was made. When
the water column was mixed with bubbling, the enclosed ecosystem lost reality in all
trophic levels but gained uniformity in vertical physicochemical features.
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Ty B EMEIIEE L CERL TR,

1984 M AENEAAIC H 2EEMIC, FhA, BRERLZ EOFRDEOERRVEER
AT oI/ RO R % 308 U 72%, KB, & RY ) EOKIBRE K
2N, AWETIE, o) RoOREAR (EE1m B2 4m FH3.1mY 20T, £9
FELTCOREE L AROBREEORF 21TV, KDESDLZHDLZTL—L a3 DFEICLS
KANERZBOBEOFHET L, TRLEBR~DA L 2AN—D2L LT, BEAKREROEEROD
FEDHHEFEE ABCE L BN ERRRE LT 5,

2 RERoa=®

FREEKF L EE L 2 E Bz, 1979 B AEMRIOBRICERD 217> THTAKEEK
L7z OTah 5, EHA2800m?, BAKEL moZ 0z BRELL TE ), EHCEBERE
L, BRIEEELLD,

19834z Z it PRI TH B FREONE L, MR FRRVEERDITEL T, &)
YRUSEE (BRBERHETREERSEE) BERZ TN EN0.20mg - 7' RU0.02~0.50mg -
[, 7uo 74 vai@ElR, 3~-30ug ' Thot, ZLIZI983EF 4 A L1118 3 TOHZEEF
EMBER CAERELRIBZL LUORT, @77 7 b ro—REEERE, BSEBELC
I kO REHREE 1 & L TRERICHBREL LA, A3l 7gC-m?d' % &1 %, &)
W77 7 b ik Daphnia rosea & Tropocyclops prasinus 298 & L ZOBERILE W75
2L rn#0%E R A, AEEREREL Twirnies, B0 744 Chaoborus flavicans H*
BEEoOWmEErZoTwnd, 7Y 70BHFREGERIERICE, APEHLBLTINE
BRWNEEL RE(XBL TR EZLHNE, BEMPIEERBBOETEEDT #4022

1 EBcBT2EMBAEEB LEER P (1983F)

Apr. ~-May Jun. -Sep. Oct. -Nov.

B P B P B P
gC  (gC {gC  (gC (gC (gC
m3) md™ m? mTd) m™) mTidTY)

Primary producer

Phytoplankton 1.7 0.93* 4.4 1.73 31 1.23%
Herbivare

Zooplankton 1.2 1.2 1.5
Carnivore

Chasborus flavicens 0.1 0.02 0.6 0.05 1.7 0.04
Detritivore

Chironomidae 0.9 0.5 0.1

Oligochaeta 0.3 0.2 0.4

a Gross primary producticn
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71 Tokunagayusurika akemust & 4 4 2 2 ) # Chivonomus plumosus BT 5, Zoft, o
BEIZEA>RI L HEnAkEIFEEL TEY, LK THEINLO—KEEENEBRDHELE
I@.@— ZD M‘E‘Ib{;) Zﬁ o

3 F &

3.1 WREARORE

19846 A8 H, EBMHRLDOKEL mDOHE, BE1 m, &S 5 m OASROBIHARE
AREBL 7, BEKROBEITHLVRALTH L, AT > L AR E E0.06mm :EEH K Y
I ri—b FBROMITEEAR Y, REY T TKEH.Sm HEEKFIZZ VHL, BRES
TEEICRIEL 2, M1 mET S TERPICITEAL, KRZEEL -,

BEOER P IRADDREF~s00iz, 2#BFOFTEHFL Encls. 1, 2), BY
D2EIZIF6HAIELL, LT K27 (= V—M60, FEHES.dkg-cm™?) AW CTER LY
cm OEESFEZT—A b= %4 L TH0mI- s ORREFBEDALY (Eng]s.S, 4). EB
H7H2A8ETHEMIT- 22,

HEREEENEY»EEROBEICRITTHELHA L 20, 6 A2Z2Eic#L T 7H A7 4
Lihh i EHTEncls. 3, 4icALR, 7Fv 7 Frd e b (NXX25) OEIES & £ 30E1T
T e B, KEIOEM T T v 7 F v (Daphnia) 95EAT B 2 E K % 0.85mm @) A
aFkBl, KV LE0RBEKICELLEIC, RELTTHEHH T I 7 v 2BIEBNR-T
TH A RSEEL 7. T2 17,00055 T -0 Encl. 1 & 0F Encl. 323 A L 72, #9522, 000m 2 EE B
CHLT 5,

1.2 HABRUREERNE

Wk, RUBBERBEIZ 2~ 3BT &0iT- 2, KB, BHEER, pHi3d—3 2720118
# (Hydrolab 8000) = k9, KeLEizAkpXEF5 (Biospherical QSM-200) 12L& ", b
PR PRSP TARIRO.Om T ic B L 2, BESE SS) R 7 oa 7 4 L a BiZ0.5, 1.5,
2.5RU3.0m e S EMRAR () -BR, 1.3 TIRAL, AFRTrAS—T 4 T —EE
72if UNESCO i L N Ea L 72,

THEEENC, WENmMmM EES 4 m OELE 2 b T E B THRRIEKET, BT 7
Y2 b rORE, MEERERCIHILEEORECHTL., 875 7 F ik 1ESE L
Yk L, 3%y TR L MBI EE OIS o, T T 2 7 b v R R UL
BRI ER LTIk o MR AR R E B RRIIE - TRIE L oY, SRR
5 EgRE, SZRERRRI 1R T A B MR BEUHEENRIER23C TIT - 72,

WETSMM & £ 170mm O 7 7 2 U A & BE 2 B SRIRE Fic 3 L T RkolEsc BILL,
FLRICEEIS N T OB L LG L 2k, BKFREL S, AEREAY NS
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iz, KRB LFELHEOR ) 2 F v b~ (10mmX 5 m, TEHIZE) 2417 TH3)
REMicEbh¥ T 250772, 6 H12B12-25 LT 7 A 8 BicEYLL, K F ka2 458, 600m!
DN%AF iz 2 BB TRFELMBL, 7ee 7 nafEERL,

14 # B

11 BEBERRBUYSS-Z7A07 40 3 REOCEE)

Lict N R U RBER RN OKIR, EFEE L pH OSEMEOERE: R MO KE
IIERERCIH T CORBA A LR, B (6 H138, 238, 278, 29H) ICiEBR 1ITE
BiZ% -7z, Encls. 1, 2 3#oKiBsE L2 R (BB TWwiz, Encls. 3, 4 0XKiBiERD 6
SE AN & B ERL 2. BEKENOSBEFEFEKETHET 2 &, BEOFE
TICUERLZAZ R, ¥hbddBE kb i—ENEmbAbnldhr o7,

BEBRRRENHESHIIKED LN EIFFC L COU2EmERL, Encls. 1, 2 TIREBTE
FRERE S/ EHB S N B FRFRREONEHTMOFEL BT 5 +, #h<Encls. 1, 2 <Encls.
3, ADNEIZE{ oz, HARIZED Encls. 3, A POBEFRERBIEIRNEDIZIZTI00% 2 F
iz, Led->ThHnels. 3, 4 MTRBFEREAEHELIREN TN EILEN Y- %
FLTw22 (A1 a, b,

pH @88 56 (4, Encls. 3, 4 T6 A258LIRRC pH 28 LA+ 5 2 & #BwTi3, BHFEEER
EOHBESHLRMUTEY, BEARIEEEL TWw2 rE2 L,

Mk UIREEK AN T, OB NEE L [(SInh-InL)/ (Z-Z,), 72770 LIZRE Z; (m) o8
FT2RE] T KELBENYFE LN -7, 6 HQIHE T2 E (m™) (F#R ¥ Encls. 1 ~4 T
FnEi, 1.00~1.22, 0.93~1.10, 0.92~1.04, 0.99~1.13, 0.91~1.14T&H 7z, 6 A23H
LPIBEY Encl. 3 2sHEXtEic & e T bt k2R Encls. 1 ~ 4 TFHF1, 1.09~1.14,
0.89~1.19, 0.90~1.14, 1.18~1.33, 0.95~1.18T&H > 7,

IR UREEKRMNO SSBE, oo 7 4 LeBERWSS 7007 4 a hOHE
SHORERELE T T SSBEL 7074 L aBEOHIEAMTED, miF s LHMATIRE
Bio M 205 A L0772 Encls. 1, 2T 70074 L a BB TE L2201 ED-
i EOEELMNIZLLAHMEREIC Y —Tho2 b2 5, Encls. 3, 4 Tl3i3id2H, $E
HEZH—Thoze 7007 4 g BEICHL T, Encls. 1, 2HOREEHAEIRWEE Z
Ltz (R2 a, bl

S 7uuT 4N a MR BROBOIEETHL L FEL LN HEERICIIY OREOKR T
L800~1,0000fH & RL 7245, Fi%13200~5000R £ & &) ) Tv»72, Encls. 3, 4#"Encls. 1,
280 BECHYEREALNLTY, 2T —v—2avicdbh (HAVRRBEHE LA GE T
SlEEZ Sk ofz, 72770, Encl 4 T2 6 ABHELIEIC 7o w7 4 L a BENFKELL, 55
70974 ek ERLTwd, ZOBEBIESWTRARTHL (R 2 o,
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BB EIE 7 A 8 HiZ Encls. 1 ~ 4 TEHLFH, 59411, 46+16, 9310, 97+20 (Hfziz mg
Chl g - m™, EEMEL 2REOV > 2)Thot2e 2TV —va o L VAERIHML 72 & v
Lo, MEEARE YD 7974 va@izT HE, Encls. 1 ~ 4 TH#ILFN, 740mg, 580mg,
1,170mg, 1,220mg Tho72,—F, AR L2 0 nAhn oo 74 g 827 H 2 B2 Encls.
1~4TENEN, 28mg, 38mg, 55mg, 13mg &% Y, EEBREEICIIEROAERY, REEK
FRAO—REFEICHMICEETR D Z 2T EL T,

42 BREZ 7L —a OB T2 T IRE
R2WBEURERRNOES 77 > 7 o EEREOEE 2 RT. 757 kR E
Rl A LIV REESZIEE, 27— arRENHEr SB35 LT
72,

ih & HeBE L C Encls. 1, 2 TP 728iE, 74 %D Navicula spp., Nitzschia spp., ¥&ED
Stichococens  bacillaris, Qocystis  borgei, HIZI8IML 12F812 % 1 B Synedra  acus, FHBO
Gloeocystis gigas, WOMEEER N Dinobryon divergens, Ochromonas spp. Th -7z, BRI HEE
BB, BEEKROL» TEEL THEELHREL T2,

&2 EBWRUMMARNOHY 7S 7 o BIREoES

T'ond Encl. 1 Encl. 2 Encl 3 Encl. 1

1321 & ¥ 2t oz i3 2 13 21 215 2 1321 25 2
Jun. Jul. Jun Jul.  Jun. Tul.  Jun. Jul. Jun. Jul.

Diatoms
Gamphonema sp. 4
Gyrosigma sp. -
Melosire granulala var. angustissima .
Navicula spp. + 4+
Nitzschia spp. + + + . . .
Synedra acus B + .+ P
Synedra spp. . +

Green algae
Anbkistrodesmus falcatus . . . 4
Coelastrum sp, +
Crucigenia tetrapedia + +
Crecigenia lauterbornii + + .
Dictyosphaerium pulchelium +
Elakatothrix getatinosa + + o+ - +
Gloeorysiis gigas
Gloetila turfasa +
Oceystis borgei . . .
Pediastrum duplex +
Scenedesmus spp.

Schroederia setigera
Stichococens baciilaris

Cryptophyceac|
Cryplomonys spp. +

Chrysophyceae!

Dinobryon divergens | +
Ochromonas spp. +

Dirophyceae |
Ceralitom hirudmella

Euglenophyceae|
Euglena spp.

Lepocinclis sp.
Fhacus spp.
Trachelomonas spp. *
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Encls.1, 2 & WL T, 2TV —2 5 %4772 Encls. 3, 4 THEA L 2282, SEBEELED
D. divergens, Ochromonas spp. 3 ¥V L %D Traceromonas spp. TiIC S, acus I LA D
74 B & Crucigenia lauterbornii, Elakalothrix gelatinosa, G. gigas, Qocystis borgei TN H#IT
Bz,

370w 7 e X ) ot EEE S QREENER T, MAEEREIIRIEIZ LY
BALITL—va V8L, 9 EoRjEnFEE &8 GERA) I ZIRDIRIZEC %
oz, B{zid gC gChl g -h ' ThHd, #:2.1 1.1~2.7)>Encl3:1.7 (0.6~2.8), Encl.
4 :1.8(0.7~2.6)>Encl.1 11.2{0.6~2.0), Encl.2 :1.1(0.5~1.9), @71 —+ 3
YOMBZ LY, MEBEEE L DEIEKE (Y- S REM O FHEITED - 2,

RRIR R B L AR L D ML 22 10EIORIGESE & ZEENE (5INH) 3Rk BY Th D,
BArlt gC-gChl. o' - W' TH %, # 0.8 (0.3~1.7), Encl.1 :1.2 (0.6~2.0), Encl.2 :

POND

PRODUCT 1ON

RESP IRAT1ON |

ENCL. 1 ENCL.3
PRODUCTION [ | PRODUCTION |

NS

RESPIRATIDNJ‘ L _, RESPIRATION

ENCL. 2 ENCL. 4
PRODUCTIGN | PRODUCT 10N |

CHLOROPHYLL. A-SPECIFIC RATE IGC GCHL.A_IH’il

. RESPIRATION | | RESPIRATION |
8 15 21 27 2 8 15 21 27 2
JUN, 1984 JuL. JUN, 1884 JUL.

3 HBih R UTREEKRAOEY 7 7 > 7 b OMEERE (SHLEE) RUH
EnploRE (BRITE) orzit
HEI 2o o7 4 b a B ) OdE TRL LML 1 £ LTHRERL D RESCRIL
1z
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1.0 (0.4~2.1), Encl.3 : 0.8 (0.4~1.4), Encl.4 :1.2 (0.7~1.8), WaB#% L 727¢i7o Encls,
L, 2oMAIER (BT 228% 27 L -2 2 YAET Encl. 4 DIIREE ML 22 (H3),

43 BEBEIPL—S 2 OBMTSS 0 b ikt 5 B8

RICHMBRCREARRAOEY 7T > 7+ AMEEREO TS T, BT S 2 v iERT
T BECHEETR L L0, MEBEE TV~ 3 OBEESI,

WERRLT, 72 2EATHEO 6 A21H £ THOMKE, Encls 1, 2 CREAZELEOHLS
Nudorze 6 A3 LR, #TIR7 43D Brachionus angularis, B. wrceolaris DL 72
#*Encl. 2 Tlddde - 72,

LT Vv— 3 vMENEncls. 3, 4 TRT7 LD S L6 A2E 2 TOMIE Keratelle quadrata
A%, 6 A23HLAREIE & L2 K, valga, B. angularis, B. urceolaris 8L 7>, Encls 1, 2
EHE L T, Encls. 3, 4T3, BEBIIED Tropocyclops prasinus RUEF D / —71) v i34z
AT DMRES AL N HBT B L LT r—r a LN TR BB RBITLZE L,
ORREEZ LD,

44 BBz PL—Sa 079 hilT 588

R4 iAKPRUEBD 7Y AOBEZTRT. 2~3HEE 3L 2hBE V2 Sy 7 07
FABFEROTEICHRELL. 877 7 o HOBKER AV 20, JIETT7YA0
KA EDERREIZH60%TH B,

HTHKPREL 6 A230 £ TFHT8,000m 2 (ZHIRIZ6,000~13,000m2), Z 1Lk ixFH
T5,600m 2 (5,000~6,000m™2) ik L7z, BMlciZE AWML 6 AR LTAZAZT
B EAEYAFHBEALTETED LN T b, Pihick @A L EZLNE, 6 A
218 L ANCIE S 4 EH B, ZORRICIEEL - HMElc L 2 EESOBIMZES Twis
i bFEZLONDL,—H, BREO 7Y AEEIZI00~300m 2 F JEE 10 T & A P ofkskd e
#kL TV, '
© Encls. 1, 2 Cldith &z iR %ERL 20 KBIC % (B E ZHAHE L AT, 738 DEE L
M3e 5196 A218 § T, Encl 1 AKPEREIFET6,600m™? (4,000~14,000m™2), EE
®REILT,200m? (300~2,500m%), Encl 2 /KPP HEIZT7,300m 2 (2,000~ 10,000m™2), EEH
BEI11,200m 2 (500~2,700m™2) TH -7, Encl.3ic 744 #A$2 L, EBICIIITELES
Kb S ERL T B L & LIcEBICESN, 4 Hikd 511, 4,000~8, 000E4& m2H EF 12
EHLr (H4),

IPL— a7 AL CRLEELE 72, Encls. 3, 4 TR EBRIMAE S KD 25
kY B EEY S o 2L 0D, FOHKIZE LA L DBEERERICERL 72,

Encl.3 Tid, FHRICRALLZ 7 IELICERCEEL, KPhsS53ENRE T -2 ([

—100—
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Rotifera
Polyarthra irigia
Synchaeta sp.
Keratelin valga
Keratelly quedrala
Brachfonts angilaris
Brachionus urcevlaris
Hexarthva mira
Trichocerca spp.
Lepadeifa sp.

Cladocera
Daphnia rosea

Copepoda
Acanthodiaplomus pocificus
Tropocyclops prasinus

Pond

@ 113151821 232529 2
Jun, Jul,
LR A A A
L e
. +
+ - +
+ ot
bk ok ok
. A+ e

+

LR B B R R R 2 2 2R

B . o
(AL S RN X XN

EREMRE | TOMEAREORG

Rk EE

(Nauplius) S8+ » 00 0GS
Encl. 1 Encl, 2
G 111315 18 21§23 25 29 2 91113151821 232529 2
Jun, Jul Jun. Jul.
Hotifera
Folyarthra trigla * ko A 4+ ok ok ok LEE B 20 2R B ik A
Synchaela sp. * k + - - + + * * + - ..
Keratella valga + + -
Keratella quadraia ok 4 + +
Brachionus angulars - . L < e -
Brackinnus wrceolaris -
Hexarthra mira + + + 4+ F o+ + -
Trichocerca spp. +
Lepadella sp. +
Cladocera
Daphnia roseq * + o4+ & 4+ 4+ okt * k4 ok ok ok ok o kR
Copepoda

Acanthudiaptomus pacificus

4 .

Tropocyclops prasinus  E N E N NN N B [ E N E NN NN NI
{Nauplius) [N AN K N N | [ B IR I I
_ Encl. 3 Encl. 4
9 11131518 211‘23 579 2 9 1113151821 232529 2
Jun, Jui Jun. Jul.

Rotifera

FPolyarthra Ingla * & & b 4+ F 4+ o + LR B R G
Swnechaela sp. * ¥ + + 4+ + + + * Ak ok - N
Keratella valga + + + + + 4 b+ .
Keratella quadrata + 4+ 4+ + v+ o + 4+ + + .
Brachionus angularis * ok ok ok ok + F o+ o+ b
Brachionus wrceolarts . . 4o+ 4 P
Hexarthra mira + + + + + + + + + F—— .
Trichocerca spp. -
Lepadetia sp. .
Cladocera }

Daphnza roseq * % k * & k & k * ¥ 4 ok b oA * ok ok k¥t
Copepoda ,

Acanthodizptomus pacificus . . B . . *
Tropocyclops prasinees [ F E N B N R (T XXX EEE NN
(Nauplius) [ I K IR R B [l AR IR I AR
k4 0 @>100,000> %> 10,000> + >1,000> « >100 (m™

—101—-
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a0 POND e
WATER COLURN
20| ]
0
201
BOTTOH |
40
0 ENCL. 1 ENCL. 3
- WATER COLUMN WATER COLUMN
, L 1|
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S w . 8 .
40 EMNCL. 2 ENC‘L.'J-
WATER column] [ WATER COLUMN |
20| 11
0 :_W L
N
20|
‘D' gotTon| | BOTTOM |
s 1s 21 27 2 8§ 15 21 27 2
JUN. 1984 JuL. JUN. 18984 JUL.

R4 FEBRUTRREEKRNICE TS 7 7 0 EREDZIFEL

EH o LRI kb o EE S, TERIZMEE g s ns B i 4. 880 o ¥+ 53,
Encl.1 BtF Encl. 3213 6 H2ZR 1274 % %22, 000m ¥ 28 AL (BP L TRT).

4), Thbbt, 7V A0BEELHMMEL IO 6 A21H £ T, Encl. 3 KB EEIZ FEHT2Z,600
m~2{ 0 ~5,600m?), EEHEEIL11,300m?(5,100~17,800m2), Encl. 4 &7k HEEIL1,300m™®
(500~2,400m~?), FENEHEIR5,100m? (3,100~7.800m™%) Th -7, 6 A3BLIGE, 747
2 A L 72 Encl3on K A B 13 3F ¥ 71, 500m 2 (500~2,400m™2), & % ¥ 1127,700m™?
{20,300~33,700m=2), Encl.4 o> i % B i2300m~2 (0 ~1,000m?), & &% & (14,700m™?
(2,900~7,600m™2) T& - 7z,

ZTL—3ar@L 3—2nHEE LT, BBICERL 7Y 223 Encls. 1, 212k
THIEBWESTELENTINTH LI T LN (4SRN, 2y, ok, kg, &
HER L V- ESNLTERICL 200, BEREECENHEIEMICERL 22T O, 3T H
ThHb,
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FEAIER L L TORBEK R s8R

45 ZHYHOEMTS 2 b it aRE

THAGIEAIZLED Encl. 1 Tid AR REERE, 000m=35 520,000~ 30, 000m-3zin L7 (X 4),
7 L B0 Keratelle valga, Hexarthra mira 13 Encl. 2 Ti3 6 R23B LIBEICEE ML Tyv 2z
HEncl l TIRIBEBETH 122 khbh, Zo2BripEe itz LD (3, —7H,
7 L3 H00) Polyarthra trigla, ¥ A Daphnia rosea B VB Tropocyelops })mcinus okt
LTI EAYEBEERITL TV - EALRS(ES),

Encl. 3 TH¥EALL 7Y HRELLERBIBHLCLE-H([H4), = FLr—ra>rnTF
TOTHANEREBNTH L3 TE b o, FHMEEME LT, 6 A21ALE, 74
38 Keratella valge, K. quadrala, Brachionus angularis, B. wrceolaris %, Encls. 3, 4 Tii#
PR A~TH 2 T BRI A R L Tz (#£3). Encls. 1, 2 T3 6 A21HLIENC &
K quadrata SI3BBRL T2k (£3), Encl?2 » Encls. 3, 407420 EBENFIED
#95,000m 22 L Tk 2 Bo300~1,500m 2 L 2B 2 2 26 (K4), AL 4O T7LLH
R 7HANMAEZLT TR B D, bHELAMW7 7 7 b AAlEoB- (E2 oL
T L CHOBEEY B s v TREELH 2,

5 % =&

AWETHERLRRARII NI TIEREIN TV 2EREBRO ) b TIRARNHOEL
2WEICE T A0, ERUMHT2IAMo s 7 s e B, WMEECNY 28E TS
&, Encls. 1 ~ 4 TEFILEFH, 60~190%, 60~130%, 70~220%, 40~170% TH -7z, izt
L, #TI3100~360% Th -7z, =T L —v g 2 TICREEL 2727 Endls. 1, 2 T,
—REEEHIIOUL EABFR LML T A bihd, 2 L2 Tr—2ar®LEE,
Encl. 4 TIRFEREP\WAOORBICETLCLZ -7 (R 2 a).

