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Outline and Singnificance of the Studies
Masayuki YASUNO

Abstract

A quite large number of chemicals have been commonly used today.
Some of them are potentially harmful and may enter aquatic ecosystems and
damage them. Today, it is more needed to obtain scientifically signifi-
cant survey data on the behaviour of chemicals in ecosystems and on the
corresponding changes in flora and fauna. Although it is aware of the
importance of assessment of ecological effects of chemicals, an appropri-
ate assessment system has not been established. The present study
therefore has planned to develop an evaluation system of the effects of
harmful chemical substances on ecosystenms.

The present report includes the studies of the effeets of heavy
metals or pesticides on the attached algae and invertebrates in rivers,
The tolerant species to heavy metals listed could be used to monitor the
level of the pollution. Laboratory experiments proved that the attached
algae collected from rivers polluted with heavy metals maintained their
photosynthetic activity in the presence of heavy metals. ¥e found some

aquatic insects, for example, Baetis thermicus accumulate Cd and Zn in

great extent specifically. The tolerance mechanisms of a diatom, Achnan-

thes minutissima, a mayfly, B. thermicus and a fish, Carasgivs auratus
langsdorfii to heavy metals had been studied

A new analytical method of pestieide concenirations was developed
With this method., pesticide residues in rivers were surveyed in relation
to benthie communities. Various insecticides, herbicides, and fungicides
were detected during early summer to autumn, which might have reduced the
abundance of aguatic inseets and also the photosynthetic activity of
atiached algae.

Several types of micro- or mesoccosms were developed to evaluate the
effects of pesticides on the aquatic ecosystems. Small concrete ponds
and small-sized bags made of polyethylene film were proved to be useful
for the purpose. Continucus monitoring of pH and dissolved oxygen in
the enclosures shewed the functional changes of the ecosystems after
pesticide application.
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Ecological Consequences of Plankton Community after
the Interference by Carbon Dioxide

in a Small Floating Enclosoure

Masayuki YASUNOC', Takayuki HANAZATO! and Noriko TAKAMURA'

Abstract

Biological interactions often caused the secondary effects in the
ecosystems when exposed to hazardous substances. To study the interaction
between trophic levels or within a trophic level in ecosystems, removal of
zooplankton in an enclosure was attempted by placing dry ice. The amount
of dry ice was 6g I 'in the first experiment and 4g ! “'in the second. The
enclosures made of polyethylene film were Im in diametre and 1.6m in depth
A total of four enclosures was floated in a pond and filled up with pond
water, two of which were treated with dry ice and another two served as
control. lnorganic carbon inereased in the enclosures treated with dry ice
and lowered pl. This lovwered pH seemed to damage directly the structure
and functions of phytoplankton community. All the zZooplankton species were
eliminated with this treatment also. As consequence, some algal species
such as Scenedesmus which was a stranger in this pond bloomed in the
treated enclosures toward the end of the experiment. In the second
experiment, the enclosure was simultaneously aerated by an air compressor
¥hen treated with dry ice. = No reduction of pH occurred, nevertheless the
changes in the flora were observed in the treated enclosures in which
zooplankton was eliminated
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Use of Small Enclosure in Studying Ecological Effects
of Two Kinds of Herbicides
Masayuki YASUNO', Takayuki HANAZATO!, Mamoru MIYASHITA!
and Noriko TAKAMURA'

Abstract

To stody the effects of herbicides, oxadiazon and thiobencarb, both
chenicals were applied to small floating enclosures made of polyethylene
film, containing 1.6 - 2.4 m® of pond water, to be 0.1lppm and 1. Oppm,
respectively. Thiobencarb lppm was not harmful to phytoplankton, while
oxadiazon 0.lppm impaired thenm. The dominant species, Dinobryon
disappeared after the application of oxadiazon. Zooplankton was injured
with lppm of either chemical. The continuous monitoring of dissolved
oxygen, pH and water temperature in the enclosures could be used for the

evaluation of ecological effects of the chemicals.
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b7 yOBMROCEWMT S v 7 P ~OBBREENBEVEBECERPhERCERALTL
= (Z¥ o, 1988) BRREHEAINCHOMEORECOFEDAT VS, TORSOEEHKE
2 W Tid Brooker & Edwards (1973), Huaburys (1981) W EOWENS S0 56 DHE b
EMNERLLIHELABYOSRCER T 28 EMECRZFEMBEE T L EHELT
Vh,

LERAEES S VWIAERELH~2 BN TREKAZAVIEIRBE» BT E &5
278 »# {Glesy, 1980; Huckabee, 1985} L RAMHOX VT FL Y T4 A AERF /LR
AF—LDRPSRIBHAREEHRELAE (EH S5, 196a.b; HES, 1988), FRETHAE
BEBT, #0RLOBL N30/ HOREKFREMAEL, BREERIC L ZRREHY
BHobwEE@ABoERLERIL

CCTHOWERBRRAF I ST/ v EF A4Sy ~TT, IV 3T 5 48h-1Cso 1l
i 0. 13ppm & 0.73ppn (%ih, KFER) &, REHELTIABMT 5 v 2 b o+ 2H/MHIRLE
BElEwosho, CoEBEERBRCBVTEENTS 7 F Y~ 0HEENEELHENEE
OHEBERIFLEILENE SR W,

2 K B

BHE 0.05mm OFVZFLYyDT 4 MaDiy s (Flp FX 350 2RAEAZAFa—-~1D T
w— FREEL EIAEHRAFOERBCEb Gk, Ny 7 RRF I THOKEE-HER
T} 2200 L z4n®, ETEERTR Ld*hs LInPAhf, ERBBZERBEBELT
BOBEHERCDELE Lén Th-ofio BTHERBLIKTS5 I brEfiOkEf vy 7 2
BLitbUThsd, FHBU 1FE6HE, NACEAFAMOBAMIT 7o H-HERIA +
4TS NURALH OB EHWT 1,5,10 ppn 03 BREOBETIT- . F_HAEBH L+ v
PTV Yy, FA4ARYA~TOETHTEHNE 01,1 ppn O2EET, @0EL@garto—ad
EHTC 220Dy 7 TiT o KBRRa v bo—nry y0RE (50cn) EE(3 5m)
T, ¥ = 1AF~ERHOTHIE. BEEFE. pl EHE (L.G. Nester 8500, DKk 6400} # =+ b
o= NRUMBLiy 2 0—HOKE T IncEEL, AEATLET-he BTS2 ¢
RoixfE e Ly, #AAEES (Aninco) THMEE L TR~ bDERVL, 732 by ®
BRAFa—7H v 75—TL, U755 bvy@ NS 0752 bray bTOLT
B, HMT5 v s vdz0EENT - VBCEFEL %, Utermohl chamber B L 2,

BT 57 b v ORARBEUICHT A FH VTV r Ol ERER2VT, ¥ HERIC R
T THDOKEGFE - TRBETH~<, Tl 100ml OBEMEZ7S VEREEWL, TAra—- 0
TERLEFFY 7 % 20 DA B &, 0.001, 0.0, 0.1, 1 ppm DEBEEEEHE
T Lt DX EFE b TAI—ADH 0u BNl CHSEERENL, 2, 4, 885, 25
°C, # H00E OXFHToRELALK, 17 2| TL, —BEK BREicLs '°c oA D
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3 & B
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COMOERHERIRAPTLAL, FHIEN TS 2 b vHRTH -1 BE_EEROBOHM
BOFEMLERIKRT. I ¥ e —ABW T Dinobryon, Flagellate(l), Ceratium fi &3
# & L, Trachelomonas, Scenedesmusb DU Mo EBRWEHDHE L, LA LEROBR LR
Flagellate, 2BV THOBLHEI WA, 2347V v BRI FCOBERBEBE LAY
M Lice Bb% b -4 Dinobryon, Flagellate(l) A +4 U7 /v of@icME L EEL,
Ceratium &ML 7o i DT Flagellate(2) & Navicula BN SHE L1, BHE A4
FH TNy JROBHBE LI LIBTEAN D,

FadgRrH-TieL0NHEOEE, BH5EO Dinobryon, Ceratium 2 HEEXZ b
7o LLA18E (32HK) CHEELE SOBETY Ceratiun RAOU b A, 2 v bo—u
THEL{HESPLTED, EFOROVEREL SNV, Flagellate(l) OAMNBOEEEZ T
TRALILE D TH B, Trachelononas BB HETRR LY, E550fH0BBELZTI L, -
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HHIL 2o Acanthodiaptomus pacificus DBES R, FELOEHUBOEBETCLLED
HEI55000, BTEBE LA, ORI Cladocera DB & E L { LT W3, Tropocyelops
BA+4 97V 0lppaTHIVviEr— AL TOLAMNOERET Lice F4 3=V

— 7 0.lppnit Tropocyclops WHEEX5A A L35TH 5. Ll Naupplii OBEEF + 4
¥H—7 blppn THEOHEFEZ T U0 AFH P72 0. 1ppnid Nauplii P LTS
GLAEEBEMEL LS L,
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COFBERHAACEEHY~OBEBIARRN TE 2R F TR A - 28, LLEop
DEABMER<L L CHAERRS SHEREER(EK2). ORISR U 22 5l 2 E o 4 1
HEchIhsREbEHEWOT, HEERRKERVWELELONE, 2V b —LTH_-H>D
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BRSO & B BRRR T M s me s

FFHITSBHENRT 4 AR AT TR REKRRIIBIT AR
M7o s b EEREOTL

No marks: 9, — 1 1X10° 1%:10-20X10°5 2% ;:20—40%10%, 3% 40—
60X 105, 4 * :60—80x10°, 5* :80—100X10% 6 * :100x10°

Contrel

Date 10/15 10/24 11/04 11/18

Algae
Dincphyceae
Ceratium hyrundinella b Erx b *
Euglenophyceae
Trachelomonag sp. e * - *
Chrysophyceae
Dinobryon sp. e b bl .
Flagellate 1, aw rre ree wew
Flagellate 2, *
Flagellate 3. * *
Cyanobacteria
Anabaena sp.
Bacillariophyceae
Melosira sp. *
Navicula sp.
Cyclotella sp.
Chlorophyceae
Scenedesmus spp- LT wn » ¥
Dictiosphaerium sp.
Chlamydomonas sp.
Crucipenia sp.
Tetrastrum sp. *

Protozoa
Vorticella sp.
Ciliata 1.
Ciliata 2.
Ciliata 3.




EHIEZ

£ (5JE&)

Oxadiazon-0.1lppm Oxadiazon-l1ppm

Date 10/15 10/24 11/04 11/18 10/15 10/24 11/04 11/18

Algae
Dinophyceae
Ceratium hyrundinella Yrx e * *xa -
Euglenophyceae
%rachelomonas sp. * - * * * »
Chryscphycead
Dincbryon sp. gl ey
Flagellate 1. bl " * ErEY ®
Flagellate 2. * - e * -
Flagellate 3. - * “
Cyancbacteria
Anabaena sp. - -
Bacillariophyceae
Melosira sp. - -
Navicula sp. - * n
Cyclotella sp. * -
Chlorophyceae
Scenedesnus spp. *
Dictiosphaerium sp.
Chlamydomonas sp. - -
Crucipgenia sp. - -
Ietrastrum sp. - » .

Protozoa
Vorticella sp. -
Ciliata 1. * - - -
Ciliata 2. - - -

Ciliata 3. * »

o Psectrocladius sp. RS OREHCROPTHEVESEEZE -TwWaEEZ LN 3,
Chaoborus & Chironomus RZ oA WL TE-ARIEERLT WS, Tib B, Chao-
borus @A +H YT/ VD1 ppnTREFTCES, F4 4 H-—TTREEEZT IS
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#1 (oT%)

Thiobencarb-0.lppm Thicbencarb-1ippm

Date 10/15 10/24 11/04 11/18 10/15 10/24 11/04 11/18

Algae

Dinophyceae

Ceratium hyrundinella e bl * * o e wnx »
Euglenophyceae

v

Trachelemonas sp. * * * - L) »* » -
Chrysophyceae

Dincbryon sp. ool Taw e il I fooied xee ren

Flageliate 1. Lus * * " aan » "

Flagellate 2. - - - -

Flagellate 3. 3 - - *
Cyanobacteria

Anabaena sp. - - - - _
Bacillariophyceae

Melosira sp.- b - * »

Ravicula sp.

Cyclotella sp. *
Chlorophyceae

Scenedesmus spp. b * * -

Dictiosphaerium sp. -

Chlamydomenas sp.

Crucigenia sp.
Tetrastrum sp. - *

Protozoa
Vorticella sp. - * -
Ciliata 1. * - -
Ciliata 2.
Cciliata 3. - -

HAEPESERL D bW, —H Chironomus flaviplumus @R H>EAFH ST/ TR
ML, Bl EsRLAKE, F44xvH—F1ppnTREFHEE, CORTRBFOI&LETR
Lo
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#2  HTIKEBROF TR L 22 & AR O ORER b OB

Enclosures Chaghorus Chironomus  Psectrocladius

flavicans flavipulmus sp.

Control -1 108 798 108
# -2 444 108 78
Dxadiazon 9.1ppa -1} 144 388 ]
# -2 450 780 0
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Effects of a Carbamate Insecticide, Carbaryl,
on the Zooplankton Communities in Ponds

1. Experiment in the Summer

Takayuki HANAZATQ! and Masayuki YASUNO

Abstract

A carbamate insecticide, carbaryl (l-naphthyl-N-methylearbamate), was
applied to concrete ponds and the effects on the zooplankten communities
were studied. In & control pond, Cladocera declined following the
increase in the density of inedible algae after a cladoceran peak. Once
the density of Cladocera became low, Chagborus larvae suppressed the
increase of Cladocera and consequently supported the rotifer dominance in
the zooplankton community by their selective predation on cladocerans.
In a treated pond, the plankton community and its succession were similar
to thoese in the control pond until the chemical application. 1 ppm of
carbaryl killed all zooplankton and Chaoborus larvae. Cladocera
reappeared soon and increased rapidly due to the absence of Chaoborus
larvae. Consequentiy, rotifer populations were suppressed. Thus, the
chemical applicaticn altered the dominance of rotifers to that of ciado-
cerans. The same phenomenon was observed again after the 2nd chemical
application 12 days after
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Environmental Biology Division. the National Institute for Environmental Studies,
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Effects of a Carbamate Insecticide, Carbaryl,
on the Zooplankton Communities in Ponds

2. Experiment in the Cold Season

Takayuki HANAZATO' and Masayuki YASUNO'

Abstract

To study the effects of a carbamate insecticide, carbaryl (1-
naphthyl-N-methyl-carbamate)., on the zooplankton communities, experiments
were carried out in two concrete ponds from October 1985 to April 1986,
The water temperature, which was 15°C at the start of the experiment,
declined to 4°C in December. It remained to be as low as 4°C till early
March and began to rise. The chemical was applied at a dose of lppm to
one of the ponds after a month of the pre~treatment period, %hen the water
temperature was 10°C. In this treated pond, all the zooplankters were
killed by the chenical. Several days after the treatment, naupiii of

Cyclops viecinus reappeared and increased gradually. However, the

populations of Cladocera and rotifera never recovered until April, when
the water temperature exceeded 10°C. In another pond served as a control,
Cladocera and rotifera built up a large population in November, and Xept
it until early February. Thereafter, they decreased but never disappeared
The recovery of the cladoceran and rotiferan population in the control
pond was observed in March, which was apparently earlier than in the
treated pond. The earlier recovery in the control pond might be ascribed
toc the existence of the surviving individuals through the winter, which
may reproduce mere efficiently. ¥hile, in the treated pond, the
population might restarted from the ephippium lying in the bottom mud.
The hateh of the ephippium probably required higher temperature than the
reproduction of the surviving individuals.

1. B 2EWRF SYBEES 7305 KERE EHAEI16E:2
Environmental Biology Division, the National Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, Ibaraki 305, Japan
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ZWMT B3 EH— <AL EREF, A4, DBMTI V2 EECH
TEHEREET~ S0, 1985F10AMS1986F4 28D >»2 U — rkil%E
FAWTERZT»7e KERERMEEEIZ 15CH-moBBLCETL, 12
BaCikil-fze COEBEVWKERIAVMAECHWAER LA Linnl, REHRER
12 AHOKBHICCRT el EiZ, —2OKIECEAE 1ppn KBS X5
BlLte COKBTRIRTOUIMT Sy 2+ yHBEHKL, A% Cyclops vici-
nus @/ —F N wRGESKBERBLAICHEHERER LA, LAL, HAFLE? A H
OEERFETEEN, KEBNIICEEZ A4 el THO THMLIEN 2, HE
ELibd—Hoklicr, EEREvAVEMNACHA, SWEEE2 AV
FCHBFLABRBRLLAS, BLTHEBERLEb-, TOHEAHEORERS i
ED, CHUHAERIvHohRBh -k, HEEOBROCHEISOMAE EE-
REEPLOBFIREZEELORD, UWBERK COEBERERD CHEEL LB A
DS E > THE -~ bDEBLNIE, WARASETICREOMAESH-
LEENETERS L0 65VWKEEHEE L e HiElxh 5,

1 BLai

ChETARROBMTS vy r v HBLHTIRBFCHREMNOBTC>LT L LA ST
~ ST &% (Hurlbert®, 1972; HughesS, 1980; Lay%, 1984a,b; EH &, 1686; Yasuno o,
1988)s T LCHEHOHBRPLRELZZAL, FARSOHEREFELIOROT 7 ¥4 b VEHED
EEREEZHEL, 8 - THMRBACHEBa a2 - bk#EEREY, 2k
BEENLHOBW TS v 2 by BHEILHT I — A4 FERAA, Hascya (I-+7F 0N
“AFNH A by OBEEH, JCTREMS S v v BEREOoEERAETENET
OREELRRECHRTIEREE, TNEREFBEHKOFW AR -HALTWR b EH#EL .
FTiHbb, KEXERZLEFBSROEM S v 7 F vELoNBAREKRL2 b0 EDbN
o ECTARBRTH, EFRSROBN Ty vHEOREBECHN T IEFOREEH
it d-obic, MEBRBEBFORULIB» SZLDLUT, BAOI Y2 U — bkEERER
REMT I B ALY LEREL, FOFEEEHENT,

2 A &

HEBTR D22y — bR a5 Inx LimdE B0, EBEMEH 301, 2h3ET
DEBROBEHEERTIL-DREVIFL YT c VATKBZHITS L, 19855810 18H, ki
Hie79 7 P vBEZEREEEADE, ByBOERE 0kg 28X OKBIEALMTFRE
HEALTAKE L.3n Of%EfE->7fe —2 DKM (Pond 4) 2P EL, &5 —FH DK (Pond B)
1LA18E (EREHEBLTHSIAEE) AA~YAE 1ng i) (lppn) &3 L 550
fro EERIZIIE6FE 4 H28H (ERMALERI12EEH) $T&IF 7.

son74sa B, RUBHI TS v 2 oo, kBok2#Hl1 ~3EoHETT
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P NFa—TEROTIEKLfZe 72270 %a Bt UNESCO/SCOR i (UNESCO. 18966) ic G
STRIELEe BT 52 viREBEALLEKEOKE TSI Fvd o b (A5 vat 4 T4
gn) TILTHS, Ya¥—Fi=) rTHEEHHLL. BOYS5 s brav T rid—
Eic 4 &0, FAHE, FHEIOREHEBERAZRE L. 4 Y7V y FHRBEER kA,
EEEER o) bHIE LA,

3 B OB

EEMAMGEE, KBRIBLZ 15C ThHo7s, SOHWET TGS, I 4CicE T
TFLA: (B1) BLE2ACHKER 120HE THIESH, + 0B LERL, EB&ET
BRiZ 318 CIcd THRLA, 7074 REIYBLOKMLRBHEH®RS BE» 5 2 LR
L, WHB’ MTmg 1 "c#LA (K1), COBEBRT LI vEARECHEAL, #
Nt ooy s LaBREB LA, TORNBERTREBETH I TELE Sng 1 LICHER
Ao, MEBRKTRBEFNRSE ! 'KETr/oo7 c LaBRMAL, FOERMKLCHE
HEKEHBEREGEAZTESNULS Ko f, BTFMEL ol 3, HBHER I ve 7102 BO
LA ERL, BEMSKER I15~16 ppnic, pH HBEZ0. 5ELYE (H1)e F0OHK

Ww.T, (°C)

D.0. (ppm)

pH

chl. & (mg m™3)

Gel.' Nov. | Dec. | Jan. T Feb. ! Mar. ' Apr.

1985 1986
F1 arsy)— FREICBTSKEW T ), BIFEXD.0.),pH, 7007 1
L oa i EAL
ALK (Pond A) %, BEHUTALILR (Pond B) %71 L, REMHKER &S
LA %#RY.
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bl IR HWwT, EXBEEO I/ v 7 o a BoWiNcE-7, W EECAGERES
& opl BHER LD bEL N, MHERL O 4 MERCEERTES pIFE WV E WS HRIEL10

HEHtEE Thlrt,
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longirostris, Bosmina fatalis HHEL Lo WHEE T2 Bosnina RELLOBLIIHERE
BEMBAEL -2, TOMIT 20 inds IT'EATFEED -2 (K2) BOESL A O Daphnia
ambigua T, 318 Bk 62 inds I T'OBEHOE - ERL, EZTORIOHEET 20~50 inds
U omELfERLL, 20,53 oy (IEE~13HE) cRERIESLCHEL
By, linds {7} BIFEWSERERE VK, 3 AL S EFrF>ERERBLTVLE, 4 AR
Wao TNl THRBEE TR 16 inds { "ETRIEL o —4, VEKX T Daphniad
BEEA 40 inds ! ELA s ANy ARBS s, BRERHEARRIZTREHAELL (K
3} TOHRINFHEAMEALIAXRTICR2(EEFRELh UL ofo 4 AL - TRHE K
(RPEHEE L, FEEL THICL Daphnia 5 300 inds 17 BlL, B. longirostris #% 30 inds
P EEAZEEREL

TAYHRELESOKB T LIEHIC Brachionus calyciflorus AWHB L, F D% Polyarthra

sp., Brachionus angularis, Keratella gquadrata ¥mL7%(E4, 5), HHEE T} Polyar-
hra B L% 700 inds I " ETEEEHPLTELELAN, 2 ATgicdELL, BLER
BX¥ 50 inds ! 'OEEEHHE LS. Keratella cochlearis ~&¥-7fo TLT3 ATFAH

M & Conochilus, Synchaeta, Polyarthra ML T, 7 & vHELEOEFE S 1000 inds 7}
cEThRELAL (H4) MBRTREFGRSHI<TOov L YHEHPEDL, 1 BELUAEZRE
AFEREBONELL N7, TALHORBEIEI ATHIZH>TLH5% (R 54, Polyarthra
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BELLEMLUL (E5).

vk LBREGEAED Cyelops viginus @/ — 7Y v 2T, WHAR TR S0EEEKS
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(M6 MEBKTRENEECE-THALAXST CBENRSh, BB EML T
ERETEITR 100 inds 1 2#AKL (H7)

apor

»

o

o
T

Denslty {No, 1”1}

[=]
o
T

1
N ! : ,
50 100 150 200
Oct.) Nov. T Dec. | Jan. | Feb. ! Mar. ' Apr.
1988 1986

7 Pond BiZHiF500EH LEOEE
OFERGISHERMRE, RIBERRSHETY

4 E £

S s lopn @A AN A REANE, 7AVH PUBELEOTNTOEMT 7 »
2P YERBESE S, COBRRIEBCTObNARBEORE (fEH - £, 1088) & —H¢
B, LinLls, HOERTRIEARER T COBARLY s vHoRBEFA oY, XK
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"7 L. (Brachionus urceolaris), 33> 1(Moina macrocopa)
RO XV A (Polypedilum nubifer) DI{FEIZ RET

KPRUBMTOREROEE
BB

Effects of Herbicides on Reproduction of
Brachionus urceolaris (Rotatoria), Moina macrocopa (Cladocera),
and Polypedilum nubifer (Chironomidae)
Shigehisa HATAKEYAMA'
Abstract
Effects of herbicides, Chlornitrofen(CNP}, Thiobencarb, Oxadiazon,

Simetryne, and Butachlor, on the reproduction of Brachjonus urceolaris

(Rotatoria), Moina macrocopa (Cladocera) were investigated. The 50% rep-
roductive impairment concentrations {RICse) of CNP, Thiobencarh, and Oxa-
diazon to B. urceolaris were 0.056, 0.30, and 0.79 ppm, respectively.
While, the RICse values of CNP, Oxadiazon and Thiobencarh to M. macrocopa
were 0.067, 0.17 and 1.9 ppm, respectively. The effects of Simetryne and
Butachlor on the reproduction of both species were comparatively low.
In the preliminary test using the five kinds of herbiceides, only CNP
showed the effects on the reproduction of M. macrocopa through food
(Chlorella sp.). The values of RiCsg of CNP in the food to B. urceolaris
and M. macrocopa were ca. 160 and 1000 zg g°' (wet wt.), respectively.

Effects of CNP on the reproduction of Polypedilum nubifer (Chironomi-

dae} were examined in flowthrough aquaria from the egg stage. No signi-
ficant effects of CNP on the reproduction were observed at 30 and 60 ppb,
though it delaed the emergence. However, the emergence rate, oviposition
rate, and hatchability of produced eggs decreased to 20, 52, 43% of the
control at 90 ppd, respectively. When the midge tarvae had been fed the
CNP-contaminated food (550 ug g~ ' wet wt.} these values decreased to 38,
31, and 27% of the contrel, respectively.