KROWBERIE, BTS2 b o@EcBE L, ThbbEW7 7> 7 Tk, 74
BEGREORHZHEOWEL Hho o, HOBEHOMN, 77 0T, TAVHE
NHLEDWL L ENENENTHE(FL, I), A HFPEBCBITLEDANEDL DI,
FREEAFRN T RE L 4 Zo@HEH UL AT v ESEOBRIZT TR L(EY 77> 7 ol
BAENFBELTwEEEI LD, BEKRAORIEYNESHELTRL, KEORBIINL T
i, =k, ZEROLSVHTOENDEERZ I ), S—T7L L THORFERVCEER, T
Tht?7007 4 v am, MEERE BEPREECEXRETRLEEI S L -12{H3),
SO LR, EEARLERERRL LCHAT B, BB 777 o di
BETORPERICEARLEF TLWEAETL, HrofEL L —RiCEY 77> 7 b oid
BRI ESBRT L s TEL I EETRL TV A,

EREIT LT v — g Y 3RETAOWBEILEFE 2~ LA, 2), TORLER
HRRE L THVE8I0E, BIE, HR0ENE2E 52 & TE, ERREMASCKRERZED
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HARBROME, H—%h (RAETIZEHTED w2 ME b2, L L, EetiElk
BMECTETRUCLLBENERRO»(ELEVE 5, EEFROBE T, KEOHES (74
) DBE, MW7 0L 05 bOBKEOHEBEEOER LRSS L L0, o0
FEARDERFOARL BT Tid 4 (, MELEREER L L ConfHET BigtrR Y,
WEHE Y Jun 7 La BICELTIE, 2 7Lr—3 3> #fFH % Encl.1 * Encl. 2 oRTit
FHEBHM RS - od, LTV — 3 »#4F- 7 Encu. 3 & Encl. 4 O Tz RIEEHRER LT
LEBAdo20T, TOIED2WTIIS#ELICRETL2ES 2, '

AROBRED S THI DS OO, WERBEEIAL, W7 > 7 b RUMEE L o
YN TORBERELH2BEERAL Tw2487T, BEKFRTHITL—2a v 52 ThTIER
HRERE L THEATZIEARWEEZ NS,

ok T # HORMEBHER L &3, BKTRAEMTH > TLRPHBHEXRTCLWHLT
Vg 2EDOHEEN LA CRAICIERW A LR, 3, BB Tropocvelops pracinus &
TN/ =N ARRL CHEN L AR VEE BYT AL LR (ES), B
B Acartia clausi RIS, BB (AT LD EZEZ LR, LT, L LED
ThHIE, 2TV —a RHERMICIL T, 2OMB2EYETL - Lick N, £EETO Encls. 1,
2 L Encls.3, 4OPHGENERT7 7 F oM, TEHLLEBRBOMBKICELCIENRES
Bz EHTELS,

74 A Chaoborus flavicans S5 E5i18,000m=2(2,000m™2) &~ 5 30, 000m=2 (7, 500m~%) < &
BTRE77 7 b U THRELRER2 52 2o, ZORED—2: LT, 27
AR LEROBEERSEL, 877 2 b2 (BRI B L LIS,

C. flavicans \SW7"5 > 2 } D 3 50K Daphnia SOMBEEIIITTEL 5 BT
Zy 7 PrEMAL TV I EHWENMIENTNEY, KEBHLIE 7T D27 L L3 Brachionus
& Keratella 2R L TV A WERMEAVRE M2, —H, Daphnia #HEL T3 022WTIIHE
PThh oz,

BEMEFEBCBY A HAEORER, BMEAEOREICINZDHAHMBLNL I LA EWSD,
EELLVEBED Y B 7 YA DHEBEFBEEII LI LN EZE LN L, KT LVIFERE LR
CIREARERAGT, FZBFONAZ) RABIZ LN 7S A LBM 7707 P 2RI
#HOBEARE S, 2084, 3L T ustRo L ) K& LSO Acanthodiaptomus & 74
HOHREL TV BRELEREL T3, SBEEBRRO 7Y 0BE, WEE (794) L&)
W7o 7 DEENMEASHETHELIBIEH T LDEEI LD,

EHRTHMI L 2w D0HER, Thbbh AR ZEBMEZEOWL, 7HVHD
ER~0#BATR UML) XANBELFOEHRIEIEIc DWW TIIER S 2 3BT, SkniEE+
Fhizn,
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BEtAkRIzE 2207 RBU
T A7 A ADOEREREERER

GWEZ! - (EBEE BT 8

Effects of Chlornitrofen and Temephos
on an Enclosure Ecosystem in a Pond

Masayuki YASUNOQ!, Takayuki HANAZATO! and Mamoru MIYASHITA!

Abstract

A herbicide, chlornitrofen was applied in enclosures placed in a pond and subsequent
changes in the ecosystem in them were studied. For comparison, an organophospho-
rous insecticide, temephos was used also. The herbicide affected both phytoplankton
and zooplankton at 0.2 ppm. Both the herbicide and insecticide caused the changes in
the species composition of phytoplankton. However, no marked increase in the
standing crop of phytoplankton could be found even in the enclosure where zooplank-
ton decreased by temephos. The composition of zooplankton in the enclosures also
changed after the treatments. Crustacean zeoplankton which were susceptible to both
chemicals decreased whereas rotifers increased. Zoohenthos were also damaged by the
chemicals but a species of chironomids, Procladius sp. increased significantly in the
enclosure treated with temephos.

E B

Bl AEWRAAOESEICRE L 2BMR R CRENO 7 o= o7 2> (0. 2ppm,
1 ppm) 2 Y Y BEREOT A7 12 (1 ppm) 25 L, BRI HELH
NPz EEANTO 2ppm BECTLEM TS 2 P XTI 0 Y roWBICEEYE
2o BREAIRS ERARIRENEL L LM T 2 b rOBHROBELESIERILL
B, BT T 0 b ol ERSES L 2REARICEWTLES T o o b onlER
DHELCHEIMER LN G-, 8770 7 Lol b BEols TRkl 2z, T%
bh, FLOOELEEHOROCPREE T T L 2 L oA L, WY AVEFE
R, EWEHL BRGS TEREASES LI LD S o2, RN BB,

1. EsraEsEmm  £HEESE 7305 %%ﬁkﬂﬁ?&ﬁﬁ%ﬁﬂ%ﬁﬂ%\ﬁ“[lﬁ%‘?Z
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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WHIEY - EREE - 5T W
Procladius sp. (37 # 7 + ARESOBEEXRCER MLz,

1 Rewic

BRERDPHRUMISLRETROLBERE L -TE), BRETIHAKCHELNLTWE, 73/
=272 I OIEERENKECTE{EbATWERERD—DTH L, ZOHKIIIILH
WL EN AR I RENRETHE L EZ LN TELY, KEEYEERINTIHELIIN
TR T2, FITHEERTRIOBRESOEBRR~NBELE~L L2 HWY
L1, FhbEooIcmE) Y RBWEHNT A7+ ALERALZ, ZoFBFNINSWHY
KETHENSBRTOLLAVLNTEYD, FOEBER~OBBRIEOBIIETENLATVEY,

2 ¥ &

ERICEL, EyoaEMAoERBIc4X0RBEAKRZ2HEL 2. BREARIZAT A LAD
BICHEROERAL R 2 F LT 4 ILLEES2 LT, BEELI M, H35mbl), RILE
FBCHLAARIISm okELEREZMALHEREL TELRL (M), 20O, fokEsd
iR T AEESH T T 7 P R ERbOBES B LER I N, FOKBRTIE, EET T
P2 OB EERCOBTFRENET 2 ¢, EFTRALT-2, BRIZ2 7V
vt =% FWESL.2 DEIETEREZENIAAY, FOOBEKRANTRIAOFERSE DR
BOKERIZME D &2 272,

1982F11A 1 Bic kB 2L, Zo0REKREOTLEFRIZ 7=t e 72 2 Kh0R
A1 ppm, 0.2ppm (2% 3 Lk 5 2S5 L2 (Encls. 1, 2), £72, B o2 E0BEARRNI -
— Kzl T A7+ A% L ppmic b L 925 L (Encl.3), & 9—Fiix®WEL 7 (Encl.4),

BENEW~OMEL, MW7 77, M7 7, SN2TYT, BESYNCOW
THE, V7)) P RERMBERMOIBMITEE, KONBMZ—BE 2z, F0#%i
—AMic—BE T, BEE3 cm, B34 moh T 2HKBE2HY, BEELLERBE ToRE R
R 2. £F0FAKD ) B10ml 2 TF—VETEEL, 7752 7 ooty 7
L, B 7Y TOFEH /7ee7 i VAIERUVKRER CBOFOFHAICEW 2,
7TV TORGREOHEIIEFERIC L ZHRELAY, 77 4L e 812 UNESCO/SCOR
EMNCPE- THEL 2. BER L RUAMOBEBEOREICR A 7o~ P57 —2#AL,
W77 7 b iRk R EKREATORAL, ERFE NXX130 4 » F TAHBL TES,
5%DRn=) v rEERTEL 2, BESWITEBRTEC, /vy - JiRESEAVE
KR EMOERLERL, NGGHMAO R v F Tk - THh, h~-) YEEEsHE L. 2
LicAKiE, BEERE, pHRY 7 » 7BICRl- 12,
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FREEROMTII 2~ 3 ConErb o123, REARORTRBRICE 2 KDL (BADED
mﬁﬁu&bwtgﬁgmﬁﬁﬁﬁumﬁu7~mmm17mmmﬂﬁ%mﬁfu@ﬁmtmm~m
ppm & &< A of, £/, KESLETERECREASORBEAROBM TEEIRH LN H - 72, pH
BRMEAROPTEBRMBIA S L £ 8 TREL Tviz, KBORER OB QAT B E %515
BB L, EBRME 1 5B TEREBEDL/502 5 1/10010 7% - 7245 2 A0 EBRRT
BRSO ECHRUTEZBETHREL T2 (H2),

3.2 ZaE2?4a
ERFHBHSRE CICREARMTEEEICHL AT BWIRE LA, 7= F T 7 2> 1 ppm
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33 #wwTI30b>
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K1 REAR YIS BT BT T 7 b EROEL
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16 * * % *
30 * ok *
16 Dec. * 3 *
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Qchromonas 1 Nov. * %k * %k * ok * X%
16 * * * * %
30 * ¥ * *
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16 Dec. - * *
29 * *
Cryptophyceae 1 Nov.
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PO vREARELLREMRR TR I TLERSHT CIER L (M4, 5, 6). D pulex
iZ7on=to7x-0.2ppm TIIERMGAHR08 BICHURBRL 2, o E 25 L -FRlk
RTGERR TR TICBIEL i -7, —2H, Tropocyclops i3 ¥ OREEKF T Ul R CH
L7z, BUABII MBS CREL Zd o, BIZIE Encl. 3 T 1 1 %7 0 16286 H -
FEAFEREHL08 BIcEE L 2%, Z0EBRA 1 [ J2 0 18EEICE TLAR L - 72 Encl.
1 ClREHREE, B 772 EBLTHEBRL 22T T TEERALN T
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HEIC NS CERTIEABME, B2 ) s SRt bR —BTH), B
XIS Aoz, TRERBICEC7HAMRLBEEBDOT TV ALIRAL 2, 2D
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EEEFEEIL S 5 L400EE - m2 &2 1o,
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CHLORMITORFEN AND TEMEPHOS {(No. pEm Exman GRAB)

- POND ENCL. 1 ENCL. 2 ENCL. 3

CHIRONOMUS PLUMOSUS

TOKUNAGAYUSURITKA _
RKAMUST —
|
B
|
1
|

CLINOTANYPUS SP, a4

PROCLADIUS §P,

TANYTARSUS SP.

PoLYPEDILUM SP,

CRYPTOCHI RONGMUS SP.

CERATOPOGONI DAE - - - |

0 5 10 15

8 MREEAR X MIC B EEES OB, Fu3RRRE L D OEEE

4 £ B

MR A P o R T B R R 5 iz, Brooker & Edwards L iz BrEA)
PRI EEICEBELL, LiL, BROEBRTIOL ) LB L T LEHATES
M & By LT Lv, FITWABALEFTIEERI O ST EL, REKRIIH
W7o 7 v HEOHRIIE(ELNTVL"Y, Fhh T 2REAROKRE S EH2 T, &
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EBETHOLN BB ARBLINL LN EPRNLOTH L, BRERTIIER#TES T
B Encl. 4 L ORI CHEMBRIIRELEDA LN Y- 0T EBHMTn 2 Az
DISHEAR THDERRLZERT I L5 TEL LN L EbIS,

IOEBCELNLMIZEASRBLT, BT AL E L TREELLOE T Y Y
Bz Thot, Lo LIN7H a8, RERAMTIEZALTRIBNECEDTHLHE
Lo TwWlien T, 877y 7 b it A2HAERIIREI I Er bt BEbiLE,

BRERlO 2oL to 7] ppm izEBHEN 7T 7 L CBEEILIIIEEEWEREECE T
TORERT A= E 2L L Ll 7Y 7 b 0T BB S 8% Procladiug
sp.% Tanytarsus sp., XA HD—HEI Z NI L THEE2H-TH9, ok - TR T 3
AR 22 Lhibdofze THICEHEOBSIME T, 7472 2REOBHEKREOKSE
BEEE LD, BEORSCINE(RE-BRENFTE S S I LILEKRRE Y,

BT oBER L2 b7 oy ] ppm TIFEBRRTEITIILASEEL -
fzo T ZEN= o 72 OFBRFEL, 8777 b o @ARBROEMENL 52 450%
BREAFEIZETFLTOLLHEELNS, B L-EOKRPTHRSEERZ 70 L=t 07
2 1ppm AT A7+ 21 ppm L Db AZ LU TWE(H2), E2AHTF A7 7
A2 x5 L 2RAEKRE (Encl.3) T8 7'7 v 7 F v BEOREFAL N, BUFOT 27
FAENLBRERNIOL= a7 L OFFERT T 7 P e LRS- L IR
bild, &5, 72 b0 7« U EERBICLEEL T, BEEEA L2 8L Encl L
THEWT7 7 o ORAESELELERTHLS, Thbh, Z2TR7a=ta7=>
DERE, MEZBHT I oIz bich B,

Zan=}b a7z 0. 20pm DEHEKRTIE, FrkS L8, Pr(BEW 777 O
ALl BICHEL T L ORBMAALINIZ, JIUZEA BT T 2 T A VRO
TREHCHTERERBRO WAL DEFEL LN LY, & LICEEOMIzHEVWESEEY
HN, BEOBSFETH2FCHBM 77> 7 b pFREAICE - TRA L2 2dic 7 4 0h
EORENENLMZ 0 THS ), TNEMARRBONLES L 2B BEINLTY
LUe, T pZ ki, BT 77 P o OBREEEOREICE, BEBESFCEELEBE L L T
BEFRLTwE, 2oL ) KERBRICBT2BENRSEERRZ, TOEBRTOBEAARE
Bemad LTLHEDLFERELS,
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Effects of Permethrin on an Enclosure Ecosystem in a Pond

Masayuki YASUNOQ', Takayuki HANAZATO!, Toshic IWAKUMA'®
Kenji TAKAMURA', Ryuhei UENQ' and Noriko TAKAMURA!

Abstract

Permethrin was applied into enclosures {1 m diameter and 3.5m deep) placed in a
pond. The chemical disappeared from both water and sediment within a few days
when applied at a dosage of 1.5ppb. However, Daphnia rosea and its predator,
Chaoborus flavicans were seriously affected with this chemical and disappeared from
the enclosure. Acanthodiaptomus increased in accordance with the decrease of
Chaoborus, probably because of the absence of the predator. Two species of Cladocera
which had not observed before the treatment in the pond established their populations
after 10days when Chaoborus had not recovered. They might be suppressed by the
populations of Daphnia and also Chaoborus. Tropocyclops declined its density when
permethrin was applied at 10ppb. The increase in the number of rotifers occurred with
this dosage, suggesting the close relationship between Tropocvclops and rotifers. The
former seemed to be dominating over the latter in a normal condition. The algal
abundance did not change with permethrin. The photosynthesis was not affected with
10ppb of the chemical. However, the species composition of algae differed between the
treated and control enclosure.

E B

B AEMRNCEEL cAGHBEHRKR (ER L m, $£3.5m), 20.7%5ppb £1.5
ppb DBMET~ LA 2N 2 BE L2 FL LB RLEA® ) BICERT A, BT
Fr b L ThUNBBeE L, BB 7S 2 o ORAETHED T AL
TOWMBHAETHL 122 131.5ppb TIRIZEWRT 2. L LY=ot by Ty iy

1. EAFEREA EmREE T305 MR STHRE S RSN/ 163 2
Environmental Biclegy Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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IOk AT AL 52, 10ppb THEET A & 1.5ppb T L et 12 Tropocy-
clops R & B, ZHL SIZRVACEOBMAES LD, BEAMREBCL ST
LT L Ao, A L5OMMESLEEENORES &L, EHREOMIE
Id o TEHEMESRESRTWAZ L3RBT LNTHL, ~KREEENRED
BER, - F0NEmiERI310pph TLEEEZRIT L, -1

1 @FLwiz

AESLMEGERRIINT 2 REOMIRIE, BROEEBRL2ERNFICHE I Z L BEEN
A EdE, a7 ) OBENAEEF 2200 M FICEBICERAEGEND L EICBRE
BIT-o20LTELY, 5 —o0RHEL LTARO—HE2H-» TEBEOSE $ 57555
B b, 2OL S UBBEARICERICESBEERAL, EREFAOBEOMRIITHNY, BE
ENEBRBEEREELNATHC DLATNLBREORER COEH/ THETH - 2%, L
e -oTIRETOWMRTIRL - LBADBER LA 7 2B T 7 2AAKETER» T, REEK
REMGD L I LAERITOAL 72,

A ZN) S FERE VY 204 PO, cis- & trans- D EDIREW TNV ARR S IINT A
BEIZ0mg/kg THLH, BN T A2HEEN TN LBEE L TIIRLASBTLHAVWS

AT, L LREL 20 A FORTREBRIENT & &, BRMEOBZ &b 44

Bt HHENG LB b, 2O LbEERICBW TR~V A 2 ) > OKFERERAD
REERL IERKR LR TIT- 12,

2 H &

FERIE AERRAANERMAICEE LW AUBEOREAR % 3EL BT
THLER]1 m R3I3.8m ORBRT, BRL—#BNAOKELLBRLTHS E1), R
12120.06mm AR ENRY) LFL DT 4 NAEHBN I LZLO2 2T v v 2o TH
WTWa, BIRTIERETo0d, FEBRTET> Ty, ~ULA L) > MBS 1 mIZ
19844 7 H 9 HO.75ppb, 1.5ppb » 2 EEE T, WO D 1 FEAMEE L2, T-BEHARAHZEL
i d HEeRE Lic, $2EE0MEIN A2 rOBES FIFTT B23H T2, T4
10, 75ppb LF % 1T - 72 KR 10pph DL £ 2 ) ¥ A AL 72,1 5ppb MEARE L < 1.5
pph THMEEZ AT~ 2,

BN T 2T R2HEWL 3BT R, BEEI eom D F 2 —TH T T —
THERE LT TOKEPERL, 58 NXXX2B507 I 2 A o LTES, BEIZEK
Lzt (EATI00m! #HRICHNIEFRE Lz, BIERERRP L 47N T Ol TR
) TREEL, BRI TUFOR TREAVBRETEAEL ., 777 ot
Biz7ou74naBFRETLZ L0 LT, FRARERICEICL VEBRERGET TR
FEli, B (MRRIBHRL - 2HEAMCBEVWLEREL -, BEFERE L TKIE, pH, HEFE
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F1  FEEEAROBE

FEI3EH (Hydrolab) iz & - THl%E L, APREIZASEETET (Biospherical QSP 200 UF QSP
170) o & - THIEL 7=,

AWERIIERET.Scm o 7 AR REAROPROTRICOLL, 2HBLWL I HOMBTR
L, EgaEgsfil- 2,

N AZ) o DEEST T 7 F T 2 EECRBIIHBRETTHINCTAN, THAR
$ L Tid24h - LCyol30.1ppb U FTh B = &, —FHHEMT 7> 7 + it L Tidl0ppb T K4
RIS B 2 L RS Nz, BEREIARICOWTR~®Y - THE, AT479
PP IF7A—THMLAR 709 7T 74— TERLZ. BHIZ?WTRER 2 cm DS 5
T b rHitig BfoREIL I~V EFRERL 2.
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I B B

Il AARYr0BREM

GEAGTRRAHBREE L VR 2w 05, B 1 A0MAEOKADBIZN. 7opph MK F
%065 130.04ppb, 1.5ppb MIEAR A 5 0.28ppb AR S Hizhs, SHEBIREL LD L LBHT
ERhol, $REREBLLUBEREN A -7, B2RIBANERIHBENY 7T, 10
ppb MEAKRNAKRUEEOWE, LT BRE SRR (FEL), wThicek, ZowFZT
7y 7 P rOBEROSVILICE N TIZRAERML, HENRoBEETIL0LBbNRS,

#1 REOKRICRS L~V 2 > DRE L ZOBREN

Application : Residue :

#1(9 July) ‘ Next day  5th day
Encl. 4 0.75 ppb  into bottom 0.04 ppb N. D.
Encl. 5 1.5 ppb " 0.28 N.D.
Enet, 1 0

#2 (23 July) 3rd day
Encl. 4 10.¢ ppb to surface 1.68 ppb  in water
Encl. 5 1.5 ppb " 6 ppb in sediment
Encl. 1 ]

1.2 REEANED

FEBITRHIEAS 8 A8 E TIT-TEY, FOMICKEBEIA»%0 EALL, HIoERE1T
U inl0BMEIC R LA L30CIE % » 2 KBOMESHIT 7 ALLEIIHZIZR L TH 355
8 AIZi22.5m A2 & T H I AT TRRAE 2 BAEAID A b U2 SRBEK RN L L TR E A Y
ENFRoN L -7 (H2), BHEEFRIITACEWTLTER TR G- Twied, 8 At
T EERIC L bbb T, MEBRRTEFUIERA L 2oz, 2o Hidke
(—REENENLDHEBDON S, HETEHEICAEREVYEHLSNALNS).

3.3 BT S520b

3.3.1 744

L2782 R KECE O TERERAZRESEIRV ETTHEL 2, E 1 BB T20.75
ppb DM NAR 4 T34, 500K, 1.5ppb MEK T, 460EEABL S 7z, chsITIEEA
FRAGRT, mE2 NI dE EHI2, 00 R0 T HAAERL TWiZ bt BT
Gy NHBESITRLN B LHET S &, LB L LOBEEBKRL, 20 m*hi
NHTN00TH 727727 b vty b OREHFELZEET L LA 2 iz k528 E:
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o THLNLBERRL L LD EB NS, 1.5ppb D~ UL A XY 379 A 2T L AP L BE
#izht, 0.75ppb THAL ) OBH L ER-72, ZOZ L6 T A3BICE 2ABORBE4{To72,
ELRLEA %3 10ppb (#7EIQ. 75ppb) AEE T#96,6000C, 1.5ppb A 71,500 T4 - 72, 10ppb AL
BARTIIEAGHEIT7 VA4 B4, §AIHBEHLLELADFLNLIALLEEbNS
NSRS ED LIS L G IC% - 72, 1.5ppb MIAR THEPRER L 22 Efkoh - 22, M4l
Fa—THr 7T —THENAL 7Y HOEEELZRL Tvd, HEOKR 1 LTSI RE WD
2L 5 DEICH o, MEARTIHERE IS T/, LU L EHOMETIAKE
EwHxRLN, B2AHONETHIREERCEBEECIZ SN W TER,

5r a
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o o
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- o D
g o " OEng 1
— [N e] o
e 2r o ’
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o a
. |
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1 o ®Enc 4
. - 2 o Y " 4Enc &
N PP S-S
10 20 ap T
dJul. Aug.
X4 7Hs0@EESOTE
KENE~ X 2 TR RE, @A IR,
3.3.2 A\

Zhithey 1 2 33 Daphnia rosea D@L LEM S5 2 7 b ‘/%‘ﬁw.)'fl’f“{) TELWAE S5
Ttz ~OLAZY 221.5pph i3 20 3 2 2 £ THE 27055 0.75ppb TIX10B Bt ¢ 21
A NEEE L2 (X5), F2EEOMET0ppb TREBK TE S CHESR LD - 25,
1.5ppb TR HTHAchss, BEIERS L, $ 7 2 OMBERRTIL, FNE TR LN D - 72 Chydorus
sphaericus & Moina micrura D 2y L N BEETHRATL L J o o 2, HROKR 1 i
Tl BTl ENEBLUIRH R B 7 A OB EOIH & £ B iIoni v Daphnia yosea
OEEFEATWEZERERL TwL ).

3.33 rusLE

e b ey 223 (Acanthodiaptomus pacificus) O3Férit Daphnia L& » T~
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F1EEH DM TI30.75ppb TIE & 9 B <, £721.5pph TH LB THEN LR LA, $20
H10ppb DRETHIERE L 72 & 5 T D45 1.5pph TIX 3 A2 BT 2 EMHRH & 4, B 5 A
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Bhborz v I ETRY(EERNICRTLACAFATHE), WAEFETHSE 74 LR
L7222 & s MBI L RR L L CRABDHEHNICEWEE L 2 E0TE S,

Tropocyclops prasinus § ZOEBHNDEBLBH 77> 7+ ThdH, BIEEN AR
VAR5 & - C0.75ppb TIIAR L D G L ABVERIC, 1.5ppb BRI & I1ZIZE LE
EIR 2z (J 7). B35 25 BEKIE~ L 2 2 Y ESOmHNRRNT R LD L&
DD LNBH(HT), B 7V IOBEsRANL IO EEZ LMD, B2AHOERS
N EREZE L, ME, FRCKRR L LN ARBECERICY o2 B0 ) 2EOEEK
10ppb B A F T  1.5pph MBAR THEA L 2272 D REEIFHATE L v,
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3.3 74v8

TALZIOEBHTESTA2I AT LAY v, B 1 EOLBTRIEEIZ LA LELL
7o\ [ 813 Keratella valga & Hexarthra mira @ 2EDERE2mT. ¥H540 8 AICAZ &N
BT E ST 545, BiEidl. 5ppb MEDKRCHE L 0 BVWEEISEL 2, BEIILEKRFT
I3 E AL Ao f, A AN AT LY ICHBREEEZ T0 AP E )RR TE %
WAL ZZIEL A 2EOMTE ) HBRFAE T I EEZ L0 b,

3.4 TS50
3.4.1 Ceratium hirundinella
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AZN) rDRIRF TS HRLNBZ L, ZOoOKRTRHL L5 2E8E T2 2 8285
N3, HBEARIBTAEELL LV ERTLOTHERTL I LIBEL WY, <22 0l
HEPEHELH T3 THEEYH 2,

3.4.2 FEAARY

BEIZEONYT 7 7 F BB L Tz, BB L T500888/ml 075 7 b > 215
ALY L, FNLIZIEEICLIZZIEITESL, BR2RFOBEEOEBIRLTWS,
EBRRBELIT6 CHBEN AR ARBKRFICH T NBVHAL LV, Obcystis  borged,
Crucigenia lauterbornii, Dinobryon divergens #BLE ThH 7. £ 2 HoNBHENEOH &K
F1TRBEEIARBb-> 2L b 56T, FHLRKRATRBESBEOANBRIIRILT
FNEEITHh-72, THNBIIHABR & MW7 7 b OBEFETFLELEIRETE
et t2g MEKRTOBEROERIIAKEO LR, Tropocyclops DL, 7 1 DHI% &I
BUodsZercEsrilnky, LA LRBARTLFRLZEHERLTWEDT, £2
TEREEDERIRE L -2 2 EOREPTEL N,
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pulchellum. -
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T THA L 72 & &, REAOBEIZITEA SRITE b - 7229, W0 A% Bzt LTl
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(RER) FEBICBWTARETIN T LD THET 52 £ TE L v, BEBRTO%ER
20 TEFRERE LINIEABRNDFERLITHOI T 29,714 2 v I EE (R d LIRS
LHBET BN FLTUERICERATREAFL b b, Las-TRVELERS
NGV ED, BELPET-AYBEIRENEAETL S LWl THE, “OWE LMD
ZCORBAFLIELL 2y aBIcRLBBEL 520, Lo LEnL Lz 2 Db SR B
DEMICRBY 7Y ACRBL LI 7 N AOWBMAETHL Iy, vy
YIZyAGYnBOKNELrEREY, BREI VYT, JoTRARRLAL Y
Chydorus % ¥ DHBUIIREE - OBE & Daphnin rosea ¥ OBEEEEQ _BOEAEHBHEE
BERELTWRILETRLLE, FERCBCTRBERREERIIHNT S, v 27 bR
NIAZN DR STZBEICL > TEZ LR, FRICE » T—WEEREL X ICELIEAL
Rt o nt, —UCEREEOMEICH & (3585 BEEB2, Wb 2 UERHAR ORI &
F LM OELE Lizdic 4 20 v BEAKRTRELT LAMH SN2 ThE, 2
DI L OBBIIOWTIRHERHTE L WD, GLAMWFLIIEOERTH Y, ot BiE
LTWwaTHDHH)Z EIFHREND,
i%%#&ﬁéﬁ%mﬁﬁﬁxof.%nmﬁwféﬁﬁ6%%&%@%&$%mﬁﬁﬁ%%
RETLLNTh-7z, W2, REFPRER MRS IS > TRSTL207EEBTH LD, B
MT2BHESBIETHE, BEFICL - TLZOKROE KFETH T Daphnie & Tropocyciops
L FIREIZFEH 24, Keratella 2 £ 7 4.3 2B E 47257, SE D22 21) 1250V Tid Tropocy-
clops R T HETTLLOEMIREHLNT, MEDEBAMA L YRV 2R,

50 B X ®

1) Hurlbert, S. H., M. 3. Mulla and H. R. Willson (1972) : Effects of an organo-phosphorus
insecticide on the phytoplankton, zooplankton and insect populations of fresh water ponds. Ecol,
Monogr., 42, 269-299.

2) Brooker, M. P. and R. W. Edwards (1973} : Effects of herbicide paraquat on the ecology of
reservoir. 1. Botanical and chemical aspects. Freshwater Biol., 3, 158-175.

3) Yasuno, M., ]. Hasegawa, T. Iwakuma, N, Imamura and Y, Sugaya (1982) . Effects of temephos
on chironomid and plankton populations in eel culture ponds. Jpn. J. Sanit. Zool., 33, 207-212.

4) Gachter, R. and A. Mares (1979) : MELIMEX, an experimental heavy metal pollution study :
Effects of increased heavy metal loads on phytoplankton communities, Schweiz. Z. Hydrol., 41,
228-246.

—130—




5)

8)

9)

BEEARRIZ L B~ur 2 2 » ORRPARSR

Takahashi, M., G. T. Wallace, F. A. Whitney and D. W. Menzel (1977) : Controlled ecosystem
pollution experiment | Effect of mercury on enclosed water columns. I, Manipulation of experi-
mental enclosures. Mar. Sci, Comm., 3, 291-312.

Metcalf, R. L. {1877} : Model ecosystem approach to insecticide degradation @ A critique. fn:

Mittler, T. E., C. N. Smith and V. H. Resh (eds.), Annual Review of Entomology. Vol.22, 241
-261. Annual Reviews, Inc., Palo Alto, California.

EBEL -EEFE-H5T & (1985) BRI LL 700207 x0T A7 1 ADLBRE
g EXSTMAMTRESE, $99%5, 107-118,

Kingsbury, P. D. and D. P. Kreutzweiser (1980) . Environmental imtact assessment of a seme-
operational permethrin application. Information report FPM-X-30, Forest Pest Management
Institute, Sault Ste. Marie, Ontario.

Kaushik, N. K., G. L, Stephenson, K. R. Solemon and K. E. Day (1985) . Impact of permethrin
on zooplantkon communities in limnocorrals, Can. J. Fish. Aquat. Sci,, 42, 77-85.

—131 -




FEr A #MERFRfs $995 (R-39-86)
Res. Rep. Natl. Inst. Environ. Stud., Jpa., No. 99, 1986.

ATKER = 8515 5 EE B & (4558 » OBt

e ® - RHIEZ!

Periphyton-grazer Relationship in an Artificial Stream

Kivoshi SATAKE' and Masayuki YASUNO!

Abstract

A succession of a lotic community was studied in outdeor artificial streams over a
period of 81 days after starting the water inflow. Three stages were recognized in the
succession. First, periphyton increased rapidly, because they were free from grazing
pressure. Unicellular diatoms and colonial green algae developed initially, and fila-
mentous green algae Stigeoclonium replaced them later. Second, chironomids appeared
in the streams and reduced periphyton biomass to 60% of the previous level in a week.
Among them Paratrichocladius was most efficient grazer. Third Skgeoclonium re-
covered gradually, though the density of chironomids did not decrease. This result was

explained by the fact that Paretrichocladins did not feed on short filaments of Stigeocio-
nium,
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Uptake of Periphyton in Relation to the Primary Production

Hideo ICHIKAWA?, Kiyoshi SATAKE? and Masayuki YASUN(QO?

Abstract

The primary production, community respiration and uptake rates of nutrients were
investigatd in two outdoor arificial streams by chserving the differences in the concent-
rations of oxygen, nitrate and phesphate between upstream and downstrem. All of
these parmeters fluctuated diurnally. A significant linear regression was obtained
between gross daily production and amount of chlorophyll-2 per unit area.

Nitrogen and phosphorus in stream water, which were mostly nitrate and phosphate,
were uptaken by the periphyton community at a constant rate at night but were
corresponding to photosynthesis at daytime. Therefore, daily uptake of nitrogen and
phosphorus and daily net production correlated each other. The mol ratio of carbon,
nitrogen and phosphorus uptaken by periphyton community wasC . N : P=112: 16 :
1 in an average, which was relatively constant over a period of 14months.
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Effects of Diflubenzuron and Methoprene
on an Qutdoor Experimental Stream Community

Masayuki YASUNO! and Kiyoshi SATAKE!

Abstract

Benthic communities in outdoor model streams were exposed to 1 and 10ppm of
diflubenzuron and the same concentrations of methoprene for 30 minutes respectively.
The effects of these chemicals were assessed by daily examining the drift, emergence
and mortality and weekly the density of macrobenthos for one month after treatment.
Both chemicals did not provoke a significant drift of macrozoobenthos at the time of
application but affected the emergence of caddisflies and some species of chironomids.
Only diflubenzuron inhibited the emergence of mayflies. A high mortality of chirono-
mid larvae was recorded in the stream treated with diflubenzuron, where mayfly
nymphs and caddysfly larvae also decreased and consequently the biomass of attached
algae increased. In the streamn treated with methoprene, no remarkable mortality of

benthos could be found. On the contrary, mayflies increased while chironomids and
caddisflies disappeared.

E R
BAATKBIZBANTT 4 700 R0 R P 7L w2 2 FR0GHAREYY
1 ppm &10ppm & 2 RO BETHRAL, BESYHEECH T L HBE LA, BEH
BT - L - B - BWEOELC L VEAOMBRHUEER T4, EhLOERDEE
LA E T EEBORTABE hdofd, a2y v Er 7 ¥ D12
AT BES B -1, T 4 7 Zu s FitstrRaa el HEL 72,

1. ESZAHRA 4Bl T305 kRS el i arnT /81 165 2

Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

—1561—




THIEZ - 47 &
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EE@MAFETRRBS SN T, Y RIAYeIOBENG RN, 2 r) A EalFw
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LA FTVL L EUBBRMECOWTEL OFEXI T I N, ERIIEI N TS, BiREW
DECHLENEMTHLERLFL (, INLEBHIL- THEEIIRHIE NG, L LEED
FHAESFTL L BT, GREWOBEICL > TP LN BL b2 b HRENE D, T2
LRV ENTVE ERVLHV, FLHERRCHA LA L ScEHBHESEBRICED &
TUHBEAEZ B DT LA RS L E N T v, Hansen & Garton®3 ERAD AL
KEFBHOTF 4 7 XvrneWBEc T RELSRL 2, EBRECBW I AT
VIDEELREENS, I TRYWRTONERIZIEABEACE S Z b, RBICREGT
TEBRFTVEOEBRPEFIE T L 2 LI AEEREY,

2 HMRFE

BRI ENLAEH A RE S e ATARE AV, 2o ALKEIC-DW TREEC I
HpthBh, TORELRREN, KBEOMER T Z A7 74 38—z, EHER80m, T k80
m *ERI N, EREIGATR I DTE CEEFTHET T THREROMEEN, B IEREE-
Twd, THEBIZELBEROPE2E-TWEY, ZHBRZEREI2%THENICKL T, Tik
iz 1%iciizzv, Ll b BRI 2EPRIELRRESE N RELEV T L7, K
B ootRI225cm, WRIZEH0.38] TH -7, EBETHRMSOM 2F 72, MR TL9i23
RicaTTEIKENRE L, F2Ki21 ppm HBRIEICL B L5 R 2HL, $3Ki310ppm
RhB LG, ZROKBICENTHOERM £ 0FEHRL 2. HTERIZEZHERICERE
Lizd sy P TTRTHHL L ARSED LRSS L ORTRREFE TR NGG2N A v v a
DAy bR 2ECHREL CTHRESAMNAT ZWE Il R, BTEAR R FIAES B
1M i, #0%E3EAA Y P 2RBRTHIETERLL, B0 ) Hic2nTIRK
Bl Th By ELEFLRY, ELICERBEBBT TAELHEL L, i, EX¥NE
BENELIE 7 cm ADRFDBR T ) F A TNTH CERELE2 R AEED
BAERF RS TLOBE AFATAI—NIR IR T~15COERT—BE W THIE L4k
FRERCRIE L 72,
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Discharge 22.8 | min")

Control 20m Control

Diflubenzuron

1 ppm
30 min.

Hethoprene
1 pom
30 min.

10 ppn
30 min.

10 ppm 4
0 min.

i

Bl ATAKER AL OHE

I R

31 REBABROEEBHORT

BT BEA T RIZI L TEd - 20K & 4 10ppm 03§47, L Paratrichocladius
rufiventris & Polypedilum wureshinoense 2B L T# T Th -7 (F2). ZHLOBLITEA Y ®
BRIZRT LA TRE - TEY, RAFOBEYLEL{E-T W,

3.2 ®mU=E

T4 7NA_Re Ry TR KBTI 2 BRI 2~ B3%NECETH -7, ZOFEFI08%
i2i2 1 ppm T88.2%, 10ppm T93.9%IZ L 72 (F 1), HHEHIZIZ 1 ppm R Tl EM A A
L, EEEOEE I 745 W0ppm KT E A TH o2, —FH A 7L MBARTIE
FHUMEEIZEAERD LD TETd o, L LYRBERERSCHS LU HIZEWTIZ
MBIHET L EBEDEN D 572, 2D E 12Ty TArXu itz i) Ao Paratrichocladius
ruftventris DX F AR EMELIECEL LH T 58, BT DRIMLETTHE A b
EAEAr 3L e & IR 33 (S N

3.3 2 S ooHUBNoTS

331 F4o7rxrXnr
ZOMEWES 1 ppmAEIZ L N a3 S L= b © 7T (Chewmatopsyche brevilineata) D1k
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2 HBRIBRAERNELEBWORT

BRI LB R R O Paratrichocladins rufiventris DM - 8 4 RO
() BREBEESS LTRSS NI h - EE2RT,
Days after application

2 6 10 14 18 22 26

control 1 larvae 1 0 0 0 0 0 15
pupae (X I1)] - (0} w0 -

total L 0 U] V] 0 0 15

control 2 larvae i} - 0 0 0 0 0
pupae 0 - 0 - o o o

total 0 - ] 0 0 0 0

diftubenzuron larvae 13 26 83 8 4 4} 4}
I ppm pupae (600 86 (100} {100} 0 - 10)

total 12 46 83 24 3 0 L}

diflubenzuron larvae 11 47 29 7 86 0 4
10 ppm pupae (B50) 100 100 (100)  (100) ¢ -
total 12 53 94 83 88 ¢ 4

methoprene larvae 0 0 1 1 - -
1 pom pupae () (50 ()] w - -

total ¢ 0 3 0 W {0 -

methoprene larvae 2 o 0 0 4 0 5
10 ppm pupae (33) (200 ] - (31 (0 i
total 4 1 5 0 8 0 4
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H-HESHKT L, S ENHITROHE FTEIIMBOHS0%IZIET L 722, 10ppm AFEE Tl
BHORT LD -, EROKRTTI0B%Z TS L ENRITIBLITLALHT L ad -7
BLOHOMTHRELLZEZEZ NS ([3 a),

+R %450 (Baetis sahoensis) (I #% 7T HBIC ZokBICHB LIz LS, HE» 515
BRI L 7245 1 ppm ALERX A & 4%, 10ppm MK A 5 {34 CHEL L7 (B43 b),

Chironomus flaviplumus 12 3 B BB 1 ppm X, 10ppm K & H8EOETHRRART L T,
3AE F TOPLIAMERICEIC - T ELLNE (K4 a),

Paratrichocladius rufiventris i3 1 ppm K Ti324 H %1213 $H0 3 4 EDEITFRAFT L BEA
Bt ass 10ppm ECIE32H %I EPHLY 2 EEEABEN L -2 (R 4 b), Thienemanniella
majuscula (320821 % - TEIBERX TR D 5 1172 (R 5 a). Polypedilum ureshinoense O
BB AHBEOIEE 1 ppm T24 H 10ppm T32ZHZIZHR L Twz (R5 b),

3.3.2 AFFL

AP b ESFidl0ppm TIFEBRT 3 THEBRIIMELL Twiv, 1 ppm DRETILIT X
AXEBE -2 (M3 a), PhaAY eI L Tk A P r e BB 52 hh o1
10ppm K T2 2 PHEHRNBR L D 4L LA 8- (W3 b),

22N AEHLTEIZF 2 b EY ZRMTAHELMUTWT 1 pom TirHF H K& L HE
53 Twvirngs, 10ppm TldE(bid L TLIMBIRRIIL T, T4 70y X0 (2 iR
FTarraz)hnLofy ZnERICH L TELREFECZELNS (K4 a).

3.4 HEBEOED

F4 TRy X TRBL AR YA Y OBREBSMOBES— B L2, HEE
CEEL, L AERBMETL D BEYEEICEL 2, BIEIREIC L > TELSERY B -2, Paratricho-
cladius rufiventris 13140 B (1 ppm) &21HH {10ppm), Polypedilum \x ¥ 125 L2110 B, Chireno-
mus 13 1 ppm T ABAET, 10ppm ET21HBizthdrd A VEEL Twh, 277 = B
I LR ansy ey 0ppm OF 4 7N A0 IR T2 E B EEL B d o 2.
HEZ L ppm X TLEEN A LN LD o2, —H A P 7V 1 ppm MER Tk aH Y0 nE
ikt L AMEFme R (K6 ~8),

35 RNAER

ZOKBOEEEPNIIEAEHAHERERFIFEL TWEEEZ L0 D, Lizd> TEEEHD
BOLEBIINBEENBHERICHEL TOLRTTH DI, T4 7A_F Ao BRAMRFH -2
OEEBIOEEOSM A RSB, FOMB L L UHERR 7007 4 b a B2 L T400
mgm S EYT BECBRERERLA(EI), FOFER 1 ppm L i0ppm bELThH -7z, Bb
{ Paratrichocladius rufiventris "BEORTRICKE (HFEL T Bbhbd. —F A M7
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HELNLFEPENIHEA Tz A Lo 7L o AER TG L AMEL i /2 (1 ppm
10ppm ME ¥ ). 2 ORERIIMOEEBYNO LY, ZOBOEBWIZLEZ L EHTE
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Development of a Continuous Flow Microecosystem

Mamoru MIYASHITA®, Kyomi HASHIMOTQ? and Masayuki YASUNO!

Abstract
A continuous flow microecosystem consisted of bacteria, green-algae Chlorella sp.
as a producer, water-flea Moina macrocopa as a grazer and guppy Poecilia reticulta
was constructed and studied the responses of the ecosystems to addition of nutrient,
pray or predator. Microecosystems were maintained in glass aquaria (315X185x244
mm) containing 10 liter of autoclaved tap water which was enriched with 35ppm
NO,-N and 3.1ppm PQ,-P. Culture medium was replenished continuously to each
" microecosystem with flesh one at the rate of 1 liter per day. The following five types
of microecosystem were constructed, Type 1 : Continuous flow, Chlorella-Bacteria,
Type II : Continuous flow, Chlorella-Moina-Bacteria, Type Il - Closed, Chlerella-
Moina-Bacteria, Type IV | Continucus flow, Chlorella-Moina-Bacteria, Chiorella was
added every 2nd days, and Type V . Continuous flow, Chlorella-Moina-Bacteria-
Guppy. Without grazer, cﬁloropyll—a amount in the ecosystem attained average 200
ug/l. In the presence of grazer, chlorophyll-z remained less than 10uxg/f{. The
continuation of the Moina population in Type II was 2 times longer than in Type III.
Continuous addition of Chlorella in Type IV increased the equilibrium density of the
Moina population, but did not proleng the length of the existence of the population,
The problem of overgrazing by grazer which had often occurred could not be solved
with the introduction of guppy.

1, EZaZmeees £Hmsil 7305 FHRIE RN AN 165 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. BRHISHE EUAHHARMERTFRE (EARFEREREHEN T74 FERMETZIL2-2-1)
Research Collaborator of the National Institute for Environmenta) Studies. Present Address @ Depart-
ment of Biology, Toho University, Funabashi 274, Japan.
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Dollar®* 9, FEEHEAZEMLEREREREY, 7oL 7100206010 BTHHEX
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FAd

2 RAXEZEERATEEOEAIUT

21 ¥ B
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2.2 EFzoWT

# 315mm, £ 185mm, EE 44 mmOFT 7 AKEICHBE L TREG A 7 1 o REEL,
FiARESEATER L ERL 2 A8 LEBb e = A TLz 2 L 2. 5 [ OZH T T A 2I0EK
BLAEBTASAN, BERC 7240, LH1 [ OBEGTKEICEALR, b, KENOKE
2107 ¥ L, HKGHEH A 7x it D —FiEo NS L 9o Lz, BRIE2 mi/min TiT- 72,
:mﬁﬁu%i1t@ﬁﬁimeWEéﬁ%ﬂ%m$ﬁ&tﬁ%ﬁﬁmtt%#ﬂtommi
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7rnu7 4l aBROCERIEHEOLE

Zr gtz ror THERENRIZIRTL 20T NTHFERL .

LLEonz bhf, AROKRBIZ LY EDTTAEBROBRE L EREESRTIHILE, B
W77 7 EEREC L nE SIS LT 22Ty, EEECLYEELLM S,
BT 7 2 bR LTORY T 7 by L IREEC k-5 IRMT 5, BT T2
FrEBETELESEKRERBTE L I KOBENLR, BCEES 777 FroRET
— N LTORNBEMORES, B2 ABHLRIEIDLELEL LS,
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Ev 2 FiFRifedy K995 (R-99-'86)
Res, Rep. Natl. Inst. Environ. Stud.. Jpn., No. 99, 1986.