2 5

7 & v (Brachionus urceolaris) & 3 &> 3 (Moina macrocopa) OHWHMZ R
T 5EoMREA]; CNP(Chlornitrophen), Thiobencarb, Oxadiazon, Simetryn,
Butachlor OEBEENERICLIORIA LA, 74 volBedLTE, NP,

B 2FHEH EVHER TI05 RRE>CHEH/NFIN6S?
Environmental Bioclogy Division, the National Institute for Environmental Studies,
18-2 Onogawa, lbaraki 309, Japan.
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Thiobencarb, Oxadiazon, Simetryn ®JETHEESML, EFREHEOYRIC
Wb s 2 BERENREN 0,056, 0.30, 0.79, 1.78 ppm &EHESH A —F.
1Yy aOEFICRETREE CNP, Oxadiazon, Thiobencarb DMATH( T DM
EHBOLRICE DI EZBEEIBLE 0.066, 0.17, 1.9 ppn TH - o 1D
BREHOEEITBLHLTIE,L -, AWM/ oL 3) ToREAOEEIE
BRSRETTH CP BBWTOARSH vay, 1 YVa10EFHEEEO §50%
DX BP0 NPEERBLE 160 & 1000 zg g ' (vet wt.) TH» 7o
2 2 Y # (Polypedilum nubifer) @3 {td 534k, EWEE2E TRRET
CNP OB RARRAKEIC L DT, s0ppb TRIVEHBXNE LD & HOELL:
DR, ERRFBHSHREEIRD LN - ppbTHRPLE, B
#, BREESEUEOELE 20, 52, BBcEhFRBDLLEL, = XY H OB (¥
BB ETetranin-L) 2 C¥P 2 BT SBHEENMLAEEERT L. P o CNP
MED 150 pg g7! (vet wt.) THIMLE, ENBE~OEBUELTLTH- K
B, 550 pg g TRIVEEBMoBh oA TR, EHE BRRBSWHEOTH
ho39, 31, 279D L.

1 @BLdi
EHoOBREANEroH Kt KBIcEHIh, zo—REHAARAORNNPHBEICEAT
Bo BEAMKEANCRETHBCMLTR, AHCo LT BEEERNBO S S FEOL
M%ﬁ@$¢%@m£&§m§<@ﬁﬁw%ﬁusnfgtu%(hmmu&Tmnwa1%&
Calls, 1983; Berry, 1984; Bl 1986 blo L2 L, BREHSBY T 3 v 7 F v eEEENME
RIE+RBHEEESRAALBLERIEBS TLH V. SHORERBREASEHMT Sy 2 P rELTY
AvRUIYya, EAEAMEL TR Y AO¥M (BEF, ENS) cRETEEE2ENER
TRAREERTH D, 74y &3 vadEHN75 7 F EHEOFXEUHRERZRL, &P
AEFREL L0 LEEL» S+ 0BROLERBBICBI2HE LTRATEELENM TS 5, &
v AvEI Vo BEMBRAERIBEMLTV AR, RESBOMIGVWELETELLS
D, MEOEFECHEEIREILTVE, TOLoRUEACEBREELTH Sl Db
ﬁé@bmﬁﬂﬂﬁ?éﬁ%ﬁmﬁh%méwmLTH(%Eﬁ%%O

azyriclLlTl, EFEfoKkREERToBEoA RS FERSMKEROBEEDEL
THFAMY EF o Twa, UL, StESEEARRIE L TSR - 25, 1979), 22U 7%
et LTIoBES S, ERSCRITREAORELA~LARIR chi v, AHET
R, REFMOCABRCEG 2R EEREGNERIAT 2L AKPTILBET I ENOEEDCSLS
F, ARSI NAERCLIISIARFLEFAERCLIORT L. REANREFERAN TR
hEns EAShTER, FARAGEASA TV 2 BRATHVTRBET - 20
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2 5

2.1 EBEHMH

Y 4 ¥ (Brachionus urceolaris) & i ¥ > 2 (Moina macrocopa) ; MHEKE LTk (L
k) ERiEER Lk (BUF, S#EHR) Wik, B LT 7013 (Chiorella sp.) RIEHFL,
BREEEROHBME (5000 rpn, 20 ain 3[E) kR ATBKIECERL, 27017 Ll
(#10% cells ml ™) LA o2RdBcfGHELTHAVE, 746 ¥, Y rad@l=E (2511
T) PHCHAREL, MEBEERIKH VWA, 2R YN (Polypedilum nubifer) *HE A (Ebi-
ios) *EERH &L LTHAMEL, FOWNMEERCHER L,

2. 2 HEHE

2.2, 1 Pay, 1Y vaoBBErRET KD ORETORE

5 OB Chlornitrophen (CNP), Oxadiazon, Thiobencarb, Simetryne, Butachlor 8 7
& v (B. urceolaris) RO ¥ »a (M. macrocopa) DM ERRTEEXLTOHETHE~
o

ey ARBESERCHEZ2ANELABREOoy A 2 1 HEF>Y +— L (¢, 32 mm)
AR, Y+ —Licld 4aml OFFEKRKE—ER FWEE 8 1x107 celts ml™') @ w
SEMELTHRML, NB1COERECER L. FHAROERD o B X C¥P; 0.025
~@.2 ppm, Oxadiazon, Simetryn, Butachlor; 0.25~ 2ppm, Thiobencarb; 0.125~ 1 ppm D3
He&2REEHAVA, BRERThFhoENORLEER 7 7 —AEP L TRE 4000~
10000 ppm) L LA bbb oRR LA, BERIE 2, 3. 4, s HREFLUEZBKEE (/o
VI BA- Ry - VERBELATAYERMON S AETHLEN LML, 1RESL
D, 4EORVELTHEEEZT -, ERIREFREK HRMTHT L Lo

v FREOBRERAMSsy Iy o00RETFRRETREERUTOAETH~N . RERK
Frsavblf@OboEfALL, 200m OFF - —lcRBREANLE, £ 36412
hoiyvazsBEdoAnf. RE2HER,SHE, FruidBRkEzAhie—r—icch
LDV YIRMWAERy PTE L, HOE~ P —ZE- LIV Voo FHERABRER N
SProoRBBLRETHEEERELL. ETRRBIBELSHEED, ToRT < TOoHERR
Cd5ET (4ERE) HEEHd i,

sEOBEAOTT, (NP OREFBLEEI -, UToBETr Ly, ¥ ol
TIHMAREL, MECRITHELHEL .

Ta¥L ve—1 (¢, 2T gn) KHBET ALY (B, 6BHEA) 1MERAL, 287E
CH T EERK (CRP, BBRRETEER) AN v v — LT AP EH LA, EIZEHEHTL,
TR (1 ~5) 2HALBREL L, REM/EIZ 10, 20, 40, 70, 100 ppb T, 1 PEZ4Y
IAEER WL, ERIT<XTOFBBECTEZET Q0EM) #HEL



LA

1Yra; 100m E—A—icdEE UEMENO I Y ryazlfEkSoAN, TAvERE—
DEET, 1REYL REETHEBELT - fo

2, 2.2 Uiy 3V raoMBECRETHDORENOLEE

BREHABMAEHC LD I Yy IOEFEREITEEEFRNCRHAT I, 72L 35 (1
108X celis m™') % 2ppn (400 m) O 5HEE (Lid) oREATLhEh 20 h LEL, %
O%ECHRIE (6000 rpm, 20 min 3E) RibvHBACKREAERSFLEE L. &% U b
PIRG s ¥y axfilic 100 m @ e—n—kKAh, RESLEsoLST WERMEFLEOD
MOBIRER <, BHYN:AD 5EECI vy a2l LEL, SEBOREFONT CNP O#
EOABE,Pff, DTOFETHEO CNP 74y, IVvagHdt s BBETF LR
Lo

ATEKICHEM L2223 (380 mg wet wt. /2 LY 2&hE4H 0.2, 0.5, 1, 1.5 2 ppm
D OCNPIC 24 b BEBELA. COEI Ry L5 EBOERME (6000 rpm, 20 nin} €k b ATEKK
T3IEBES L TEMA (B 1x10° cells m™!) %, REBECREFLERLH#LA 7950
C¥P BEROERECH > THOLE (K3) .

7av; FBEK (4m) OA-fve—v (4, 27 mn) KBREL~3ERAL7ALZA
h, Tnsolsos{tLil HEOHET A EROTERET e 1 BEILDL HE:
Ao, ZR7HMBROMMED St oBER M L. BErEATY, BEhoBgLafilz
Bk LHATL LI, FAHEXKE NP MM oL s I BB KB bOIERL A,

1vva; FAEKIOM DA FSAE—H—cEE 12112 h 0y draEk]l HiE
Fo AN, FOEEIFEBICLT CNP LB/ oL s i v ryanEFfeRkETHEERA~NI,

2, 2. 3 22U (P nubifer) oIk, EMcRETAKITRUHP D NP OER

Adi® CHP ©RE; P. nubifer (Sasa & Sublette, 1980) D5 (PRLE) OBRREH, S, CNP K
BHELIME, ERScRIFTHEERIT L, HARXERAM (27X 46X 11 cn®, 230 m! min™')
CERHAOY —vRRBLAEORE® CNP THBLALM TR (2221°C) ZHHFH L. C¥P
BERTHAROEREPS 30, 60, 90 ppb & L, 1BES/0 2 KB THRET %o 1 Kl
CEEOREE 24 b DINOWBIE 2 (1 ROME: S00MBHi%) ¥oAN, HELT 0.82 DK
HEE S (Ebios) & 0.08g ©OF F 5 % ¥ (Tetra Min L) 2V, EHELTHS2E—X (¢
# 200 micron) %47 0.5cm OF ETANL, HRTHEL O BHEEITRIOEECER
OfES A, BF, HECTRBYOTMEMNER SHELSKBIVEOoRE L HHEY
F., 2O, GHERFORERTRUELELFME CERHOMETHEL THEERKL,
OB ERELTREZE LA, BRLEHRNL, ¥HOREOFR/ISEOBBREE

a2z Yy Aot (Ebios; 2g, Tetra Min 0.2g) & HEh 1. 3. 10 ppn @ CNP (ATEUK,




BOAOT LY, Y IRFLA) HOMB~OEE

400 md) T 24 h MAEEL CNP Z&F A€, CNSEZALEAE (5000 rpn, 20 min) itk vy,
MFke sEEEHRL, chxiiElTtar ) sl ERcRETEEBLE O8N OBEL
B Liko BHAOCEREHRLEOHELE —TH 3,

3 8 R
3. 1 74 (B urceolaris}, ¥ ¥ 2 (M. macrocopa) OB ICKFST KD oORERO
B

7oAy HETH 1Kk BT Ay (RE REBEHREE 2 E-H) He HEwi 110+
T (n=4) HEEITHMLA, SEOREHCAZTLABSOMEBERL ERLE, 7440
B9 2% CNP, Thiobenearb, Oxadiazon ONHICHM { Simetryne OBERLENE
Mot Butachlor B GHEEMWLEC 2opn ECHELE-ABEEREHLNY, 3ppn T
HEomgbPRonf, BECHSIMBERORLORRBL» SWEAMEHBEOMD 50% %R
T BEIL CNP, Thiobencarb, Oxadiazon, Simetryne TEXhE 4 0.056, 0.79, 0.30, L.78 ppm
L Ea N, CNP 0.2 ppn TREZF2HETHAEPLPHOERE 2B oy, EHEHE
KEER LA, LhL, ChGERKCRLARIEHECcE»P WERS HBcRbFru N oK
BL 7o

iVvo; NETRSEED I Yy o oRETERR 290 &40, | HKROFEETFRIZ 58
Bkt B, ThFWOBREXHNCRBELLBSOPEEFHETRE S, CNP, Oxadi-

#1 L3 (Brachionus wrceolaris) DWIHAIZ M (F$ B o2

Cones.

(ppr) CHp Oxadiazon Thiobencarb Simethorin Butachlor

Control 170 x 72

0. 028 98 + 477"

D..0% 44 + 14"

0.10 52 £123°°

0. 128 86 +31

0.15 8§+ 5°°

0.20 (1 & 8

0.25 147 +54 73 + 2°° 155 =12 116+ 18
0.50 95 15 36 +26°° 159 85 240+ 47
0. 75 20+ 147"

1.0 T RIS 12 & T 121 £19 1394 41
1.5 94 5 92 + 16

2.0 8+ 5" 78 + 60 190+ 71
3.0 93+ 13

Mean % S.D..(n=4), t, p<0.05 ¥, p<0.01 (ANOVA)



B A

azon DOJATE ORI MM 5 7o Thiobencarb ORI HEMGE<, Simetryne & Butachlor
TREFRCERIZTEER 2o it Spon TS AUD -1, BEEREFHIE ZRE
{1 CNP, Oxadiazon, Thiobencarb TH L% 0.066, 0.17, L. 9 ppn T&H - 7o

Toy, 3Z/a3%FThPhREBT ONP C Il HRBBELABACHBEIRE LABEESE?2
KLt vavnEENMEdMTRA 208MERL, EME&OETMM MM ~40ppb
LET MEAM#EREALENDDd >/, 70 & 100pph TRENFH 12, 12 HicEHEL
foo B 40ppd FCHEBNZERBZHONUD 1285, T0ppb » S HED 50% T < 12k
D L7 (p<0.05, ANGVA)o BIPEEKE S0%IHMD S ¥ 5B 94 2ppb LB &R, U
TOEFHRHMETES HIEKTH - 245, 10ppb BES SHEHMICK D Ui, 10, 20ppb AL
BERTREBIM (RE, ~4HEK) OXCRMNEBENE, 10~40ppd THREFRCBE
- RBRBD o>/, 70, 100ppd TRAFEWM~OHBR /DL > 20, KBS
CHEREFETLFTIER 2, 1AEOAB I ETF>ETFLE. BEHERE S0%ELE
B 28.5ppb ERL, CHRT7ACOBEOH NYOMTEH -1,

3. 2 & (B urceolaris) , ¥ ¥ ¥ 7 (M. nacrocopa) ORI RIF+HE o
CNP D &8

MREHCRBLAs oL 2BE LAY YD EYBETHERESICRL, HBLY 485
PCEFESELLAOR (NP OBEDETE-~fie COEBTRIvLITORBHORRE
ERIEL S -1, (NP OBPHERTROF— 2o EZ 2500ug ¢ {vet wt.) EEFLHE
ENd, fio 1EOREATHE RETHUELAOT, /oL SHOBEREL-1-bDL
EZbhd,

CNP 2 24 h RELA7o 130 NP OMEBRE (0.2~2ppn) cHALTHIZE 2800ug
g7 (wet wt.) FTHMLA (M2) . COLEDs oL S5tha CNP OEEIR 0.2 S5 2
ppn X CHMBREN I 2R Th 45, 1.5, 15.3, 21,6, 22.2% wWE b0, —HRAEDOERI
1 %UTFTHBEMmORED CFP B2 o LS MBOBRTILEEESTLEAbDEELS

T2 72 (B ourceolaris) TF I T 22 (M. marcrocope) O MEAT I RIT T CNP
(Chlomitrophen) D3R

CNP {ppb} B. urceolaris M. macrocopa
Control 2.4 F 4.5 (8) 112.2 + 56.7 (i2}
10 2.3 £ L3 (B 502 + §0.6°°(12)
20 18.2 = 5.1 {9) 50.4 + 42.2°°(12)
40 19.6 £ 3.0 {9) 56.7 £ 28.1°°(12)
70 14.8 = 5.5°7(8) .8+ 4.2°7(12)
100 11.8 + 3.7 (8) .2 £ 3.9°7(Q12)
Mean * $.D., {n) * %, p<0.01 (ANOVA)
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%3 Feti#l (2 ppm) T20hr WEE L7 2 2L 7 (Chlorella) E L L7232 3
(M. macrocopa) DFEIFE

Herbicides No. of offsprings
Control 50.2 £ 9.§
CNP 12.3 £ 2.2
Oxadiazon 68.0 £ 5.7
Benthiocarb 58.6 + 11.6
Symetryne 49,6 + 28.3
Butachlor 54.8 £ 23.7

+

Mean £ S.D (n=5}

Nfo —F, CXP MBLAE S 1ppn &L L5 %3 HEBBELARE, 77150 CNP RE
33HAKkET @3 ordcmMLed, 27913l 3RRCIFEL»OHBREEBLRET
FrREEOBTE &/ L, 24 h CNP MEL wr sERHOBERL D, HRAAD CNP T
BL, ATEAK (2 L) WEHREIE- 0L 50 CNPEELES (H3) TRYyM1B8%TE
&% 25% KWL LAPEALEREDLIERLREEH - o

ey, LRILoBE (K2) TCON 2EHEELI/o LS EHILABAEOY AVvOEFfE
REF+HEEHAaFE L. SEATHAMERO 7 A v B0k 2~3 B&P SEFEHD,
EBREMWS (6 B £ 11.8x4.5 (n=5) BEOFHREEL LA —F, (W EHI/=L 7T
BELATA vOEFRIE, B NP EFC#-TRERLL, B2 4 SEFEEEHED
50% I BB s m L IO CNP MEFIR B LT 180ug g7' (vet wt.) ERB TR,

1 ppm BlEo CRP TOELAZ LS K2h5 W00pg ¢! BlED NP 28FL TV
W, CHEEELATALAVIE lpn MWEZ L IOBEDAPPLER L0 RESINEG &
N, 2hlLoBRETHREASARESER 4~6 HEREMAERT L/

i1Yva; AEBOI/eLIERWTI VY IOBFCRETREELH~LEREOE4RL
Foo 22 L3O CNP BEFCH » CEMEMEBD LAY, Lpm LB/ L5 THELFFED,
1.5 & 2ppn B oL s THEHF TR 10 EEDRT7 EHE BETR4EEB1IRT>TRS
AHEFLE. REL, TOLEOEFRIZ1I~1EEDPNL, T0EOoY 4 Xb/Nahof,
EFREEBO sSI% R EEs 730 CNPEBERY 1000 pg gt LETEHIH, K
EEMLASESLRER YT A X0 b REEEDRD -,

3. 3 =2AU#H (P nubifer) ok, BB RITT NP OBE

Ao cNp ofE; BoBRR» oHARKBRKEAT NP cRELA2AY A OMEIL
OFMLE (2 kMoTH) RS ERLA. ERCEALLMR, SREMEL~20®RHL
Lfcds, SfbRBR FOkETe BUBHEERLARHTE (P oEBRRsNE -t H
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2000~

Pafgtwet wt)

1000
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CONCENTRATION [PEm)

P

t 1

2 FrEH (CNP,

1 L
0.5 1 1.5 H
CHP-CONCENTRATIONS (PPM}

I 3 (Moina macrocopa) DIEATEOC RATTIREH D

0.2~ 2 ppm) T24h WP L7227 T L 5 @ CNP OEE { ng/e

wet wt. )
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-
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’ © Molog gmagrogoa
. jongs utceoluris

NUMBER (0O}
(#)dIAMNN

ol—1

1 L I S —— . |
037 Bi 15 I
CNP-CONCENTAATIONS (PPm)
4 A (B urenlaris) B3 ¥ v T (M. macrocapa) DEFIIRITTH(ZOL
St o) CNP RS

2 0 L5 H1) CNP RE I 2 128

L HETHREREBRE 6HS S - 2o HIR CNF LBOHECZORFE LM ALTHLD
b8 2HBLS PP ED, 20BRBR WHB T TIIMLRET Lo CNPOMBEIc XD, B
fbo e~ 2Eht 30, 90 ppb THEI SHEEN, PEELES O LS5 BP LA, R4 EK
WILoRP{H, BRERN ENInANoBHEERIE2R LA, ERCHVRAKBI L0
Ua%k (967+104, n=8 JK#¥) TELPMEEEBRLAEENLR, HoRboBicENshri
PR R LA mOR®E L L, 60 ppb T FHE®R, EOR, BB NP 0HSHI
HEHRBEL OB P o, LHL, 90 ppb TRPYLE, EHE, BHEIBOLHEISHE®
fi (PHEE) oxhTh 10,9, 52.3, BRF 4L LBEED LR,

ticho NP O, HeldEREHAVWALETO (NP BELHFRKITOMLSD CNP OELD
ERLTWVWA. B CNP w2 R0, o CNP MERSHEUBTRIFERKIE LA,
KR HWA 24 0 BWELAMO CNP @BEHE, 1 3, 10 ppn TEHEH ND., 60, 150,
550 g g ' (wet Wt} ZR Lo CNP MBLAMESEKCHLLKD cNp BEER 6 OB
REN, REQOEHELIADFELTH ko CORBOBELILBRILESRDSUS -1,
CNP JBBEAS 150 & S50ug ¢' Dfflckd, ESRHOhEEAREIELOE—sBENELE
1 BEs HEBNA, it CNP BEEAS 150pg g! DESRFILREIERRCPLPRID
BREIBR S0, D CNP MEH 555pe 87! OBAGRECEENES, PULER, EPR,
BHEHSTHET, TRTAMEO 39.1% (p<0.05. ANOVA). 30.9% (p<0.05) R 28.5%
DL (£R5).

4 X E
EFALER (BRI %, 1984) 2HBAEER (Hanazato & Yasuno, 1087) RUF@3EskK




ALl A

NUMBER OF ADULTS

20,

0—3-‘— —_—— Q C:?DNTR(:L
L] PP
/'/ \c\ o 60

n 50

TIME IN DAYS

K5 BROERDSERER (CNP) W BE L7z R ) % (Polypeditum nubifer) O
HE & OTMEE (2 KB OFEHE)
1 A (kD (2 2 BRBR A Ahuz:

#4 HASURBAMO T TIHDRID > CNP (TR L2222 U5 (P wubifer)
DI, FIE, BEHEFOMD

kp a) b) c) d} e} f) g) h}
W BRE(% < FMb it B OREHEM O EffE gpm
R - 1 535 0. 57 254 171 D, 97 104 0, 40 0,74
-1 183% 0. 74 401 182 1. 05 177 0. 46 0,49
30 ppb- 1 49% 0. 50 267 132 1.15 52 0,22 0.69
-2 412 0. 44 215 187 1.09 95 0.43 0.74
60 ppb -1 267 G.3! 147 120 1,23 44 0. 31 0.7
-2 53 0.65 252 212 0. 96 109 0. 40 0,88
90 ppb- 1 99 0. 12 50 49 i.02 11 0. 23 0. 36
-2 1907 0.14 33 54 0,98 12 ¢, 22 0,17

b=a/((ERBIH):

KRS, 1986) REDRELRUENPREMEAHIELBE, 1 Pva g otmBEY
BT To s v KA EHNTZARELELEREAA TV S, TAvE I v vyalitist
BoL, BEFHECHLEODRYGWRETEMIE S5 L0 T3, Lid-T, LEOH
BREHOIEXMEBEE LY IV yooEESRELL, gz civractknoifiashT v
TLyOEESHMLALDEEL R TV S, CNSOBHD SIEMBE O BEEL T -
FiH+T 2Bt hFRoEFLET s BRZHOBHELNER STV 3. SEOBRETH. B
EHEENTEBENE RSN TELBRICR S hr,
B0 tOBEHECKERNENS I ILEBTENE, SIBTOMFENEOLBEBL FiH+
afohicid, PRCELETCOREBBETIOTEREYBLEL TR, 202y EopBos

e=c/d: g=1/d (f. &RIR)

2

REFLHPCTILREBLERL Sh 5,

NAVEIY YaTRBREMOR
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600

10 ppm

\ CLEAN WATER & T ———— e

™
=)
o

H
<
E
2
E
E.
a
SZDO _____ a

____________ -

e ————— -

ok ) _CONTROL———___ | L

[ 24 48 72

TIME IN HOURS

6 CNPALELL7:3.21) % O ($2/2E% 5 Ebios, Tetra Min L) F1 ¢ CNP B[
{pg/g wet wt. ), BIUEKPTOCNP R DHEAL

5 LR AP aubifer) TILER, FEIHH, FHRECIRIIR(E)TO
CNP D%
BT RO 2 9 2 AT,

iy a) b} ¢) d) e} 1) g) h)
i T & bz B B OMEL 2B EE BEHR
-1 616 9.52 37C 246 1.50 85 0.35 0.4

-2 760 0.58 392 368 1.07 169 0. 45 0.59
1ppm-1 647 0. 54 321 326 0.98 0 0.2% 0.38
-2 651 0. 56 339 512 1.09 116 0.37 0.75
Sppm- 1 634 0. 46 366 268  1.37 57 0.21 0.81
-7 430 0.33 250 200 1.15 42 0.21 0.57

10 ppn- 1 138 0.13 53 85  0.62 9 0.11 0.22
-2 351 0. 30 172 179 0.9 25 0.14 0.16

b=a/(BEFABRM): e=c¢/d; g=1/d (. EFIIR)

KT OBREHIBHNT S v 7 by OBE LTV ARFSIRENRIERT A260EELS
Nto TOLHS BHOBEFEAVI Sy o 0BEFLRETH (791 35) 2ELEBEEH
ARIcH, NP DA ZOBERDPUNVWELICELSN , 7AVE I P rya@EFIRET CNP
oEERInERkdTcEDNLLBaTR, EBROHERLIDERAS S - L EBMcEAEL. &
50T EREBLABGD LI Yy a0 FRREHESEDL e —F, HEOHM &
LTHWEZar 3 (NP 25 H S8 BERTFCTLOEN O EHTREZEIHA S
Bh ot EFAERIELOAMBERC XBEEE (Cd C0) OHWBEE, OKEEMCBLT
BELAERTS, idoHES¢BBEAP DT VWL XA THLIONEBRIERECRECIVHD -
7z (Hatakeyama & Yasuno, 1982; Sil1, 1984: 1L, 1986a: Hatakevama & Yasuno, 1987;
Hatakeyama, 198T)o L2 L, HAE FIO X HENATCLICLD T OREENFLLEE S
EMENEL LA hATVE (BLS, 1979,



By LLEEA

LY AR NKRBLERCELSESBECLREEL, AR CORY Oz bIRESM &
LTéd, EEXOHFENNBFEIRTETVE, L L, RREFHT LEXMbBRTL DL
b EEDEEEILSY, TS5 v P yPANEEENHoRERRCEBEORT S
ERREFTOIT AL -7 ERICAVA, YEX22 U5 (P, nubifer) RILEKBR LR
TOXRRENT 20212V hoBHEERBRAOEREME L TANEEL DL (B,
1983; Hatakeyama, 1987)o SEIOHBOBE T, Mosithothz v, HhoPL, RE, B
REDEORBTEHOBEPRIFL(HANILEHS LI TE 5, KBD ONP (30 ppb) K2
BELLBEaTRSE, RERPLEBHOEA, THER, ERER, EHBcrhyhAohis
IMEROFED (B 10%) B¥ROKEh o HPO{EMHOREEH~L I LT 28BS,
METHZELTHEENHASHIP oBHST 02 EREL V. SEOHBET 1 FRES
offth D NP BUBHBEOBSTLELE [HW0pe 550%2.2 g wt.) ThHb, REMHER 2
HUEOTRIZCEZCHE ICHTO CNPHELMAKPERLLELTE, toMcH BRKEREHENL
7k (230 mlomin™') 12 662 L (KHEANKORER, H 90 B /d) Luhkfio CNp BER
0.18 peb LA SRV, R, Bh S0 CNPHBRBOCH Ty (H6) Kkdo
CNP BEEEERLT »EEBVWHEITTHED, LT, (NP LEOHICLZEEIILALETD
CNPitk T htebsheEBALONS, D CNP BED 550ug g7' Tk, FMbLE, Ei®,
HEBLLAENCHEoEO T TR 39, 81, BU %P LA, BRROBLOBHK
LT, ERLEMBOLHBECSEROBET Ao VEEOEM OB O/ L
EALoNB, —4, BELRE (Cd) PEEAR AP LRoBLHEEFCRIOMAL L L L
RBETHLENR, BHEE~ORER UL -~ (Bil, 1986a; Hatakeyama, 1987)o L i~
T, BECEME2oBL0A THEBREDETEIHYL EARV LI EELOH D,
(AP IX) BNLA CNP OFBEBEEA 7S (Vo ¥ —) OEREEFRIAVLTLAX
Shfh (Eil, 1985 b) , SEOERCAVWLA (7015, LHRER) oo EBD
RETSBRHWEKEEMED b, EFREBVWTRIFL LOEEER TR,

OB

22 Y A oRREGHBLBVWTRESFERE (Y LEBHE) REEREIHBHER
Z, Fhaz ) 2ido CNPRAEOARIERAFRHAEHROOGEERERLZLDTH B,
CoRFEERARHOBERLEY.
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Pesticide Residues in Water and Sediment of
the River Koise and its Tributaries
Toshic IWAKUMA', Hiroaki SHIRAISHI?, Seiichi NOHARA'
and Kenzi TAKAMURA®

Abstract

Pesticide residues in waters and sediments were surveyed in the River
Koise and its tributaries weekly during May-September 1985, lInsecticide,
BPMC and herbicides, benthicearb, simetryne, butachlor, CNP, were detected
mainly before the rainy season, i.e., May-early June. Herbicide, molinate
was detected mainly during the rainy season of mid June-early July, and
fungicides, 1BP and isaprothiolane after the rainy season. The flux of [BP
was largest in the tributary during the investigation period, followed in
order by BPMC and benthiocarb. The fluxes of pesticides in the tributary
were compared with the amounts of respective pesticides sold during 1985
to estimate loss rates in runoff from the paddy fields. The rates increas-
ed in the crder: CNP < butachlor < benthiocarb < simetryne < iBP < oxadia-

zone < isoprothiolane < BPMC. Seasonal changes of the residues were simi-
lar in water and sediment. CNP, oxadiazone, benthiocarb, isoprothiolane,

and putachlor seemed to be more persistent in the stream sediment than
simetryne, [BP, and BPMC.
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CNP log Y=2.00+0.861 log X (n=10; r=0.96)
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Pesticide Period Total
9 May- 14 Jun.- 11 Jul. - 9 May-
13 Jun. 10 Jul. 4 Sep, 4 Sep.