BEHEsEL-ESR (Cd, Cu, Zn) &7 LS, A4OY
BUaR AL d 2 B0

B LR A

Effects of Heavy Metals (Cd, Cu, Zn} on Some Aquatic
Organisms through the Food Chain

Shigehisa HATAKEY AMA!

Abstract

Effects of heavy metals (Cd, Cu, Zn) on the five species of aquatic organisms were
studied using the following food-chains. 1) Chlorella- Brachionus wurceclaris (Rotato-
ria), 2) Golenkinig radiata (green algae) - Pavatanytarusus parthenogeneticus {midge
tarva), 3) Golenkinia-Cloeon dipterum (mayfly nymph), 4) Diatoms-Epeorus lati-
Soltum (mayfly nymph), 5) Dried yeast-Polypedilum nubifer (mige larva).

The concentrations of Cd accumulated in the algae {food) which did not affect the
reproduction of B. urceolaris (number of offsprings), P. parthenogeneticus (number of
eggs) and the growth of C. dipterium were 500, 650, and 650ug/g (dry weight),
respectively. On the other hand, P. parthenogenelicus fed the Cd-accumulated algae at
2.200ug/g ceased the growth completely.

Growth and emergence of E, lgtifolium fed Zn-accumulated diatom decreased consi-
derably at higher concentrations than 1,400ug Zn/g (dry weight).

Emergence rate of P. nubifer fed the food accumulated 1,400g Cd/g or 1,500g Cu/
g {dry weight) decreased to 60% and 25% of the control respectively. However, no
effects on the oviposition and fertilization rate were detected. Emergence did not
occur from the aquarium fed the Cu-accumulated food {veast) at 5,000xg Cu/g (dry
weight),

Possibilities of the effects of heavy metals through food chains in the natural aquatic
ecosystems were disscussed.

1. BEOEHEs S50EEE  T305 kRS E A SEL )9 16% 2.
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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HEEW) — WEAELLEDETLERKC L) SHBAKEEW (T L, H7YRT2
B, 220428) KT EWEHIC L2 EER (Cd Cu, Zn) npELRHLL. %
INEFTRELEERLSEES, KEEWINT S EHEHIC L 2 BEBOBEOR
Bc2wTHEE L.

SHOEBER L S LBEHEICENL-ESRE (Cd,Cu) #EOMREZCRITTER
S00ug/g (BB Btk OBE T VI LB oz, L L £0BRED ], 000pg/g @
LA % b L BSERAE U/ (Zn, Epeorus latifolium ; Cd, Paratanylarsus parthenoge-
neticus) .

2.2 % (Polypeditum nubifer) 0Tk, EWHEIZRITTEEPD Cd, Cu, Zn HREH,
BWEFE 1, Co TP OREI W 400pg/s (BEH) TRLE S TROMB%ICED 24
2o F2Cd L ROBENESH LN,

INITH-LETNVERICIIUTEES T EHECRES BT THARETNESRBRE
(31,000ug/g (BE) L EOEL TEWLOTH- 2. 4 0RELATIEMMZLO
Thotz, Ll EEEN L J LHEH RS NAREOMNSESPER T Y THRIEE B2
BTHL, —H, AREHC L2 ESFROMBBICESEDG AL AL Z ERERL,

1 RLwic

HEGFEWEIZ L 2KFERR~OFEIEML T BT, BrokEEmod s aER Y
BEBERBFEONATERY 2 IThbhT &k, Z0EE, AERRHHIRBRKICERR
manzosF—Thd, £, BROBECLEEKPOFEFTEME0BEHIWE S N,
LEnEERBOFR O L X L B2 KEENH 3K REBRIC T TRy TR
ENBLTHALG,

—F, DDT R 2 F KRB ECHLEPIZEN L IS, FEBRDRIZEWEHICL > TL &
HiREET D Z LML T WD, FHIKEEHIMAEL FOMRELF—OBRERICERT
LI EHEC, O OREEYIKTOFEEFTRYE 2 RAELITENIZERT L 2o i
$Hic L D REFMENEHEIRITL I LI TEL Y,

FDizeh, BYEHICL 2HEFRYEOEHBMEICHEL TEI RIS T AERREEALZ
EBRAEDLECOT VLI ERTERY, FORE, AYESMIC L ) EHBGEL-HE
BRWEOEYRECEL TomRiE, XKhoFEFBECL3RB0 2 L HEL THEHT
ZLVWREILEL,

FNHEE LT, WEE--WHABOBEEIE Y IO en KEEYE AW EFAERICS
N, AYEIC L 2BEEBROEHRE S TOEMBEICEL T, A F I (Cd, B\ (Cu, &
0 (Zn) HEIDWTHARE L, TOELHRIC OV TRARTONMBES L L ICHREL T
Ferz. &ENY, FOBETICITLNAYEHOTTALERICOVLWTHREL, Chb FEICRE
LT bR EDLARREBRICE T RYEHIC L 2 EERBOBEC OV ORI L2,
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BBl RO AEEWIH T 5

2 EBMAE
ChE CEBRA WAL et e T Loss ((wias P age]) #m1eR
Ui, W, KERdE LTidsr vy (Epeorus latifolium, Cloeon dipterium), 1274
{ Paratanytarsus parthenogeneticus), %3t 7 v v 7 (Chiorella sp.), TV > % =7 (Golenkinia
radiata), fYE> A%, F L CHRIIZ v ©— (Poecilia veticulata) Th b,
EBFFEMEEZ, HAZCAL T KEERICI ~5REEMTESRBLTHEY, JhE
HER TR BEPOMAZICIERS Y, WABCRITHEENIMBE~OMELET 2.
Eikb o BEEBBED, 0.1mM EDTA R UHKk (MIilli-Q k) THEk, WE#18, HE,
WIEREE TIRASEE, MKTEFIIL, RTUCLHEE (B# AA-640-123, BIL180-80%Y) o
& DAL 22 '

Bl s 7 R L KA b B S b o
(#3¥8) 411D

|7}<EP%§%E|—--~>1 w8 o|livys R o A& ]

Ly /////////
///"'/475—/%7/1 e

2.1 #8135 (Chiorella sp.) ——7 &< (Brachionus ulceolaris) #

7S onEEEY (2 1) 12 Cd (CdCL: LT) #FAFRI10, 100, 250, 500ppb $*2&mL
T7ulL 7 (WEHBELScells/ml) #14BMEREL . ok, ATHK?EELBRIE (6,000r.
p.m. 20min, 3@} KX N#EADCAdEBEL, 700 7% ATHAPICRE (3.8mgLHE/
mf) L TEBICHL L,

74 (B. ulceolaris) i3 7 0V F THMUEREL TV b LnxERL. EBICIE, BHoBRE,
L CAdICRBRL, 2R 1 FHICIEL 2725 L Cd DREE T~ /B v — L (NFE2Tmm)
NFEEK (3 ml) PICTLL THEPANLEZ LT (0. 1lmg -dry wt) % 85& L, 1REL
AL WA Nl S LAY A

—%, XHD CANEEL R nhEBARICENLENS5, 10, 20, 30, 40ppb d Cd 2FEML L
REEBNERTER 2T, 7oL 74 80RBKIEI 2~ 3B REFTL VLD ETML 1.
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FaleE 4,

2.2 KGR (Golenkinia radiata} ——2 2 1) 71 (Paratanytarsus parthenogeneticus)®

IR HINTITHBEET S Z ErLRBRE (4, 18mm) O L 5 Ly o LB,
PECE D 2 TOBURBA TR TH 2, B LT, SBO—ETh D Golenkinia radiata X
(3 Chlovella sp.iz Cd % 4 ~ S MEBEM TEM S Y, EERUBEIREIZ T THEF A~ BB
OFHEZ D TIRIZME SN TV 5094 E L T2 Cd i3 Cu # ML LT £ s
PEo7, BERPDESEL 21LERICL THRELL, ESBOBESIEL (3.2) T3,

2.3 ¥E—HHRTR

2.3.1 &% (Chlorella, Golenkinia) ——7 #/3Aa45'a (Cloeon dipterum) %

TR O TREAKEN ST THEL AR I am BEO S T EBAOKE AL
BREL, 1EET2F 728 (#35mmX75mm) 2 A, #EPR Kb CdofEsmatL
fro —BELT ) RERTEREITY, EERUILICE2HE LA~ CCu 2 THRLLE
HEPZURKUEOMODIZ3BILICRLA, KPCESBLHRML 254132 B2 L I2REBUK (E
REiy) BB,

2.3.2 S5 1E—TINELETFHH07(Epecrus fatifolium)F

ATEREE (ZIBISC)IHEB L 2ATAKBIC LY, 2707 (E atifolium) DER, AEFICR
AP, RURESO ZnnEREHE L, IROOERFEBERTROBEEN R LS
NThHbd. BiIA(Cd, Cu) & FltRAY ¥ o7 it E2MEHENO RN HHEL 2.

2.4 HBEE—V TR H(Polypedilurm nubifer) B

FE 22N A (P onubifer) IZUIFRRT 7T oy THABAETL THW2L02HHEL 7.

REBINDEIED» L Mhs, TOhoER, ML, EIED @, TnEMA4%, &Hb
BT —F LA hEIMLE, EIRE, SREL YRS LNz, 0 (P aubifer) i3 HBRIBA
LT LERENT 200, —#tfichr22 2 2nBURBCFESME LA IR, R
BT~ URAR (230mi/min) TIT- 72, f1E L TIRERER X 2O0%RNT + 7 3 > (A
A), BR: LTRA7A—X%Hwv, RRESBHDEE L T0.3X0.5X0.7 (&) m*DA » b
T sz Ay, Cd, Cu, Zn it 2w THAR UKD ORBEL R L 2, —BIEYY
2~ 30k, SH12OKETREEIT-7/2, KB TNT23+ 1 CTEREIT- 72, EBED
—FEHERI DT HE S Y,

I B R
3.1 2B L3 (Chlorella sp.)——"7 Lis (Brachionus urceolaris)RIZE (7% Cd DEcE

Vo RIBREREL, HAHREDC HOeMBORLL 2Tk, FORbKESELL D
HELUELAH TV D, M AT O RSB L SRECRET 5 20 (REREET ~1F)
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Cd%mwﬁ@ﬁﬁui%%@%ﬁﬁLtoﬁluvAym@ﬁﬁm&ﬁ¢m$(t&)ﬁwﬁ
(7ov3) 2o CAdmBELEL 2, 7ul 73R E#H480ug/g (LHEH) 0 Cd #E®/L 2, 7
oL FONLEI10ppb Tiz BEAEEH & ML B - 1287, 100, 250, 500ppb ¢ Cd % HE3ERIZ N
L7z & EEHBa 2 Fh80%, 60%, 50% b L7z,

%1 7 (Brachionus wrceolaris) DRETTRIZRITT
KA R A F 224 (Cd) o RssE

RFEOHE: Cd migiE ME{F¥ {MeanxS. D.)
A EE pugiil 12.5+3.9
{ppb) 5 11.8+2.0
10 11.0+2.3
20 3.9+2.9
40 9.3+£2.2%
7oL 3 N. . . 9.342.7
B 19 (103 9.9+1.5
nglg (8 84 (100) 10.0+2.5
235 (250} 8.6:+2.4
480 (500} 7.742.4

a) | EEEEROhey Cd #E (pph). ¥) P<0.05
b) PR BEATRE RS 5 BERE U T BEEIILLAZ S L 7,

BEITFHICHELESED L L O (Ttest) 7 4 OB A2 40ppb @ Ca 2 IHEML 72BH S0 A
Thotze 790 70D CdiZFNREHIU0ug/g (BE) DIBETLENFEET LTV L OE
FEI-EEEIRN LN -2, $REFORKRE, F4@ETHICLETRERIEML LY
Moz, Cd # &t Chiorellsa DEBENES, KP~0 CAdDBERIIRNAB-DTETOBRELHEL
7o, EBRIBRICEBEAKZEGI2,000r p.m) LT LEEKD Cd 2247 2. SEE, 10, 100,
250, 500ppb-Chlorella Rk CdERR £ FN. D, 0.6, 1.2, 9.0, 20.2pph TH -7z,
DL TP LY bR R Cd [t L S b i 0 (s & AT L e Ao f2,
FLBERFL TOEEH, BEEICH L TLT7LAVOBRERI I 2ol M LENZ IR
INTwd REHR.

3.2 TL % =7 (Golenkinia radiata) ——1 R ) 71 (Paratanytarsus parthenogeneticus) (<
Birs Cdog

BRSO Cd mIBE R N2 HBERERO TV » X2 TG radiate) 7o Cd DBE#E 2278

Ltz T ¥ =T/ Cd BEIERND O CAICRAIL TR A, Zo& &, EERIZERMD

L2z CAdo#l0%s 'y v 2 = Fhic B s i, HR/T%AERERCHTL, D I NEEILE

BB L .
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LA

SLE#HND TS 2 INB 2N MR E I DL S AL X 2T ERL L THTLL, REBEC
HE1EET 2% AN, DL, Eﬂﬁﬁ%ﬁﬁf\'f:n SR Y AFERENTHE 2 HIRIZA{EL,
W 2EME» LTINS 2, SENERTLI4AED L2008 Bz RS 2R1{EL 72, FE
HBRMEERIIC Cd iz L 2 BRERS L L o7, F2ISIMLL 2EEROBE (&) R UF 1A
AHROMFER L2, 2022 ARIELE LIS A4, BEIIIWIA A, 2ET LR
BIPELADLDTH S, 5HD CAIZ L 208N R LI E (RO LNl -1 ZO0DRERT
BUOLA>WBE LD LNEN S -7 (F2), 20, I rX=THhnCdBE*2,300ug/g
(EECEH L ER YT ERBEUHH I TIHBNE I TERMI LA SMBIE N (®I),

~J
(=)
(=]

1

dry wt.}
(=2
=)
(=]
T

v
o
-}
1

palgl
r-y
(=)
o
—

300k

2004

100—/'

0 100 200 300 400 500

Cd-concentration in Medium

2 HEFTHO Cd A (ppb) & 12 A RZIE % & (Golenkinia radiata) P& Cd
-3
#2  #HFIT7LARERL 2 EE T v % = 7 Golenkinia radiate 238 & L7222
# Pavatanytarsus parthenogeneticus FLR O R B UTEINE
#hthey Cd R R T — B Athen
pg Cd/g (828 {mm} B o
2.1+1.4 (3) 1.21+0.05 {12) 52.2+ 8.6 (12}
118.5+0.9 {(3) 1.2440.03 (12) 61.0+ 8.9°{14)
312.7+24 6 (3) 1.2440.07 (13) 58.64:12.3 (14)
372.6+ 4.0 (3) 1.28£0.03 (10} 68.3+ 6.5°(12)
518.8+ 4.9 (3) 1.3740.04 (14) 85.1%11.0*(15)
644 8+ 5.9 (3} 1.23£0.03 {11) 53.0%+ 5.3 (1%
Mean£5. D. (n)
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AYEgirB L tEEBOkL N T ARE

4RBIINBOTL v X =TI LEL 2 R BICERIBE > B R e X h bl w
THL L 2o £NP TISEAKRS 2 BT L TEIL 72,

IOEIEBRRE CUZERBLBALEHLNL, DL I, IO Ak b HTEDFHYR
WHOBE B L E, ZOEERFHREL ) LEVEIFIER S 72 3 3 TR 2, BErEER
NALBULEEHRAETIRAEETEZ LR ENI, _

BHOY A X (@) L PHOEEIEEYZ EABRIISSE A A TR, SEDERTLRE
loEmyW S S - 72 (r=0.99),

—H, KFZEmL 72 Cd LB~ (T 3). @R, AL » T REFRHL NN

(10}

400

T

{8)

oo

Clean (113

Nest Width ( micron )
S
(=]
T

1001

3 EHiBESCdEZEMQ 300ug/g BE) L2k (Golenkinia radiata) #5865 L
21 2 1 3 (Paratanytarus parthenogeneticus) oy I, R ri g 2 BRigIC
A BRAL: IDIEILL ]
Al Nest ONRTERL T b,

3 2.2 Y 7 Paratanviarsus parthenogeneticus NER (BE) RS- 2id
TARFICHEMU A V27 anBE

CADIREE (ppb) FhoBE g9 h 1 e
ORiCEEm) (mm) B

N. D. (o) 1231+003C 7 552+ T1(11>

5 1.19+004 ¢ 9) 4801120 8

10 12740065 QD 67.7 4192 (13)

20 1.171004 ( @) 467 4:221( D

330 10540021 266+102(

40 1.08£0.03 (10) 2724+ 17300

Mean+5S. D. {n)
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1A

30, 40ppb T, EIPE AR BOMN0%IZEA Lz, 2205 0B TIINR - ik L T RHT
fEEA°3 H, EHIZER L 722 EERD50% 2Tk L BA% 5 HiBivr,

3.3 BE-— /R CH S AYER LI BEEEORS
3.3.1 &M% (Chiorella sp.X (% Golenkinia radiata) —7 % s¢H 4 a7 (Cloeon dipterum) %
255 CdOpE '

AYRTHEOE CRBEEAREL, MIEBRIISDIFHEIRE L, 22 THWR T 3
aAreTohiibkitosrevE L TaLR, PECEBRTLERESRN I LT
rOBHRBICEL T4 rEZ 2,

F4IIFBICAd B3I T INFHES 220 1mm Mean+S.D. #=72) ©7 4,540
DIMBIRE I LEGOEER UTIMLE R, fFT0 Cd »645ug/g (L8 DBETLEEE
B, THEEicH o RBEERb o7,

=7, BRI Cd 2L 7235413 100ppb, 2 B 2E TREHHFET L 1255 0ppb Tid 4k
RICRIITHECEERRRBH LML h 272 (p>0.05, t-test).

Fd AFITLPERLIEE T ¥ 2T Golenkinia radiate % 1BEL 727 #
2374277 Cloeon dipterum 78 B Uk

kb oy Cd ey 1:8%# 2 ik 3% 5 87%
(ug/g %) (mm) {mm) {mm) o Nk
2 4.140.4 52408 60x08 8§ 4
119 4.0£0.3 5.110.5 6.4+0.7 8 4
313 4,1+0.8 h.2+0.6 6.2£0.9 8 4
373 4.0x0.3 5.2x£0.5 6.4-+0.8 6 6
519 4.0+0.3 5.3x0.6 6.1x£0.8 6 6
645 3.940.2 4.9+0.4 6.0+£0.7 5 7

MeantS. D. (N=12), BFRELMEFOA)I: 3.2 mm

3.3.2 HEE (51E) —TLEYE T A4 A (Epeorus latifolium) %z 53 588 (Zn)
DEE

FHFEOEREY LRETNTROBSBHLAN TCERTANEE RO Zn BEIBEHTENT
LBt F0THATABEABGLERIC L ) KRERRCRITTEHRE () B In 0@
PARRE L r. HESEETEYOHITHLRABIIC L 5. KEBIZREL 27 f BOKEES I Synedra
rumpens T - 1205 Zn RENE K TIE Navicula minima, Chlamydomonas sp.d $10%,
RUW0%RBERLE » Tz,

FHE BTSN InPE L FHNEBEIHLIVEL LT F AT 0T (E latifolium) HEE
AT, BRGS0 TOEREIF4.520.7Tmm (r=72) TH o/, (THEEFD In il
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#5 WA ERLOARECA B EEELLI LR EZ 2 Yoy IKERIN(Y per
week) M UF 7B Lol iR, B bE
HERIZ12IA S ey A MBI B L .,

—E8T —

Zn-Accumulated 4 Wito 7 W
Algae (ug/g W) 1w 2 W 3w 4 W Died Larvae Emerged
510 (kEg) 18.6+£5.3 (12) 18.3+5.1 (12) 23.2+10.1 (11) 14.5+8.1 (8) 3 1 8
600 22.1£4.3 (12) 24 4+8.1 (12) 22.5+ 3.9 (1D 18.8+9.8 {9) 4 1 7
770 17.4x£5.2 (11) 19.9+7.1 (1D 18.6+ 8.8 (11) 12.7+3.7 (9} 3 3 6
930 18.4+3.8 (10 20,8447 (10) 16.3+ 6.7 (10} 17.8+7.3 (9) 6 1 5
1380 10.3£3.3**( 8) 18.0+6.2 { 7) 23.3+ 4.2 ( 6) 25.9+5.7 (5) 7 2 3
2170 10.8£2.3*7( 4) 0.5£0.9"*( 3) 9.7+ 7.1**( 3) 20.4+9.8 (3) 9 3 0
Mean=+S. D. {No. of Individuals) * %, P<0.01
Body length at time 0 : 4.53+0.69 mm (Mean=+S. D, n=72)
Week | Weeks after start of Zinc-exposure
{f B Zn ML 5 BT (n=5)
#6 INEEIFIAYa(E liifolium) S ERCTHEICRIT TR T OENE
I1HM It icBitaEREDMM (%) 47T, XBRIREGKOA o 2 ECRH8EL 2.
Nominal 1 Wito b6 W
Concentration 1 W 2 W 3 W 4 W Died Larvae  Emerged
Control 19.5£7.8 (10) 20.2x3.9 (10 14.4%+5.4 (9 10.6+6.2 (4) 3 0 9
3 ppb 19.6+4.5 (10) 19.2x2.5 { 9) 14.946.1 { 9) 14.3£1.7 (4} 1 0 8
10 ppb 16.72.9 (8 15.2+5.4*( 8) 11.3+8.8 ( 6) 7.0+5.2 (6) 8 1 3
30 ppb 18.8%5.0 (11) 15.3+9.3 (10) 9.9+7.1 (10 3.248.2 (7) 9 1 2
100 ppb 7.2£3.7**( 8) 1.0£5.5**( 6) ~1.2£1.2**( 3) -3.8 (2) 12 0 0
300 ppb 4.6+£4.3*7( 8) 0.6+2.2"°( 6) -0.3+2.2*( 4) -3.9 {2} 12 ] 0

VA OHE E Y T 2 Gy

MeantxS. D. {No. of individuals) #*, P<0.05 ¥k, P<0.0]
Body length at time 00 5.75£0.45 mm (n=72)
W ! Weeks after start of Zinc-exposure

BT by



A ILBA

EABGEEILA Y2 7 EREEL CER, BE—BRICB T2 LB NEOH58% TH - 12,
4B BOEREE R DIIRRITEL B 2dTh ), InBBEROEBREH S £
S DR PD In BEIB2ICHA L b & SR 2R UTERNE I ThR I I
r3,

A, RREEX TRFHU LA L 2, BRER TIIESMMBNEEASL, 7THEEET
2, BSRERX TIRI2MERT ¢ FESTES L, 3EEkihhod 281,

—J5, KEIZEML 72 Zn (ZnSO,) DL F 6 2R L 72, Zn #100ppb, 300ppb Tl3FH L v
FEANEOHLN, EMES CAERIIZEASELL, 485 6B HSEERECL 2, —
47, 10ppb, 30ppb @ Zn # FEML 2K CHAREEZELICETL, 220 EELEE -7, £
RERDOBAIIE - TREBAMOEBRLZH LN (ET),

INLOEER EEIHOD Cu, Cd DR 2 BARAENKRE RPROTEHTOESBIBER Y
INEYETIAY O IDEBRE) L AbY, EROWMNICH T2 AR L 2 ELBOBE
EREBI-1TREL 7,

#=7 BHICREBLLNE T I A a7 E latifolivm OB RRR

Nominal
Concentration Molt Interval (Day)
(ppb)
Control 6.9+0.4 (n=10}
3 7.240.7 (n= 9)
10 8.2+2.5 {n= 8)
30 8.7£2.2 (n=10)
100 11.4%5.4 {(n=11)
300 15.1+9.0 (n=10

Mean=+5. D. (no. of individuals)

3.4 BB — VY E . 3R B (polypedilum nubifery Rl &13 5 Cd, Cu, Zn OESE

B4 222 7 (P nubifer) DR (3BEH A, 1904 4 134600808 h L E2) & kHc@mL
7210, 20, 40ppb # CAIZRFE L - BEOBETEEE T L 72, WL EREI6H EAD S5 - 2,
OB, Iy #EAREL, BES O, EIRER, SHELFENL, THEERIER
LD EL S II0%EIERTH D, ZHEROTERIINE, 10ppb TIRT6% TH - 725% 40
ppb TIE30%icEA L 7z Lo URESREE(0.56~0.63), R (0.91~0.92) (=B L CIZMBR ¢
HEERES LN o1,

—k, A NSO Cd #8518, 150, 1,500pg/g (BFE) BHA U TEHBOERS 1T 28
HT43, 160, 1,5004gCd/g @il B TRETI{ LB AN R #5602 124> L 7227, FEIRTR, SREicii
Cdick s Erdbonih -7z,
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HmEEEEL L RE RO AW N T 2 HE

& 5 i3k R RIS L 22 Cu(CuSO,) @ % . AFIZEHM L 7234, 40ppb THAIL
BEEL CHLL, BRI 0 X% -7z, 20ppb, 30ppb THPLENEPAEL 51, EREL
LREA L 72,

-7, S L7 Cu Tid Cu i1, 400ug/g (BE) TETHLEINBOHLRICHL

1200 [ gt

1000 |- v
10 ppb " conTROL
./
800 [ / i
o g—-D—-
0-73,
600 |- y P o
-
.,_—l-—l—'—l——-.—-.—.__..
40 peb P e

Hon ' V7 -/./-
/J /././
0 - é/' /"
.

o I
15 20 25 30 35
DAYS AFTER CADMIUM-EXPOSURE

4 A FI7L(CAIEMRTR (HAKRIC L B) L2221 71 (Polvpedilum nubifer)
SFEE L
KB L 2L 0 RB1L, 3WAAEHG (18 A 26008 EO IS L5,

CUMULATIVE NUMBER OF EMERGED INDIVIDUALS

COPPER EXPOSURE OEMERGES":E RATE OUWPOHB:;N RATE UFERTILIE?;IDN RATE
WATER  CONTROL —__I——i‘ + —
n /3 I N
20 (3 ——— =
W — —
ho
FaOD CONTROL :Jr— - I E—-
(parg dry B . :}_{
190 [—=— = I
00 3 = I
5000
1 1 |

5 +Er22Y)A0d{k®E (Emergence rate), #ESIE (Oviposition rate),
458 (Fertilization rate) ic RT3 A4S, RURE (RBRER) 0o Cud
o '

meantS. D (#=3)
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Lo 5.000ug/g DBETIZ 0 & o lze EIR, THFCRIZTRERICHOERTENBRE T
BETHT, BobTiREh -1
5 (Zn, ZnSO,) FARFEML 28-450ppb, 100ppb TIMLEA B 2 1L F150%, 20
DI LTz, FEMFCHT 5H8 L85 5 1100pph TIHMBOH%ITEAS L 72 (F8).
Lo Loy Zn I 2 7 {, B o) Zn iBRE A 930,000pe/g (E) B4 T L H1L,
BN A ) ROELENEND.15, 0.09TH -2 (£9). L L ZoEBESFNILE, IR
MBS L, BECEEL 2B TE LD -1,

#8 X EraR YN Polypedelinm nubifer AL, BHESI T TRBzEML
T ER RO

Zn 73iFm ,

y e oD B = B4 B2 oy %1
P (ppm) P g 3 7k &= B gl
0 (rE) (.99+0.00 0.77+0.01 0.4610.14 #.86+0.06
0.1 ¢.98+0.01 0.16k0.05 0.18+0.06 .54+0.26
0.2 0.96+0.01 .03x0.02 0.09:0.11 0.09+0.12
0.4 0.971£0.001 0.01x0.01 0

Mean+S. D, (3 AGENFL), LKL m0 2RS4 EREL 2,

#£9 EHEFESHTLHETHETLEYEXLA A Polypedelium nubifer @) .41k,
Tk, EIIR AR

ﬁfg;%i? LA DG B R
225 (ntha) .99 0.17 g.08 0.9
5830 0.92 .17 0.156 0.75

10650 0.87 0,17 .23 .89
30500 0.92 0.15 0.09 0.32

T#EL N, 2 ko
(14720 288 4 REHL 22.)

4 X =

KRB BT AYESC L2 EEFRWE ORI ERE L A0, Koy
BEOMEZOLNICH L D, O EAE) FOBEXTASHAET ISR RizTS
BThHb,

BB L A REFEERIN TV 2EAGII R ZOEBIRH T BH TA LWL TI2E
FTEIUERICLZEIANENLDERLRG, KPOFEFEYEOHEII REFERBCL
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EE T AL W ERNKEERI T 5 R

DEBCEFORE FRARE I NEERESTONL, T, AYESETTATINEERY
DIE» bHEEEOEGRBRELRHIOCBRELH T, HAECHT 2 HEIBHNE . F 12,
BECATHREBNAS L I VY 2 YR E, BREICHELT 5 KEEDE T BN
BT LAPRETHLE L YICL LB,

BEPIEMLAC Co, In k2 nsBadTaXkEshortd ey, 30
A, 2AYAH, AT TRELTEL, HBROFERALLKEEDIBEIRE I /v T
EWL 2 Cd (340ug/g) 7~V a0BEFHICBE L RITL 125" 2B ET00ug/g (BE)
LUF BB T LI TE oz, BIZE, S RKBOBRBEOMESIZ 20 fHE N
BEwi, Kb Culd @l THRBEICER I NG, FOoHKEb & B (Chiorella) #7) Cu ¢
1 P a (M. macrocopa) DEFEICRITTHEF BRI L2, Kded Cu lx35ppb TR S
Bab0%Ic i L2z, @¥rho Culiidug/e THLHENBEH LN LD - 2 GRRE),

LU, 4507 (E atifolium) DEBTHL 4 L 5 BEFO Cu e Zn BEH2,000~3,000
p/g(HE) DL~V TRERFICELWEBEL RIZLZ. Zod ) 2lE, Heol&Ti,
BT RN TCEICHER N TN RETH D, REI-1T, KPRUAETEETOES
BRErINECEZ I 07 A BBENOBERAS &N BT 2 KER R RITT A
LLERROMBERITL, AWESIC L 2 HEITRRENTL,

By 777 b b OEEBFETOMABEICRITTEBEE LT, K F79, 07
= AFF T ey LL, KK FPRFOMER» AL SichB L T4, ad
HET N LD EEROVERNNCIHA LR EE 2 b N2 I OR TR AYHEMIZL 2 Cd
OB RLECERN, IV aFR0 Cd H993bug/g (8E) T4 & ¥ 7 (Pelmatohydra robusta)
ICHFRMBETH- 2,

—F, 3Py E—RVTR Iy b0 CdBEFHTug/g TIE 7y -0k RIC
BEESH LT, 1T0ug/g TLES (30R) OREicEEHEN R - 0 %EEEL 2,
Foe—hivryrar@L TERLLECAOEEICHL 1308 %ICEMcERL - Cdidiml.6%
EXLdp oty TOROHEEMRBE N T2 & ) IS REBRMATIRIC & 51208 > TR
BWBEHEET VI NEERICERI LTI b g o7, KAEBRTRAEYEHIC L 24
MRS K A L O ERBEIMEI N L L LN L hERFELLRE L EL LN
b,

AN ARBERENARRCLEG LB ERL, BEEOERY LI L Tl boe
PR, AOEX LTL20BEIAKE Y, $LKPOESBIMENRE 21, BREECRNEY
FIRRAEE 2L CERCBAT 220 F0HcEBT 522 ) A ~OFREBETILE
Db EEZ L, AN A (P nubifer) DML, ERCBELRIZTHEDOCu, Cd, In%k
ENBER, 1,000ug/g ¥ B IBLTECLNTH T2,

Wentsel 1z L il 4 » ¥ THOBEATHREAEE? Zn, Cd BEZEHTH Y, 22
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BUEA

BTG BB B = & BRL 2D,

2.2 # (Chironomus yoshimatsui) 1= Cd # EF I A (v —)nE R, BETFZEORE2R
2ZBRD, AW REEE (1,200ug/s &) TLFOMBREBENLLOTH 129, ZORTE
22YAPNCAD Ty B~ DEHEL 1 BUT EBOTEALDTH 572,

SHOBRBIINFTERE L 2ERL L, BEBOEWEHET A L ABEEEML
Talz, BLhABRIAZROEYEHROER I NS L (BN RpL25LED
T80, BRYEHIC L 2HEBEHL THAR S, RaFATOESEBREIC L - TIIFEL
WHELRIZT I o0z $REKE FTOL S CAREHICL 2 ESRORBICRTS
DEEMDH D 2 L ATRE NI, '

HEBIC L > THRINLREIC L 2 ARYEYRANCIMET 2 203k PnELBIRE
DAY LT, BEL T2 58HE, £HE RN ESBREFNIUENHLLONEEZLNS,

5l B X &

1) dIR  BHEFE (1978) | epigfs, m2lE, H=, 288p.

2) BIBA(1984) © 7y - B R B CEFCRIIT ARSI L B4 ¥ 2 Yok, B AERR
AR L, #6295, 99-120,

3) Watanabe, A. (1960) : List of algal strains in collections at the Institute of Applied Microbiology,
University of Tokyo. J. Gen. Appl. Microbiol., 6, 283-292.

4) Tabata, K. (1972) . A proposed standard method for TLm bioassay using Himedaka. ], Water
Waste. (Japan}, 14, 297-301.
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[El3r > HEFemr i se it M99% (R-99-'86)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 99, 1988,

Ty P—DEREEFRIRETKFRUEFDION= 0T = DER

& A

Effects of Chlornitrofen on the growth and reproduction
of the Guppy, Poecilia reticulata

Shigehisa HATAKEYAMA'!

Abstract

Effects of chlornitrofen (CNP), diphenyl ether herbicide, on the growth and repro-
duction of the guppy (Poecilia reticulata) were studied.

1) Thirty days old guppies were exposed to 1, 5, 25 and 125ppb CNP (prepared
with a emulsifiable formulation) for 28 days respectively. CNP did not affect the
reproduction of the guppy at 1 ppb. Cumulative number of fry decreased slightly at 5
ppb. However, those produced by the guppies exposed to 25 ppb decreased to 169% and
51%of the control at 1 st and 2 nd parturition respectively. Normal parturition
ceased at 125ppb.

2 Guppies were exposed to 200ppb CNP (prepared with the formulation or 99%

reference standard) for 1, 3, 5 and 7 days respectively. Cumulative number of fry
decreased to 50% of the control in the guppies exposed for 1 day {formulation) and
3 days (reference standard), respectively. Effects of the formulation-CNP was much
higher than the reference standard-CNP. However, CNP concentrations of the guppy
did not differ significantly.
3) Guppies were exposed to CNP (reference standard) throuhg a food chain model
using Tubifex as a prey. Cumulative number of fry decreased gradually in accordance
with CNP concentrations of the Tubifex. At maximum concentration (160xg/g wet
weight}, cumulative number of fry decreased to 23, 43 and 49% of the control at 1 st,
2 nd and 3 rd month, respectively, CNP accumulated in liver and female gonad of the
guppy through Tubifex at high concentrations. Retention time of CNP accumulated in
female gonad was long.

1, Ex2FEERic £HE8EE T305 MBS H AT B16% 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatahe-machi,
Tsukuba, Ibaraki 305, Japan.
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1

EEOBRERFEATRFEE L TAKHORENLZHARICHEHEN TS, 7=t o T2
CRE(C 7 oI —FTARBRER ZRERHOP TCREBEEESEVLOL L TRETRUEY
WhNBEFBEINEOBEFRSNEGY, IIELIC LY, EREQARBICL7oL=

g B

B A ATHE T v ¥ — (Poecilia reticulate) LB EFICRIZT /2Lt o7
v (P72 RBES) OBBEEATRFH (31X hofds LR,

) 4107 yC—4%7on=to 788 (Z7ei=t o7 20%, 2k
F, HHEEEL0Y%) b0 T 1,5, 25.125ppb 7 u= 1 27 2228 HE R
L7z, 1 ppb TS L - 7225 5 ppb THEFEA L T4 L, 25ppb
TIX1E 8, B2 EEOEFRSHNBOL6%, 51%I0H8P L2z, £42125b TREEL
EFER-Lhdb -1,

)M 7R (99%)im L N 200ppb = L e 7 R TEREL, 1, 3, 5
TR TEMARLFOBROEFICRITTRES AL, MHoBEL1H, BBERTE
JHORERICLN, MEEFEINEOFNENS0%ICERS Lz, L LE—&FTHE
Lagsg sy r—nsun=t o7z »ERRECRAL»LZRES N sz, 20D
ZXid, WEBOILE, FEREHE AT L L TORBIEEL TwiliheE
F 2R (W

3) Fobr—offr L THwTWEL PRz sanste 7o (BRGICLED) R
FTWEY, T3P 3E7EIC12AM, £%12A07 y E—CBREIETO®RDETF
et AR ER,

A FIixdN oLz Fo7 oo BE (15 81, 104, 18%ug/giRE) w7y B—
nER, EffcEErRLAL., BEREOES, 1EE»5 3 EAE  ToOEFRDY,
WEROFNFI22, 43, 8%BIcBLLL, 47y e—idflr b o= to7x>%
BB ERL 7, A L EIMETERL, SRR NE ) LBP 12,

LM

PO 72 it AFERGBREENY, TH )L TR -BHVEFrBESATWEY,

FHIZN T TESERCANEWEPICL ) 7y U— (k2 7)) kR, EFicwri i
BERZT L2 EWERET AL ZEBRTHRE L TE 2, ARIFHEICOVTL XD
B/HL L, BEEY D) 002 0BEIBCHHIC OV T AYEMIC L AHELRNLZ I L

BELEZ L,

otk A AT 1FETH ST v & — (Poecilia reticulala) 13 % HHEGLE 2 U TogEE, B
REF (1o AME 2 Eh L EEFRYEOBERVEBERERRICEL 2 FBRA L L THER
OLOFPEHETL, TNEFTECHERICFEHSNTEL™, Zoffi7or=te7x>
BTy E—DER, EFcvr i BBRRIITrEIoL= o7y RARPICENL 2SS
CEMEMETTAMCLOREL AL THE, HAFL L TR 7y - DR LTHVTWwA A

FIIXEMERALL
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7o -k ERUFEFIRIFTREMO RS

2 k&
*Bi1) oA a7z -5H, 28BRER
i&m5m7wE—mﬁﬁ%@%fo%%l*ﬁﬁiﬂ,7lebu717ﬂﬂ(7ﬂwlf
o075 v20%, FAbElE ERAERRIKR) A LFLL21, 5, 25, Wpphy/u=to 7
IC28HMIRFE L 72, K (TR, 400) FEETSSEFLVLOTR, MEOBEICL2 LS
runa2 o7 v EEERNL . RRELRCEROERESREL, B L 10EEKT -
2400 KERADEFH TNCRL, DEROBETFSFCRITTEELHEL, BETRERH I »AES
LBMET 5. KIBIZTNTHBT 1 CTERL 2, ERUMPOMILA P 2 I XEMAWL,

KEE2) 200ppb Z AN = o7z (MAICE ) EHEE
EBRL)CRABICLTERLI s HOZ v E—2200pphn 7 on=to 77 CFNEF1A,
308, PHMRE L THERVEMCRIZTERZ ETHAEK%RD 3 » Ak E TR~

$£E3) 200ppbZAAZ b7z (RERKIZL 2)ENBE

JEN= o7 B (99%) AL —RICE» LS, 0ppm A Y ot e T 2 R
2. CORMEHG, (EB2)CEBICLT/uL=te 72> 7 v E—0%REEFICRIT
TREPHE, o
WA ERRTHAE LR —BEN 7oL a7 o TEFCRIZTRBCEIBRH LN
20, F—BETEELIESY vy E—N 20l o7 2 v OERMBICENR S E I %
REL 72,

EMFEMO oLt 7o P b= P )ATRED AL DHE, AR, REAHRE~
Xt cEREL, ECOXA7u<wt 7T 74 —CTati Lz, BALIZTXT pg/g(BE) TRL T
W5,

FERA) BAYMENCLIaAS AT (BES) RS

Ty E—DffE L THWTWAA 2 3 A%/, 0.1, 0.5, 1, 3ppmHrZuj=to’/
s ICRBLTIOWEFEMEY, FORBRTEREN 7ot o T r2HVTILE, E
Bicidzen=ro7o o BBFEPRVE, 0L BilE, AR 1PADT U R2MIcHE
Sfz () 3 A2 L300 MR L £N®OETFFICRITTRALHAN,
EBRRHLAPICERTE 7002 a7 2 OREE L (30RO KX (0.5//min)
ELT, kowikE: 1 AMI8EI L ko, 7Ot o7 o R EBLIA P I I ALRET
BrE, ANBRLEH-BARAFNPRELTERYNEL, £BRNOFEARE RN,
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LA ) Ty = B M BT M TR R

3 B 8

1} Z7arzta7z 3%, 2B8HRBOES

FLIIBOMBEHRTEN Ty E—NERE#RKT, 25ppb Tli kAR EOFITIZ%IZ, 125ppb T
MM S LR B E#21%, B%EEFL (CEENEE AL,

R2EREF~DBEERT, 5 ppb, 25ppb THMEDEFED D e~ 12572 ~ 3 HH OELT
5 BT A EAAEES L7, 125ppb THRIEE LEFRE(CRI Lo -1,

2) 200ppb 2 R ra7z (BHIC L 2V EHREE

FIIEBMABEIBANEEL T, 1BEENLOTIEKICHEL2E, 7HRETIA23
BiCAL 2, THRBCIEGR%I TIHE%HRTLL(E1). SEREBELLLOTER
HAMERET X 0L TR e28%, 48% iz L7, '

B2 3 REXTHRREAOMIC L AREEFG NI B CRETNRAELHEY L2 TH S,
1 HEETLEFEFMROL L 250%ICE2 L, b ARETIEEF»20ALLEERN, 20
BLELCRLP Lz L L FBY > FBRAHCET2 L) L REPOWBULIBS it 12,

3) 200ppb Z oAz b7 IEERIC L 2)OEE

® 3 i CNP &Z #0100 & 2 BEFHE ST, 200ppb 3 HARE THEM xR
BLEO0%, 7TAZIX4ARHETHLETY»S ), WH(ER2)0BE L L REF P Lh -1
FRlOmMENEET7an= v 7 v OENRFEY LAY I ERE L, B4i2EHKR2
ROy B () 2B R SRS THRL 2200ppb 7 o=t e 7 o THHEBEL, &
WEPHHBIE R ANLHERTCH D, BRERICL 2EMHCCAETH I ERYMLEL X0
ldddcdrat, 7l o7 0B RMRKEH -2,

FAIIEDRRIEL L4 H»AHOBBERERL T3, ZOBPETIIRE, B L BHICL
2HRREATH -7, R51F20ppb N7 N v 7o (EERICLE)IZ3 ~4AMAR
L7y —#oR&ELEE3»ARicBIT24ER2 T, THREETEIR4 DL kb
/100 B L RP L Tvnd, RORBEOSRSOFBHROBETAN, T HEBZO L O T2lppm

#1 rZop=tu7r(ERCLANIBHEARE LSy —nd R
(R i BT T8
W CNP; 7otz ta7e v

Body weight (mg)

CNP (pph} Female Male
Control 373+44 225435

I ppb 376+L63 231£23

5 ppb 265247 236+41
25 ppb 26844 204 £39
125 ppb 80+ 7 §5+15

Meanx5 D n=2()
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7 U= @R B G T TR R S

=2 £#lrHAYvbE—%7on= o7y (HEIZLD)IZ28HHEEL

FOHOEFRICR LR
RIS 1) 3 A 5 5% - 12,

Parturition
Cone. of

CNP (ppb) Offspring 1st 20d - 3rd 4th Sth
Control Live fry 20.7 27.8 31.0 30.6 32.7
Dead fry 0.1 0.2 0.7 0.2 1.1
Eyed embryo 0.3 0.1 .6 0 0.2

Undeveloped embryo 2.2 0.8 0.1 0 0
1 ppb  Live fry 25.2 33.7 28.2 28.2 36.1
Dead fry 0 0.3 0.4 0.1 [.2
Eyed embryo I 0.1 0.3 .2 0.2
Undeveloped embryo 3 { 0.1 ¢ 0.1
5 ppb Live fry 16.5 27.0 28.8 27.7 24.2
Dead fry IV 0.2 0.2 88
Eyed embryo 0.2 ] 0.1 0 0.4
Undeveloped embryo 4.6 0 1.8 1.4 1.6
25 ppb  Live fry 3.2 14.3 22.0 24.5 22.0
Dead fry 0.1 0.1 0.2 0.5 0.9
Eyed embryo 0.2 0 0 0.1 0.6
Undeveloped embryo 6.8 0.6 1.4 1.9 0.9

125 ppb  Live fry - 0 0 0 0

Dead fry - } 0 0 0

Eyed embryo - 0 0 0 0
Undeveloped embryo - 5.5 6.3 6.3 7.3

Per female

#£3 Woppb mrmas e 7 (WAL LA 1,35, 7 HRMARGL,
WE IR BT A 7y BT

Body weight (mg)

CNP

200 ppb Female Male
Control 42146 (n=26) 22628 (n=29)
1 day 299+38 (n=29} 185+24 (n=25)
3 days 210£36 (n=237) 138421 (n=18)
5 days 116+30 (n=19 109+14 (n=15)
7 days 121229 (n= 4} 98+ 8 (n= 3}

Mean£S. D.
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A LR A

100 ¢
90 7 days

80

m

60 -

=)

50

30t
201
10

- Zm0O

1 200ppb 7ot o7 (BRI LR ICSHENIZTOREESZ L
7y E— D RBE L EOFTR '
£ 1AART S5k A ERIC L 3,

1400 |- 200pps CNP [ g ]
o1 bay P °
43 pars
1200 ~ 45 pavs G
E a
H o
. 1000 - A
- o °
o o
a
. L
B 800 »
] controL” P
s o - .
£ 600 © o
z .« o
2 o R * - WP
pot o o &
_3 400 - & . - oo a0
£ =] o a2
3 . Ak
Q o o a8
200~ & o P
p
.'O " .t
g2 A S 1 1 i i
2 3 4 3
Month

H2 200ppbmZzen=tu7o (MENC-LINEEE) 21, 3, SEMBEEL.
Zob— (&% 15H) OFngoBEEFE EI2ERCL )

EFRERM I P AR LEEE -7, IRCNP . Jur=}to72r,
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Ty B R RV BT TREA O BE

@
2
E 1000 - 200 pph CNP
x o CONTROL
o * 3 pavs &~ °
. 800 2 5 pAvs o
3 & 7 pars o &
= a14 pars °
= aof o ©
=] ° o
g ©
=
- Q
- 400 R -
2 ) . .
= oo OD " L] ‘A
3 L Y
g 200 . -] . .- .t ;;AA Lo
0 ¢ . - D;uﬁﬁ'a o ©
o o > 2 s & g
oL N N Sl 1 ]
1 3 4

X3 200ppbnZwi=ta7ey (EEGH99.9%12L5)i123, 5, 7,

Manth

14 H

FEL27 €= (R 12 A) OMBEETFR (HI10ME&KIC L 5)
BIEREEI S AL LHE -1,

100
600
500

400

CNP—Concentration (ag /g wet weight)

O 0.2 ppm CNP (WAl & %)
® 0.2 ppm CNP (RS X 3)

1 | 1 1 | |

3 7 3

-
s

DAy

W EAEERC - THE L o2t o7 2o THMBES E 720

BRKIBLTUBEB®RI OISy E—Hnun=tuv 7 8E.
HECNP, 7o=ba72y

300
200F
I
mo/
I
(X 4
ERVEETL 2,

4) AMEEETIMICEIAOA IR 2 (BER)ORE

®5i10.1, 0.5,

1, ippmaZen=to7s Il 1HEBLAZA I3 XD 70>t O

7z GAHER FE DROBKP TONAEE LT T, ABRBEICL L 243 AMTRRERD
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Fd BFEIFAIEERICLZ200ppb D 7= T2 I 1 ABREL, BB
Eibg 4 BEICEIT 7y E—HtnikE, KE, RUFR, HEoEg
FORa o= a7z oEE
Tatal— (L+G) 3&Es» S HRACRASRELAZLA,
EHPCNP, 7un=to7cr-
Body length  Body weight Liver Gonad CNP-Concs. (ppm, wet)
CNP (g, wet) {mg) (mg) : ‘ .
(mm) ’ ] Liver Gonad Total—(L+G)
EH G -CNP 35.5+2.1 1.40+0.29  59.0+24.1 158149 9.03 5.65 2.66
& H-CNP 34.7x3.6 1.34+£0.,43 42.1%£24,9 178X73 13.20 7.00 4.25

Mean=+S. D. (n=5)

%5 200ppb7oi=twu7 o BEMKICLE)ICT,
SHAHBO S v —En o= o7 2 riBE

EHCNP, 7ov=t a7 L

5,

7. HEMREL

Body length (mm} Body weight (mg)

CNP-Cenc. (ppm wet wt. )

Contral 24.5+£0.6 378+44 {10)
3 days 23.7+1.2 34478 (10)
5 days 23.2+0.8 341+44 (9
7 days 23.2+2.8 291141 ( 8)
14 days 22.1£1.3 294+47 (10)

<0.05
1.62
3.42
7.36
8.51

Meanzx5. D. {n)

#6 200ppbrroil=tw 7 (EERICILE)C3

L) 5}

3 RBROT C—lOBTO7aL o7 2 iRE
EHCNP: 7oA=1t 07> -Total-L 3&Er LR esKBELLLD

7

, 4HMEREL,

0.2 ppm CNP-Conc. {ppm Wet Wt. }
CNP Body leng. {mm) Body wt. (g} Liver {mg) Liver Total-L
Control 40.2+41.2 2.12+0.25  36.7+12.6 (7) <0.05 <0.05

3 days 40.521.8 2.29+0.43  68.0%16.2 {5) 3.18 0.8
5 days 37.3+3.2 1.65+0.44  56.6:+20.1 (8) 5.55 1.87
7 days 36.2£2.0 1.27+0.30  53.6+10.6 (10) 20.9 5.25
14 days 34.7+3.3 1.2740.30  50.7+13.2 (6) 13.2 5.27

Mean=xS. I (n}

#933~57% N BEICEA L1z,
Rl (2N G
FHE T AR S

i

i’

ZA AR DT o B (M F N 2 H26ME) 2 3 A 2 L icikE - 228308
T RO ERE USMERD 7y P—OIERROTEEEYH 6 (R L 2.