Ingsecticides

BPMC 3. 73 1,12 0.00 4.85
Diazinon 0. 00 0.902 0.00 0.0z
Herbicides
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Oxadiazone 0. 43 0.39 0.23 1.0%5
Simetryne 0. 67 0.11 0.07 0.85
Butachler 8,33 0. 03 0.o0 0.3¢
GNP 0. 10 0.089 D. 00 0.20
Melinate 0.01 0.02 0.00 0.903
Fungicides
[BP 0.21 1. 63 5.07 6.91
Isoprothiclane 0,02 0. 00 1.04 1,06
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Dynamics of Benthic Communities in Tributaries of

the River Koise in Relation to Residual Pesticides
Toshio IWAKUMA!, Kenzi TAKAMURA' and Seiichi NOHARA'

Abstract

The population dynamics of zcobenthos and the amount of attached algae
were studied in small streams receiving runoff from paddy fields. Dominant
zoobenthos were chironomids (Cricotopus bieinetus, Rheoccricotopus chaly-

beatus, Polypedilum cultellatum and Chironomus yoshimatsui), mayflies

{Baetis sahoensis and B. thermicus) and caddisflies {Cheumatopsyche brevi-

lineata and Hydropsyche orientalis). Residual insecticides and herbicides

in the water were relatively high in concentration during May-June and
seemed to lower the density of Baetis. Densities of chironomids and oligo-
chaetes as well as ¢hlorophyl]l a amount in attached materials seemed to be
indifferent of residual pesticide concentrations in water. Both C. bicine-

tus and R. chalybeatus had generation time of ca. 3 weeks during the sum-
mer. These two chironomids and Baetis recolonized quickly and their
densities increased socon after the end of the rainy season of mid June-
early July. Emerging biomasses of chironomids were estimated from weekly
pupa) biomass as 0.6-1.8 g dry weight m™2 per 4 months. The daily emerging

biomass was highest during the period after the rainy season

2 B
THNXHoBRME2REA/ AT, EESMENEEHoLH Lz T X
TE2RERAERAEA~, BEBYHRZ AV AHE, 92X e v B RU = SHT
Holke MEMOS AL o6 AP ich it oIS EoRLACREMN VTR
LTy, o5y e oFELBTIETWA, 2 XAV EESA P I XHDOER
RUfd#sens s b BREDOBRERE L HBEESE L -1, BS5T 52N HO
2 A Y HD Cricotopus bicinctus & Rheocricotopus chalybeatus 33 B 4R
Bl @MEEC, BREHIBRAEBEEERERBE LA, $hatdavd
WG RCAREIYNL L, SUTORFRbOHELA2RY HEHER T4
PHMT 0.6~1.8 ¢ WH n? Thoh. HILBEREHEHEHTFBROBBITRLE
naiti,

1. EZ2EWFER SYWEREE 7305 BB EdA/NHFI16E?
Environmental Biolcgy Division, the Kational Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, Ibaraki 305, Japan
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1 JLsHic

BhH, REALTSHKREERCRETHEEC LRI THR—o#RACL 2
OHMAHBKE A TETWS (Hurlbert, 1975; Muirhead-Thomson, 1987} Z @ 5 B R A i< iy
LT, BEEHUHROENTRA S BN, REMNEY~OoREFEHTROPL &R -
TWf {(Wallaces, 1973; Muirhead-Thomson, 1987 RMFI PR OMEMMMEC LS5 ATH
ML FARMNOEBEEHYORERCLREEHMEOBRBER R, BEEHNHSTNEEROHEE
RECEERTHUERLLTVWAIEEHS Mz LA (EidtS, 1984; Yasunod, 1985 ¥O -
AT, 1986: Satake & Yasuno, 198T)e ChoOEBTREEMNSEEORNPEHMEE s
toREREEFEA O, ERBREMHCBL CRRKEREZEFENE LTHCHMBRERS
RIBSOEYEESARTERTVS (Mauck s, 1976; Hambury s, 1981; Gunkel, 1984} L &
Ladn, CRP PEADMEEEERZREITCLEPEFIATVWEI LOD (KH H, 1986), KRR
FEHZh TV RHAREERFERCEERESL>VWTRE{ BXADET L TH 5,

EhoHRPIT, ANOCPTRIE MOEORIIKE S, KEROSERDA, BREA,
PRz h FhoMARBc L TR hT WA (G, 1985; Shiraishis, 1988), A ¢
HERREIENRY, BRECRSIBHHORHNBERIFET I BB THS, LALE
ot BERPEOPRIE APV, XRETH, BHRERL I ZHINXHOZRENA
EFEMSELT, EE4YBROZHCcRETBEER YN, REARCREAOEE >
Tﬁﬁ?%ocm*%?mﬂmm,%ﬁM&Uﬁ%mmﬁﬁﬁuoufﬁﬂuﬁﬁéﬂé(E%
5, 1988},

2 PHEHARUHE

BESEy HAAFANOTHENZR T - o BAMARHAELBEZ R L ¢ 2 KR (5. 3),
FINR (S1.5) RUI D2 ANAESTUALIIRIN (St.4) THE (FM]S, 1988, B 1 BH),
ChooaddundhsKEEERLTWER, §t.3 oLHBWRILBTBMBB LA LL L,
FliclHAoBELZR Y, 1BESAbcoHETcol], B1RFAHEZTIT -7 K&, el &+
— IRy BEHARTHBE (B YEY PESD TRAIE LA, REIMO OB AR 8 ~125341L
LT, ONKEOEEE 7o~ 7 HEH (HABEY) THEL, RoaMEH=RL TR,
Fgr7oc7eval (c, mgn?) B, BBEH»2SHAES ~10 co NEEFBEAHERD, &8
T3 TREMECTFOBRBLLTRBRCRAEE (vi, 1), TDS50— (vo, 1)EH 32
7 7 44— 5% (Khatman GF/C) ¥, 22/ -2 HAADT TERETHE L, SXkEH
i pBAEEEAEL, FOREERYLD & LTRATHHEL

¢ = 13.4 vs vi (Aesa—Arso).”(va d s)

L ve BEBEE (1), & HEE imm TOBXE, d e E (en), s @/hEOHRRERE
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Wates tamp.

st

Gintharge
1ot «? a7h

1 ki, pH M UTEDEE

HMThd, O c2MKROERYAYOHLBET IR, AKRO—-FHHEAKSHDTT
ONEORYHEOMOEE (1) #JLAT L. § {HId St. 3, St.4RUSt. 5 TEREN
0.85, 0.32 U 0.30 Th-h (Kl

EEAETIMIIL 25cmx 25enx 40 cn OFEY > 7~ kb EHE LA, H 75—, kofih
EXLTHEHCRES 0im O+4Ae vty b, BECUEBEREES 0.2 mm DF A viy
FRUOEBERRS v » SR HF TR TR TVWE, SRR T3 4 AT 28WL, 352
SOERS TN Y TEHELABRENTEEHYERVELA. 221700 ER
Wiederholm £1088) wHEVy, Sasa (1978, 1981} *BE R AMLEBEZMEL L. BER
019 ABMUTHEREELL (SIS, 1980), B OEEY ¥ 7 AREAREFHERD, 15
°C, 14L10D OHEETT 2 AMBESL, PLadB2EB L. 22 v ZERHE Sasa (1978,
1981 R Pinder (1978} R WREIELR. s v r s HhudH QBN a32¥o
w3/ (198T) R - TEE LT,

3B R

3.1 ERERCKAOEH

R1iz1985F5~9 AoEoRittAToKE, i RURBOEBERY. RIERTH IR
SOt iThhi. KB UTHS 25°CoMEZETHL, St.3 TH St. 4, St.5LbH L5
~5. 0CERr 7D St. 4 & St.5 OERPED >k pl RYEM D 6.5 5 8.1 OMEEH
Lo 6 AR o7 ALHOKRANE 8 AkE o8 RORICIRAKRISE CHRIRML 1,
6H2ZIAMS THSHEAITRARE (ERHNREEMHL) &R, St.3 T 30,000 p° 47!
(0.64 m s7'), St. 4 T 89,000 m® d°! (0.77T m s™'), St. 5 T 45000 n® d7' (0.61 m s7')
Thoteo cHEHLHRRIIZE, BHMATEATR 500~1,800 ¥ ¢7! (0.04~0.14 n s°7),
2,600~11,800 n® 47! {0.08~0.24{ m s7') RO 2,700~9,800 n® d°' (0.08~0.29 n s™') T
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1 AFTHEOEY

Sta- Stream ¥idth Maximum Alti- Slope Grain size composition

tion name (m)  depth{m) tude{a)(m km ') {% coverage in parenthsis)

5 Daisakuzava 2.z 5.2 29 16 cobbles (85X) +coarse sand(15%)
4 HKawamatagawa 5,6 0.3 29 g cobbles(32%)}+coarse sand(63%)
3 Terayamazawa 3.0 0.3 24 T cobbles (30%) tcoarse sand{70%)

HoTe

3. 2 BREEMFc2 ) IoBHK
EAEBMROTAORETS, 2R Y ENBLELA, B2, TA»PSIARKELAHH
DENFBHF LIV L2 Y B OBHEREENE A EHERETRT. &3 T LRI
Ahicds, HERAFEOZVWERBAEKROSWIFEIK, Rhecericotopus chalybeatus > v ¥z X

#IBRO—F (Cricotopus bicinetus) > Polypedilum cultellatum > FhebE 22 YA (

Criecotopus triannulatus) > Paratrichocladius tamaater > € R ¥ 2 XY # {Chironomus

voshimatsui) &7 -7:o R. chalybeatus, €. bicinctus BT P. cultellatum @ 3 FEid St. 3

~5 oWwfhoMaSTHEEENE M7, /2 €. triannulatus B St. 4 T, P. tamaater
st 5 THGHBE{{hothi i3 o Chironotus yoshimatsui ARG St. 3 &
St.5 TRINEH $t.4 poRENEHAS, T2 YH (C sancensis) 1 St. 3 2o
Lyl EsERShiErofee CO28O Chirononus BHHRRIMAHE7TH oMW O > oF M &
DM T S S 5 (Sasa, 1IT8), 2@oYBRRVFhoMA»S RIS TED, EORA
THHEBLTVE LD EEXLGNE, 22 ) AHOMBEMIE S1.3 THRHZ LM, St.47T
Chironomus B2 BE &®» TI0E, St.5 T C. sanoensis * D TEHMTH - 1.

2Ry A BLHAOTEREER NI, 24X cr2BHao e 3304509 (Bagtis thermicus)
EHhah ¥ od (B sahoensis), FPEF¥ SHD2H 2= 7 (Cheunatopsyche brevi-

lineata), wAv— = ¥ ¥ 3 (Hydropsyche orientalis) RU=vF 39+ EH 5 (Goera
japonica), I X A ¥ (Asellus hilgendorfii), 4 ¥ €A /ED e (Erpobdella octoculata) B
U4+ 3 LET, cheRuFholighss b BB L A

3. 38 s rvo72  vBEZAVIEOLTEH

ERY I AP X R EDE {3 Cricotopus B(FEIC C. bieinctus BT €. triannulatus)
THote THbE St.4 TRESNALAVIDOEINE 60&E DN, Cricotopus B 493
(75%), Rheocricotopus BA5 73 (11%), Paratrichocladius 454, Polypedilun B 8,
Chironomus /@A 2 @ETH -7,




AN OREEE RRTR L ST RFE O

F2 HANGTHEONIIAYARE
Sh AR 12198545 7 A17TH (St 3, 5OA), TAMH G4 DA), BH TG,
13H, 28ARF9H4H

Species Body Number of adults recovered?®
length’
(am} st. 3 St. 4 St. 5

Tanypodinae

Thienemannimyia sp. 3.5 2 0/ 1 o/t

Tanypodinae sp. {3.6) 1/ 6 0/ 1
Orthocladiinae

Cricotopus bicinctus 2.6 9/ 7 5/ § 18/10

Cricotopus triannulatus 2.6 o/ 1 8/ 1 i/ 4

Cricotopus sp. 1.6 /1

Brillia japoniea 3.0 1/ 2

Paratrichocladius tamaater 2.6 1 2/ 1 83

Paratrichocladius rufiventris 3.0 1/ 0

Rheocricotopus chalybeatus 2.3 8/13 11/17 11/28

Orthocladijus sp. (2.5) 0/ 1
Chironominae

Chironomus yoshimatsui 5.0 3/ 2 Yt

Chirononus samoemsis 4.8 /1

Polypedilum cultellatus 3.5 9/ 8 5/ 6 i/ 8

Polypedilus sp. (1.7) 0/ 1

Chironomini sp. {1.5) o/ 1

Tanytarsus sp. (1.4) o/ 1

1 Body lergth of male (or fewale in parenthesis)

2 Number of adults is expressed as male/female

R2icffgsrrory sy BOEH%E, K3 Chironongs BB M2z y nHohdi &
SREFOFELERMER T, ChoOHEIREQREA LR Cricotopus bicinetus, €. tri-
annulatus J2 ¥ Rheocricotopus chalybeatus TH D2 EELoni, 6 HREL o7 AFG0K
i mRASEML A (K1), BEEAMORLAENEREVWHSO, fED 7 o0 7 400
a BEdBoaz y #AOBERMMEESETLL (K2, 3). MiAdRofI#H/ a7
+va BENEp2z 9 GHEEORNIECH I BT~ ELR LK M3 BB
B EIUTOEERY— 27270, RAOTUEENicLy, 22 ) AHORIENEP T
AHbNBIEEREL TV, St.3 TRABa2Z Y 2 dEEid 28E0 € — 7 THFR OB
BEWREEL, SEHOE—2TH 20,000 m™2 FTHIML, St.4TR2EHOE -2 T 20.000
T LA, St.5 TR1IEHOY -2 THRAMOEED 10,000 n? FTEHELANEL
CI%OBEEIL $t.3, 4 iwh~TEH» -
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Chlorophyll a in &utwuche
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1885
B3 BUHE (Chironomus 48 LASE) @22 20 R ORE
FA AR, B S FWAL

fHEDIea7 s v BEAHHEAVE IAEOY—2 TRV ADE—2c—F LK, 2
AH&L3AHOY—27R22YAH20 1 BB BLEEBA ORI, HBHERHEGHROHAE o
74 %a By St.3 € 6~110 mg Chl.a m™, St. 4 TiX 5~60mg Chl.an3 S5t.5 T
5~30 mg Chl.a n % T&h »#o

Halkwhi o2 Y 444 bb Chirononus yoshimatsui & €. samoensis OFPFHEERED
FEOEHETRT, CO2HEBRNOMERL, BRI NI MOEESPRVED &

X offie C yoshimatui & C. sampensis XD EENEL, St.5 TRLEGEETLH » -,
BAMAAicBH b . yoshipatsui SIHDBKEREI St.3 T 4002, St.4 T 33002 RU
$t.5 T 1,230 m 2 T& Y, C. samoensis @& 4id $t.3 T 220 m2, St. 4 T 490 m % R
U St.5 T 400 m? Tt €. sapcensis BEHEMCHREENRRE L ONKBIET
L#e —F C. yoshinatsui RHEHHTBEO T~ A HEESBREL > 2, - 0@ 3
et bR THE-7, FUE, FhdEFHoRSELLZIUSHENOHAOHE S 2 BEIR C.
yoshimatsul T4 ~58E, L samcensis TRHINIDRECS~6BfTH - 12,
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0 T T T 0

r T )
1985
M4 Chironomus samoensis (a) B.OF C. yoshimatsui (b) Bl LB

YUl D TR, RHARS D 8 & XL

SOOI (St 3~B)TREBOEAEASVLSERMEREZATS A~6 F LM, 6 Ach
fA~7THEARUT At~ EOS PR32 &N TE 3, £ICTHKE, THEE T
HitBren 7o v BRUSHEORER»oHELL22 )V A D& S (W) {bEE, BH%
REALZIPMERTCRLA, 30 E0MM I 1L HERE Lo Cricotopus bicinctus & Rheo-

cricotous chalybeatus TREENWBZNEO2 2 95, BHOMPETO L S {ERPFholt
BT HER -, o4 b Ao/ ROz ) #0L 5B, St.3, 4 R¥ § TZhH
Fh, 0.9gn?% 2.6 gn 2 RU 2.3 gn? Thoto RHOBHEMBILED 0% TH B L)
EToe, PHeBREThEN, 0.6 g2, Lien?® RU L6 gn? THELBEES L,

3.4 aAFeOHE veLErsH, BEEERUOEAOTH

Hbsicahs o 9@ Baetis thermices & B. sahoensis O HREFEOLEHE2R 4. 2o 4
Do FRMAADAIRUCERDREESEC BGRHATEOT7 ~8 Ac@ERS ML . B
thermicus M RT CO 7T ARBERSHEML, St.4 TR 300 n™%, St.5 T 1,400
m? X1 of, B sahoensis REFMATERBR A CHML S ARTEMNBALLY, St. 4 TR
500 m7%, St.5 TR L2000 n® LMot, M5 OHEELEHI, Co2BoMickAsbo@e
BEFHBLERBLTVE, 225 oy oBESEVWHRIFE 70y + va BEFVIEE
—HF2HMBAE SN, SHoz2yAHEA B sy sy BEOMBRIAB ST
Wi ot




TARERC - Wt - BPEOR

F3 \9BSEOMHFTN, ML CEFM Do THKIR, PRI, FR
7unF 4 baft R a2 kb

Peried

9 May- 14 Jun.— 10 Jul.- 9 May-
13 Jun. 9 Jul. { Sep. 4 Sep.
(36 4} (25 d) (56 d) (118 d}

5t 1
Water temperature (C) 11.2 15.5 20. 6
Mean velocity {m s7') 0.12 0.62 0. 39
Chiorophyll a (mg m 2} 10% 16 62
Pupated biomass (g m~2)
small chironomids’ 0.24 0.03 0.65 0.92
Chironomus? 0.02 ] 0.05 0.07
St 4
Water temperature {"C}) 20.1 17.0 .1
Mean velocity (m s™') 0.18 0.68 0.51
Chloraphyil a {(mg w™2) §1 23 72

Pupated biomass (g m~2)

Small chironamids 0.89 0.01 1. 67 2.51
Chironomus 0.04 g 0 0.04
St. 5
¥Water temperature (°C) 20.1 17.13 22.8
Mean velocity {m s™')}) 0.16 0.58 0.46
Chlorophyll a (mg m~2) 48 22 56
Pupated biomass (g m~?)
Swmall chironomids 1.24 p.02 1.01 2.33
Chironomus 0.1% 0.05 0,02 6.13

1 Body length < 4 mm, mainly Cricotopus bicinetus and
Rheoericotopus cialybeatus
2 Body length 2 4 mm, Chironomus yoshimatsui and C. samoensis

ey by s BYEDEFLEERTo Cheunatopsyche brevilineata % Hydropsy-
che orientalis & & St.3 TRLEEFEHI L. GHOMAT cRES cEEFEAETL, ¥
WA E e BEERSEMLALY, ro@EEER2 Y H LFAEECHE, - 7,
B7icgEHE e (Erpobdells octoculata) OFEELEBERT. holRthosick~
THRONMTEHAREERETS L3 EAMES s hTh -,
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- St. S
- Bastis thermiavs
* 1000
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W
1985
B5 Ak MR L)
E4Y | Baetis sahoensis, W 1 B. thermicus
793 |
600
400 § 8 Chavmetspsyahe brevilinauta
Hydropsyohe ariantplis
200 1
o~ AN
- 600 T v T B
o 400 1
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- 5t. 5
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T i 1 T
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1989

E Rk ki Ak )
a: Cheumalopsyche brevilineata, b: livdropsyche orientalis
3.5 EAAVOLHLBREREREOME
BHEET A BEEEEHENTEY, FRCHESBOR N, BEH, SEMsREshH
TVDS (FREG, 1988), AZAXLSL. 3O LEMBEASRBEALBRBERTVRY (Shiraishi b,
1988) BUMEBRBEFIAMEZOS ~6 o —2725RL, SHICRBEREL L L—F, B
BERT~8ACBOERVE—~ 7 %R 4. FUBREMIE, C— 2 BEOME, BPMC (H— /82 o
FRY > TavFty (HRVVER) > 547977 (HRYVVHR) > Zx=2toFdy
(HRY VR, REHR <V FAH—F (A=A L P R) > v2F Uy (FYTEYH) >
AFFITVY (FATIFR) > BEUA—F (FAA—24 v F), BEM BP (HiY
YR) > AVTaFr sy (VFASVR) THD (EES, 1988),
H8BEEBMOEERUNE /ooy 1 a REIUBHOBARE DPEETT. +7T
Rnli&kdie, RO HUEASCTHIEETOMICIE, Mk & 3 BEEYDOBREFETF
BH-1bEZoNZ0T, COMMDF~2 BENTH B, MBo22 Y #(EIC Cricotopus
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1985

M7 EEH G KU (Erpobdeila octoculata) (b) F1% OFE

& Rheoericotopus), B! 2 Y # (Chironomus yoshimatsui & C. samoensis), A b I 3 X
Hif Sk L (Erpobdella octoeulata) OFFRIPLY, BREHF, RPEFOVWTFHCLEELER
HTWwhweEELShi, 35 5o o8O Baetis sahoensis & B. thermieus REWEHBA L
MEHT Ly EENGELT IMENRENS, B sahoensis TH, X¥FA AT FH Y
T/ VEOREHRBESS ~4ppb 2HA S L, BHARFBEOLECHEINLBREEIEE

Ba1/10 UTOEFELL st £RUMD BIMC E7 =¥ F 4 ¥ico>W0WTh 1 ~3ppb T
ABEL/10 UFREENBETLTVELITH - IHS ORER ERUFRFERE R
BEwho, HALAEETHELEAON 5, HEMMRER B sahoensis OBELED & 13
BEDL 5> TH-7o B thermicus THHEMUOME M A Sl B sahoensis BEHLHT
Ridmt, ¥ FEHS S5HEO Cheunatopsyche brevilineata i3 BPMC REFwHEEEZ I TL
BHERSS S NEN, BORBMELSEBELTY &> Th > 70 ¥ LR XK EABIT
RBEEOLITE oo HFH DT s e BIBRER, RANCLVEEERYTLRVLE
W & Rt

4 % B

EEHMOBREHIHT IRIUC>VTRESHOHAADER SV TITLAT VWS, Bae-
tis rhodani RETMY YEBEF(F A 722, 782 EY 7+ R), FREZRRAARU L
204 FEEOHOWFRIE &BZEHE (Muirhead-Thomson, 1971, 1978, 1987)e ¥ ¥ b
B 5t Bactis K OBBHRBEVS, Rk DB H T oRIUSNELD, A b Ers




WA ORI R AT RFREOEE

o (HHY »EHFHAD 3 Hydropsyche £ ¥ Cheunatopsyche OF BREHNE W (Muir-
head-Thomson, 1987)o Eifi~0EHY »REUMFARR TR, BEEHND D £ Bactis &
LEEFETHTE YT 3 (YasunoS, 1981, 1682), ZHAIEZH CHE S v/ Baetis OFEHET
B, coRTRIEZHEEREELSNE, AFARMAOTHET LR R LPBREMIR S1.3~5 &
Br~rOBETEELTVIAD(EES, 1988), T35 Bactis HEFTET VWTFHRE
CLTWwWL ¢ bDEEI GRS,

20 ALBC I ERCLIVERZHEMBEN D, Chironomus yoshimatsui & 7= = b FF
“® ECsm M4 ppn THAEH 7 x ¥ F4 T ECso &5 0.1 ppn EERBHNE Y (E#E - L5,
19719) BENFEHRTR 7 =« v F A OBKRER 6 ppb TH-Fhetd (H8), C. yoshima-
tsul KWREEERFLTWEDL L OTHS 9, Cricotopus bicinctus AHEER, ~ifis o
A, tEBRUESEBSCHHEOHZ B SN T WS (Surber, 1959; Rosenberg o, 1977b)e
THNARTSE, COBRBLBEORBODLRWETHBLEEALLNRE, Yoo IEY
CREM IS, - B (E8), —A T Baetis thernicus REEBrHEOH 2 & HHL M
ah T (Jatakeyama &, 1988), Al OB st 25 EME~OfEoE WV REKE L,

NyFAFA—F, AFH T/, BP FRKHCAVWOATVWEREFECEEAM X T 2 M
MEAHMOoRFHE>VWTHES I TETRIWE LR, FREDHERS, S Baetis o
IKERBREH T LT EZIHMNEL, PR cHLTRESHoBEW I &R S i, v
eSS HUKAAREFHEH L TEZHAIBEBL VLI TE >, ChsDBEABYORESR
it 2 BEZERUVABREL >V TRSBEERNICHHIWZLENES 5. BATRERA,
Brgd, REAIBRR TR (BEBREAL TR SN, BrcibBEnBERAE T TS
HAEbE-REEOHERBCE L COMANEETS 3,

8AICE, 22 Y oG EY—2cl3EfiEsrer s BERLLES TR
(F2)e COBMIRRARAL, HBOBMC LAFEHOEVH LB WALD, 2R Y 7
PhHoBAXHEEHOB LEbAL LTV ALEION B, HEWIROMBFEI/ oo 7 4 a
Bid St.3 T 6~110 ng Chl.a m™%, §$t. 4 Tid B ~60 mg Chl.a n2, St. 5 TIX5~30 ng
Chl.an® Thote £ r7o0c7 s+ ha BOBKYMERFIE, St. 3 TR 14 ng Chl.a

-2

n? d7, St. 4 T 30 mg Chl.am?dY, St.5 Tid# 9 mgChl.anm?®d™' T, 0L

E0axUAEFEREINEHN, 240~5,000 m°%, 460~5,300 n°2, 2,000~4,800 n ¥ T& 7,
LANADOEESHEAEOBVEL Y, FHRRAORHEEEL BAFROECRBRLTYVS O
EWRBE N, ERKBTRERNEMEORIMEACTRERORLUMERET S &
HEHOBEREYMMY 2 I &WREN TV S (Yasunod, 1985: L - £, 1986). ZH)
XTHaATe v baz s tABORMARERHERL TV S(ES), COBEBLMAT
HEHOB bbb Tk tELLRSL,

—fcREoto v— 7 B4 LHIHAKEEHGELEOYN, BERFok-HLoEKkD
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B8 BAEMER R OMG 2 0T 1 a B KR OB A B, R
B CHEHEA R R L ok
RO F- 23BN L THE. BHOBEIEENOKLRY LT ORE+ R
L. KFOWBMBILEAE LM OERE 0 ©R3. EEEWIE LR O NE,
a: BRI L 2 ) F | b Chiranomus voshimalud, ¢ C. samoensis, d: Baetis sahoensis,
& B. thermicus, 1. Chewmalopsyche brevilineate, & Hydropsyche ovientalis, h: A b 2
3 A, i Erpobdetla octoculata, j: T4 7 007 4 N a i
A5 3 Odistd4, OsteS

22 ) A FEEAR I —F—+THBEELI NG, HEAWHIRCR St.3~5 ovFhot
HTh, 3MMC &K Cricotopus % Rheocricotopus FR/Ho a2 ) 40 S RNEHEEYKO Y
— s RS R, PEMB s B TH A LERL TV (K8): C. bicinctys EHFLHT
LeSage & Harrison (1980} @It ¥— s hoF R TH L EEHELL. oL LB L
B (kg8 ~27C) oA MiEm4a @B TS B, —F Rosenbergd (1977a) HEM 3R
BEET B0, ABOERBEMRItor— 7 BRL0 bR 4~ 6 (KE15~20C) T
b3ELFo BLBD C sylvestris ofFERIC LB LRFBIKBIKFL 22°cLnCcTl
R IIHEE Y (Menzie, 1381, WHENXHTRHERRGBEOKRRS 20~25°C, FEE3
¢ (St 4, 5, RI)LEBHEVLHBOBELD S C bicinetus OMREHAEL, 38
MTeHRE2RTT2&LToLEE5CH5. Rheoericotopys chalybeatus K-> T fED &
wEOEERTER VYN, sHEor~sBErol, HRBHREL{HIEMTHZ LER
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Chironomus yoshimatsuli BRFA AN cREIC S HAL E2H T+ RE, 1975 K, 1981).
BRI TFEKEZCT 31~34H, EHkiECT 12~28TH 5 (H, 1978 . sa-
moensis & LACOFERMLE TR C. yoshimatsui & EBRICHRESEE HHE W (Fawai & Konlshi,
1988), B 3 502 MOMENEEHBO 4 ~5 BRI IEARECHELTVS L

ELohb,

Bl (1988 WK EET 2 Baetis thernicus PEMOHMRBEHINILATEHE S &
M L2 QKB R18CHIE)o KBTI B rhodani OHEMoMRKEIHI»HA TS S (KB
~14°C, Welton &, 1982) HERWHFHOLHIIIZH & T L, Baetis thermicys /B D
2RYHRERT S EETEESEDL TvwARS (K5), Lt#rooHRTRIBEHELER
51 %, B. sahoensis OMREEic-vwrTiRch eI ohicdhTWE WA, THEHNEHR
TOHE St ABHESECWIEENED, SERORFELEL T2,

y= b E¥r 5O Hydropsyche /B4 Cheunatopsyche Bz 1 ~ 3 LT, HifoHRERH
a2 Y hicRTEC 2P AL LTSS (BH, 1980; Statzner, 1981)o L7 » THHRK
THREMNSECHAREEHOE WAz Y h &, FLTasY ool BAERUVEBEOHMAKLLZ D
CED»HoEHARTOIERRETMEL - T, ERWMBOHALLD, TILERERE
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TEZRTOEMAFEBESEL R LR LTV AEESED, 20Rbbhizax ) nda
Arav0kSuBEREEVE, BLCHLAERFEORVWELASHTIO0THS Iq
THNZR > dEHO AL AOMI 0.6 gn'? (St.3)~1.8 gn2 (St.4, 5) ®2RY
AREHIE LB EEESNI, FrU s 2B8¥ 0z 2 Y oML 2 ~5 DR,
TEEELTIR 2.8 2RUBE, SHOERERPIETTE S (HE 1986, COFMNMSILA
PHOMO 22 ) A HEERR 2~5 gn? LfETEH, 22 YA AYEEE0 FCLEE
BEFAERALTVWEIENFERE NS,

O

B/ SRR CRRNHYLRESHE-SHtRr 2 Y e o RO Y SHOSHT S
Brwitlulh, ABREo TREBEESIWORVWVHLEFEE - Tl DL TREV A
L¥de
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Res. Rep. Natl. Inst. Environ, Stud., Jpn., No. 114, 1988

BERMAKBOLZ) AFHEILEZETZEHA
TR - LB 2!

Factors Affecting Emerging Chironomids from

Pesticide-Treated Rice Fields
Kenzi TAKAMURA' and Masayuki YASUNO!

Abstract

Abundance and species composition of emerging chironomids were
investigated in three plots of rice fields where different pesticide
applications were adopted; no pesticide, herbicide only. and insecticide
+herbicidetfungicide. 4 total emergence durirg the 3 months period was
highest in the no pesticide plot (1.66%10* midges m 2). Species diversity
was highest in the herbicide plot, and second highest in the no pesticide
plot. Tanytarsus oyamai was most abundant in all the plots and formed
at teast one-third of the total emergence in every plot. Polypedilum

nubifer and Chironomus kiiensis were the second and third abundant species
in the no pesticide and herbicide plots. Two Tanypodinae species,

Ablabesmyia monilis and Proeladius sagittalis, and Cricotopus sylvestris

emerged numerously in the insecticide + heﬂpicide + fungicide plot and
the herbicide plot, respectively. These differences in the ewmerging
chironomids may have resulted from primarily the different responses to
the pesticide toxicity among the chironomids, however the indirect effects
of pesticides, such as the reduction in the numbers of predators or of the
competitors could neot be ignored

® OB

Fawd - RESN- REANGEH, RESKAH WMERHTEZY ARROTE
HEtoBAMERE L, I3 HrHoRRIBLOBRPERIABEEN TR LS
¢ 1.66%X 10" midges m"?, > 2 HIL 1 x 10* nidges n"? KB TH -z, BERK
BHBREARAHTROEL, KCEBERETE ke WFhoXkEHTH
Tanytarsus oyamai PR & (BRI OLHR{E s 1/ EESDT WS, &
REFVWEBRKEILL > TRTORGH - RES - RERARHBE TR 22 ) 2 EH
™2 (Ablabesmyia monilis, Procladius sagittalis) #5, BZEFHHHTI
Cricotopus sylvestris WE{ kT 2 ¢ & BB/ BMNTCH - e ELFEY - BE

1. By AEWRREMRER T305 RBRE-S ET/NHFINIE?
Environmental Biology Division, the National Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, lbaraki 30%, Japan.
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iR - BEfEZ

- HEFEAELIA TIE Polypeditum nubifer - Chironomus kiiensis 2% {§
fblfeo CRGCOKEIREN 222 W HO D)LY - BHRkoH2RER T
ZREFHOBL L2BVET TR, BRI 2HEATCBEEod Dbl
TWwaEEZ LN D,

I JFLeic

KHERBOAFIELTRAUBRESHEAER TV EY, ChooBERKEGTOKERY
ReEELEX LI EBAoNTIE (Ishibashis, 1983 5 Lim, 1980 ;'Lim & Wong., 1986 ;
Raghu & MacRae, 1987 ; F5A 5,1979; Takamura & Yasuno, 1986 ; WashinoS, 1972) =2 U A
CHHEZ >WTH], BEEAGEARESENTs IEBHohTEY, CoMMRIEHBR LD
BESBELLBEESBETLALIERE B RSN TV S (Steelnans, 1975 ; Takaﬁura &
Yasuno, 19868) o &I ATREMAORBIHL T2 ) AHHOBHTEIHLENBL &
Bid-EHLTED (- K. 1979; Yasano b, 1982), KEHO 2R 4 A HBEELT & EE
HHEOHEBRBLL-TRLBEHBEL NS, ARG TREGEEE LA kBB TS
Bz hHHOBUMEHE LA ERER~T, 22y 2 ERTORBOME, 2AHIOMN
Fl2WTHRL B,

2 K &

MEREE GEH - BT, 1986) Q<0 LB LKETHUBEICHT - fro KEANEKT
H, kB BFREHNAEH, KEHCHREL - HHA - - RAFNSTHEHTS 5, #KEKEH A-B
T5 H25H, KEHC TR IA»SHEn, 8 TFRNETRVL, HBKHCTRT A3ERS
BANHETHF LMiThNhl,

PUET 222 Y ARHOBEE TR, DETcnDKEHRBERIEr 7 » 72 A WH, JOFML L+
7y 7HEEH e o="AEY Rt nE XA &R OB MR- TS (H1) - £BH
EHTHRIKBE L cEER L THORMES 5 EKEKET S LS KEFE L. OB ER
Morsy YEMHR (Exlen) TORLEVWTFI 2 Y OEEERY, O RERHALBEEL
TERLLBRIRbHBL A,

b3 7RI KB AEBEL, T 2RI OOHEFETEHEELz, HHLAERLITIY
TFATAI—LICREEL, ANRBERHVTHEE - HEL -,

3 # B

2R Y HERIEBOELERZER L. KHATR WM OB TEH 70 5 HEOHEAKE
FUEE XML 6 AL17-19HIH 800 midges n 2 d™' RE L%, TOBRHELL,. TH FaEC
BinesF CHEVIHER T -/, #HHESHASHEFFLALRKEDJ R BBEDLNT,
ZOBREBYL, KABTRPLPH-Ew LAWY, PR _IIUBOHEFR L, 6 kKA
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BTG AROL Y 7 THEI B8 5 2

10cm

¥
H1 KERBARL LT » 7

ALBLUBHcEVWIERCEL, To®RBLran7 ARECW  ohFAELL. KBCTHR
—WBOFELLERL, MOKHBEEE-TT HFIC 500 nidges n™2 47! 2ETHOVILHE TR
Lo )

chomRHP SEREIhA 2RV S DEEHH (FH - ZTH, 196) THELLY, 205
BEHBEASCHBELAECEIKDWTE2 b oL E R L f2o Tanytarsus oyamai T B
RSPy oM AR Lo ABATIEG AR BID nidges 7% d7' REBTHHL
e ERL, FIEOB 2 7B EAERED T WA, KABTHE U340
nidges m 2 47" WETR LA, —HBRKECTETHILS CEMLLE 430 nidges m"2 47! o3&
LT, CoKBORLHOREAEE LB TV, Chirononus kijensis BKHATT HikEh
S8 HAiEm b CIHEL., 8 HEIH I 240 nidges 0% 47 IKE LT, KERTHIMHAR
CBABRENGT ARERB W E E TH 150 nidges w2 d7' PFMb Lo KECTHIELAET
{EL i >t

Polypedilum nubifer HE L L TEBRMHMEEIcTELi A-B MiAEHESLT HEEH S
EHBHMAIEH S, KOATREMCHEMLCE A 3 BIC 460 nidges 0% d™' LBT 2D
#LTHREBTE 160 nidges n2 d7' BT @B CHEB T2, AHCTRELALIEL
M-t

Cricotopus sylvestris i37kHB THE{ AL LA, € OPLIRERMMMEIEDPL, 6 A
LTHIZIE 140 nidges n™% d7! K@U KHC TR 7 AREIMEHEL 7 A1THIZ 249340
midges m 2 47! L. BRALHPCKEABTLETFOPLSAD sh .

— 103 —



P AWML

Ao B¥ C —

All species
20 F
10 p~ b
1
4} TesaET 1 T T 1 T
JUN JUL AUG

Tanytarsus oyamai

“E ¢ g ¢ ccecoc
10 H
0 I Blhndendl §
JUN
o Polypedilum nubifer
16—

JUN JuL AUG

M2 EBKHIISBT LA S SRR EEBO RN FHZH
HERILIS BAEMEM L KT, T oyamal DEOLFIZKHE B, € ORERAMN +
Y.
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Cricotopus sylvestris

JUN JuL AUG

Ablabesmyia monilis

JUN Ul AUG

Chironomus kijersis

10—
5 —
0
JUN Jut AUG
2 {(20%)
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e RREL

Procladius sagittatis

JUN

Ablabesmyia monilis 6 ARP ST EMBITHIFTKERB-CT, 7TH®%¥wc/KkH A-B-C
TH AL L e TAREOH HIERNL ¢, BSEVWKECTIE 62 nidges n % 47! &
L7ze

Procladius sagittalis B/KEHC THELIL LA, *OoPEPHILENEC T AL LS
SHBHF TRV, | HELOVOPERIBRATT H7 BI12# 150 nidges n"2 d7' &L 1o
KEATHT AX» 58 AFBHIIKEC EFH L 5 WA E b » 72, KEH B TIREFRAAIME
We AEknS 8 AXE CED LN,

LEtoZBoP It~ WIE40BEHTGOMBEEVWTLHE LT 6 EHNcEERLITHEH
oFibirBB ohlh ok (F2),

1 HA ) OFUEREREF LA 2 Y W BRORRMBPEPEHER3 Rl B2 Y
P 1. 66% 10° midges n 2 L7KEHAMBE&H, Kk C, KEBOMHcEL J02
KETREEPLEIZ L x10* nidges n°? BIKTH o Ho T. oyamai RVTFHOKETL—HFF
¢, JKHEAT 49%. BT 35%, CT 2% ELdl, 2-3FHSWHEIIKHA-BTI P
nubifer & C. kiiensis T& »# A, KEC T P. sagittalis & A. monilis T&H-»#o K
HBTH4FHICE W C sylvestris bEIHEM O 4% SHERNE DS - . PLEOBIHERK
PoREEER Y+ YHEREEHT B EKEAT .37, BT [LTT, CT 0.88 &Fbx R U
HOBMEKIKABPREBHRT, KHCHBRLHEB TS » .

IEs oS RBAMTIMLEORERASLEN—R LD A nonilis & T, BEH
HOKEHBSH 2R CTIHEHSHE LA LRSS E ML ABSR AL CH -1, WHE
T OR/P LD I.oyanai + P.nubifer« C. kiiensis, MM LA D3 C sylvestris-
A. monilis- P. sagittalis TH - feo FIEEJL/KEHCD T. oyamai TKHALY o801 00 H

E<, #7KHB® C. kiiensis THKBALH LKL AR -4,
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BB KO L 20 % BT L8R

T Field A

A =7
§ Cox 0 E w
PefaradurTroIa<a

B3 EEAKEIZH LAY HeER R EOILERIT R ok sk
To, T. ovamui; Pn, P. nubifer: Ck, C. kiiensis; Cs, C. syvlvestris; C, Cryplochironomus sp.
. H, Hamischia sp. G, Glyplotendipes lokunagai; M, Microchironemus sp. ; P, Psectrocia-

dius sp. ; Am, Ablabesmyia monilis, Ps, Procladius sagitialis

4 B I

SEOERBRTO2X VS EEcHOS B, #2zx) HHEMD A monilis & P. sagittalis&
HEdcAAK L ARshs0T, OBREVLILRFFII I RA0HLIGBEERROEE
OEEFRULAEEL NS, FFKEIERIC bHAROKRERAGHBELTED, choo
BLOBPDBELOND, ENRMATIAD I U~ BRPNBEHEROH & 5 (Bay, 1974;
Benke, 1978; Pritchard, 1964)s Benke{(1978) OEBTRAOEAL TrITExkhET s LA 2
ZYAEHHUOMMEFEL . AEBORKETO Y THEELFEERIKPATROE L. KHB
TREXIEFHEML, KHCTREEASHALLZ Y (FHf - T, 1986) . kECTH2 2T H
EHo2ESAs0R, BEEACLIIYTORDBEERCHTVIbDEELLR S, &
flEBE - BEH (1910 B E0 2R YA EACWTOEHROBRUAIC T RS RBET - 6
Bic & nif Procladins REIL TRZHEME L, BMEENIE P sagittalis KHMNTH -7 &
Eioh b,

fROETHIBR 22D AEHNOHURFZMWUAOHBRKERHOE P oHEEZRT 5.
JKH B TRAKEA EH~T ¢ sylvestris 2RV ifto3 BRrE L TwWE, XKHCTR T
oyama R BECIMET E, COLBNABRLEMEREABEOSHENARKL IV SLELS
nNoH, IhTE P nubifer R L THRIACHT 2 HORZ /AT (L - FHF, 1979)
DT, TORPSRRABEHGOHEENEESRKEVT S H, KEHCTRHMLAAY 2R Y HE
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BeEoMactzlfbPurwdsiEAOALNE, —5XH B-CR@BALAY TR IH
WLTWaDiR3KEB® ¢ sylvestris oML S TH S, LhLooBEoHMiatofls
BfioBFoZ BBt nwaOTRE VI EELLINSE, KEBTRhoAKBELE~T T.
oyamai O FULEMBFALUT T, FHLEENE CPYEL /S P, nubifer- C. kiiensis: C.
sylvestris @ SEBRMAHE 3 ABAPTHRIERELRELRN -, CokETKR C.
kiiensis OFEBHBKHARLEXTILARCHD, 74 C. sylvestris & 1. oyamai & [H
CEBIHe S PHEL 2 & 5FAT, I oyanai DBPICL > T OREBRT I bo @M
WS WEEdRo LT 6MNT 20 S TEnLtZELoN S, KHACTR I. oyamai AK
HBLoLAMMLTLEY, 222y sEH2BORARVEENLABGEROSHES

feofeEcibB oL TRESEZL SN S,

E
2ZYAKHOBECEBERUEETF - BLEHENKFoEL, 2L, HAROESD
FHERCBRBPOBERT 30

5 M X
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Res. Rep. Natl. Inst. Environ. Sted., Jpn., No. 114, 1988,

AORICE T I2BEOREE NAADOERBNM
BEEUR ! - t BT - S - AR ElP

Pesticide Residues in Water and a Rotus near
the River Mouth in a Bay of Lake Kasumigaura
Seiichi NOHARA', Takayoshi TSUCHIYAZ Toshio IWAKUMA'
and Hirpaki SHIRAISHI®

Abstract

Pesticide residues in water and a rotus, Nelumbo nucifera, were inves-
tigated near the river mouth of Edosakiiri Bay of lLake Kasumigaura from
May to December in 1986. ODS ecolum {(C-18) was used for the cleanup of the
contaminants and for the concentration of the pesticides. Pesticides re-
sidunes were analyzed by NPD gas chromatography. The maximum concentration
of BPMC, diazinon, I[BP and simetryne 1in water were 1.6ppb, 1.1ppb, 24ppb,
and Z.4ppb, respectively. We detected half the maximum concentration of
simetryne fer one menth, and that of diazinon for two months. The concent-
rations of both [BF and simetryne decreased frem the river mouth to the
outlet of the bay in early summer, whereas they were nearly the same at
all the stations in summer and autumn. Residual pesticides did not seem to
change the leaf biomass of rotus, The seasonal changes of the simetryne
concentration in rotus were related to these in water. Simetryne residue
was heighest 1in lamina among organs, though its bicoconcentration factor
was low as 6.0 in June, even when simetryne concentration in water was the

maximum. Simetryne was not detected in underground orgaams.