EBORES L SRER TE~ERL RSz, 30H HoMBMIRERER TR O#85%
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7y E—nk R CEIA T TRERHORE

2001
3ppm
E
2150}
T
=
=0
N
* 1
. 100- pom
3
‘:3 \‘
z 0.5ppm
z \G
]
= \
z
s}
a
0.1 ppm
—— ., .
¢ & 4 L — &
0 1 2 3 4
Day

K5 0.1, 05 1, 3ppmAaZoi=r o7 (EBH#SICLE) 71 HAE,
Bk (oK) B LT3BH®RETNA b 3 3 X (Tubifex) 1d 7 o=
FeT7 e iBE (pg/giRE)

(M6) WALz, ZHLENA I I AANAMBEL 7w b DRBEFRTICT L7z, 1
TIHELGEH LA - op, BTIRBEICH-> TREDBL R » 22,

RTICINLDA 2 2 A2BRL A7y C—0EFERMBE I »AMOETHR, BERE 1S
RAIZEOHBETRLL, ETFRICBECRK > bR 72, REBERCIE, 1, 2, 3
PABIZBETIETFESHRAOLNFNLS, 40, 49%icH Lz, L LIEBE, HaEof@EmidiE
Hhnlh iz,

FEUA LI I XFBLTT v E—CEMLL7 oA o720 OBETHE, TybE—id
ERORECH - THBEN 7oLt o7 2 3B, BTRRBRECIRESORE SR
L7z, BRCLBMBED 7or= o7z w5 B2, BRELI0ES S1ITHRIZFRY S
BEIS0BLLT iz T 20zt L CHRE BN BENR T D o 72,

4 % %

SEERCHCZ DL o7 2 OBERBETOREII VTR E (HEEINTWLE
CHET2:FH L (G ETH3, EB1)H5 1 ppb, 2BAMORBE TRV v E—DEFICHE
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BLLECA

200 r CNP-Accumulacted Tuhifex
T at Coatrol oy e
0.1 ppm @ 20 g Cwet wt)
.3 ppmn A o
! ppm & ;
b BARD
2 pem 20’ ma
150f Ffemale 26 Indiva.
- Male 26 Indivs. 24 /
5 ;//'“//u
3 & //ﬂ
= 24 jé
)
; L
= 100 BERD
= mum —
&
24
o—of
Ehig 15|
o o
15L///
—i
15|
0_' 10 L 1 1
0 10 20 30

Day
F6 HB1pADTyE— (ML L26@K) o308z 1AL -7

o=t o7rEEA LI AORFEROIEEEEME
FEHFCNP . 7oit=te7cr

DD LT, BEILS ppb o bR H . S LORBS L BAL, BEPH 7oA
T BEDS ppb AT 1 AU BESRTE D Lo THACE T 2 BENREOTE
iz, Fo—oRBICLIBN S LninlFEZ LN,

L LBRERIE I S B ESEPL LIS CIEEWBE X 25, B2 IEKERMETIRTL
pph OHEFHEEI N T 2Y, TNOEBE, SFMEEOBEIBH AR, BHTHEL .
20ppb D 7Nt o7 nvic 1 HEBL 27y U — D ETEIINEBOH50% I8 L 72, EfF
I REELE 2 5 A LR - 20T, EMEOMBIRSBELALZ LI E, TALDS
BENNECREEHTR—BUCELEREO /vt o7 2 v icRBEa5e, +0R
BliikazwimetEZ LN, -

EBIZHFERL ZBREREB0%D 7L b0 7 2 LU OEBRIB R E IR LR T
e FDEHINLHOHLERENEBLBERTE LV EEI LREATION= a7 2 > OE
BEEHCEROERE ST, WA L IEERT200pphb D 7o te 7 e 2L L &5
R RIFTRBIAIRTREp 72, L LHESSHE, 7or=to 72 HEOTHRAILE
BRILBTH-72, 02 Lo b HMATHE M R OERER I A OF LS L
TWE LD EFZ LNz, Fhron=tbo? 2 BRPICZBeOTHBISERT D ES



Ty B D8 R UEIFC RIZT REHOBE

1000 (-

126)

800 1

t261

(25} FEMAL

T\xlrzm
LTl

INITIAL (female) HALE
|26 (26)
| 1261
\ = e l
200 ARl
4

Initiaiimale)

BOOY WELGHT [ mq wet weight
3
(=]
T

{ 1 | i
00.1 0.5 1 3

CNP—Concentrations at which Tubifex exposed for one day
M7 Zen=ate77or2gA L4 i X2 3ACLICAMBETELLT v E
— (&g 12A»L) OEBRTEHOKE

AbPiixXdn7un=to7 - -BEIHIS9 1~ 4 Day

B, —F, BAS(99% 7 0= b 07 2 )i b TMMAEH E TV 570, T &
ARMENMS 2 HET 2 Z 3T ORARHEEITHEL 2HFEL T T L,
HANEmBER TN 7oLt o7 L VBESBOI ESEESNTWE, ZORHEMEH
ETNMCEN 7Ty kR, ETcRETEENENLNL, SR0REL16ug/y (BE) T
EREI s Ty E—D P, B 7 el o7 2y BRETERL, ol
BRCERLCBANZORICRECEE Y, Kit~oEoMEELEH i, ‘
SRKRICHAVCBEICKTE, BESRba e o7 s Y BEE REEHIC
FAHBEATRANAEWLDOLHRENL, —F, EPCLLIBREEORNLHZNT, BT
CERULLSES, th2EART28 777 X IcTARBL VLRI LENH D L
ZZ bWRTERHI L EN TV A,
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B LG A

#£7 Zon=tvrrre2EELL2AL
E—ic 1 A AR L 2B SnETFC I TR

B3 E kR 3 Atk 508F -7,

i

EPCNP, Zor—ta7ex

3 3 X (Tubifex) 2 &% 1 »AEN

4+ 33X
CNPBIE (ug/g wet) 1st month 2nd month 3rd month
Live fry 69.4 49.3 44.2
Dead fry 0.5 0.5 0.3
<0.05 (#t8

1) Eved fry 1.4 0.5 0.5
Undeveloped emhbryo 0 0.1 0.2
Live fry 53.0 46.2 39.7
50— gv Dead fry .8 0.4 0.6
’ Eyed embryo 0.7 0.8 0.3

Undeveloped embryo {} 0.1 0
Live fry 25.4 27.2 31.5
o7 Dead fry 0.4 0.2 1.3
Eyed embryo 0.5 0.5 1.4

Undeveloped embryo 0 0 0
Live fry 23.9 25.7 25.4
Dead fry 0.4 0.5 1.0

1) gt
104759 Eyed embryvo 0.1 0.2 .3
Undeveloped embryo 0.2 i}

Live fry 15.6 19.8 21.5
189289 Dead fry 0.5 0.2 0.3
Eyed embryo 0.5 0.7 0.3

Undeveloped embryo 0.4 0.3 0

a) MBETAEORE, b) BE3 HiE0RE (M52t 3)

Numbers per female per month

#£8 sul=to 7o AR P33 X (Tubifex) 2308 MEHL2-FT

C—RfHtn Ton= 7 L o BE

10, 17, 3BEZ7or=tu 71384} 33 AOBAEBLEL TP HnEER,
#HCNP, 7en=—to72z>

CNP concentrations Male Female
of Tubifex day Liver Gonad Total-(L+G)
{ppm, wet weight) 10 17 38 10 17 10 17 10 17
<0.05 <{.05 <0.05 0.2 <4.05 <0.05
154— g» 4.4 2.1 0.7 34.4 11.8 5.9 5.9 9.0 5.2
§1—27 25.2 12.7 1.5 —_ 57.6  40.8 32.0 49 5 24.2
104—59 47.2 23.3 2.8 287.0 137.0 66.5 70.9 89.1 42.4
185—82 70.7 48.0 8.1 456.0 186.0 153.0 133.0 140.0 84.0

a) &ifigoBE, b)

IBHOBIE (3 BRICEETICLR,)
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1}
2)

3)

4)

5)

9}
10}

7y E—DEERUEFIC RITTRE RO

51 A X &

IEBS (1985) ( AEREAORERICE T 888, FEEHR, 30, 1-20,

PR - AHAER - FRAES BN 5 (1985) Y7z an n—TFARKBEAIC LAEEE - &

NaER, SENBECHRERASOKRKROFL, Lk, 8, 3-11,

Hips s - Bolifnse - & T - WHIB= - ZEs - FHAE (1979 01, 3, 5-Trichloro-2-{4-

Nitrophenoxy) Benzen (CNP) ik 2 EREEMBROHE REMEHRER, 30, 127132
WEHEH - BOLFISE - & FH T - WHE= - SlEL - FHER (1979) 1 1, 3, 5-Trichloro-2-(4-

Nitrophenoxy) Benzen HHEFBET ), EH, #Ah ToBREBENHS, HEERTIES,

30, 123-126.

Hatakeyama, S. and M. Yasuno (1982) : Accumulation and effects of cadmium on guppy
{(Poecilia reficulala) fed cadmium-dosed cladocera {Moina macrocopa). Bull. Environ, Contam.

Toxicol., 29, 159-166.

BIEA(RY) | 7y E—ORRRCEFRRIITAMEHIC LI 24 F i 20BE BYAEFR

AR sRsts, M62%, 99-120.

Yasuno, M., 5. Hatakeyama and M. Miyashita (1980) : Effects on reproduction in the guppy
(Poecilia reticulata) under chronic exposure to temephos and fenitrothion. Bull. Environ.

Contam. Toxicol., 25, 20-33.

HT H(984) . 7o C—is k 2FEFRMEORBERE, B oETRimagls, 8625, 65-

72,

Rt (1982) | RKARDIC BT REHONE, PR, 36, 251-256,

Yamagishi, T., T. Miyazaki, K. Akivama, M. Morita, J. Nakagawa, S. Hori and S. Kaneko
(1981) : Polychlorinated Dibenzo-p-Dioxins and Dibenzofurans in Comercial Diphenyl Ether

Herbicides, and in Freshwater Fish coilected from the application area. Chemosphere, 10, 1137

-1144.
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Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 99, 1586.

BRI LBHERBCLIAX THhoksk
VRSB ~OEEr X2 F A nEEHE"

WA Fot2 - BINEA® - $ACRI R

Effect of Chronic Cadmium Exposure on Essential Metals and Induction
of Metallothionein in the Fish Carassius auratus langsdorfi*

Mitsuru YAMAMURA®, Shigehisa HATAKEYAMAS® and Kazuo T. SUZUKI*

Abstract

Long-term exposure (for 9 months) to cadmium at a concentration of 10ug/!
increased the concentrations of zinc in gills and liver, but decreased the concentrations
of calcium and zinc in digestive tract of the fish Carassius auratus langsdorfi. The
highest concentration of cadmium was found in the kidney without a significant change
of essential metal concentrations. .

Although a relatively high concentration of zinc, copper-binding protein was native-
ly present in the liver of Carassius auratus langsdorfi, exposure to cadmium induced
cadmium-binding protein without replacement of zinc bound to the native zinc, copper-
binding protein with cadmium.

The cadmium-binding protein induced in the liver of the fish by cadmium loading
was shown to be a mixture of two isoproteins. The two isoproteins were referred to

*ARLONEN —EIERICERIRE L 2 L Th B9,
1, B2EMRn WBERE  T305 SR AN S 58T 80 16% 2

Basic Medical Sciences Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

2. BE I RETFRERBBREFAEE TI10 ERSTEEZM1-2-2
Rresent Address | Office of Health Studies, Department of Environmental Health, Environment Agency,
2-2, Kasumigaseki 1, Chiyoda, Tokyo 100, Japan.

3. BT 2EWMERN RIS T305 RIS mERE /T 165 2
Environmental Biology Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan,

4, EXDEWERNR REEEN TI05 FRBNEE 5T EE B 16 2
Environmental Health Sciences Division, the National Institute for Environmental Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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gibel metallothionein-1 and-1I (MT-1 and-1I) according to the order of elution from
a DEAE Sephadex column. The molecular weight of the purified metallothioneins was
estimated to be similar to that of mammalian metallothioneins by amino acid analyses.
Metals bound to the proteins were mainly cadmium {(around 50%), and zinc and copper
were present as minor co-existing metals. The SH/metal ratios were 2.9 (MT-1)
and 2.2 {MT-II). Amino acid analyses revealed characteristic amino acid composi-
tions which were consistent with the metallothionein concepts . high cysteine content

(36.8 and 38.2%) without aromatic amino acids. As relatively abundant amino acid
residues in the gibel metallothioneins, lysine, serine and glycine (9.1-11.6%) were
present other than cysteine residue. Both isoproteins contained a qmgle methionine
residue as in the case of mammalian metallothioneins.

£ B

¥ TFrlpg/l N Cdic 9 BREET 5, #, T, EEEFO Zn 2 Ca NiBE
I CARFoBREE: bNAEFRLN, L2L, BL CABEFSEr--BR T
R ESBRBEC LB LR RO h o . F 7T HFOFRICIZERED Zn, Cu fs
By R ENEET LY, HRICERL- Cdiz o izBRed, FoicCdEesy
NI REFELTHFEL L,

CANBHICEN ¥ 7R THEE I N2 ES TR (EPT0aTE=12.00000 Cd
HaS I LHEEDA VI BOREMTh oS NN CAFE Y 37 H
BBV AT A v ERAE( (36.8%:38.2%) HEKRT I /BEF2ZE LIl Edb,
FoFtifrEEE N, FAFTALMCECT I S BELTIENY Y, ®) R
TN L9 1—11.6% T N Tz,

1 WBLwic
EBWORBSERICERL - Fiva (Cd) 3BSTE (T8 10,0000 o5
ZBEICHELTAET A EDHLENTWAEY, 2SI o0 BRI ERBEVATA VICBL I b
LAZuFARAfreREn, BEBY Fr 0 ERicBE L TEF0FEEW 2200, E48
DEFEZIT) F 37 HEFEZ LNT 50, —H, (3B R RO NI HE (Zn)
8 (Cu) 2EE LA AT DFAAAL Y (In, Cu-F44 ) HEBEICEETLZ b, £
FOFAR IEELEEBTHE In S Cud—BRFHORE 2 B L Twd L #EI LA
T 5278,

¥ 7+ (Carassius awratus langsdorfi) DIFRICL Zn & Cu #8A LA ESTF Ry 28y
HERRRECHEETLY, 20l ) 2dWP RBES Cd B2 4 &, Cd rkkam
ERTHELI NP CuNREIIEDL ) LRELEZ MO NTuhw, 22T, AFFERIZ ¥
T+ E10ug/l OBESD CAiZ S r AMBRL T.Cd B BB S K AAS BRI T
HEPFNL LI, BRBCBT2 CANFERBC > TLRHTAIILFENE L &
2, ¥r7FHBICHLIN CABET oV EAREL T, FolE TS A S o
FAAAL BB RERFTTLIE2LERL.,
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Cd iR & 2% 2 7T h o R R R B~ o 3570

2 KX &%

¥ 7+ (KE, 21-32g) #10pg/l 9 Cd # ELifikdic 9 AHEEL 2. RERE#LTE
T WAL TR, B, SribES RS L, —FLRE(HNO, | HCIO,=5:1, v/
VICEDERKEL, $RBELFURLS TR ETREICEVBELL, SBENE) &
T, 3fEEN0.IM Tr.iSLHCI BiEm (pH7.4, 0.25M 7 na—2 &) oS ThREVSFA X
Lize SBROHEERERDFITIZIE TSK gel G000 SW # 7 A% BBl 2 o — B TRk
R,

X¥r 7ty s CAdRE s v v HE BT 520, ¥ 7+ (IKE, 50~T70g) iz CdCl, #
R T7.8mg Cd/kg 4R HE, MRS L 72, REESOUBR%IC 7F 285 L THBAHELL,
DI FTRRI 5 HFE M0, 1M Tris-HC 2% (pH7.4, 0.25M 7 L0 —2&F) $ T, BERW
Tl LWL RESFA XLz, B2V A —FE4TCTT, 180,000g, 6057FLE.C T LIS
157z, ,

I L3 2 m! % Sephadex B-75 # % 4 (2.6 X90cm) 2@ L, 10mM Tris-HCI & (pHS8. 6)
ERLTHEBL 2. BHEIIR S m! TOGEL, &oEOSBIRE, 2545 280nm ORHE 2 2 1
TR HOCEE (AAS | HIZ170-50A) &G E (A37220A) ok D BIEL 2.
) BT 11§ it Sephadex G-75 # % 4 (5 X80cm) (2#EinL, 10mM Tris-HCl#8E# (pHS.6)
CENBRLL, B3N A oF AR A 2 EIZEN A8 (T 2 3> Diaflo £ > 7LV YM
-5} iX NigMEL, DEAE Sephadex A-25#4 72 (1.6X20cm) & DEAE | 3/°—/L650M »
74 (L6X2cm) #FHWTEA A v uet 7T 74— 24Tz, HEIN A7 052 %
AR -20CICEBERERL TREFL, FRICLZ - TR SW AT AL NEERLIT- 2.

3 B B

Cd DEHHBEHETIE Cd nBEMITRARLE <, WICHFRT, BRMLE~0ERI2 %
S22 BRTIECIRERIC L) CulBBEX ER LA, THRRLICRTEJic Ao FAnq >
OEBRICLALDOTH- L, BAEN 7 FITHIZH Cu, Zn-F4 A 4 5 FEL 7285, FiRi- B
LZCdRBICNZn bERMTE2OTRLL, Fnin A uFd 34 2 2FHLCHEELL, FF
BTRLENLInDFEULEREIN A 0F AR OFHICEBLNThH72 (1), 8Bid
Cd #MEPNICI AU E LT L #EZ L 52% Ca RERTIZETD Zn BEOBMIMNAFES L1z,
X, bR Cd DERPRUEVCRE CH- 20 A RBER T In RUCCABEDNERTHEL
Nl L L, 20k ) ZERHILET D Zn B Ca BEOELAMIC L 528 L0 Thi,

RECHILECERLACIREIC A S oF 444 Ve L TEEL LY, ZIIZEREN L
DELLBEET DL In,Cu-F AR PO InEBHFETLTWEZ &4 6,20, Cu-FA44 1 >~
P Zn & CAdAEMRL A aREM AR 2 1172,

Cd 885 L 72 ¥ > 7HF LiFdeo Cd 13 Sephadex G-75% 7 4 L TEIESFFBN S ¢
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Ui

T+ Bl - SRR

(A) (B}
{d-exposed Control Cd-exposed Contrel
I n
1 !
1
L "
3 w
2 2
..E g ‘”l-’G s E
g " P n2 tu bR . ws U0
I | Cuhu.! Yoo Tt L
T (v 18.5 - S m AL —— B
. o b S n ,\
o AT A P N
T I NeAa o CRateation Timedmind e J .. Retetlon Timetmin) =
Retention Time(min} “Retentlon Timetmin
(c) ) (n)
Cd-exposed Control td-exnosed Control
!
I a4 [ na
" M.a
Eow Lt o F,/J\__,J’. i ne 3
g —_— T Cu .2 y S
z Cu e It [N r~_18.0
I n M"“-’L In In 5
Retentlon Timeimin) Retention Timelmin) Retention Time(mln) Retention Time(min) ¥

Cd DERERIFEZFCL) ¥ 7+0BRA), FEE), 20O, HtEDic

1
B CAdnfFETE
Wag/il D CAI 9P AMBRLAX Y 7THRIZDI Y Fo—AROFEIA—F Li#B100u! £ SW
# 7 LML, 50mM Tris- HCl i (pHS8.0) #1.0mI/Snfu Tl TEB L /2, T
SW AT LNHIBRBEMETRT. 20, X0 73049 0F 434 0 TR S[R3 2 0 PHIESERD
21.620.85r iz 3 iz,
#1 CdoKRERMMREREYG X > 7F0E B ASE BRI Rz Y
Tissues Mg Ca Fe Cu Zn Cd
Digestive tract 37.4%1.8 189 £2.0¢  3.45% 0.42 0.70+0.11 153 £29¢  0.47£0.11
Cd-exposed Gills — — 6.52% 0.75 0.31+0.02  21.6 +£3.26° 0.70+0.29
(n=7) Liver 28.2+4.3  3.92+0.87 61.6 x15.6 6.06%1.49 9.42+0.79° 3.82+0.53
Kidney 32.2+4.0 18.8 £3.0 16.1 = 2,0 5.38+1.03% 16.9 £2.4  9.46+1.09
Digestive tract 39.4£1.0 27.4 £4.4  3.94% 0.33 0.66%0.11 230 = 64 " nd®
Contrel Gills —_— — 6.07+ (.63 0.250.02 15,9 £2.8 nd
(n=5) Liver 28.3£2.3 3.17£0.55 61.2 £10.4 6.03X20.80 7.7610.41 nd
Kidney 32.3£1.9 16.0 £1.8 20.0 £ 5.1 2.68+0.57 15.7 £1.3 nd