E 5

Byl AMINTE s/ FoROE T 1986F5 Ab 5120 K ER kg
MAZOBEREEL L. 008 7354 (C-18) TREMBRUHEE LT NPD
HAIa=2 b3 74—tk BKRUNZOEFAELIT U, BPMC, ¥4 7
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16-2 Onogawa, Tsukuba, I[baraki 305, Japan.
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P/ v, 1B, YA PUVYHBKPLSENEFNRET 1.6, 1.1, 24, 2.4 ppb B
ENfe YA MY O 2 DEBEBOHMBZ1I AT, F4AT7V /v 20AT
Hotoo VIEI IBF E¥ A rRlloky EHoEREWNE, HhoFicidd
FELCEECE - oo BELLENARSDWTHAREREROED T —F » V¥ %[T- 12,
BERoBELoRBHEOEBRAD LN U -, T LBHMLABER A ZDED
BE~NOREBT 2T~ RO v 2 MY yBES{LRKPOBESLE X
CHIEL, KiMEORKEOE YN 26 ARESOBBEERRIEC 6.0 TH
st REMOESPERI G HHFoBRPREE, TR BB EAESL -
to

1 BLoHE

EHFomE/AKERERELTRIELMEE L, BENCRNOREZE - T#HCHiNAL, B
WHomDkie L RBLAKER R BRBRTELR AR LBESEBNLAATVE (BX,
1982 1 AL, 1985)o % ORBARKAEMYTH IKEARERBRICHV S h, BloAREETH
HZRERBRECREEZ2EITVACEBTHI &N S (Fade & Edwards, 1980), KAz E &,
B, KEOMER-TED, T BEORFUOHVRABL >V TEBBOS OWRML &
nNCWB(EES, 1913), REEBREROUENEVWEBoRENELhTET, BEOE= S
—WRE WV (RE - B, 1982 A, 1982 ; BIET - =N, 1983 AL, 1985) LA L, HEEO
HERATOSEOREORET > W TORITHHR LKLY OBREE~OBFZ>WTOH
7% (Wade & Edwards, 1980) @+ E Tz,
FOTHMOBRTORRRELCEE-FOMBTAT LT, FHOBRIcL 2 REL B
EHoMRTEIELE L, FRBRULAEBEFRENSACHROKEBM~SL2HE LB
B, RSB IzEVWCHY>VL TR,

2 HAEMSRUHE

BEREy MEAFNTH BN omOE (K1) T 1986FES AL 5128 RT> 70 B1
SES RA—E, EBl1& E3TE B—EKARELZTVWRALT, 200m 24527 105~
(Whatman GF/C)CAME, T Y THBLEM (T4 F—4, XV T oL v8)T —20CH#
BHRELI. v MBEREUASE LT, IS #5 2k sBRMLRUHANS, ++E5
U~ NPD-GC (b x—1l o bs%y r— F HP-58904) EHVEBEOSR%2IT-2 (F2 : @F, *
F&R)e ¥ 32MEE, 74— ARE, PERKEEHBDOBRNR WYEHTTaHY, BRERER
0.02 ppb T oto 7007 4 Na BRI 100% 4%/ —AHIHE, DO 2 YSI MODEL 57 DO —
#~—, pH REEF YE¥ PHSL, WXIGYEIZEA YEW SC51 ZAOTAE 50 cn THIE L7,

E1 Tik¥FAE{L L2 (Nelumbo nucifera Gaertn.) &>V T2 ol KAFER I 2B THO
-y 7ETC (- BEOBEgEHE %, BHERIHMRER L - TEEORE S L H



FLRIZBT L RBEDBE L R~ O

2.5m

.~ 5m
- .Es',j'_i__,,_
.E-!-
L.KASUMIGAU A

E3

=

holEL, HENRERE, BEORILELORGORELRYD, BRORILEELGHE
MOEBEBEEE LR 2, B~ 0BREERA —EHERA oM LR P+ <xTX 0By, 8
HERLTESECLLBR LAY v P ARRS OB CREABREE ST LR O . RIBRR
4ppt (BHE)TH »¥o

3 f# R

3. 1 REEHR

KM EHEHEEARA IR L. By HOKMIZHER 50 on d7' BT E &I V.P. (Yedo-
gava Peil) +1.0 nfi B THEEL TV, HBHMEOFEXIKER E10.8n), E2(2.2n), E3
(.6 m), E4(2.7Tm), E5 (4.6 mThH-t. 8 AMNODOERE WSORMTRUMSERE 3 Ak
RERKCELOIn ML, TOLdARBEFLAEKEBL, MIRHEREREALEEIK
ENYA—VERH,

B5 i idFAH E1 & E3@kPDsr ooy o va B, BEER, o, BREUEOFHEL
BRLfe 7807 405~ TH¥EE WALIKE E1 & E3THEDEDSY s0pg 17! KL
TTE-7, T~9HAWELT 100 g 7' 2EAZE— s HIEHDPEDRIB2HE E3 TR
E1X0 ¢ »&fBhof, BEBRKRZEIE 5 ng ! DlheEHnkEd, oMM E1 &
E3RRE->TV3IEHBEUN, 9 AFTLBICRELLINEHE LI, pl KBV TH9 A
B B1 KM E3 KEVEEERLT VAN, 9 AR ELRIEALE B -, BREY
BT 0.2 5 0.35 a5 en™t TLob E1 ol BEVMERICH - fo
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HEA—O

S8 5@k (100 - 1000 ml )
+

ODS# 354 (Bond Elute C-18) &ET7REL—5—T®IAM (1 I/hr)
i

I
|

l
1

AEHET S A s (BELENEE)
il

WMLTERANTHED (3000rpa, 10miny LTRAT 3
i

=7+ ¥ 08wl MA B~ ﬁl
B (1000 rpm, 10 nmin) 2 E# bR+

<~ 7F+EbF>» 0.5 m MA 3
AU 3000 rpm, 15 min Y
i
TELMEMATEREL [ -2ml &4 5
BUVWLERN 2 THE
i
F+¥IV—_HRIOT IS T4—TRNTE
HEWLETT PACKARD 4@ HPS58904
BoE : NPD
FrEIV—H 54,
(SPB-5.0. 252 m, 30m, 0. 32nm i.d. Fused Silica)
# 5 L EE; 50-300°C
BREBFEE: 250°C
F WY ~—HFZ; dml /ein

2 KO BT

3. 2 KhoRREEOFHEL

M6 iRKPOBRBEOEHELERLAL, SECHRED NPD RIE TRETELZRE
Tt A b w, IBP, BPMC, §$A4A TS/ >, TYUA—F, Z722bwFtry, "r¥th-—7,
T avFdy, Tyso—n, EMP (¥ 7= ¥hZ)TH2H, HIO4BHUATRZz=tO
FAw, <vFEAH—F, EDOP BIABBERB SheficrBIASBREEREL -1, K
DEEIE yBRORAFANZEHENEQKTH:2EEAQCHLED 1EFREF— 2 2ok
¥icR Lt (Shiraishis, 1987)6

A FU(BREANESAK ELTRAKKEMLIEIUHS Az 1 ppb 2A 2 ppb Fi
EHHLDHGV. 8 HRRA DOV SAMCR-f2#, LLAKERE— s 8Bhh, —F E3
TS5 ARICABCHMOLT, WBZoTE1ppp BET Bl Rib~PPEP -k E3TOR
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ORI 5T 5 RFEORRE & /2 ~OHAME

el amERREE (0.5 - 5 ¢ Dry Weight )
i
50 ml B0 E
i « 4om TErtrEWAI,
Shaker T R &I ME ( 18 win )
{
AHALEHSEBEEMEB ( 60 nin } « ——

! H
4 ML ( 3000 rpa, 20 emin) I
) ! | @& ET
o] brp !
L 7R bvEmMASZ C20m ) |
=fazsi =z | |
(300 m)
1
I BN FAEKERT B

FszrHNTRE (§-10m F7)
i

b~ #F@kEWATIOONM KT 3
] (BT @B L. FAAKEMATIOO N €T 3)
I (CcottERfE: sERLET)

GF/CT7 « A 5 —-=THE| 5 AE
1
i +

LR S8, Vanpr—iEcs
i

HBEEYT B 11 £E+5 (KB 58%)

B3 AR Rk

BERDIRIBIE EI EEUTH7cH, LRI A My Y RRBIH&EhED - E— 2 DRl
RROMMIEEL, ESLLRHMINATSE 7

1BP GREAN I E3TO6 Hicg FRIEBE NS ppb FTicH B - ERPL, 2RI
METEUSC N2 Fee Bl COBLBRARCHREOHMBLEAG LMY — 712 20 ppb Fil
Z, HAZTHB e -7 oXEROHMEIE E1 T2 H, E3 THOE ThoRHBE X
DR E D - fe o

BPMC (BRHAD X E1 & E3 L bic5 HKREG AKI 1~1.6 ppb DE— I W HB g E1RT
AHREETIRLCE 70, BU9, WACRBIA, T0BRUN-£o E3TIHBHET

9.2ppb HDEOHS 0.1 ppb BE 12HFCRHAShA, E— 27 0%EBEOHMMAER E1T1 &
H, E3T¥ATH -0
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FA4 P,y (BHEED R ELEBVCE BRTHEAD 6.26 ppb 25 11LHHMBIT 0.03 ppb
EFTRDL, 6~TH, 8AK, WARPCIENEAY—sHEHofe —4 B3 THBEAEC
—IBOEELL. 6~T HIcBRAD 0.1 ppb &7 D9 HitRBHINB (A -Tte REXR
E—2 o¥HIBOMBIR BL, B3 &EbRM2HPATH 270

B7 i3 kPO BBME (18P, ¥4 b)) OARLERBVWE FEEMLERLIL, 4.5,
6 Hicit E2, E4, E5 THAIELTWLE V. v 2 MY yiRIKOX{HNTYVS E2, E3TH
REC R ->T W 1BP R7 BIHOWMBECRERD E1 THLEC, EOREVREBERE
Tlte BARREDOHIMGHELREERD, 9 ALURTRO FHHVHMEERL L.
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BgiiR 1Bl 2 kv 2 b)) yBELEN&GO Y 2 F ) Y BEOEGELERLL,
Mok hoRELLR1 »ERE CAF IR TV, KboFftek {fTwk, BERE
Fidn bBEHOFHEL, BETHARENOBEINERLTLNDOHEALEOR I NE) - 1,
B, HMTE BERcEEAEBREENEL - R,

MolR Elicbt 2~ R 0EEREL M I REAFROFHELER L 2. BAERHEHHG
30?2, M ESEABERI 130 W 072 ERHBAUTES - (HBKC), BROHEM
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4. 1 HEE O 85 SR AR

HEDE (HXEWMBEES, 1936 @F—sh BT L INEORBR~NOBEMNY R
(FHE)RI®RD LS TH» 20

YA FY Y (BREFOHEE 30,31 5B, YXFY Y- xyFAA—THRET UK,
Abyw-®Yi—F - MCPB RIFIT 35%, A BU Y- <YFAH—TF - MCPR RFT 21%H
HMERTVWE: YA MY YREBLALFRAELTHELATVES,

IBP (BXEEHAD 98.3t 03 b NUYEHLZERN B RFTHESH, ErIAFLHATL
T IBP 213 TH 3. BPMC (FHEAD 48.5¢ © 55 53%RYf 5 23t H BEMC: ¥ = ¥ F
A rRFE L cHE S A, BPMC LBEBENZOREZDOEh ey ET22baFF v BE
o FATVsy (REF) 38.8t HEEshidb, WHITHRD 8.2t BIATY/ V]
HThy, =252 (8%)% IBP(8MEERBEhTVE,

BRUAETENTERCIRBE IR 2 - 203 OB TORKE~OHE C15EEKR)
B, Z==boFdr@14t), 7 2F4+»(00.1t), SvFAEH—~7T@4L5t), TV R—
F{ig.8t), Y2 o—n{(42.4t), EDDP(18.5t)TH » 10

4. 2 FaEMOLHABRKRE

NENER, ZFN, &N, BEN ST 5PN, BEH(8 CihEE, B0
BRAR 22.68 n° 57! @ 5. 6% %0 IHARME G, B MEER 1224.8 kn® D 13%
KR DREEREINOIERNTS 5, KMRBLHE (1982) I X N /NF)IFIEER
157.56 kn® @55 ~2H (1%), KHEH(19%), MH(32%), i (29%), gk 171%),
KE(2 %) TR shTWT, B BRSO CRRKHOLERP DME L,

4, 3 BREAOEE

OB TE AN A BRABHR, BE, AB0AEEECHIBREL, EHIIRECE
BEBERGPELEL T W, ¥ A P Y IEARERET ~NHERyFx 0 -7, TVE—FERE
LzgpbEmah, &, TRTORABRBEATOS (S, 1988) 25, ¥4 by v EA RN
NAOEzdEEAERBE b oo CHRIBY A MY » BREBBENLENAE { (450
ppm), HEHELEY (LI W), ThiW L, ~vF 4 — T KERED k#rha
(30ppn) RF L P < HEEHESE Y (Ishikawad, 197T)e F A E YV F ~ b 3/KERESILEDN
A& (1000 ppm) EERMHE UEEE (BAS, 198D THoo WS (1934 @B #
Lo 7 VKB TREHOEELRS, 22— FOoXHBHRS~2ET (ERoBEWN~
1608) RBBBIBHRD 13~21%50, +A1Y »OXEBHII5 ~0ET (Lo
18~52H) MHEBBRIBHAED 2~BURTHEEHELTVE, DIthoBATOETHI
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PRI B4 5 BEOBRE & A~ORRH

KEABBEERLLTOAMhE )L THKHTOERYBEDL -T2 EMbh 3, BEFDI B
vAPD rREGBEEARI LR, RERELERRE~ORENE, EMPRLERL L Z0BS
#, UL LtwakHogaR FoRRO e, NITORTHEBFBSHMcIhhiddoR
Vo Wauchope (1978) EHIM SORMKOBEESRIT >V TREAMOFHHERE S % cELK
3t d R 10 ppr BLEOBBETRERFMKOMMEEL THINT 5 LRPTRSTL S, &
APY 0L I3RAKCBIPT(ABLE(VWRERIAOBE W ETHEBECHEEL ST L.
AKETH, FOREBICEC Y- 7#EER 106ppd (R, 1982) 4 360ppb (BN 5, 1984)
¢, F(HESHEE TS RBEREVIITREMEO 2 BMBC E— 7 BEDH 15 ppbd
(dff, 1982) 2 ~3 ppb (R - &K, 1982) LR 1 HhHBETLRLBEN (HES,
1938), MO TRARE 1 PHEER Y- 7BEO2 ppb iy, SREORME2 RS
CLeHMBohichoafo (H6)e HEATOFAMTS -7/ (H6HE ; Shiraisi b, 1987). B
yHRLTRE— oS BN W3 LAK) TIRE 0.2 ppb LEVWS BB xh 3
BIAHED 7 (Shiraisid, 198T)o

4, 4 BRERHSKEEY~SLIBEELRAN

AP D RAGHEECL T FHMR, ~FEEEES, BH, o+ HBIED
(FAS, 1983) ZBMETE(Fbhrv ALV rFloPT=4 0 b KA OBHETCIAE
Senm DRATY A Y id3ppn &5, FHORTH 2pph TH 0D 1/1500 DBEII -
T "nAD7—F Y IHET, 6 HKEK A KE BRicBoREFEEBIBRsEh - 2,
CHOIERERMO C RTEBULTHwa ol ehs HENRL ALY YyOREBREIELICC
Vo o RELOHERNELEL SN LD 5, EHBRE (1~10 ppb) TOEMEN, EHBOE
HASHEDROBATELETES I,

VARV ONZEMER LI BHAEHETIEROEICEZ, v 2 MY yOKRDBE (¥
— 2% 2ppb) 56 BicHh 08KV, 6 AOBYREEY 0Oy A MY YVRERRES, &
REAES, EWRTETNEN 301, 133,82 ppbThH D, £FEYAY TEHTHEH 319,13,6.6 ppb T
Hofio FEOLE 0.30 g en® THOhoERHEERVLEYAERI-OBEEIES, RKEMN
BHTEOATN 12,4.0 ppb EEFREh, KPBEex+ 5 REEBE 6.0 & 2.0 LHEESH
Fo XEKTIR, BEIKBORKDIZEY 5.5 ppb D2 MY 5 58, HAkEPeLrLso
DHEEIR 30 ppb (PR, 1982) CHEMEERHE 5.5 KUY, SEHOTELREF LMK 1,

Kest o (1979) RILKHEY 3 BOBREF Fluridone o4 2 MEER(0~) BREVELT
Who Birmingham & Colman (1883) (3BEREH] Diquat i+ 2= v T OBRNEFERE 1300 ppn
(HEX/ D) EWMEL, Ramsay & Fry (1976) &4+ 5 €T 600 ppn @5 3 — 2RI
BEB~TW 3o Andersons (1980) iVEEIHE KA MEMHAK LML 0 2 ~ 3 EEV LEHRE
400~600 ppm ( 0.4~0.6 ng g™} E) OREF WM ZRMLAERHRL TV 5, BAECRH
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Lot

BekEmoBsBL 2550 0oB/AKEREVWH Y 25,

NADEFEOFHRE(H WHTEH- L& BLXEPHBoEN b o k& (8 (BRIGE
BRPAECERELSAIREB VA L) YORBEIBLIFIHLEELShi. RKERH
FTEZHBEACRBS WD - &dhs, KEBTaHP SORNDOLTEESH, BELDS
RA~OBITHEIMNSVTESL S,

ARBETCEESBHEA BNy F A —TPE) 32— F SEACHEBATELEF D 540~
170 ppb (REIALD) Rlflahi,. Kb ooEMBELIEE o ORNAEL N, KPD#
He=s KO TUHRELTAERYS 3,

4. 5 FHHHOHE

HE Y »HoD 1BP AKEBARTH O, KEBBENKEC (400 ppn) KEFRPTLEETH S
(f@sk, 1976 ; FAH, 1988)c AN THEE 8.5~89 ppb, AP S bBHENL (B - DS,
1982)s B EA LD IBP KU EGEhaRFTELN, EABHRBEOA £ FHREND S HBT
~WHEEN3, HEA (K6, E1 E3THALEBRE I, HI7T0r3c7HoL
MEWBEARL I8 AcRECbALRLY, HR, BRECHBOERIARESAOHKII%
[l A QEOR A

BLFAEY 5o EDP kKIEEER/ & (S5ppn), BTN, 7 vF A ERAET
LAl N s, Kb oEFBIL [BPO 80H XL EDIPR .58 &G (L2 5, 1973),
IBP ioHo~ EDDP @RI 1/5 18Th o (AAEMBIEIRS, 1986). DU VMR
ENERBHECHROESOLY EIIP RELALSBBEAE~-LEEL N,
NEINAFOHBHBE EEBBITA Y2 75—l X 2BEHAAT AdimiciThbhrds, #
R v, FIHAF, XU vy ERFEHEBCLTWEL, HEOFKM TR E 528
Hfjic7 = »# 4 »& EDDP ZFEHHALTVES, @HEL /IAFIALETRBRB S LS
Lo P

4. 6 FHOBOHLE

ESiBRZy ALYy, ELICBIS BPMC R E— 28225 -T, 2(BENI0XHD
KEERMLTVWE L EALOND, ¥4 b Y v REMEK 10~080FZELEHcE» NS D,
FhM o BPMC R EE® 10~2082 5NE UAXTORWHMKERT s, —BEIHE
CHifFic bl s, TRRBIEVEE DEINEHE, ZF), B, BBENGEE) okH E3
EEAAA, BOWHHE (BEIHE) 28> Elichk~ E< ( 0.1 ppb BE) Rilahréz
Aohd,

FATV/ Y (BRHAD) dECHFAE LTHREN,LCBENET, 14, FE R#cbR
CEABBEND, AELEUREHEENEC (BH, 1980), REHKETHEE 19. 4~23 ppb,
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ORI B L RECEE L 2 A~OFKDE

HFEIT 1.9~10.2 ppb HIESH TS (- MBE, 1982), KEHEH L C (40 ppm), &
BrERLIFEFLHEL LCHEIATVS (LES, 1913), LFHTRHEIRCLT TR
TIRBRHEHTERL (HES, 1988 CEhoRE, EEMEIOPTVEELSNA, 2L0E
BECEE) vHoNhTEHENL SR LA LS HEE T ABMALRNEY (80H) & (L
5, 1973) PoBEHECRELAS A7V v BLOLE2BHBLORSh By, BHEROME
(XWAO) 53 Bl THROMENT, ERETE3H0 - TCoRESIALLELSR
o

4. 7 SHoRH

FOEORERERMARNDOERE, REDZH HHAFATEE, SRHEBHR SEHEEE S
d - CHEALT S, LD —ROBHRCRBEECET =y R TRE(IHOFARBERNA LM
BETHE Fh, THFVKRICL BH, Hl, oW BREV-ABRERORBNLTHFR
HRPEEWEEIL SN S, Murphy & (1981 BRFY 7 ¥ v REREHIONE 2 EORic EA D
KEMORGERSMEAXOBIEE - TWAILEREL TV, BFEOBRRBHEICL > THVK
HEMEEELTETLERS, AL ACWMATEER s TV HEOKEHENEE ~OLE
BEBMNESISRE CENFHEILN - TL 3,
REFTORFEOLTRK, BRERE, BEH fH5Y, KEEMIT~TE2EELCHBETLILE
BHL, BLBRcEY AR THCLIIBEPEBENBEORLIRECLLIBZVA AR
HrsowPobo LT CEMWHEETH S, thoohishi b, KhiREOCRE
PIARSFHlEn 20 SWOFaPFBEOKEE N~ OREHED, —RBNLBAKCL 25 TER
MTERVWHRETERNURERBEORAEORBE L TRISTIRENEL 515,

3 0m X ®
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Bl SRR  M114% (R-114-'88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No. 114, 1983,

FPhiel « ATEICEZHEEEMARD
SER: WA EES Al
e A NCT

Evaluation of Low-level Toxicity of River Waters
in the Tohoku and Kanto Districts
Teiji KARIYA' and Kinuko OUCHI®

Abstract

Conventional water analyses often fail to identify the cause of acei-
dental fish-%ill in rivers. To detect small amount of toxicants in water,
we developed a new bioassay method. The water in samples was removed by
freezing to concentrate toxicants and media containing different levels of
these toxicants were served for biocassay. W¥e used two test organisms hav-
ing specific sensitivity to different toxicants. They were a strain of the
white cloud mountain fish (Tanichtys albonubes) and a freshwater shrimp
(Paratya compressa improvisa), The levels of toxicity of the concentrated
vater of samples was expressed as 48h-LCse of these organisms. The LCsp

values of water samples from rivers varied along the watercourse, reflect-
ing the effluents from respective suspecting toxicant sources. The River
Abukuma-was a good exanmple showing the evidence of the influx of the toxi-
cants from the sewage in urban area. The contamination of pesticides to
rivers could be easily detected using the above two kinds of organisms fer

bicassay, since P.c. jmprovisa was specifically susceptible to pesticides.

® 8B
KbkgfhtvsEitoRbolbcHREs AL “RESERBE” 2H
WeHIEM AR UCE A ORINKD BEFEET - o BV LR ThE L,
FH T OISR RIERE CHE L, BB AHKO 48h-L0s0 12, %
nrhofHshtBRELrSOBMBEAOEEERKML, KEoFR TR TE
ftL, T<Br~roEis, kosHtEiLlcbtoAscihTai, BRI
FogEEsNLEKLR, Br<roFEtigiish, AH, FRECAERIR,

FfI1EE BEYAEHAMEFRERAXR (REFLEMAY T2 SFR-METTAHES)
Visiting Fellow of the National Institute for Environmental Studies. Present
address: Aso Junior College, Shimo-otsukicho 6, lIchinoseki, lwate 021, Japan
FRFIGVERE BYAERRAAFAARA (HIKERER T80 FREAMS HIZHE)
Research Collaborator of the National Institute for Environmental Studies. Present

address: Faculty of Agriculture, Tsutsumidori, Sendai. Miyagi 980. Japan.
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HHAZ - KAHT

fERUAFETHIEVWRINA, FEAOCRAR>V T, LhoxlBREmER
WihHBRIC LY, EREBRETOETH L ERREANL, AL, Xh MY
Hrpw, oA LTHERADTH B, $h, KHBcHGashifhHz Y
HiogdlTsyr—vrE5iTvanEiEsrgashi,

1 B

ChET, £YEBRECHT 22 ORI TELD, SREVPHEBRFER, &40
MErHc L -TRIEZY, REMNRBIIEZH TV L (Spehard, 1980}, FD i, FhEhDF
— s RE— V<A, BT EHEETH L, M, RuffierH5(1981) iF, 7rE=
TOBRMBHEARMET 22 DF— s dE-Ts, HELRET LI EMBTERLVELT, BH
OfFEcED, TrETOEHBERM LTV S, LAL, FAMLEBKkcIEATNE
FrEZTRELRCEOMEBELINEET I8, TAABRoOBKTECHRABVESR
RBATERL W,

hEFTCoFETHR, ANoFkcHEISRA LTI TREKkbr gz h T3 HHoFME R
AlETH »Te LdlL, KHOBEBEE2ELE A LUK BRETICLICED, SHOoRBL <
ANRETARICD . BRFEL L TRERRBEER WL, ChitaRtFoaH s TH
RULTALERHE-EATEG LAY T 522 42 MM Shapiro (1861) & Baker (1967a,
1967b, 1969, 1970) k- CBRBshTEL, LI LCOFHETH, BHOT<THREZL
ZCE, FLEHRAEMAEALLLANESECLLVIEBER > TV S0, KCEM
Lan3RESH, -, FES (1980) @, BEBRGEEOR B cEHL, £2BHELBE
TELHLE, BRERBETOILEN U ENREo X WEEANTCHAT A FESL LT AR,
HimEE TANML-RERETACCOEMEBEERL, MEORRI I VAL ER/EST LT
EEHRBLA. Chickd, FEUIYVHOBARELERLLLitLD, RAKOBENEE
HEABMIZRR LA LN 3, ChERBHFHEHRELFA TV, —RicARKE P,
REMKCTEREKRSEY, HACEALTVIONEETHE, Tholl, BRaA, 204,
HEMFHZZIZ O LLL-T, BHEOLERGER -TLHLEALN, TodicEETLIH
HEOHHBRBCOFELL-THDTELA B C XTI S,

CITHRBREME LTREMNICERSW AT A L, 22 E2EY, BREEOBEV, FL
WEMBEBREERI LT L L b, MEAFOMINKE W, REHEXBRELENT
Cricdh, BRAKETOEH LA EREBL, ABCPTIRNOLEREBESFoHEMBE T H W
TLERETHILEEMNELTHREMD I,

2 FERUHE
2. 1 @iEREE
Hko @i, BEE2E#H I EN, FEsARFARZ A VDT, BB CIRET S
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F Ateb— %A L YA L AP RO B RHE

Himem s v, SAARE2 1275 2acign, W—15Cit Fshtzbldr,
B—g Y~ NFEL— -T2 WAEGEE S, BRlOEBRE L b, HiKiZ, 73X B
RSk L, BERBBEIN TV, BE@EH? 50~T0m wELLLEE, 752 20@ESIE
B, ARA¥YrF—, BEEEET, 79X/ BEOBEGBAKEES, kKoEHEERERL, B
M abd s, COBRGESRHOEL, KBRETESLYLE EBKZES, 100m & ¥
Bo Bk 1000 m ZAWAE, 10ZCBBLELLREE, BEOESE, HHMITEC L
0, 1.8f% (180%), 3.2f% (320%), 5.6f% (5609%), 18{% (1800%)& Ui, BEHEEEs T
WHZKIE 100% #&FRRL o

2. 2 HYHB

Bt 100 m RPHIFHZOT, BREEMRPMEeRGhIERoR W, Fh, BEHHL
< BEHLBL, MEEHLIEBRY A XOEYBEBRARECHEILBEENE, Cho D
ZfFEEoTRBEELT, DRFAEORMHA + 75 E L {Tanichtys albonubes) OHEM (ki
2 H, (AHE 0.05 g) 2EIRL. RBRENOKETHRAER LT vERRBRALLT
LA, GHACHC SN TERAEREZL TR, o ¥a, T4, 27109 20 FHFYBTFS
L5 55 (APHA - AWWA - WPCF, 1976), CHSRMNELZBELCH—F A XOEMEAFTEIEH
Bl $7, AFAPYy P—RAFLPLTWY, HBENCRITIBCHETS 5 HEW
FERRLECVWELIBIEL - TWa, 7HELRIBKBAELES CEEBRME OfER T H
ETH 2 (FFE, 1980).

BaFicd s LesaMd, THAELLD Llse REXRTEL{EWR » T (Paratya compressa
improvisa) M A E RF T 2 HBEME L TH VA, Az vRDFoBKBRcER T 5/
HoxzbETHIY, XAVIEERASABLIULBVNELH L, Az EEERNKBTE
L, %2 hHOM € (EKE 0.05 g) 2Bt L, ChooRBAMIRRK 100 mlic
TIEFSHAL, THEVR T, XAz} 20CieT BEMORTHMEETY, Doudoroff
5 (1951) OFFERED LCsa BRSO, MAT IS BGEEY Lo CHYET BRI, BEH
PEAE 1000% & #0R Lo KERKEE (HAKETRRAZBS, 1965) T, &EYO M0
LCse 1oELHE 1/10 2Hh T LEEZERHIFH TS, 2 THEENECKERKBEEDOR
EEEEMESE 28, BWENE 000K EThhileroBBEERALTVWDS I &R 3,

3 BRRUE#R

3. 1 Hduh o B Mk o e St 2N

BEIAMicowT, RERKE KORCBEAKOBABS och LML DEML KD
BREtETNEL. Il CERASERTNoKEhSo @R s SR ER LA, K2
BN OMATHRRENLKDBBEERMTH 3. BEKHHBAY (5 A158) &k, kEAND
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SFEHT - A

St. 1 DEBEHERMY, 7HELT 100%THEDCHL, Az rOEhid 300%T, THE

LOBEOAEO®RETH -, AR St.2, St.3@, Ther, RAaxreitic, BES
HAEA 1000% LIET, REFROEENBERLL, GLAZROKTHRF S TLW A fEMHR
oo BAOBERKOHEANANTHS St. 4 (BHIN)-St.5 WD) TR, 7HELD
AN BOO%EIERXL, RAEOBER TI0% & 00K THEL, TAELEIDPP
FHEDM S - o, BEINTHD St.6 RTHMICHEL, TAELSXII T ES GI0NAIED R
HEHETH e CCUBROEBHKOMALS ZHATHY, ORI BEREMY,
PPE(BoTwIbOLHEN L,

Bod (4w ¥, 6 AL9H) BAME, St.1 GREMN) @77 LoEREEEE 1500%
RHL, sz hid 5% ¢, RATRECHBE, FRLAUETWEEFETCENVRERLE
MMM, o, BERKE, 258N, BPHNOTFE#ET, WFhollbes0WTh, 2H 2
Eestd p @R FL (L, 100% fiEoBRBEEEATh T, ChiHL, PHAELVOZH
, St.2a@ T00% EERE, 4T 100K ElbTtehy, #HRE,L- . cOXIiE, T
ELERPMIEPORSIHOER, EhFoBACKHLT, HEREGET I &hnh -1, Bl
Bloffs, iFWRcTRLBobi-1T, —FioEEahiss, FRoBRE2HELL
EEAGH, REMNBGEWERBBORAT VWAL S1.6 3T, REFARAOEELAE AL
CERFLT WA,

3. 2 MEMAEAINIOBHEEERR
R3dbaoX72EMO0EL S 128 223 THEMOREIKEE2WT, RESEERBET
S hERTH D, ChETEFROhA-RESEHEoR E2T 2 LHEBO 72 @B T, 750%,.
=YY 2HAEBT 120%, BHOEBHABLLNARVHITI W00%ELTEWIEETSRATE

Foliviinl

T Km
g L

St.f

H LS

& RHl R

e
et

EEFMAM 1984 FESHLSHIEAX
3
R S A L Ty
AL MICNIOY. 10 TR
el A Ai M Lagdaeil 1 viisk
SRR LY (MEP 2%

BI1 AR K R 0 AR AR O TRAK B UM D IR 1
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1800 [ b Lk G ]
1500 _ I
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[
=
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st.1 5t.2 5t.3 st.d4 st.5 st.b

“0 e G RLRY
1300 ¢
1500
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]
H 1000
"
L]
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500

m |
st. 1 st.2 st.3

®2 FH b L E RN T T 7 B K R i A A
O:7#kl, BIzALY

D, BEOSEEEE LTR, BETRES %M EERFCEATVE HE5, KRR
HaRasll (TAcH) ORETHE, ABNRBHEAT2@BELTHSNTED, L#
o FHEBET, Thel, Az 100 LEORBBERETH » 70

R4 FAHANOREAE LT, ERENOANOBHERETS 5. R AEFICHIE
L COD, BOD, 7 »E=TEBEZRSVTRLTVS, EFEJFN, BEFRN, HENO EHKE
TRTYHE, XHT R, BREEEES 00%HET, SFEAERERHLLTRTST
Hoto GAFNOTFH BE) LBENITHR (AHES) TRBLEESRDLS N, MEIO
FREMLEE TS FARLEEAH b, BOD A% 25.03 ppn, NHa-N & 9.22 ppn &5 <, A
BAKOKKIC LS b EYEa N, G 1000%E ECHER Do BRI (PEE)
T, THELORPEREME 150% L, RAXEOZTAN 31%T, FAZERHTEFL
VEESRE TR,

HREMAOMI, —$5ks, 260K, AROoEB&ERMALTVS LRSI,

5 4 AERO L WTEDANK (8 9 0) EAFHADMIA (1LA1L2E) OHERTH 5o
BN, AR, EENeoVnWTOoRBEER, 7oL, Xhx ke 10%ET, REE
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mam 1700
’18’00

RAEE

(-]
1300
»150p RPN

- 10 Km

AT 1400
1800

A

1300 £
>1800 HRKHS
1500
»>1800
ey

¥ L agi

B3 AN AOEmaEiE (%)
198547 A8 AR (LEE - TH Y L, TH

CRALY)

Ed4  SFEERN ORI DI AT (%)

1985465 A 3 Bifk (LB 7ALL, T, L)
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Thk L - R H LYWL AR K OWEFE

T
&N
50 e .
300 T [LEA
4 B ™ b5
ot " 438 e ]
iy, E )
i)
AN

4 10 Km -‘

(g5 AT AT Nk iR (% )
bBITHEL, TR ALK

Bl WCEERRTTII K O R AR & AE ATES I (198546 5 A 3 H)

&N k8% kE pI FHAEL RAXTE  COD BOD NHa*

cy LCsa(%) LCse(3%) (ppa)  {(ppu}  (ppm)
GHRENEE 11:35 2.1 .95 240 230 1.5 6.3 179
B RN (b Hg) 14:00 26,4 7.45 750 37 5.68 4.90 1.30
SI{Z 5> 8i8) 14:30 .z 112 1300 1300 5.72 5.1 6.21
SIH{EREF) 14:45 22.4  8.58 1306 1400 449 347 o, 14
WS (2 0EE) 17:20 20.2  8.90  >1800 1400 336 3.43  0.08
EESFA(RME) 16:15 2004 T.98 31809 >1800 .22 2,46 0.10
BN (GE) 15:30 23.5 10.18 >1809 >1800 4.68 3.65 0.12
FEM(EMAFE) 16:30 224 7.30  >1800 >1800 478 4.23  0.10
BN (TR 8) 18:10 12,9 7.38 130 90 15,56  25.03 9.22
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FEAFE( - APHT

OEBRBSNUAD e AFIITRERONFNFMFECTR, 22z vRBEBVEENS 4,

BEFORABS -~ b0 EEEST ML, PRE (WS-8 TR, 7He L& Hh 2 EORM
HEHEOZERFR LD, W0KERL, THELRRELAHEMMNE L -7, BOD ONHERT
i, EHE 163 ppm TH - A OBHHBT 432 ppn ML TE D, £EHKRAORD L
ZRoNt. WRETHOFHEEBMHETIE, 7ThevbXazbd, RESFMMIZ 1000%2E,
BODH 0.01 ppm @@L TWio KEHEDoN, RN, #Eogikcd, ENok ik
HEROBEC, MEBUEIT ALV 20%, XIHx UKT, REOLERMLLTRAR
WKETH B, CokFik, Bk Ta b, BOD & 13.49 ppn LH S, CoHiKITOoMHER
TaBYEMEFANL, TOMROMATIE 0B EOBETLTVE S 26, REAOERE
EREEAS TV S IR &t

HeRBEENEMBI (12H2~48) 0B Thd. FEINOLEMMTRERGEINR TS 2
THN, B bBEENET 1800% LETd- ke THATRTY e Lz LT, HF, #H
Vil - TWEEANSS s, B TROAFHMETECLESY, W0kl tnoT, HED
KETTREABERE W,

HENOB S, SEME (FEE) £2us SEAERGEHEBL, thildotiaas
NRTHEMNEC, BREASEMER 200%8HREAHERIE LV EHB S hico BOD & 8~10 ppm
EES, IHEHEL SOHKPRENRKEY, 2RCKEAL T b0 H M LK s N,

7 3 EEN, FRN, ElNoBHESHEERL TS, BRI (4 A15A) G Lk odik
HMET, THLEL, RATICESTEEHEMET 000%HETLL, THREOTHET 150% %
RL, 2P, SHotsBsSshtboo, FMIEGHEE I 1000%E EIZEEL TV,

L

30 FFR EL UL

2201

6 ZEEN, EERUI ALK OEEHRREN (%)
198545128 2 ~ 4 Hisk{ LB 7L, TE ! AHLE)
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Az bEOThE, PRIBLUTTPPEINLD 00%ERLA. COREC> VTR, SERC®D
BHAT 5L TEEM -

FiRNo (6 H7 H) # MM (HMFEBR) T, 7HeLr, ssxvicHnEMsER
N, FRTRECT 3B ETHTo CHEBEEKOLDHTHD, pl 118 THofe BRTOP
MAEABOFHRTH, pl 6. 12 CESELT VAN, XA EOEEHMEMER 150% S S
KLTwzordl, THALLDOBRERE 120%7T, HFHRHELTVWIWVLWI ERTE S, Ihid,
pH 6,12 TRHEUMHELEVWHHOIGFERZZA NG WERLY, SROBHDO—>TH B, HH
N&dEgE, 7hervicdd 2B SRBELA, NBIMMRA-T, Thelr, 2z CORME
P2 330%, 400% & PP BUNB A ~F A, T T Tk BOD 3.19 ppm, Nla-N 6.50 ppn &
B Eh s, FRAEGKOBRBYSE -fcoTRRVWALEFShE, T L0 THOKAE,
TIRAE (AET) fhETH, wehb 1000%8E EREELTWAEI LS h -,

H8i, SERAALETOALBHELS R0 RESEHEM(T v e v)ERINOKEEBIRE T
H5 BD 27 ey FLAEGLOTH D,

BOD A5 10 ppn Bl o@)|Tid, BHESHEMEIHREL WWXHTERL, #HESE R LHA
HAeondbon, TAUTOMMTHBANEEARLTEY, —FOHBREVWEEL W, #
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BUTHMCHNATELZLOTED, Hie, BEHOBARZSVTH, AR EHT
&5, ERLBENTOMIIKORBERRABR TR, BAShABEEROKRCRETEEOH
BiimEcsi,

i, REHFUHABRREKOBRHELELBETIL0TEYD, KOBRESMUEFFRH L <A ZHIFE
LTWwaH EREFILBTEE:. BRANTEORFEORGRUEMEETRT LN b, WK
MEo&FENEMBICHEET > n, AN, ZRI, FHHEN, ElNSoRkswAlltrr s
L, 2 A UERRTONL LOETHE-T, A, s v EoAR e +FARKE NI h T,

LA, KFFROL S @MIfRed LTHEOBEREIRBILE(N I &, SHARAH
AR AREEEE 10X AL > TETLTW,, KFEHTAOEN TER LAk s - T
FRHHEIETL, AELESTTHEL L 5, FTARENZML T 2 L HABNBIIOLES
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B AERATT R HYE  H14T (R-114-88)
Res. Rep. Natl. Inst. Environ. Stud.. Jpn., No. 114, 1988.

BERREYELTOXASH
BT # - LEs

Medaka, as a Standard Test Fish
Mamoru MIYASHITA® and Nobuo EGAMI®

Abstract

Susceptibility of the Medaka, Oryzias latipes, to pesicides and heavy
metals was evaluated. Fry of three inbred strains, HO4AC, HOS and HBLZC,
used in the present study were selected and colonized at National Institute
of Radiological Sciences. There was' a significant difference in sus-
ceptibility among three strains of fry exposed to chemicals. The HO4C
strain was more sensitive to Cu, BHC than the HO5 and HB1IC strains
I[n case of chlornitrofen and isoprothiolan, the H05 strain was more
sensitive than the HOQ4C strain. On the other hand, fecundity and
hatechability of the HO5 strain were higher than those of the HO4 and HB12C
strains. These results suggest the HOS strain i{s recommendated for the

assessment of the toxicity of chemicals

E &

ERUMILEHWE LTHBIALELR A P PRHEBEFREHAT» S
EoRUhoE®aR, b2 FH 2 EHE (H04C, HOS) RUBHER X 741 R
(HBL12C) D3 RZHED A ¥ 7 ORBRUMERICH T BRI LW~/ H04C RD
EA YA, S BIC HLTRBVWERZHERTY, —F, sor=fta7 oy
AV TeFrS it aREEMIE, H5 R0 BV, HBRELTESR SN
zREOLYT S, BER, HMEBZR, H0S REBLTWVWE, ChooERL b,
H0S BREZRE A S A MNEEEAMEBoRERBcRA LR T i,

1 BB

A, BEIGECES MBRcHTs8HERBE] (BHRYBEEDEEE, 1965),
JIS © TTHBHKERARE] (JIS K—-0102, 19088), TANEOKANL B 2 {t¥ME oilmeEs

I ExSEREHR EWREE T305 KRR CEAVNFN16%2
Environmental Biclogy Division, the National Institute for Enviroamental Studies,
16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.

2. EvAERRER Mk Tl RBEoQEWHNFILIE?
Director, ‘the National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba,
Ibaraki 305, Japan.
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BV % T HES

B (b3 EsaEEses, 1974y BY 0ECD ¥ 2 b # A F 54 > (0ECD, 1984) oiftdf s
LTROSRTVE, LirLl, MATARMOBEECRE->TWR WL, =4, A 54 0EEHY
LLTOBEMAMBREEENELT, BEXRA ¥ OEHE ITED c RFEBEZRESHE N
(LIF, BEHE+3) TiFbhTws (EHO, 1920, 1981 ; Hyodo-Taguchi & Egami. 1985).
1986555 Hic s REDOIRFRA Fh 2 MERLI0EO R COhTEEIE, KEEYICLESH
HEEAMEOPBETFHE2EN S LT, ARAOHBIZEOMRE. XRLBELAA T 1ORKOE
R, s5rELRE - BRCHT 2RIV ORKHOLBEET o SR TDHRO -REHE
T 5.

2 HERABRUSFSHEIZ2>VT

2.1 #H®AE-oVT

MR ESRHAR AOHFIE-L L v %t/ H04C: F34, HOS: F38, HB12C: F38 © 3 Rk
DR A S H Oryzias latipes 2K, BETHE - KR e THHAL L. LAKF-T, #
HEOWHENMY ERBRUATERENS S, YHRFCHTIERRA D THRENOERZR A
Fh ERBF B Hic, 5% HO4C % HOAC-M, HOS % HO5-M, HB12C % HBLZC-M &¥i¥ 5 - &
¥ 3o

2, 2 fHE-BEFECOLT

FUHHBEFTI DR, —FLLXBoWPBEOTA-LABNBELENS, LAV ST,
MEALNFAENERES WL, HAS W OMERUVERFEEU TR T,

(1) 5o LHBILAKERERH 1.5 ARy 5 R BKWE (RE30en, #1Tcn, & ¥ 15en)
it s Aot EEoRHO 2 FAEANTHE T 2, OB, KER ALY, 27 R
— v THlRT b (2) KEACESBLEQ LN, et HoOoRANKLE—HIY 17
A TRy FIRiT 5. (3) bEOKMTTKERBLT 2, HH, 1/3~1/4 DRMNLHRENS
ki B,

HMosAyhicd, HELTIPYyaRUIRVHIOPHESL S, 4 F 11X, AFHDH
EHBATLEYDT, BHELTRAETHS. BH, KEROMR pOKREZREN ZH, KB
ERTLBESRRNETTIOE, @1 BB ickBokit 2R T 5,

2. 3 WolfbAEkE-0T

(1) % PRI’ KTTTEUHLFTELIMT, COK, ATRAMIR, -iahn,
ZENOLBBLINE. (2) ATEAK (FFEE 25pem, pll BRET7) ) 3B5mMEANLZRFo—n
BoED (EEL5en, SE6cn) CRHPEEET Bhola2~y FCTHIRL. (3) &
O, kA vohABEROBRE, FLLKEZALLEECE Y. (4) ML Y hOREM
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i, Eebhic ALRAEAR A cE S, BHELETV, £, HEELT W,

2. 4 BERE- MMEEZoOWVWT

ZHLEIRUTHLIGER, HIMMoERE (23£1C) W IHBLLLEOERHO A
FAOER - BHERULMEBZH 2 BMELE L CH~ERERLERL 2o HOS-M F,
HOAC-M Zo b A FARDWTABEMOBHERFMMEBRIBLALENZDL oIS -1
LiL, 1Bk 1 88 OERKIIE, H0-M ROHFEZ WL, —F5, HBIZC-M &, EIHE,
ZRE SBowFhiEBWTE H05-M BRRU HOMC-M BLDeFH - T, Lo T,
M1 @G- 1 B b QLB HOS-M RBRAER B,

Bos A0 HEpOENREH B L, HOS-M Fit 20,1254 (n=77), HOAC-M FiX15.5
+5.9 (n=37), HB12C-M Rt 14.41 4.3 (n=28) THotie CHEHEKBZREOA FHDEW
MEERKoH S &, HO5-M R 2B i, HO4C-M FKU HBL2C-M R4 AT Licd 3,

ki 23, 2TRU WCTHBELAHOMLEET 3R> WTRI &R L7s HOi-H RO 2
fbr—2 i@+ 2HE, 23CTROAE, 2TCTHTHE, 30CTHS BEHE 2 HMF>E» <
BaoThi, BB, wFhokBeswrsd, EYoBESS{d 2 ToRMRES Loy~
2 BiE, HO5-M ZRABRETH»fe MO — s HEXTOMEOH IHMo 2k E®23& 1
HOAC-M FTid 929 (23°C)~96%(27°C), HOS-M F Tk 849%(23°C)~96% (27, 30°C), HBLIC-M
BT M%3C)~T6R(21CY Ty, FEKEOLBE bbby s ZEH
B bl

£ 3IFMOETHA YD ORI, B - SMEERV IS Y OREICD

VT (TR )

Strain HOS-M HO4C-M HB12G-M
No. of females 56 90 73
Observation peried (days) 16 16 16
No, of eggs-female™ -day™! 1.2+ 3.4 3.8% 1.1 3.4 1.1
No. of fertilized eggs 9.0+ 3.1 Lok 1.4 1.5+ 0.9

~fenale™!-day~!

No. of hatched eggs 6.4% 2.8 2.0+ 0.9 6.4+ 0.3
+female™!-day™!

Fertility (%) 78.6% 8.7 77.9+12.0 14.4% 18,0

Hatchability {9%) 56.4%F13.0 53.3+14. 8 10.8% 5.9

Ko. of eggs-brood™! 20. 1% 5.4 15,5+ 5.9 14.4+ 4.3
{n=17) (n=37) {n=28)
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HEREE (o) RUZBR-RUBRKBER/E 7oy Mk (Finmney, 1971) & DRB,

3. 2 HACHLEBEOHEKEIERELOMIKE
HiEEoHAoEMNcH T A RSTHIER L EbLEAT I LBRESA TV S (LM -
LYF, 1677 ; HF, 1988a, 1988b)e LAd-T, BMHFERR TR, BRIME oLVl
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ERBHoNf, HO5-M BT, 24~96 oLWFhoBficBnwTs ol NERED SN
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Bitoh b,

3. 3 REHoBRE -HL2ECHTIRZHOEL

SEFEORERAFIORENRBE . FLBICH T ARBZHIEDVWTHES KR L 2, 24~96
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HLT, HOS-M B4 v 7esrd3 vl T, IM4-C RRACHLTHGEVWERRERRL 1o
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B3 3REOREFRA YD OREER P LEIM+ 5 S
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Fotd, MIERINZ LI CMEERCHE- AL BT ARMEA LR VERS 15, KE
23, 27 B 0CTHLE e BEZHEPhicKE BCOEERV-LABLTHEL, 188
Hgz7er=to 72 v AT ARBHEFSABREAF AT L 2o 24~06 BT Lesofi@
THEBWTHRIHRCERR LAZED N, cOZ i, EROTScSsbETH
DAEHEREE ALY, — Qs 3L THRYSRDEOUBD GREREETET 3 &
ODTHB,

1. £ &

R, BYMERCASOPLDREPHEODP ~TLEAHMBHA VLN, BEIME,
IS, E¥MARARMNKCE S AR oEfE LT e A5 RAVSRATVWSE, L
bb.vvz@awrmxémaﬁmmhaﬁﬁoﬁﬁwmﬁﬁ-%ﬁmtﬁﬁf@ﬁimam
o7l LEtH-T, v 27 L2 0BREROUR - HEEXPRTA2 L, EHLELE A S
AOAFEREWR L bOREBHTOR G, AAF AV Ho4C, HOS DERFRE £ 5 Hid,
BEMOMTHEESE TWARHOUL LS THECRBALBEOTRORKZRE L hEH s 1
1z (MO, 1980, 1981)e T DEE, AZFOMTHECHEE (HO, 1980), 0V PR
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(Hyodo-Taguchi, 1983 Hyodo-Taguchi & Egami, 1985), Btk (Hyodo-Taguchi & Egami,
1985), SLERFEPESRCH T IRBIRHCBEVBENL, ChENOM[ALORD L, FH—
EH k- A5 0fE b BHLFARLTHELHEDZ L, TP EENEE:
RESTBAFNERIBRCERTFEHLAELERD, BETRINTWE LA M, BT
BELMZEHOB(EHTFIATVE3T2E, TP BRSO Ay LTHELTY
plENTFHENE, BRECIVERFA— s BRL 0, HBTEHVWBIbH 5, LAk,
HBRF-sMobkgEzAF L. HESELLBELRET AR EI LT HRENTREAE
ROBZVEND L, COLIBRHhETBVT, BRHALLTRAFIEREDTHERHCBLT
EEMBOSULHEEZFE <200 RRA L LTERBYLS h .

AW, HHRHCROZILERBYLI NS REOERXR 2 S H 0 b L HEFLRY
BoREFMcE L -RE2BCHTCLEENE L, BHERA L LTOERBRLL T,
D BEBHFEVIE, @ YHESBRTIVEIE, @ HESEBETHEL ENHFon5,
COESHBARESE, HUMC-Y RU H05-M 02 RHOELZRE A V1 2ERAOENERHL
LT, HEMAFHOoERE 1BLIC-H 2R ELTRUEREG -, 9, © OREHR D
VWTABLE, FoEFCHLTEW2bFLERSEHERTRKEDA FH BB aFfo L L
BOS-M H# D 51t 48~72 BHBEoHATHB A VI ELELARASB . @ DR
PoAsDE, R AERTREG RO, BOS-M R HOC-M HEo b1 MY OEIES
B, FLEPHBLEVCATERUOBNARK THE L 2BELAL @ ORNFERAT
2, RO5-MFE HOLC-M Xk, HBI2C-M R W2(HENHT, DEBETVWTEREUFENT
THELTEL, VEREALPT, BHTHELPTVELA I ThE D ChoOERLD
HOS-M ROEZRE 4 ¥ 2 2 BRBHEROBERBAL L, 4k, FRHAO IV PHHRL
EREFEVMHE (Ryodo-Taguchi & Egami, 1985) ¢ 2mIFMsch g cHl~sh, W eyl
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Tid HOAC ¥ (Hyodo-Taguchi, 1983) &%, FEMYHEicHW L TR H04C F {(Hyodo-Taguchi, 1983)
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HEAOREBRRE, FHivHE FAEEGECIRANERCI A ORZHILHT 5, Lk
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LaLl, ChsoMBdstkMemuve s SrofBEHAVWEILTHRBENLI, 1, &
{tEFOMAXEMRRBIER VI3, AROHECHERSE0AL LT, AEPHROLDO
AR—ARUVEHOFEABEROE AL LWINA LS L, AHORREBMLEBNE LT, o h
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(2F, 1988b) Rl 3 FUHRAEETHEL £,

BFWOB - HAHE, FNCHT IRZENFELEL, H#YORKHFFREERHDLILTHR
BoHEEEL SN TEYD (MeKim, 1977 ; Macek & Sleight, 1977}, COLINRMAEALLO
ZRAP CHEPC LI THEVE CRBS P RLBBIEHARLT X M F A F5 4 v (EP4,
1982 ; BRAEAT, 1084) wiEM&hT w3, LT, I05-M ROERREe A2 EHERD
BHEEET b, BHESHYE TRYE THoHTIER RECHEIBEEZHOELSE, 4
BrREhHHELH Y, BARLIZEFHEEREESEL TSI CLRERRTHIEEL D,
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HEERFRAN (BERMRBTRAD
B BEEBYHE
s B BUIBA - ZEEL!

Macroinvertebrate Communities in the Heavy Metal Polluted

Rivers Kosaka and Yoneshiro of the Tohoku District
Kiyoshi N. SATAKE!, Sigehisa HATAKEYAMA' and Masayuki YASUNQ!

Abstiract

Macroinvertebrate communities in relation to the physico-chemical
factors were studied in the Rivers Kosaka, Ohyu and Yoneshiro of the
Tohoku District, in April and QOctober, 1983. Heavy metal concentrations
in water went up just below the discharging point from each mine drainage.
Various kinds of macroinvertebrates were found in upstream unpolluted
region. While, only limited species of macroinvertebrates were found in

the polluted region. Namely, Cheumatopsyche brevilineata, Antocha sp.,

Drunella bifurcata and Bezzia sp. appeared in April, and Baetis thermicus,

Baetis sahcensis, Cheumatopsyche brevilineata, Hydropsyche orientalis,

Antocha sp. and chironomids did in October in the polluted region.
Species composition of macroinvertebrates in the lower reaches of the
confluence of thg Rivers Kosaka and Yoneshiro was almost the same as in
the upstream unpolluted region of the latter.