2 BEROBEIL meantSD (pg/g WHE) & L TEL 2, b ind, BRHEBELNUT, 2> o
MBI L € I p<0.01THEE, 4 p<0.05THE

7E (Ve/Vo=1.8—2.2) (&AL THELZ(M2), 20 CAA S > <7 Hid Cd DI Zn
ECuZFBEATEN, F7/2280nm 2R 2R 72,

PAABIZE N EHE, Lo 2 Cd#E 5 > 47 B DEAE Sephadex # 5 4 EToEM
RGP R ETFOCARE S P EY 2 EENA Y TV EOBREMTHL I ERTFLT
WE(H3), ZO2EHDA V7 HIE254nm 2RI £ S, 280nm SR EFRE W2k
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X2

X3

Cd MR FC L 65X > 7 p bk LASB~OUE

—
]

<
w

Absurbances; concentrativns of melals { g ml)
(=]
[

30 SIO 70 20 119 130

Fraction number
Cd 5. | 72 ¥ 7+ Lo Sephadex G-754 7 A LN <5 —19
Cd # 85 L% 7FF.LEH2 m! % Sephadex G-75#4 7 4 (2.6 XHem) 2 Fw L, 10mM Tris

-HCLRGH (pHS.6) I L D@l L2, s 5 mi Foa@L L, — Cd, —— Zn, - Cu,
— — — 254nm MR, — - — 280mm DIELE,
M-I
—~ 20 ]
E]
Z 13|
E ]ﬂ AT
s |
S o10f ¢ <
: : 300 E
g 200 2
= H c
2 H we ¥
b= =
ok

0 20 40 60 30 100

Fraction numher

¥y 7404 #0F 344 0 DEAE Sephadex A-25%4 7 242 & B4HH

Sephadex G-T54 7 AR L N 8. o ¥ 7+ A #uF+ 2 % DEAE Sephadex A-25% TFh

{1.6X20cm)} W #&ML, Tris-HC &0 (pHS.6) D#MEr = 5 B (75-300mM)ic k D@L 72, &
WEE S mIFORELS, 7, HAEICETS Zn % Cu BEREY - 20T, FRHDERD
Bl F— BT, Cd, — - — 254nm OUELY, — - - — 2B0nm AHRIT




INFE FE - B A - BRI

Mo AFZOFAAL L EMES AL, IS 2HEENL VPt 0EIE, TRETORGEICH
STEAF o TlmA Tah BN ENANEID, AfuFtis a8 IRELIIZTE
(MT-1, MT-II * 484 %), F72, DEAE Sephadex # F 4 %558 % % 5782 280nm OUEIE
ERFOF oo HOEB SN TEH N, Sephades H F A LTHE Y 7H+d A FoF 4 A »a@i
FEL72280nm ORIZ S 0 8 > 2 7 IR T 2 2 E AL E o 12,

DEAE A Ao rne}t 777 —ick Vgt 805444 D IR ERICDOWT SW
ATLZEBADFEDMNEEZT -7 (4), ¥or7FoAF0F 124318, UMELIZF
P7oe—LC (FE=12,400) EELAREEEIZEES N, ORI HFOFFRIZIZ, 000 & #
EINT.
R2EXZTFNASOF AR DT 2 JBEHKERL TWE, A70F TR, a1 R
36.8%, ELOAARB2UNNLATA v 2FATW, PATAIZKGTEWT I /I TR
Al (I1.0%), I8y > (11.0%) 70 (10.6%) Thoz, 3FEHN £ 5o
FAAA CTONKRIZHMAL THAET R AF A2 I X THDA S0 FAZFALTH 1 BET
DEFNTRY, —HEEET I B AFS - RELITEN TS, THEDT
DB ORI, BHED A s uF AR v OREE BT LN THS R, X THD
AZOFARA TR ENBIEGZESMAT I 7Bl ERL2D, TR 1BESEA
Tl B3 ad, b ital by 1BEFZTA TV,

BB 2 A7 aF 34 I2BEL Tya8B0#M0%I2CA T, Zn e Culz4BLrSInT

5.5 [ . Glutamate
dehydrogenase
- Lactate
= dehydrogenase
S50k
o 2
x
s_. Enolase
=
=
o
Lysshp Adenylate
g kinase
ot
<o
)
Cytochrome ¢
4,0
! |- L 1

20 25 30 35
Retention time (min)

R4 SWAHTLAREBF Y TFNASRFAIA v DGTRNFIEY

A AR I T4 L VBB ¥ TFO A F oAl P 3 SW A7 aiEmL,
0.IM V) > EeRE® (pH7.0, 0.2M NaCl) £0.7ml/SORETRL T L. O IMT-L, &
MT-1I.
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Cd 18#%dc & 5 X > 7D h oS sl g~ D

Vlrde st (), toAFeF AR BB AFA B ELL (SH/ER) 31
RIC2. 9L IZILEMO A ¥ 0 F 4 74 > THES AT S SH/C (Zn) OHEE3 £—HL Tz,
Lal, IBTRookzmH2.2 [REND LE D 2Tz,

M5B Fr7TFNAaFAFA OWFEAL7 PLERL TS, 2HEHNS Y
TP BERARAUAR AN PLER-TED, 200nm EN Y 3 L5 —E— 714 Cd-SHi&i
HRTAREBRIHRNE E: LN, X THnA70FA3 4 3 FFET /7 Br gy
Az 28nm ORI F 2 G - 712,

#£2 CAd4B5LA¥r7r0RBrLBMsn/suFAa4 0T /BM

5523'19)
Percent of total residues (ﬁ)

Amino acid MT-1 MT-II
Aspartic acid 8.4 {5)” 8.4 {5)¢
Threonine 6.6 (4) 5.8 (4)
Serine 9.1 {5} 1.0 (7)
Glutamic acid 3.5 (2) 25 (2
Glycine 9.7 (6} 10.6 (7)
Alanine 6.5 (4) 7.7 (53
Valine 1.8 (1)

Half-cystine 36.8 (21) 38.2 (24)
Methionine 23 (1) 1.9 (1)
Leucine 1.6 (1)
Phenylalanine 0.7 (0
Lysine 11.6 (7) 9.1 {6}
Proline 3.8 (2) 25 (23

a: AFoFtAd v iE6N HCLP110C TR0RRMMASBL 2, P ATA v & A FA =2 A¥EE
bl 72ik, AL T L2z, b 1o v d I HEL LT LE clof v T HEL
LTRHEL 7o,

£3 CAdFLE5L-¥r7rofErsBBs i/ suFti OBl e
AT A v EEEOREY

SH
Metal

Metal ratio (mol %)

Cd Zn Cu
MT-1 89.4 4.9 5.7 2.9
MT-II 87.5 8.6 3.9 2.2

ERBELATA OMIEIRICP-AES &7 3 /EeTic L DREL 22,
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Absorbance

. L . ' L
220 240 260 280 300
Wave length (nm)
s ¥r7FoAsaFtifalfi~s 19

X¥ 7+ AFOF4R 4 »OREA=S b L 10mM Tris- HC SR (pHS.6) gL 7.
BHAEO A ot A2 2 RiTCd ELT2.7 (MT-1) 22.4ug Cd/mi (MT-II) Thatz,

4 B £ .

Cd ##45 LXr7HoRB» LGBEIN: CAEE Y v 7Bz R TOSTHI2, 00025
2, 2HEBDA VI JBODBERMTh o2, 2O CARES R AT A Y ERDES
(36.8% 2 38.2%), FEERT I /BERVTWAI L AZuF AR LREENL, T2
ST RPLBEINEX T FOAIOF AR G TRIZH6,000TIIFL 8 4 7
uFFR A ragFREBCETH- 72,
VATAvEEROKE (SH/&R) »odETIEX7TFHnAFoFARL o0 TEIRT
BEoERE Q0% Cd) 2HEAT oIz LT, NRRIENEELHETLI LTS, LiL,
TRIETENG L (T S /EERZ L TEY, SBERICLEBEVEWI thh, BEORKE
BAESEOEYNH D LIFZIC v, FrT7F o 7uFad4 o lBrBELEngdr 122
L EEZ DY, NUBHEOER TEABELZIT T, #E&ELTWAREERI—TERINTLE»
b EHRINSG, ,
BOAFOFARALEINETTFE, T4, a4, Avi, =Ll THEEN, 4
VI EOENE T AW e AINT 1, THXY, oA WL A YT 2EE S B
ENTwb, ¥>7F0A7aF42 A 324 AL T2HEEANA Y F 20 B bili-Twn
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Cd BHRFC L ¥ - 7T H hof il B~ N B

fzo A A7 aF A A4 YFRESY, FHEVRUMERESND A FuFF AL o B HET S
LAF v EFET, AOHBEXEL-TL A uF AR 4T 3 JEBMEICHE 9 RCVIIR
Loz,

IFLE ORI R FTE RO BIZ L ¥ > 7Fnifé & RERICERED Zn, Cu-F 4 2 A w5 7E
T5H, TRICCAEHRELTL CAdizA 7o Ft A oS L2 In SI3BRETIZ, 2
AFaF AR 2ERATLILEFMLENT WA, Fr7FH2RBENCAICHBEL RBAETL,
P cEML - CARBmBREIRHETS A s uFA4 4 ha Zn kizERET, #7212 Cd-F
AR EFULL(ELB), oo bid, ¥r7HERBPIEHEETL A F 05424 w1385
CEWHMTLIESEOBREY Vo7 B L THBRLEWI L2 EKRT LD EEL LS,

R

FHRICBEL, B2 2By (B2 L TTE > BEEETRE AGAEREE LR CRE
=L i To

51 B xX &
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Isolation and Characterization of Metallothionein Induced in Reptile*

Mitsuru YAMAMURA!'? and Kazuo T. SUZUKI?

Abstract

A relatively high concentration of metallothionein was present in the liver of the
control adult tortoise Clemmys mutica. The administrations of cadmium and copper to
the tortoise increased the metals in the liver with concomitant decrease of zinc, which
was due to substitution of zinc in the native metallothionein with cadmium and copper.
The Clemmys metallothionein was a mixture of three isoproteins which were abundant
in half-cystine (34.2—34 .6 mol %) and lysine {10.8—11.9 mol %), but lacked aromatic
amino acids. One of the isoproteins, MT-1 contained one residue of histidine, which
was an identical feature with frog and avian metallothioneins.

E B

IFIA LA AOHRICEHBBED In-FAFL v FELZ I FIA oA CAR
Cu®5T 5L, FRHIC CdUI CudimT a0 LIS, Zn BEMET L2, I
Bz B 5 CARE Cunilnd Zn Db iE, £BMICHEET AR Ao+t 4 4 v
Znt CANE CuBIRL mZ il AL ThoR, 3 F 34T ANATRF R
3D L Z 2L, FRLNF I RT, Y (MET I B
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34.2-34.6%) £ v (10.8~11.9%) IKBA T8, FEET I /BIZTATnE
Bofz, JEENA VI EN LD MT-DiZe2F 20 1AREATEN, A
EALAB YR T FARL v ORRE BT B LD TH- T,

1 RLwic

KEEMC 5T 3 BEBOBM L EML L EEBOFEREOMEL TN T 20, ThET
BeRBIoH . TREMDRL AREEMIIOVWTESBOFEBBLHL IS L TE R, 5
ik, OB LAREEMIONWTLEESBROGEMELHAT LLEL L, (ZHHEOH 4+ H
W, AFive (Cd), #H (Zn) RO Cu) OS50 EIASBICRIZTRE L,
LABEREOTERELZBREL 2.

HAZEEEHE L TCHRICLE ML TE Y, BEEINEWT - KROBROBEE+EH
flichiz o TRiITeTvWEM - E2Z L5, 480 40— Clemmys mutica i3 EREHWE LT
AFLHBET, HFRCEEICLLARTHIL Z Lo b B HRICHERL 2.

2 F &

I A L A0 (IRE, 340—450g) & HE(fRE, 330—470g) 42, S5M#&—# & LT, Cd{0.7
mg Cd/kg &), Zn{4.2mg Zn/kg &) K 1* Cull.4mg Cu/kg th3E) # ko kT2 3 BEE
B S 7o, Bt 5 a2085figic A A 2L THEL, BHOPEL DN L CHEBZ R L,
B o —E8 2 iEEE (HNO, - HCIO, =5 1, v/t S WERKILL TERBEOHE AT » 2.
BOOBO 2 g+ 415800 1M Tris-HCl #1E&# (pH7.4,0.25M Zna—x2&F) 9T, &
FEARTICKFL LA, REZF A XL, RES A~ }i3180,000g, 604/ (4°TC) &Ll
Thig# B, LETO2BRETERKbO®, BROKRLELY > TLLELICHEEFE7TIX
2R GHE(ICP-AES) i L D #lsEL 72,

SFIACHADBEREL S A TEFOMEETN B0, 1206ns A (T
PC-fESIT ; fKE, 470~680g) = Cd # 1 HH0.7mg, 2 HA5 7 BH % T1.4mg Cd/ke f&H,
HREE L2, Cd DOBRMESH 52008 MKIc A 4 20 L THELZEL L, SH-FE% 458
(v/w)?0.1M Tris-HCl #2#8# (pH7 .4, 0.20MZ NI —AEHIPTHREZF 4 X L7z, 2D
A— | 1180,000g, 6077RLE (L T RiE£B2,

3 & 2

TP ADHBINERBELRE 1AL, CdRCut s At 54 5 LitEH o Cd
Wiz CulBEH» ML 7245 In DRSTRHETO In BERELL Hh -7, CdRCu 2 &5
LizA 20FED T, CANB CuBEX LR L -0 3 Zn BERET L. FRPH Zn o
80%LI b E PRl A2 Cd it Co BB bk v A — o kifgEicBE iz (&
2Y, Lt T, 1 F 34 ADORRKICEITS Cd it Cudiim s Zn oRb T st
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BRI HE W= o s R - 3 -t U

%l BEBIPESLLIFIA LT ARREDEBREY

Mg Ca Fe Mn Zn Cd Cu
Control 162+ 9 46.3X9.8 26901690 2.0+0.1 62.0+14.4 0(.6x0.1 4.7x2.5
Cd (x3) 151+13 41,7+6.2 1620+1110 2.0+0.3 37.4%£6.6 29.7X+8.7 3.5x2.9
Cu (x3) 148+£17 44.5+1.6 1550359 2.0x0.2 27.9x3.0 0.5:+0.1 47.9x9.0
Zn (X 3) 169411 42.1x2.5 268011620 2.4x0.4 60.1+16.9 0.7x0.3 5.3+1.4

M A (5 /L Cd (0. 7mg Cd/kg (£E). 7Zn (4.2mg Zn/kg (ki) X" Cu (1.4mg Cu/ke KT £
IAMEE A FREGL, BB H S MEIcRRL L, S ERRIEHE meantSD (pa/g MEM L LT
ELThb, :

¥2 EEBETESLIFIAL LA A0N EETORERED

. Zn Cu Cd
Control 10.8+£3.5 1.0%x0.5 <0.1
Cd (x3) 6.5+1.4 0.6x0.4 6.0x1.1
Cu (X3} 5.2x0.8 9.4+1.7 <0.1
Zn (X3} 10.0£2.5 1.0£0.4 <0.1

#2 1 OB F L 2TETRL A AOFEE 4 #5700, 1M Tris-HCL i TRT i+ 4 AL, 180,000
g 60 ELL L7, SEMIEEL mean®SD (ug/mH L L THLTHE,

FEPNERBEOEICEHET I LML & Lo 2 EOFEF D Zn B (42.6+4.9ug/
IEER)ZMOFRET O Zn RE(62.0114. 4ug/g BER) & DK< Lo Tned?, Cd R Cu i
Bl nignB& B L5t In BEI OB TLEIL 2,

H1 ol EEr mEN 7 o —RFEEEN L NI L2 E0SW AT L LICBIT2 &R
DENF— 2 Thd, I AR EROBEH YT —bh, I FIA4 LT ADFRICE=
ODInFE TV BYFETAIZEPRALPLE LR 1-A) TD InfE& 7o Hi2 SW
B 7 ALTHRAERB0AFCHERINEREL Y -2 L, 2240523 65022043 E0—7
BPLEN, ZNEnF o7 HiR Zn iz B0 Cu 23 A TW, £BH I L DI Li#iciy
MLZCAdECuidar b u— RN LERO InEESF /7B SW A7 L LTHENREN DL
CRFFFMcEta i (®1-B, C). L&L, Zn#Es ¥~ 2HomE$ Iz Cd R Cu 2380
FTEDIZEL T > THIZ In BYESL TV, 2ol i, A Cuk s F /e FAciby
2, F0CARCudIn#Ee s oy Bho Zn LB THFRBRIEWN AT LA LEL LR
72, 272, 2O ERIFRIHIIL 22 Cd % Cu ¢ Zo #68  »o ¢V HICHEAT B Zn & in vivo T
BRI EAF®RT S,

Cd 288G LS8 0B In BEOR PR oz, LaL, Cd 288R5 T 2
Yre-nVHRBICHFET A VSVE RS EBRES S v HRBEE N o2 212 Cd £
BEES L2724 A0 L% Sephadex G-757 F it o & B 7 L L oE
G~ BIRLT 0B SW AT AL THEEL 72 3HM CAdEA 5 -7 HiL, Sephadex G-75
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A ¥ - #okfk

20.4

ts}

{A)

23.6 i1.2
22. -
n
In 11.2 L
Cu ,J\ Retention time (min}

Retention time { min)

20.4

(€}

280 nm

254 nm 23.8

Retention time { min
K]l BERBIPERELZIFIALAAOHLEED SW A7 ACBIT55BH <9 —
8

EIOBBIIRLAFETELZ LT IA L7 2H Ef100 * SW 4 7 24280, 50mM Tris
-HCI 8%# (pHS.0) T L 7z, REFHMN 250 — 213 4 7 20 EWRcHL T 5, A2
yra—n BCd#E  CCuis

A5 AL TIHEDFRS ¥ 22 BO5HE (Ve/Vo=1.8—2. )i l—n 1 — 7 k LT &R0,
IHIRBTAAVEOBRERPTIESW AT LA A ERATLOBE R RESHEEL L
ke,

Sephadex #7212k NBEL2 3+ 34 AN CAdkEE P - ¥7H % DEAE A F -V
LML T, TrissHCl &5 (pHS8.6) 9 1 mM # 5200mM Dl = EIC & 0 L 722 (X
3), CAd#Ea /27813 SW A2 AL THEINL0 LILBOIRF I 3RO,V 57 H
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BEMIBIIS A SoFt L nglir Fotd

2.0F

s Concentrotions of metals ( pg/mi )

0.5

Absorbances

30 60 90 120
Fractlon number

2 Cdz#EWMLLIS A7 20 Lo Sephadex G-7574 7 4 L THiEH
2N — %)

Cd #5FTo.1mg CA/ kg hEBHRE L2232+ 34 24 ADF LR 5 ml % Sephadex G-75% F 4

(2.6x90cm) (2L, 10mM Tris-HCl#2%# (pHS.6) ic L@ L 2, SRS mi
SEL, ERBE: UVIRIREMEL 2. — Cd, — Zn, = Cy, ——— 254nm &
N, ————— 280nm RN,

g TERSNI, SEEROA V7297 Hid & 2 254nm DRI A - TH D, 280nm 7
IR %R Tz, ZH254nm F280nm @ u. v. RIS, G, “hs SHEHAA V78
HidAZoFARA  EMEI N, L, Zhb IMEO Y753, (IAEHn A 7 aF
A2 vOBEERBIC, Bl ALRRAT 2P LBHENDZIEC A FoFA v [/, 1T
B, MEMT-1,MT-I,MT-Il & &eg§5) L0R50Z &i2¢ 25, MT-113 1 mM Tris-HCL 42
B (pHB.6) %M T DEAE 4 A > R4 7 AicBFana 2 ¢ o (BB & sy, pHY 4TI
BT LCREFA NIz, DEAE 4 A > acias 7 4 BT Tris-HCl £ (pH8.6) milEZ S (1
200 mMYIC kN TREL 7z 3FEEEO A v F o 2B id, TrissHCLESK O pH RREZ SR EE
ATHEAFT TR I a2t 777 4 —%4T-72, MT-11 & MT-1liz Tris-HCl B (pH8.6)
@ 1 mM 2 5200mM & 10mM 7 5200mM o BEZ S EBE Fn £ E, MT-113 pHS.4010
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R, A\
{ 1 | 1 i 1
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Fractlon number

M3 I+ ADAITF 43420 DEAE b I-9—650M 7 7 4 LIz
3 i 5 — 39

iFifenANATOFARA Y (25pgCd EEY) £ DEAE + 35— A% 7 2 (1.6X20cm)
AL, # 5 A% pHB.6 Tris-HCL@HH o 1 —200mM o #E S 5 BC & 0 @M L 22, Il
3 mi¥oHmELR, — Cd Zn, ———— 254nm DML, —--—— 280
nm OIEIL

mM 7 5150mM DBEZ GEE AV, 29 L THBELL 7 oy 2 BOME £, 50mM Tris-HCl
S (pH8.0) £ F L2 SW A Z 20z L #EtL, 254nm & 280nm IR A & B & HIB L 72,

HEEL 72 3T A VY 792 Hi20.1M ) BRI (pH7.0, 0.2M NaCl) #¥fEL 72 SW &
S LML T TFROMELIT-722 (R 4)MT-11 &£ MT-UIIZF } 7 v— A4 (5 F R =12,400)
ERIUREEREMIc BB S s, MT-1RENLVENTERS N, FORFERMLL B2 TR
NFFRII8, 000 L HEES 117z,

TIOBANMOER, IFIALHANIEENA VI RIZT AT A (34.2—34.6%)
CEBA, BEET I /BERVTCVBIEIHLD L -72(K3)e YATA VIZRWTENT
T JERIEY U (10.8-11.9%) T, THRIEEA VIR IETELTH -7z, LiL, i13EY
NAZTFAARAL r THIRHEETL Y VI MT-1 & MT-11T4.6% L 4.1% e D& &
>TEN, MT-ITL7.2% LG i ihdrote, 2, AFA=0ig, BIEHN S Fit
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HRHCBIR AT A R L OBREFOMH

550 o

Glutamate dehydrogenase

};:‘ Lactate dehydrogenase
5.0

E Enlase

=

L]

@

Q4,5 [~ Adenylate kinase

o

S

=

{ytochrome ¢

| 1 t 1
20 25 30 35
Retention time (min)

B4 s34 vdrintsodiid{rnaFroRE

IhigLAnAFudARA gy SW A F A EML, 0.1M Y BB (pH7.0,0.2M NaCl)
20.Tml/20FETHL TEHL L.