S|

SLILBEK DAL TV ARRBERNMRINEZOTHOXRRINcEWT, ELESYE
BRUEANKPTOCESROBEL198IFE4 AL AT, ¥ oiIBIFEI0HK
3, TEREETcESRoSHREL T~ BELBORE ISILFEAKIRALT
WHMBEDO TR TES » o LRBOFFRME TREFOAI Y av B FEF S
B A0y 5sHEBMR LV, BRIRLEVWTREASYOREY - %0
HAMNED S, FHAT(R2h, BEE ZERCLYNT 2EASED
Shfee RUNIEBcEVTR, MRINEOAFHEC LR TR TR, EEHD
BECREULEVEILNY, TOFFELAHMA LD THRTHML TWi, B
MRCHALABLELTR, dARBY AL AT FyF.aHFsrvrEry 5.
TERISSAFRY AN, WHAKEIAF e 9E oy v sy 3
C AT — T b EFS o ANEATHrF 2z AHERRE ST,

1. EX2ERN SHBEEHR F305 SRES CWHAFIN16H2
Environmental Biology Division, the National Institute for Environmental Studies,

16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.
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1 s

SNER AN OREGYHBILELZEB VW TREMTHEBLSINT E 4 (Arnitage
1986; Brown, 1977; &,

1960; Letterman & Mitsch, 1978: Moon & Lucostic, 1379; Winner
5.1980) ChETKFHE S ORAROMRIIGFHL BT LHOFEBRME D, 55 RME

FCORAEEZTY, BLEREMR CHENATEREEL TV AL ESEH MR L (KT -
2, 1984; BH S, 1986)e

SLBER BTN O EETMHE~S X 2HER, HRUOKLST

HH5VREHICIWERBZEEIOIZOT, SEZI ST TRICHAEHEPLL,
HrLhlD2HOTEEIT » o

TS RBE L,

2 WEHE
2. 1 HEBEHSOBRE

19835E 0¥ (4 A)Y &8 (108) w/hENRUEERENAGZD 1S BWTHEBA2IT - 1 (H
L) & AEBMAE LTABNEH O st. A5 S0, XEN@ St. 0L, XRJd St.¥1 %
BANE, SMLEKEBALTVWAIRABMAE LT, DMRINTFZHFRENINO St.80, 21 BT/NRNI

6
Z5

Yonsh'“" R

B HAFMEORE

A5, S0, BO, z1, Z2, 23, 74, Z5, 26, 27, O1, Y1k
A
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ast. 12, I3, 24, I5 ERA M, $t.B0 RN, SOBEKY, St.I1 KREARRATE
I OBARARALTU B, S1.22 KR N DOMARRA 3P &MU E OB A D
THTH %, St.13 O LMER/NPMRELBE D, TOEAKBBALTV S, 4, St.75 0B
BN S DEFEHKMNA - TWE, St.26, 27 i, HWNMBKBIEERL & Sk RN ~FA
TAHMALD THTH S,

2. 2 WMEHE

2, 2, 1 HREER

BMiG i BNTHAR, K- pl- BEEHEE (EC) 2@IFL, /KE- N\ - HEXAEL
foo KB BERERH CHIEL, pl oflFE A -7 Fr0 piF — % — (YEW, PHSD), B|RIE
HEOMECRE—2 70 BIHEH (Tos, CM-1K) 2R Wi @K% 250 m OFEY 5 L
CERBLRBEL, BERASSRAEAWEE4amEMA, EFRYMES (HITACHI, 180-80;
SHIMADZU, AA640-12) & % W id ICP (JARREL, ASH 975) 2 VWT, SE&BOMEENMEL .

2. 2. 2 AETED

DETEYREMAEAS~8H4 A FSEHE 0 cnFROGLIVE TS v TCIREM-F, C O
Yy THNETSIRT s AN—T 4 NF—TAALT 0 Y7L ryhTRES2+4 XL, 28
B 7 s afE% UNESCO/SCORE & (UNESCO, 1966) KL D RS ROBEHRC 2, GEAHY
POEFESAREEIL - EE (1984) oFikics CAIEL .

2, 2. 3 E4EHMm

EAEBYEL 0. 1o O —m—F oy} (A5 va, NGGLO) 2V, BB A3 VHE#M BT
BMiR4# Yy PAF o0 RE L BH T NE4 K72 A7) YTHEEL, EEXBHEY v &y
FTROLIHLL, ChooEEBME, BB Hioal, HFHRLE. EEBYORIER, =5
Fa o BURNE (1987) 1=, = FEX SIEIE Tanida (1986, 1987) {2, £ OfhoKkAR M
& (1985) if->feo 22 VAR I THARE T - HEL TR -4 2 VA HEOMES
BUEERCOVTHRIHESNTLS (BH D, 1986) o

3 # OB

3. 1 BRERERE

FORAEMRE, KB T.4~10.3COBATH > 72, pi REHLD St.45 EBLWTHEE
C 80, TRMIETLRFEVWERLT $1.27 TR 8.1 Th-1o BIEHZER St.A5 THET
2BuS en’!, FHROFLY St.B0 TREBICED 22045 en ' Thoh (Rl ROTEB I,
KEHFELD PPEHT 4.5~13.8°C, pH i 6.5~7.3 EEFELTVWhe BREHEER St.AS
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gl ISR - KB ORE AT AEHEET (19834 4 H)

Station

AS 50 BO i1 i2 3 4 Z5 4} Y1 16 7

Water Temperature {°C} 7.4 9.0 10.3 8.7 93 9.7 7.8 80 8.3 %4 9.5 8.8

H 6.6 6.5 6.9 67 7.0 6.9 6.8 6.8 7.2 7,3 7.5 8.1

Electric Conductivity (ps cm'l) 28 36 220 160 120 180 160 160 52 49 66 63
Metal Concentrations in Water

Cadnium (ppb} ¥.D. 0.6 1.7 1.7 72, 0.7 1.7 W, D. 0,6 0.6 N.D.

Copper {ppb} N.D. NK.D. B1.0 28.3 .3 30.1 20.2 20.1 16.1 7.0 12.9 12.4

Tinc (ppb) 3.5 71,7 394 233 59.5 119 B82.5 89.6 20.4 22.8 7322

Chlorophyll a (mg m'z) 256.2 112.3 31,3 13.8 7.7 14,1 24.3 39.7 15.7 21.0 B.T 16.6

Fez B - KA

- KREBNOFBEBAIZS T A REEN (19834E104)

Station
Ab 50 BO z1 12 3 4 5 01 Y1 16 T
Water Temperature [°C) 10.1 11,0 11.0 %.5 13.8 12.7 1:.0 11.4 10.5 11.9 11.5 11.9
pH 6.5 67 6.4 6.8 6. 6.9 7.0 7.1 .3 T.2 1.2 1.2
Electric Conductivity (pS caly a3 52 280 180 23¢ 380 320 290 61 40 130 120
Metal Concentrations in Water .
Cadmiun {ppb} 0.1 0.} 1.4 0.9 ¢.2 10,0 5.7 4.8 0,05 0,8 1.3 1.3
Copper {pph} 0.3 0 34.9 13.2 13.9 34.7 25.3 19.0 6.9 4.0 40.0 15.0
Iine {ppb) 5.0 7.1 286 140 35.0 183 55.9 127 21.0 50,0 77,5 55.7
Metal Contents in Attached Algae
Cadmium (ng g_l) 7.56 2.64 40,5 2.22 0.19 17.9% 9.77 11.3 0.58 &.74 10.3 T7.00
Copper  {ug g‘l) 53 0 4060 708 267 2340 1610 1360 195 237 B49 354
linc {pg g'lJ 140 271 11800 721 436 1860 1380 1430 240 1240 B95 839
Chlorophyll & {mg m_z) 25,7 6.3 78.6 4.8 7.4 20.0 24.9 60.8 87.6 74.7 50.5 7T0.4

TERECT 33 S en!, SL.ISTHR 0usS en ' EBOEMh - (F2)e Frid, MAikd
@ Cu In, Cd ORFEOHRBETTREN 81, 394, 2 ppb TH - Fzo HHFHEMD St.45 T Cu,
In, Cd OBENHKGEN -1, HANLTRO 5t.50CE, In ORESPPFHH -, Cd, Cu
REBE TS »7o SL.BITI Cu, In BENEN 81, 374 ppb &RV HBE TR & vl ds,
SLZL, T2&TFHETS REWERERL » oo MRELUOTHD §t.23TR, B Cu, In Cd
DJEHB TN EN 30, 119, 2 ppb EFW{ W oo SL.24, I8 KBV TR, BELRBOBEIRRE
WL, StI30H /IOEERL . KRB - KL oRMA LD FHRO St.26, 17 TH,
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FLBOBFERISKET UL, i@k o cu, In, Cd OBERBETELTH 40,
285, 10 ppb T&H »1o EWid St.a5, S0 o 2HATR, Cho0oFELBRERLEVEET
Hoteo BEMEBRI St.B0, 213 T Cu, Zn LV EHAFETRHEN, ¢4 b St.23 T 10 ppb
CHBETH »70 St.I6 T Cu A% 40 ppb, St.I5 T In A 127 ppdb ERLLEWHEE TR S
it A, SI6, 1T & FHRITRFEY Cu, In, Cd OREGEL -7,

3. 2 FEMHY

AETEYVONBI LA HAEEREZAL o0k, BRRsoey sV aBU Ll ORR
BHX O St.50 TD 112.3 ng n™® 2 E, T.7~30. T mn 2 ThHote HicInmz 4
NMaBiE L8~8T.bngrn? THeBHIELEFERLLEHKE -, —BRTHF D St. 25,
76, 21, 01, Y1 THhENAED» e LALLTLLEARBEFRLE o7 s L aBHOMIT—
EOBERRBOONE - —F, ODETEYPOREBETREANKIOELBRED
LoSt.BO, 23 THEL, WIhOoGRB A TR RBEOWEBEICK - 72,

3. 3 EAEDY

3. 3. 1 FBoRAER (X3)

FHEREME D St. 45, S TREMDOH ¥ o 9% (Epheneroptera) - # 7 4 55 (Plecoptera) -
bbby FM(Tricoptera) FHHBEL T, St.80 i, FMEKY 5. 08 R E BEETY S
HOFEESUIN® L@ ot HHWD St.45 TREEY - FELLIC SLS) LD PEL
ste —H, HROBLY St.B0, 13TE, #5c0vif ¥ 5y SHoBHEY  BREORDHE
Lo, BEEII, St.B0 LOTFMe St.ZICBWTDAD -, S5 THD S1.127C
RPPHMT 2T LES SR, KB (St.01) &, KA (St.y¥1, 26, 27) TREEKE
17 BT, HEMN 2670~5000 n°° THot (F3)

B (St B0 KEEMEZ By~ +HFH 1L b Eh 5 (Rhyacophila yamanakensis) -
A A @1 HE(Bezzia sp. ) TH ot Fh, HHRUME ST LEPE, o FTHBE THHFLTOA
BHRR, 7479~ 5%% w9 (Drunella bifurcata)» 2 # % &2 + ¥ 5 (Cheunatopsyche

brevilineata) - & A F o & ¥ (Elmidae spp.) « & R +vk # # &~ F {Antocha sp.) Tdh » e

COMBHICBBRFERICEVEIRTVWAEI V27— 2 FEY 5 (Iydropsyche orientalis) -
vesnFI3H Y e g (Baetis thermicus) * 2 XA ) A HOERRIRGER OB SL.AATRE, -
o LRELLTHFITAB LTIV ENBERBRCRESLECBELTR, #4225 3
#4 2@ (Cincticostella okumai) - PH <4 34 ¥ o @ (Serratella rufa) - I ¥=5=#H7H

¥a o (Cinygna sp. ) TAE eI 4 H 4 aY (Epeorus latifolium) « 75 R P Fy A7 Y

5% F# (lsoperla nipponica) M&iFoshL >, £, ¥=F ¥ 3 {(Glossosona sp.} & ki
HpohfieSH LT wad, FRIRTRELRAED - 12,
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HE 8 LA - KB

#3

Wi I mi 4700

NN = KA - RN O B30T 5 KA B QMM - %1
(1983£E 4 A)

AD

50

BO

71

12

Station
3 i4

5

ol

Yl

6

27

Epheneroptera
Ephemera japonica

E. strigata
Potamanthus kamonis
Paraleptophlebia chocolata
Cincticostella nigra
C. okumaj

C. tshernovae
Drunella basalis

D. bifurcata

D. kohnoae

D, trispina
Ephemerella denticula
Serratella rufa
Terleya japonrica
Caenis ap.

Baetis thermicus

B. sahoensis

B. yoshinensis
Pseudocioeon Jjaponicum
Apeletus sp.

Cinygma sp.

Epeorus aesculus

E. ikanonis

E. latifelium

£. uenai
Rhithrogena japonica
R. =p.
Plecoptera

Scoupra longa
Amphinemyra sp.
Neppura sp.
Protonemura sp.
Taeniopterygidae spp.
Isoperla aizuana

I. asakawae

I. nipponica

I. sp.

Ostrovus mitsukonis
Stavsolus sp.A

8. sp.B

Tadanus kohnonis
Perlodinae sp.
Acroneuria jouklii

Calireyria stigmetica Complex 173

Caroperla pacifica
Kapiguria quadrata
Neoperla ap.
Oyamia lughuris
Paragnetina sp.
Chloroperlidae spp.
Megaloptera
Parachauliodes continentalis
Protoherpmes grandis
Trichoptera
Apsilochorema sutshanum
Rhiyacophila brevicephale
R, impar
kawamurai
. kisocensis
. nigrocephala
towadensis
transquilla
yamanakensis
sp.RC
sp.RD
sp.RE

PRERERPRARD

30

27
73
40
33
473
10
83
90
76
23
7
50
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#3 (D7)
Station
A% 50 Be i1 12 13 14 15 01 b3} 16 7
Trichoptera
Glossosoma ap. - 13 - 3 13 10 - 5 - - -
Plectrocnemia sp.PA 13 - - B - - 3 - - - -
Stenopsyche mamorata - 33 - - - - - - 3 - - -
Cheumatopsyche brevilineata - 47 28 118 73 115 223 387 T3 578 1080 2008
Hydropsyche albichephala (?) - 27 - - - - - - - - - -
H. gifuana {?) - - 5 - - - - 3 45 - 3 3
H. orientalis 3 173 ] 33 10 8 83 17 133 18 120 85
H. selensis - - - - - 3 - - 100 - - -
Parapsyche maculata 3 - - - - - - - - - - -
Brachycentrus sp. - - - - - - - -] - 3 -
Micrasema sp. 118 3 - - - - - ~ - -
Geora Japonica - 7 - - - 3 - 23 - - -
Georodes ap. - 9 - - - - - - - - - 3
Lepidoptera
Nymphula sp. - - - - - - - - 3 - -
Prapoynx sp. - - - - - - 3 - - - - -
Coleoptera
Elmidae spp, 193 550 8 10 13 10 340 80 118 3 18 30
Diptera
Tipula sp.TC - - - - - - - - - - 3 -
T, sp. - - - 3 - - - - - - - -
Antocha sp. 85 120 80 10 60 43 87 997 528 65 128 750
Dicranota sp. 3 - 3 - 3 - - - 3 3 - -
Eriopters sp. - - - - - - - - - 3 - -
Hexatoma { Eriocera) sp.EB 20 23 5 5 - - - - - - - 5
Limnophila sp. 3 3 3 - - - - - - - - -
Limonia sp. - - - - - - - - - 5 3 -
Psycodidae sp. - - - - - - - 3 - - -
Bezzia sp. - - 70 - - § - 3 - - - 5
Simuliidae spp. 15 50 - - - - - - - - - -
Chironomidae spp. 20 27 ] 5 5 8 503 947 243 233 10 588
Atherix ibis - 10 ] - 3 - 3 T - - 3 -
Suragine caerulescens - - 3 - - - - - - - - -
Chelifera sp. - - - - - - - 3 - - -
Clinocera (Hydrodromia) sp. - - - - - - - - 18 - - -
Hemerodromia sp. 8 - - - - - - 3 - - -
Wiedemannia sp. - - 8 - - - - - - - - -
Amphipoda
Sternomoers sp. 44 5 - - - - - - - - - -
Isopoda
Asellus hilgendorfii - - - 3 3 - 33 200 - - 3 3
Hirudines
Erpobdella lineata - - - - - - - - - 3 - -
Turbellaria
Dugesia japonica 90 23 - - - - - - - - - 3
Oligochaeta - - - - - 38 3 23 10 3 3 8
Number of taxa 17.3 35.¢ 11.0 9.0 14.5 5.3 18B.7 12,7 20.0 15.3 17.3 17.5
Densities for total 980 2470 250 520 830 420 3220 2670 3200 3570 2870 5000
taxa (m “)
oA DBTIR, £rH 74535 (Caroperla stignatica) - + 3 b4 0A ¥ 29 (Para-

leptophlebia chocolata) - BEO+F N L rEryr 3 - 20wy

B St.AS T, T EAF A TUHS5 (Anphinemura sp.) » 3

sp. ) -

FEY S

FavAHH o F (Eriocera sp.EB) - 7af - L A Fo A vHLBE LN,
St.BO, I5 THAVYFSHBRRBEALRGN Y, TOBOEARE(St.22~28) TH I KUY &
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74 58 (lsoperla) OBEEHEFFCRONZCT TNV, b4 FoLvHE iAo (Ase
Uus hilgendorfii) #% $t. 24, 15 THPEVEETHMRLT WA OHNEH SR,

KRN EFHIRA S E, TIAHITHFSEF+ (Stavsolus sp. Ay 3 FU BT 538 (Chloro-
perlidae spp )ENEEE TR HIIHNURT I LICAY, ghaHdsv=rEr > 0FERRE
HT@Eml bEYSHoZED 0% LESHET o

3. 3. 2 BoOBEBEER (R4

St.AS, S0 TREFOCAABLIABRKEEO I Yo v - 49 ¥5H . ey s HSHEHEALT
Wie BEHERETAEH 28.0, 33.7 LEH, EROFLOBVWHETHE Lo —F, BROLEEK
DKPBENFED > f S$t.80, 18 DI B, St.13 TR, rtEYysE -0y sHOBRK &8
FHELELS BEBNLEORHYE - ERESB OB, o ke LI BH, St.B) TH, ThizE
RERLEIDOLONSERER 00 n e LALROHALY S ETVWHTH > SL.BD D
TECFHRD St bW, FETFsH- 20 ¥ 38 WHABOREY  ZEOoRDEELD
2o & ST SLIA~IT LT REVWEEEY - FFIMNT 28Es 4 o0, KT, St
7T THBEN 22050 n & FERCHE D > 7o

AYXouBETRIE, StLAS EBWTAA IS h¥ey, vensasyey, miE
eSS AN oo ERBELR TV, St.50 TR, Choo3fFeMATFIrtE A A Fay
ThTY Ao sESEBRNEEECHBLTLE, 5t.B0 T, 225y evBBGVWEET
AoNf, St.Il BoaresfikA, #4222 ¥ s5aFey - sveves8hrons
EHMBEL TV, &S TFHD $t.72 TR, Choo@BrlATe A3 h5 o
{Rhithrogena spp.) - 7 #+¢a A% o & [§ (Pseudocloeon spp. ) HE SH. St. 23, 24, I5 i
BFoTl, 2oty nararoyRUAOCBRREAER ShIIhote St.26, IT
T, THAT Y hF oy - s evfl.sAEressalon .. gexahyay .. 4
TY TS AT o BPPEEETHALT W,

o SETR, St kB TiRavdrF+F 75 (Protonemura sp.), St.850 KEBWT
HavdF+ vy 78s - 7iAHTH¥5FF+ (S, sp.BY+ 72 XA 34587455 (Kani-
muria quadrata) &%, THTH I, TEHE SHA, St.B0 OFMARMIIE St.580 SR LT VRS
HEREM T, St.I11 RUTOTHROFEMS TR, 70 r¥5HERBILAEREhEDL T,

FEY SHTIR, St.AS CFIFFHLEEYS vy Yy FEXSEMNEBLNL, St.50 T

Bors—v7bEYS - RNV TYLEESS - PR LLEFSEOEEOrEr I HBOoR A,
S1.B0 TRIHFF VR FEFS - DA —vebEYS >+ H L MEY SEMNBELHA, St.BO,
711, Z2 Ty = rEY SHBBLTE AN, v~rErsH-FA LYy SHIREDL .
St. 73 T P EFSHRBBLALEB G-, FEYXSEHI SLY poliBET LR
D, §t.I5s~IT TRyvt Yy SBREEFCHAL TOL R,
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TR TR 1] 0 e R B A1

Fa IR RN - KRB ORATFTH SIS B LR ORI & FE
(19834E10H) WER Im &7/

Station
A% 53¢ BO z1 I2 73 3 5 ol Y1 8 1
Ephemeroptera
Ephemera japonica - 40 - - - - - - - - - -
E. strigata - - - - - _ _ - _ 3 - _
Potamanthus kamonis: - - - - - - - - Z 3 _ -
Peraleptophlebia chocolata 10 130 3 - - - - - - - -
Cincticostella okumai 170 350 5 94 70 3 - 113 193 20 70
Drunella basalis - 20 - 3 8 - - - - 5 5 p
Serratella rufa 8 153 5 ] 33 - - 40 295 2630 2508 5585
5. setigera - 3 3 5 8 - - 3 88 3 5 8
Torleya japonica - 3 - - - - - - - 3 _ -
Baetis thermicus 95 285 1240 1650 560 165 373 78 225 B3 115 355
B. sahoensis - - 665 28 73 30 13 32 145 w0 7
B. yoskinensis 5 - - - - - - - - - -
B. sp.D - - - - - - - - - 3 3 3
B. sp.E - - - - - - - - 3 - - -
B. sp.F 3 - - - - - - - _ - - -
Pseudocloeon japonicum - - - - 100 15 20 - - - 3 3
P sp. 3 - - - 33 5 - 10 5 78 38 153
Ameletus sp. 5 - - - - - -~ - - - -
Cinygaa Sp., 13 103 - - - - - - - - - -
Ecdyonurus kibunensis - - - - - - - - 10 - - 3
Epeorus aesculus 5 - - 5 - - - - - - - -
E. latifolium 33 470 - 33 3 - 20 33 270 338 370 396
£. wenoi - - - 3 - - - - 5 - 3 38
Rhithrogena japonica - - - - 23 - - - 3 20 - -
8. sp, - - - - 20 - - 3 5 - - -
Odonata
Davidins fujiama 3 - - - - - - - - - - -
Devidus nanus - - - - - - - - - - - 3
Plecoptera
Scoupra longs 20 - - - - - - - - - - -
Abphinemura sp. 8 127 13 - - - - - - 3 - 5
Protonemura sp. g8 20 - 3 - - - - - - 3 -
Capniidae sp. 18 - - - - - - - 3 - - -
Pseudomegarcys japonica 10 a - - - - - - - - -
Stavsolus sp.A - - - - 23 3 3 25 10 3 3
5. sp.B 13 87 - - - - - - - - -
Calineuria stigmatica Complex §8 - - - - - - - - - - -
Caroperia pacifica - 23 5 - - - - - - - - -
Kamimuria quadrata 28 90 15 5 25 - 8 ~ - - - -
Chloroperlidae spp. 8 76 10 - - - - - ] - - -
Hemiptera
Aphelocheirus vittatus - - - - - 3 - - - - - -
Megaloptera
Protohermes grandis - 30 35 3 3 - 3 5 5 - 5 10
Trichoptera
Rhyacophila brevicephala 3 ar 5 - - - - - - - - -
R. kawamurei 2 20 15 - 3 - - - - - - -
R, towadensisg 105 7 [ - - - - - - - - -
F. transquilla - 13 55 3 - - - - - - - -
R. yamanakensis - 7 13 8 - - 3 - - - -
Glogsocsoma sp. ~ 107 - 53 40 - 5 - - - - -
Palaseagapetus sp. 25 - - - - - - - - - - -
Dolophilodes sp. 38 - - - - - - - - - - -
Plectrocnemia sp.PA 3 3 13 8 - - - - - - - -
Stenopasyche mamorata - 67 - 3 - - - - - - - -

(e U340

WPEHTH, A FoaAvHBELEREO St A5 SO CRPPEHEETH » o
WHE TR, YRS E2HH - 22 ) hEELHL O TFTHBETCBECATHL TV, 7
SR ANHYHEE TN StAS, S0 THELTBD, »# L 77 (Atherix ibis) #F St.S0~
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HIT #- BILEA - BEFIEY

4 (2T3F)

Station
AD 50 BG i1 2 13 4 5 o1 Yl I6 7

Trichoptera

Cheumatopsyche brevilineata 11 3728 333 130 8 475 1453 2590 2988 6815 11883
Diplectrona ap.DB 15 - - - - - -
Hydropsyche albicephala (7) 5 83 3 -
H. gifuana (?) - - - 10
H. orientalis 3 1053 548 395 7
H. setensis - -

H. sp.HE - B - -
Mystacides sp. - -

Micrasema sp. 98 157 - -
Limnocentropug insolitus - 3 - -
Geora Jjaponica - 40 - -
Georinae sp. - 17 - -
Georodes 8p. 18 3 - -
Coleoptera

Hydocyclus sp. - - 3 - - - - 3 - - - -
Eubrianax granicollis - - - - 3 - - - - - - -
E. pellucidus 5 - - - - - - - - - - -
Elnidae spp. 263 207 5 5 20 3 15 18 40 - 5 13
Fctopria sp. - - - - - - - - - - - 3
Heleodidae sp. 3 - - - - - - - - - -
Diptera