F3 IFiACHAPLEBEEINTNASOF A RS 0T I BB

Residues) »

Percent of total residues (MoleCUlE

Amino acid

MT- 1 MT-II MT-I1
Aspartic acid 5.0 (2.9} 7.6 (4.8) 8.5 (5.0
Threonine 6.9 (4.0} 6.2 (3.9 4.3 (2.9)
Serine 4.6 (2.7} 4.1 (2.6) 7.2 4.2)
Glutamic acid 5.0 (2.9) 4.6 (2.9 5 4 (3.2)
Glycine 9.9 (5.8} 9.1 (5.7 5 (5.0)
Alanine 6.6 (3.9) 4.8 (3.0 84( 9)
Valine 1.1 (0.6} 0.9 (0.6) 1 (1.8
Half-cystine 34.2(20.1) 34.6(21.6) 34 2(20 U
Methiohine 701} 1.6 (1) 7(1)
Isoleucine 2.4 (1.4) 2.3 (1.4 —
Lysine 11.5 (6.7} 10.8 (6.7) 11.9 (7.0)
Histidine 1.6 (0.9) - e
Arginine 6 (0.9 6.2 (3.9 —
Proline 8.0 (4.7} 7.2 (4.5) 7.0 (4.1)

a YATA X EAFF BRI S KSR L TL 2,
b AFt=%1WELLTIHELL,
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VLR IR S S S

1y R, PN 1IBESEN T, 3HEHENA VY Z 32 BaT 3 /BBt &k
LTRIT s, S Buw s Bon, MT-1RERF L ETAF =028 1 BETOF
oML, MT-TTR e 2AF 20 #8027, TAX 2 ABELHEL, 32 MT-Mize 2 F2>
LTNE= v b &Eh -7, MT- [ it pHS.67 DEAE 4 4> 5 7 AT S w8 pHY . 4
TRAZLIEEEINL, 2R MT- 1 520 E RF UV BES 2 5/ — BB EHs pK=
92TRHEZENL, EAF VoA IV EOBRCIZ LD EEE N . T /B
DFERIPLHEEZ LD 2 > 7 EHO5r FRIIMG, 0007, ZonFRII 3EENA V F v HT
EbDihbol, LT, SWHZ LI 25 TEDOWMET, MT- 14 MT-II%= MT-I&
D LBAT SW 5 7 b #H S A0 MT- 15 MT-11% MT-I1E ) 4 £ W ECHEL Tw
dizHEEZI LN,

Cdz @@ L oI T4 ADFRr L BEI N A7 0T 424 3 EICCAREER
N87.7—93.0%) &E& L, Mz Zn(6.1—7.6%) & Cul0.9—4. 7R LB FA TV (FEL), #
FUFARA D IBEDA VI BB ATA v EEBROWE(SH/&R)I112.84 5
2.97, BSOS T FF A A L EFELERFEOIEIRENL, VAT A L EROHLES
LEFET 2L, MT-1 & MT- IR 7TEOERE, 22 MT-1Li2 7#>» 6 8fAngBERAL Tw
LI,

F4 Cdaf5Linit v ApbLulinnifsrsafrif{rarBik:,
AT A BoEY

; Metal ratio {mol %} SH/metal
Cd In Cu

MT-1 91.8 6.8 1.4 2.9

MT-T 87.7 7.6 4.7 2.8

MT-11 93.0 6.1 0.9 2.9

&R/EATA - OBEIIICP-AES £ 7 2 /BRI N FRERAIEL L,
AZAFARL v NIBENAL Y Y0 BRIBEAYRUREARZ P Aoy - ERL
(A5, KA VT2 Hik Cd- SHADEMBBIRICEICEHET 5254nm Dz VT —E—

THELTEN, FEET I /BT TV oH280nm DI ARz,

4 £ B
F I AOFBICRERED Ina B FEEL, FLEPO Zn B XKETZD
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0.8 | MT-1 N MT.T - MT-0

0.5 - B

Absorbance
[=]
-
T
T
T

0.2 I k -
(U8 S " I W 1 1 i ~F ! t L 1
220 260 300 220 260 300 220 260 300

Wave length [ nm )

5 1F343HADATaFARAL ORIERT IS

3P4V F 7 EMT-1, MT-II, MT-I1 (2.3, 2.5 2.6ug/m! e Cd £ NFTL)
DEN AL 7 b i 10mM Tris-HC) 8753 (pHR.6) R THIE L 72

FrPBIRAGLEETHEEL: (H1A)., Lizd=>T, 3F3I4 7 AnfFEFRIC Zn ifE
AHERAE VO, RSB ICERED In AT T ENHET A O EEL LN F
o, LD LMEOS A THBTOINBEFIB L->TWEI Edb, I+ 0T ADFRICHE
T InKES > 7 BIE—8ERLE L OBELE T T WA TR E L L,

TFi LA A AR Cu 2575 L, HBAICCA 2 Cu s Biinl, 2 %W Zn
BEDFLHR LN, FETO In BENMETRFBRICEINL 22 Cd 2 Cup#Hi- 28B4
G PENHLERITHT, EEMNICTHET 2 InEE 57 EN In LFRACER L2125
ThHHEEZLNZ(HLI-B, C),

Cd %845#% 5 L7254 1, denovo TSI RLNT, BEEL 72 CAMEEG S /27 Hi3 Zn
EF S IENIn E CAVBEELLLOTh -7, BBEL 1 F 3 A A ADCARE S >0
FEEIBEOA V7B G, F L BRDERP S A T F A A4 Y ERIES R
DO ESFRS - 27E (HTFE=#£6000), @ B2 T4 28 (34.2-34.6%) LHEK
TI/BORM @ S-eBERMT-1 & MT-I2 78, MT-II127—8fa&BE#E).

FHEBWOFRI. In L Cu 2 &L A 2 o Fdad wHEHEICIET 5 2 & 4% IFLE
DRERAPF WY, BAL LT HXY, RUERAF I LD THREEN TV, 72, ##07 v b
NEETIHARITE L3I0 LT Cu s Zn &L A 7 aF43 4 AT 52 L0985,
HTWREN L, N sDEMTIE CAdoiEic k) A FaFd 2 4{ 0 denovo BIKAE
I, IR I AOBENLE I invivo TOAFEF AR L BN EZn & CADFERIZRS
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MT-TideAF 002 1TBESATEN, IBRICHEESATWE YN 2y 0+
AR L ERAF U2 BUAV IV RIENHEETDII L, EAF U EERASTOT
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Effects of Heavy Metals on Amphibia II
Characteristic Properties of Metallothionein Induced in Amphibia*

Kazuo T. SUZUKI

Abstract

Ten species of amphibians were studied on the viewpoint of distribution and
accumulation of heavy metals. Copper concentration was relatively high in the livers
of amphibians and the copper was present as copper and zinc-containing metallo-
thionein in the normal adults except for one species. The native metallothionein
consisted of a single isoform including Xenopus leevis that was reported previously.
Cadmium-containing metaliothionein was induced in the livers of all amphibians
examined and the induced metallothionein consisted of a single isoform except for
Rana catesheiana.

Xenopus laevis can be recommended as an amphibian to test the effect of heavy
metals by its easy maintenance and availability. However, as the effect of heavy
metals seems to be more profound through skin than through food chain, X. leevis was
suggested to be affected more by the dissolved metals than the other frogs. The larva
of Rana calesbeiang may be the most adequate larva to be studied on heavy metals
owing to its availability and big liver size.
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1REHOTFIEMONTES 5 I FRDOEBEE S W~ fR, ez 3RS oW
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*RROIBE R R SN T 5570,
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Environmental Health Sciences Division, the National Institute for Environmental! Studies. Yatabe-
machi, Tsukuba, Ibaraki 305, Japan.
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AFITLOWREICL ST, BBPICAFoFA 24 - #FHEEN, #F I voarigins
N2l ZNEEOAZRFAAL LY AN E2RCTIEETh-, BEEE A
W, BEBOBELRETI LA, EE»LOBESKEVWI EXERTILEN S
54 RLEARFLOLTWT 70 AV AT EHWEEEL, —EkbdiEs L Tunad L
ORI EETALNEN S L, MELAVEEEE, TROKEERAFOLRTE
ORTIHINOHEFBFLERL LT 72,

1 @GUsic

RARDKRERRLERT28W%, RWEHE VS BL s B25S, MARRRELENE
SHb@hEELLNb, LirL, MEEVKREBROBERCL - TENL I L BELEITS
Vo RBES LOTRIZL A, REFRPEONTL, E2BREINZ TLAN &40 &
TARREERTAIHE L LIEBENTETwD, £2T, BESByMERECEr0Y 5 L8
252 50Mb0c T RHEYE LERLIRAML 22,

WA EREWE L TEET2034T LB SH TRV, 23, —RBCERL kOBRR
WHLETHLIE &, BHHBELB120THBENDLE ) URT, T 7)Y ATV ( Xenopus
laevis)iZ, @ EBWRICHZ - TAKP TR T2 L, e, BREREE- TOesr AL L
FIRETBLHIZ, BTLLESHETE TLnkrEnfldasrbsnd, RLLCHARAEN
Tvd, Hixd, BES2RBOBHETHEANIRLS: T, $T0T 7NV ATIAEE Y,
FLT, T7VHVAFINOEEBRBIC BT, A7oftAf 2l L THS
UL 77

BETAEARTERE FREBCERENIEICAINEA 2, SESEOETIZ, Vb
W5H T NERE)FED 2V, T7 )4V AFTNEERBROT T, REREMCE T
EWEEE SHTH ), HERENHIATEE. 227, BEENC--ROCALNL A
N, BEBHRBE VO BA»L, EZRHWE L TRLVHEHINITREDEWT 7 ) 4V A7
ZNEEDL I LRI ZOPALAICTE L2 M LoERAEL 2, 32, HBE
22w T L 2ERNBYC > TRE L, ERNOE L LR 72,

2 EREBRAE
—ENERICHERLLEHER IR T LS, BRETSEE, HRRT2EETH2, =
NHEMOAFELFICHEFTRRENTRL D, Bl 2wTR, Zl1ofEcE+2ER
RREENTWE LY, ZITHBECRT., 7ot RERAFKRE(, §Fyr—PiEE
LTRET 22 L0 b b, MaBHnl/30EEE Ay, BRTEE L2, 2o
BTG L ) B GETES & -, 77 2AF v 78— (30 35X 18cm) iz BHIRF A * 2
~ 3 mOBEEIAN, L EBE U TANS. 272, §5IET 7 ) 47 4 7 T S FF I,
LL¢H, AFIIR%E:, FRUAOEHICIEINTr—22EELTELL, BETTL
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&1 M

R OE (ExALus s
Otder Anura {the toads and frogs)

Aglossa Xenopus X. laepis (T2 H 7 AH )0

t# M

Opisthocoela Bowmbina B. orientalis (2 XAz )9

HI MM Bufo B bufo japonicus (=R b F LIS
Procoela Hvilg H. arborea japonica (= H T2}
MM

Diplasiocoela Rana . cateshetana (77 AL 0)®

. Japonica (=K TFTAHFZ AN
. sigromaculate (& /W IAD
. schlegelti (2 2V —%NLTFAHLn)?

R R

Rhacophorus

HEMFravrtrsfe])
Order Caudata (the salamanders and newts)

# O H

Ambystomatoidea Anehystome A, maclalom (X R W g 774)®
4 ) *

Salamandroidea Triturus T. pyrrhogaster (T Ho~5 4 21

Joft 2 OB TR F ST 5,

D& GIHRBRREER o2 b B,

HEROBSELEYHEIC L > TEL D20, #FMRZRBICHEL», —HBUICHEREKCER
BitEErL, BRANCEHSL L0285 L, REAESENREL L1,

BBEEF0.1~0.2g DS L 1 m! OBIEFRER | BEERIRTE (1 1 5, v/v) TERIKEL, X
L% 5 mlCFHRL 28, RAGTHE (D — VAT v a2 BW7 I XeT o327 975)icd
&L,

ERNVEEREBOFITE, FHE 3 ~SERD0.IM ) 28R (pHT.4, 0.25M 712
—ARH, FARMCERT2ZFBETLILIC > THTHRELRE) b T, EXART e
=4 X, 170,000, 600 EE L TR EBEHWTIT- 7. L. 1Iml £ SW A 5 4 (K
HYESR, 7.5X75mm D7 — F A 7 4450 TSKgel G3000SW, 7.5X600mm)c#ml, 50mM
b 2 IEEREETR (pHS.0, 0.1% NaN.&#H, FHEICERETRS) £1.0m{/min OFE#E THH
B BHEOBRE (254K U280nm) L A F I 74 (CA L X DEBBEL A T4 »TiREL

7219,

I B R

3.1 TIHIADAERAFA A Y

DA INEELICRLZE I, BREOR TRARRBEMCRIBMr SH5H5 0 THY,
BEERDEBIZECFHL T b, Th, 7oHINOMEA IS x 72 3BETR LD
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BNCTHEL 27 oA INNEBR L NERNELTRBE (ug/gBER) L3R (ug/BBER)
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B oo ELEhoBESESs TEESCEES ST 2R Ty, 20— H»
By, GO FRBOE - 73— 3 XL FF 4 AL —ITHE L, i s oF
AL ANMET LN, TREEBCTULEHRLIHEE L -2 2T B {(R1-A).—H,
T A AOFRTIERERICA LN NG 2B — 7 T LS (o T b,
BN — 794604l h-Tvwdinbbb(X1-B),

AFEITLRESLBRE GEORBPO 3BEDEBNFTWIIR2INL I TH-, HF
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Tz, TRL2BEOAFI7L00— 7 3RBRLMELENL LEAL TR, @iz2n Tk
BEUZDWTDATENTWL I DML btz AV I, BEERAELEAFI 7L
EHBBEFZUIN2MAC -7 A0 F AR THEI L, A F I AL BTHYE, #BR
EML ST THESNL, 2O A 0F A A > OFELFLITERCE S TLHRE LY,

32 RXHFIN, ZRFEFHINLE R PIHIIROEEE A ZAFF A Y
EREHOPTERRRBEMIRI BB TA2T 70 Ay A5z nt, ROSMCBETS 7
HFENZDWTEBEBBIE L A Y oF 24 2B LZED A, w{2hDH@A L HREN
BRWIERH, F27, JhG 2B I LOPBRMES 55 b IEEO AT (B1)
IZDWTRE LT ZXTTNOHEBEZTY, XTI TwH 1L, 12 F 704V A
IR T IACHAN TR S WG BRI ONTN, 2R L EM | T, HHEED ALK L
M2z A2 a5t 34 VIR TIHOC— I A LR Loz, B FITLERERELTYL, 2
AHLABREFAIZ AT OF A, 2 BHET, FINALEEL 22t RENS, £
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=2 HFITLEBRELALTITILOBRRENEOTE L EBPOEBREL

TR
Liver
Body Liver Liver to

wt wt body wt Cd Zn Cu Fe Ca Mg
{g) (g} ratio {9 A B A B A B A B A B A B
Adults  Control 330 6.75 1.96 n.d. n.d. 20.7 147 11.9 85.3 239 1520 34.8 242 172 1230
(7=3) (105 (3.41) (0.59) (3.5) (88) (2.8 (50.7) (67y (750) (3.2) (136) (32) {(760)
Cd 337 8.10 2.13 24.3 181 23.8 193 14.8 113 347 2880 44.1 351 198 1600

(7 =8} (89). {2.59)

0.31 (9.5) (38)

{1.3) (64) (10.8) (78) (161) (1600) (6.0)

(91)  (13) (470}

Larvae Control 14.2 0.71
(7 =5) (2.8)  (0.13}

6.07
{¢.29)

139 9.8 1.73 1.24 151 107 32.0
(1.9) (2.000 (0.43) (0.44) (300 (28) (7.2}

22.5 142 101
(5.3 (8 (14

Cd 14.4 0.73 5.02 12.1  8.10 16.7 11.7 0.94 0.67 227 132 31.3 21.8 132  95.6
(3 =5) (t.8) (0.29) (1.29) (3.4) (0.74) (5.0) (4.0 (0.3 (0.27) (B2} (36} (6.4} (4.8) (35} (39.8
Kidney
Kidney to
Kidney body wt Cd Zn Cu Fe Ca Mg
wt (g) ratio {%) A B A B A B A B A B A B
Adults Control 1.25 0.364 n.d nd 17.6 21.7 1.65 1.97 3.8 75.8 55.7 68.9 122 151
(0.63) (0.068) (0.6) {10.3) (0.22) (0.72) (24.9) (37.0) (8.0) (35.2) (8 (73)
Cd 1.08 0.29¢ 21.8 225 17.7 18.9 1.75 1.85 39.0 43.4 106 114 127 137
{0.19) (0.032) (6.7) (3.00 (1.5) (2.9) (0.28) (0.23) {17.4) (23.8) (70} (77 (10)  (22)

LA T AR (M) R EIT A D AR AR LA (BRI S HARZ 0.5 me & 1 B X 1.8 mg/ky REE 4 B, Akicid 6 ORI 0.5 ma/
kg WEN A F 3 7addrr 4 @) WREHIFRIASEN L 0 BIES LHRICERL, SERESEGEL L. BIEFBERETRL 2, Aldpe/

g BERTRLABY, Blyag/REBERTHRLAGRESNT. £4 n.d B2 CERBREFRMBRIIT Th -2 2 & ERT,

ALl

Wi b vedogr SURHE N
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HER (A FI AR L TYWEWE) O oA AAOFBRY 3ERA0.IM ) RIEESEH
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&) ovr—ricHlL+ 5,
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PRI L LT A A OWTE L CRETL 2. SR L ) — il
REILLCALN, MEBFLAZDFARL U HANBROFBRCLEEYT 2 LW I BRLIGEL
LD THA1T 261, AFIT7LE2BELLEEFHINL A2 0FA4 40 1IEEDT
ThbI LWL EL 22, ZNLNFMET— 7 IZFERICERL 227,

3.4 BREOXAOFFFA 09
WREITA L BGRB8 F 24 ¥ ICHT 280, B S A~
HTLE PRETH S DB ERET o, PHEOHRMII OV THALA (K1), %K
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M2 #F3Yae@EL iYL AT LRI E BERDIFRE EFTO S k1Y
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#FI U4 HERIZIZ0. 5me/kg KB S 1 B, 1. Omg/kg KR E A FETICHRS L, $%i230.5me/
kg&ﬁ%4@n&5Lt&.aﬂL.Hﬁ%ﬁtoHﬁﬁﬁﬂﬂtﬁtiﬁﬁLTHHL%¢mﬁ
BOAfiE AT, 983D 2 s uF A A4 v —2itH Fivs, BHEPETATED. 26
RIS3FZA FIma, BEMIEPIUHFLVAFoF A oL~ HBEING (AR, &
ECI319.85 L1830 Y — FiRE AT ATV w (BE). RERA L GEBTIS.85F L18.3530T
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Difference in Tolerance Mechanism to Cadmium
among Midge, Fleshfly and Silkworm Larvae*
Kazuo T. SUZUKI', Yasunobu AQKI?®, Mitsuru YAMAMURA?,

Yawara SUMI® and Shigehisa HATAKEYAMAS®

Abstract
Midge larvae are known to be a dominant organism in the polluted agquatic environ-
ment and to show high tolerance to cadmium {(Cd). The tolerance mechanism has
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been studied by determining the uptake and release processes of Cd and by analyzing
the distribution of the metal among soluble proteins of the whaole larvae. The midge
larvae (Chironomus yoshimatsui) took up Cd rapidly in the Cd-containing water (10
p#gCd/ mi) and released the metal promptly in the control water. The Cd taken up or
retained highly in the larvae was mostly bound non-selectively to high molecular
weight proteins and only a small amount of the metal was bound to the induced low
melecular weight protein, The distribution of Cd in the larval tissues was histochemi-
cally determined by staining with benzothiazolylazo-g-naphthol. The stain was found
mainly in the digestive tract, integument and fat bodies.

The fleshfly (Sarcophaga peregrina) larva was examined to compare the tolerance
mechanism to Cd with the midge larva. Approximately 90% of Cd accumulated in the
larva was found in the digestive tract, the fat body and Malpighian tube being less
effective in its accumulation. Cd in the digestive tract was mostly bound to an
inducible Cd-binding protein and was a mixture of five iso-proteins having several
properties characteristic of metallothionein. The excretion process of Cd in the larva
during metamorphosis was also characterized.

The silkworm {Bombyx mori) larva was also examined to compare the tolerance
mechanism to Cd with the midge and fleshfly larvae. Silkworm larvae were reared on
an artificial diet containing Cd at concentrations of 8 and 80ug/g wet diet and the
concentration of Cd in the alimentary canal, Malpighian tube, silk gland, fat body and
other organs were determined together with oter essential elements. Cd was mainly

. accumulated in the former two organs {up to 1100 and 470zg/g dry weight, respective-
ly). The distribution of Cd in the supernatant fractions of the two highly accumulated
organs were determined on an SW column. Cd was primarily bound to inducible high
molecular weight Cd-binding proteins. )

The three insect larvae were thus shown to be different in tolerance mechanism .
uptake and release of Cd, distribution among organs and binding of Cd in the soluble
protein fraction.
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1 HFIULREEL L Fo st G F I angY
Content Distribution Concentration
. {gg/larva) (%) (ug/g wet tissue)

Whole body 1.5330.19* 100 14.6+2.2*
Digestive tract 1.37-£0.49* 90 30181
Fat body 0.009* 0.6 0.1
Malpighian tube 0.036* 2.3 9.0¢
Trachea nd
Brain nd
Cuticle 0.062* 4.1 0.34%

AFIgLtet 7 IERARE S 24— F (100pgCd/g) hTE>r F= 7oingyh4 3 MR
L, 1R 8L 228 S L
* PR PR (0 =5)

4 B & A THIEL 2 & &0 1LY 220 OFFERM

nd @ BB RLELT

Cd
0.02pg/ml

26.2
28.0

72

28.0 26.2

BT

2% 20 16 12

Retention time (min}
1 A FImadfbl erfz 2 3TOBE SR £B0), BN EBRS
HLE@LEFEDO 4 F 7 a0

BHIEFRL € F2 25T 0500 F HEEFAE I BB OBILEB.ER (0. 1m!) % SW 2 7
LizEEmL, HPLC-AASHz LT L 7.
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£ L FE I RTOEM A F L 7L, B8 LW ROELY
Cd Zn Cu
Cd (%) Cd Control Cd Control
Larvae 1.27+0.35(100) 2.23£0.35 2.31+0.34 0.187+0.15* 0.220+£0.017
Mucus from larvae  0.082+0.04(6} 0.26010.410  0.146£0.133 nd nd
Puparium 0.054+6.017(4) §.545+0.103  0.695+0.234  0,057£0,017 0.05510.008
Excreta from adults  0.673+0.182(53) 0.11320.049** 0.217-+0.056 nd nd
Adults 0.332+0.160(286) 1.33+0.05 1.47£0.16 0.149+0.027 0.172+0.021

B FIVAAERL e Fo oz {n=5) LR (A=6) 220k [Hr7ne L THil,

Liidinzer

THOER LR L UL, AF I 7ARBLIRLLEL L i3 HIEME e b e L, f1s

HEEIR Student-t T A FIZL N, PR AR R A %0.05> P

Cd

0.01 pa/ml

#%0.01>PF L THLA

E
F
G
L L L i
2 28w W

2

Retention time ( min )

e F PRI OERIE S A ¥ 3 LOTEREOLE

HFILEBEME L Ly Fo 7o n 34hAM, 4 B4 FE®, THAYFFO, 1 B4H
hD), 3 E4KAE TESREOLI3ESRBRCO LEhOA F 7L ., B LR

HPLC-AAS BT L 2.
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#3 APFIVARECLZEESS ohhthe
HE L, EEEABEOBEY

Cd Zn Cu
Silk gland Cont. nd 27.940.9 1.96x1.35
glan Cd 0.661£0.105 29.0+3.4 2.200.98
Cont. nd 363+ 34 9.8220.49

Head

cd 10.5£1.9 369435 14.445.2
Crachea Cont. nd | 84.0+3.0 9,20:0.12
cd 4.36%0.25 128 36 4,480,609

Malpighian Cont. nd 79.9+4.2 11.9+1.5
tubes cd 470+10 13749 9.39+0.15
Alimentary Cont. nd 38373 18.5+4.3
canal . Cd 1100+106 100065 25.1£3.6
Sexual Cont, nd 94.3 12.6

organs* Cd 4.39 104 12.3
Cont. nd 92 4421 1.9820.40
Fat body Cd 3.4840.17 93 840.9 2.7541.60
e t Cont. nd 51.8+1.9 9.36+1.48
ntegumen cd 2.60+0.17 72.344.6 11.146.5
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