Tipula sp. - - - - -
Antocha sp. 115 187 258 18 135 10 93 2268 790 458 1765 1305
Dicranota sp. - 3 - - - -
Erioptera sp. -
Hoxatoma | Eriocera) sp.EB 10

Pedicia sp. 5 - - -
Pericoma sp. 3

Psycoda sp. -

Bezzia sp. - 3 35
Simuliidae spp. 38 27 - -
Chirononidae spp. 175 720 1318 13 125 5
Tabanus sp. - 17 3
Atherix ibis - 50 35
Suragina caerulescens - - - -
Dolichopodidae sp. - - - 3
clinocera (Hydrodromia} ap. - - - - - - - - 10 3 - -
Hemerodromia sp. - - - - - 3 - 3 - - - 3
Amphipoda

Sternomoera sp. 548 20 - - - - - - - - - -
Isopoda

Asellus hilgendorfii - - - - - - 13 ki) - - 3 5
Arachnida

Hydrachnellae sp. - - - - - - - - 3 - - -
Hirudinea

Erpobdella lineata - - - - 3 - - - - 3 - -
Turbellaria

Dugesia japonica 68 50 3 - - -
Oligochaeta 40 3 - 5 - 20

1
1
3
[}
t
1
i
1

10 218 368 68 150 875 2263
228 8 5
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- 15 85 430
-~ 118 § - §

[ A

Number of taxa 28.0 33.7 19.0 16.0 20.5 4.0 12.3 14.0 18.8 16.0 15.5 17.8

Densities for 2 2190 4940 5050 2720 1600 790 2120 4770 5040 7600 12770 22950
total taxa (m “)

76 il ohf, WHHOZED St.21 & St.I3 TOEFEORLHELL -7, L St.13
khitzz2 Y HEMA TS -1

FofhTid, HHE O 1M (Sternomcera sp.) ¥ St.A THOWEETHLA, I X4rid
AE@EMIC St.24, I8 TRAN T,
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EER TR QWA

4 #F &
LLEKS2VIESRCEDERINAANOELAH YR BOBME L TR, 22y 45 -
AT e vERELET AL WIHE NSV, FIA W, Winners (1980) 1, E&BTES &S L
ANTHE22 Y AENBELEL, POFRANAESTHAIAEE I SERBLEL, £ 4
PYHEEROLEVWHACOARCALELT VWS, 4, Yasunod (1985) RILO TSR
mEmiIlT, FLLEH - Bl (198) BRNRINOBLFERIN AT T2 Y »FEIFBRLTH L
EECTHBLACEEBEL TV S, #E (1960) GHILOEKBRFEATZENTR I A Y ey
EAbE P rFBRONEDOBETHEEZLEL TS, Scullion & Edwards (1980) 12, #ELou
EFZUHTWHAININITHR, 244 9y (Baetis rhodani)» 5 A (Bezzia sp.} - A4 F Y sex
{Chelifera flavella), ¥MEH O 1 B {Limjius volkmari) ZFHRE A BTLEHWELTVB, ¥ v

bEY S (Hydropsheye sp.) #EBHE LA LW HELH S (Letternan & Mitsch, 1978)e o @
I3, 2RYMPREBECRSFER MR CHEE THEAT 501, choo@magligkic
LBERIEMAD CEHTELMNMOBFHFELPHAF LR IBAEECERN VLD TH L EE
Aohd. FHOIVACHECKE bEROERBEHoOTED, SAF oo vw b Er
FH - NAHOMESHRAMK THEOWEETHRE LT W, &AM, HoREEHCRa YA
FRUa Yoo FRBOFRIW L ZHATHEA TEVERE (10 n 2B TF) To-te I h
SREROHMLY St 30 EHAVLRTCTRATR2ROHBAL TV IO TERHMN B O L E
ABCELREHETHD, ALINOEMOBREZEZRIENR S,

~F, 7RI SAT e O NERAHMERUEERME cHEA LT W, v F 57 ¥ a0 vl
BHUBEKOHBALTVWLAANTRERBELCEDONALLRINE THELN BN T TS
., thoBE TR, aHFs v bEr S 2HH (Bezzia sp.) - VRANE A FH v EMRPLE L
FEETHRL T,

TR, BLAEETU» -8, ROBATRAELBEROFL L St.BOTHERRSH ME L
CEAONBATY SEBRENPRDAEONI, LALINBEFRBcbEHEE LT D, i
TLTHRRYCRREEA LD EEL LT,

E (S

HETLERAMOEE BERCIHEOBRIBALCEVE. ICPRLIELBOAE
REVAERARAUEREINEOHIRSRICLEb0TH 2, BAETHY - T EREOY »
TV AMBEEER  FEATFROT VA M b oo ARMBLHBHVERVWAZER C
CIREHBEL %1,
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MEOTHI - CEINKROELEFLA)N
K BN BERERE
B 1 BIUBAY - JT @
Y 8 REEZ?
Attached Algal Flora in the Heavy Metal Polluted Rivers
Yoshino and Niyodo of the Shikoku District
Satoshi FUKUSHIMA!, Shigehisa HATAKEYAMAZ Mamoru MIYASHITAZ,
Kiyoshi, N. SATAKE? and Masayuki YASUNG?

Abstract

Effects of heavy metal pollution on attached algal flora were investi-
gated in four regions of the Rivers Yoshino and Niyodo in the Shikaoku
district, which were receiving the effluents from the abandoned copper
mines. The pH was 7.0~8& 0 at almost all stations. The highest copper {Cu)
and Zin (Zn) concentrations were recorded at a sampling site of the Asa-
tani River; 197 to 2460 axg !~' for Cu and 117 to 1170 g ™' for Zn. A
linear relatjonship was found betveen Cu and In concentrations in river
water (Zn= 0.481x Cu+ 35 86, R=0.893, n=63).

4 total of 63 algal samples was collected from the 34 sampling sites
in March 1985, March and August 1986. The mean algal density was 126129
x10% cells nm™2 (n=860) at the sites below 200 ug Cul~', while the
density decreased to 0.53+0.32 x10% cells mn™? at the sites beyond the
concentration. The number of species and diversity of attached algal flora
decreased with the increase of Cu concentrations.

Chamaesiphon minutus, Homoeothrix janthina, Achnanthes minutissima

and Stigeoclonium tenue were observed at the sites of wide range Cu con-
centration beyond 100 g {™'. The range of Cu concentrations at the sites
where these species were found most frequently were as follows: A. minu-
tissima and §. tenue; 10~50 gg !~', C. minutus: below 50 g !~!, and H.
janthina: below 18 pg {° ', respectively.

PHfNSe~62FEF EULHEFHEH FEHWFRE METLEWRHF T3 BETETXEH
1T HiEM158)

Visiting fellow of the National Institute for Environmental Studies. Present
Address: Yokohama City !nstitute for Environmental Research, 1-2-15 Takigashira,
Isogo~ku, Yokohama 235, Japan.

B AFR AEWBEER TI05 RFEE > L pHI6E?

Environmental Biology Division, the National Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, lbaraki 305, Japan
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The A. minutissima rate in the total diatoms reached almost 100% at
the Cu concentrations beyond 20 pg ! '. Only A. minutissima was found at
the site where Cu and Zn concentrations were highest through the three

times field investigations.

¥ 5

FEMA CFTFI ELCENIKEOFRFO 2 T, KRELRHEIL»SHHT 2
EEFBPAERERBCRETHEES 1985F3s APFEL, 198 6F3 L8 A
Hromo2 B THMERT o ANIKkD pi HEEAEQHFT 7.0~8.8
O R L. REMA (A 05 5 ekt o f Rk O HEHRE O & SH
id, FREN 2460 KK 1170 pg T 'EZRLANKORTFTEE T T oD BE
BEDUto KPR E EHMEBELMOBEERLL (In= 0.481% Cut
35.86, R=10.0893, n=53)c BMERFRIL, FMEH 200 pg I 'EXOHEVEIS
TEBOHTLU, ThIVEVEEGHRTRIBNLANEYHKEI -7,

FEAFREOBER e, fRFolmcd - TP T 2 R AR
pohf, FBRESBECHASLDS 100 peg | TEEOEVERITONLESR
&% 7R U7 @ Chamaesiphon minutus, Homoeothrix janthina, Achnap-
thes minutissima, Stigeoclonium tenue W ETH 3, Ch 50D 5T, Achnan-
thes minutissima & Stigeoclonium tenue i #HBED 10~50 pg | “'OMAK
S aH LAY LT, Homoethrix janthina & Chamaesiphon minutus
310 pg TRTOEBES 50 pe | TRITOLDIEWEEGEHE S (00
L TWw/ . Achranthes minutissima P2 r A BHEICLEH 2T, FEEN 10
gg "YETFTREBRH, 20 pg "B ETREBZAEORATIONN S
Botio 3R COBPREBLU-LMEAORBREOPEER 115 pg {717,
LEHEBOTTHRLEVWESEERL f

1 @RLHic

FLBTERABATERENSE~REITHES v T)], e LTHdfkoRA S 2@ TH~
ShTEf, Choofllof Rl EH, & HFSoHEGECLIESNLTBREZITY
B COXIRFMNEETAHEENNERIBMIBEEELD, ¥4 EHETHI Achnanthes
minutissima HE(HET I EBFHESR TS (Fiie, 1956; FBS, 1967 BHE - #2,
1973; #:0 - BH, 1976: HA5, 1977; EF - B, 1984), 24, BERARANEET S
BAFEF#EZ T4 Phorniduin Juridem, Chamaesiphon minutus # L T Hydrurus foetidus 72 & @
MBSz~ T Achnanthes pinutissima AHEERRBTEILERDTE VWHRIBEDSAT
Wa (EHE s, 1986)a

HABEORFEHERTSH, WEL(RFALBoHELB BRI WA DI ST 7L VKT
i, EROFARR EFE I Achnanthes minutissima AAHEE L LTHEALTV S, 2hiexfl
THHTROBE, RHO pf HoRrHGMEL LN borrEL, HELHERT2EHEREVWER
BERHLATVE (FE, 1987), 24, BERHCHIISGHENBORRETLHRER L B
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Ol O FE TR O 3R A

HHIH L TEESEWE T IEE NS (Bartlett s, 1974; Hargreaves & Whitton, 1976:
Fisher & Frood, 1980; Fisher. 1981; Starodub®, 1987, SHFE L/ WE o & £ R i
Nize, M, B8, BFOHSNATHRASRTEEZZICVALY, HFARAORLRELH—0ESH
Bef- Tz ORB2FMT 2 ERAFRELL, HAERBCNTIHALENOFHR LMD
ThHo:ToHELE S (Petersen, 1982),
SEHARLAEEBERANTEE oA THEBEHOBFARL LA LgchD, HEOE
Huedd 28025 o EENBRL T 2R BRFAOAPEBRI D EFVbOLEL DN, %
ot:HSEOHE TR, HEMRKOESRERAcE 2N EERBEROBEEHILr T B
Erbic, E2RAERRKORZBOMBERKA EAMNAKTOHBEOMBEFTC>VTRIL %,

2 HaEtm
FHRHEFHNRKRoUINEzoXilica 5 LA, BNl (FEE), Bl s ~ciliAd
BEAN, TN (EHEE), TLCCENKROEFNEGEN GHHIE) © 4 HilETi7 - £,
BEFNoPABERMSA I 0 LFRIBICKBEELRAEIL (K1) ¥E3MEEF, 20RAOZHRLEL
O AR BERLE Ui, SR @i oR T 1985F3 Bic, BR)INMRLES
N T 19858 3 H, 19863 HE& B Ricit s AMMEET -0 HEHEEREL 2 FEA
B, SMLNE ToE@eill st 0~10 @ 1A, $RI0ETHINEEAEN st. 1 ~10 @
10 Mg, B¥E)lic st 1~707HA, @I St.1~506 AT, &3 35 TH 5
(1), ARBEHFLABA0LAT, SilcFEEL TV AR, Sl st 2, 5.5,
FAE) st 1, St.2, St.9, BHEN St.1, St. 2WETHEB, ghdREIlc > TREAE
Ruerd i, kb oEsERECRARCEEOMAMoEzd i Rl eRETEL
o toe MMEMA L LCEILI St 1, St 7, W(AN St. 5, St. 7, EHN St 4, i)
St. 2 AFEL 2,
F1 FEDNORIC S - 2280 ORBE R

it 2% #n Sl okFELEER

£ NN L o] Y | LI e % A T 19795 11 A
Bl HEN 19785 SH

MEH WManl |Edhl - gl 19724 s8R
FHII ggid - FHIR 19728 88

B/ BHEN EEHEWL 19635 SH

gl il BFNEDL 1958%E10A

RibBicEL s BadfEtEAERLE
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AW, & B
CIRFN. DIAPRA

(EHNKFD

ek Al

| I |
2 Km

BT SEIN(EREL), BN, BEN, 3L & 0B MR o4 ikiz 513
Dl R
ORATMA L, ASKBEEFINONE ST
3 BEHE
HOMSORKRL SEEI~4@ND, TAEFNAS XS5 afoHHEOFEMEFI I w75 o
TCTNEEL, BEHY Y 7TLVELTERLA, Chox 3 thtrao~vy) vHsBEEENA
TiHRGELA, BRY VL0 RLBYETO0H WERCZY KR CHBLBREY 7L & Lo B
S0 0,05 ml Elon EERBAY RS A KIS AWMy, 4Xx32 and BN~
SREHYE, BSEE 600 (ETHEA 1000 HAXTEFHHLL, FHIERACEEERE
TAEATVWELODA2MELL, HBESOLHY s > LARGERNT 2 5 v B, 1
FREE1BREE LTH - ko
REHERB I’ S b OFBEKTHEL, 1on’ 1000 @B FHBR LA BEREREME L,
AR ENRME —Cni-N"'-loge{(ni-N"') ©®3 (Shannon Index) THEHL %,
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P I 9 3B R 7T i 11 At R SR RE AR

EEERO > 5, plidiEw Aol (BRI RBSR PHSLE) ©, BRGEHE MW HABIET
(EHEERE -8 TRE LR, BEERMNERORNIKR, o LWkl 250 w
DEVTFLYEYERRL, BXOBECRAZTANBEMACRE L, B&RRECAF R
R KEER (Hir 180-80%1, Bitas-640-12%9), R RAAHELE (Jarrel Ash 9758Y)
R VT » fa

4 B B

4.1 REZEHRE

ZABMATRAES N ApE, BRUCHE, #l, EHEEERZIECRLA. BEALOHMAT
pH {3 7.0~8.8 OFEMick -, WAl S 2 ETFI 1.7 TRAARIT 6.7 © 6.1 &

F 2 RIS, A, BN, s b IS o SR
SCCHIE S AR D pH, THIZERE, #6E BN (xg

Hill il wEHE oR EC Cu In bk s BREA MO EC Cw Do

Al sT.0 1 7.5 38 2.2 3.3 &KE)l sT.1 1 8.3 160 21.8 89.5
sT.1 1 7.7 50 0.7 2.7 2 8.4 110 21.9 59.7
§ST.2 1 7.5 95 89.4 72.1 3 8.4 190 13.4 18.2
ST.3 1 7.6 45 39.1 20.2 ST.2 1 7.8 140 94.9 338
$T.4 1 7.6 51 21.2 18.8 2 8.1 120 38.6 133
ST.5 1 7.7 57 18.4 19.4 3 7.8 180 182 589
ST.6 1 7.6 693 3.3 2.0 §T.3 1 8.1 160 31.5 127
ST.7 1 7.7 S0 0.6 6.0 2 8.2 140 23.3 62.1
sT.8 1 7.8 68 18.5 11.3 3 8.2 190 36.1 122
$T.9 1 7.8 70 15.6 10.7 ST.4 1 7.8 51 0.8 2.2
ST.10 1 8.1 83 10.1 5.4 2 8.1 49 3.6 WD

3 7.6 69 0.4 WD

$|an sT.1 1 7.8 38 63.7 52.8 ST.5 1 8.0 120 12.5 45.6

2 7.5 28 17.7 33.9 2 8.3 100 12.2 29.9
3 7.0 49 19.1 25.2 3 8.4 140 12.3 31.4
ST.2 1 6.7 240 703 346 §ST.6 1 8.0 110 5.9 16.2
2 7.4 110 197 117 2 8.5 100 7.1 4.2
3 6.7 600 2460 1170 3 8.5 130 4.9 1.4
ST.3 1 7.3 130 181 166 sT.7 1 8.0 85 3.1 8.1
2 7.7 83 62.0 74.9 2 8.4 92 4.5 1.0
3 7.0 330 145 260 3 8.8 130 4.8 0.5
sT.4 1 7.5 94 98.9 125
2 7.7 96 39.1 63.7 byl ST.1 1 8.0 76 3.1 2.7
3 7.1 260 39.1 125 §T.2 1 7.8 53 3.4 2.1
ST.5 1 7.7 37 3.4 7.3 §T.3 1 7.7 56 3.3 4.7
2 7.7 43 3.6 7.7 sT.4 1 8.0 81 4.5 8.8
3 7.3 70 5.1 5.6 ST.5 1 7.9 62 3.2 3.3
ST.6 1 7.8 48 21.2 26.1
2 57 13.7 22.9 R 119856231
3 7.4 120 13.2 28.3 .
ST.7 1 6.1 27 ND 5.6 2:19884F3H
2 27 1.1 5.1 3:19364E8H
3 7.6 40 2.5 0.5
ST.8 1 7.5 46 6.3 23.8 EC: 4§ » canmt
ST.9 1 7.4 53 59.6 34.9
2 44 8.8 12.3 CusZnipg=1t
3 7.4 94 31.2 25.9
ST.10 1 7.4 50 37.8 28.4
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TUTREERTBANS -7, BRESERINKEA)IOHERATIE 40~70£S cn™! OEZ
FLs, RELESNCEELAMALZOTHRTCRABIOMMAT 100 ks BREHO
500 S en’! FTOFHWEERL, AMATOESEFRERMRL T,

BN ORMERHBIIETE Spg ¢ RTFRoL, KRERELTFRZOR TR
FIAE TR - BRI St. 2D 200~2460 pg I 'EBRVTH, BLALOHMSRT 10~180
pg 17 OBOWEERLA, SN OKBEEG TR B 2WBEE LN BN, $a
L, T, EFNTEHEA S FRCHTELEN 89~21, 18~10, 1120~53(3 EIFEDFE
By, B(3EOFH)~38 pwg | T"ERL, HIMTCRPSNORBENGDTH - oo HENI
TREEBCHLIBERECER b, HIKPTORBES 3. 1~45pg 17 LL&TEH
BTEr oo BHOFEAEHCARESIUCTELLAATRLFVIBELSTL, MIKDH
T -TEOXORERBLOEMETRL 7, AJIKO2TAY v 7B 56 LHEHOM
EoMELE@2 R RLAY, GBEMcRELFAOMENZH SN (In=Cux0.481+35.87,
R=10.8%2. n=63)c COMBRIC L2 LHBES 10 pg 7' UFCRBHOBREOHFFGL
B, ThAULOBRETIFNORENER LY bBEARLHEEERL TV,
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4.2 FEHDKkDORBE & RBHERE L OME
iy, Sall, EFHN dRNOFPFERBEL,SEMIAL{EERREATLE~ 42,
14, 83, 43 BHiIuY, TOoRYIREEOBESTATH 26, 18, 46 ITHHEEBERELED
o THBEHMAHLSEMENALY Y AERY, EENEZOBERCARKEOBMBEERD &
HEBORERBEAZE oMM S UEREEMCEDS LA (B3) SMBES 200 2 17"
HOEIAETRABULEIBHENLTHWEY, ThHLoBETRHESALEIR Acdranthes
ninutissima HL ¢ EH & Phornidium sp. ! OATH D, SHREHEBLEBEORMITHE -
TEALL(EA ) FBEN 10 pg 7 UTTHELAFOMATEBEERIZ~4 D
EHofedd, 10 pel THETRBLACOMATZHUTERLA. L L, SIREN 100~
gl RETIBHEROBLBEL U -RLAVEILLH S, Jhid, BECHLEH
HESEEREL AL 2YAFBRBIARE(BE - TRV LIt k3, BERRLENT2E
B, ZHREHRMEHENcA 2L, H, BHRKOBVHAS LT h - @ THVEESE
BN § A E R HE S OREO MM ARG E S RAES EVERAT 6D SN,
BERH 1000 cells mm 2Bl EEFRLARE (UTF, REJ AL2JWHAMHAOE~ 39 v 7
DHET HERE > CHODFTETRLBECHREL 202 Chansesiphon mingtus T, 83
VYTADHIE M I ATHRERBE LTI ER, SHIERWT Achpanthes minvtissi-

na, Heomoeothrix janthina, Chamaesiohopn polymorphus, Diatoma hiemale v. mesodan,

Achnanthes japonica, Cymbelia ventricosa M EFMBEH FH 42, 33, 23, 23, 21, 20 ¥
ATERFRLRFBELTREBSh

.
30
.
[ ]
L )
§ .
b 2GH- . .
4 .
oL
“ o . .
] e hd
Q " * . R
] . ..
@
g 1ol * . ‘e
g [ ) [ Y]
= L ] -
» > »
» « s s & & 8
« & 8
»
o 1 i . s 1 J
1 10 100 1000

Copper concentration { pg 17

B3 KO & SRS L ORI

— 65—




iy e

4 .
*
.
-~ .
__ *
w3 ‘- .
— - *
. .
x B .
s . . 0
J .
.52;‘ . 0. Y R
=} ¢ . e @ L]
.ﬁ (X ] * .
w e . .
:’(1 LI .
- L ]
5 R
[a] . . .
. »
.
0 I, i Py P
1 10 100 1000

Copper concentration { g l"1 )

W4 RS & RO SRR - OB

BRMEAOEY v A TR IHLHNOBRABEERLAEL, SHAREL B o N R
Loty SR TREBRE-ABOS35, 14V TACATLABRIMAE R - BERVWAS
HoBEGRLLLULBERER, SHEEEN. SHEERE BENCRIPLREEARL
o THOEORBARBUSEENRK T 10~14TT, 2035 Chanaesiphon ainutus, Homoegth-

rix janthina, Aczhnanthes japonica, Achnanthes minutissima, Cymbella ventricosa. Diato-
ma hiemale v. mesodon @ 6 ML PAEMBAS CEBLTVE, ChEDHH Distona hienale
v. mesodon HIKBMELE S (HETAAKKRET b, 19584, AFETLIAD2E
OBBEB L OAZBH SN, T/, Ceratopeis areus v. hattoriana HESERENBZ LI
3RroABRME LN, CoBLboRAR CM, 1354) THEHCEC(RASATVLELERE
WMEHEAEFR L, SHE: s ERR TR FANBERIAHBEBE R L THHLD
v, LL, chsoBoREROAHIR, S(OMATLARIIERD 80K LELY,
B KT ESH AMALPRVEY I, Chil, REBLAL UBEESEERER
BHET ANEBEHTASVWILEERLTVES, —F, BEANPRTFHRGAOTLBRES
WML -8 (REN St.4, St 7, i 51.5) TRALSFCLWLRVEORAFR
BREBNEC, BERFSENCHDLIHEN N T LR » TV,

AHEENAOLY YT VORERER (cells ma ) ERBEOMEERS Rl o MR
Y 200 pg T ETREBERAGRLFABRECHS P BBREZD SNTIREROE S 2EHK
(., REBERARAEY 10z ' HMTOLIARENZELLAD 10~40pg ™t D &L
AT 4x10° cells mn 2 BLEERBIEB (R TR MBAH 2 Fe L L, WEEY 2000
17 k0 BVH AT MEEAREER DL, 1000 cotls mn? BITFEU T,
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R3 WU HIOF BB HAE L (19854F 3 B) |

=481 —

& ST.0 ST.1 ST.2 ST.3 ST.4 ST.5 ST.6 ST.7 ST.8 ST.9 ST.10
Cyanophyta
Chamaesiphon minutus 23 38 35 7 68 3 21 32 100 323 47
Chaomaesiphon polymorphus 5 5 5 37 48 67 30 9
Homoeothrix jonthing + 16 11 6 1 49 1 23 9
Phormidium sp.1l 6 8
Bacillariophyta
Achnanthes japonica 38 + 1 30 42 + + 11
Achnanthes minutissima 2 4 12 5 24 8 + 2
Ceratoneis arcus v. vaucherige 3 6 16 7 2 9 + 22
Cymbella ventricosa 3 5 2 10 8 4 + 4
Diatoma hiemale v. mesodon 9 4 4 3 + + +
Gomphonema tetrastigmatum 1 18 2 50 + 4 24
Nitzschig dissipata + 1 86 |
Nitzschia fonticola + 2 5 2 62
Nitzschia frustulumv. perpusille + 6 + + 178
Nitzschig rcemana + 12 3 + 2
SEREE 110 92 55 49 224 8% 61 210 169 399 497
FKiopLeEORGE* g0 97 85 80 89 87 83 98 100 97 01
2R REEN 23 17 4 13 12 11 16 15 7 14 20
SIRtEEY 3.1 2.5 1.4 3.3 3.0 2.6 3.0 2.7 1.1 1.2 2.9

FEATH I X 1000 « w2, +71000 » mm 28T,
RIRIORURBORTER SHGRBOSHETRLE

HHREBEN OIS T E o E-



i LER Y

4 PEIIE O AT IR A% (198542 3 1)

B M §7.1 8T.2 ST.3 ST.4 8T.5
~ Cyanophyta

Chamaesiphon mintitus 5 + 2 2 5
Homoeothrix jonthina + 2 7 3
Phormidium sp.3 11 7 22 3

Bacillariocphyta
Achhanthes [oponica 8 4 6 1
Achnanthes minutissima 18 17 20 2 2
Cerotoneis arcus v. voucheriae 13 5 5 1 4
Cymbella ventricosa 1 4 11 + )
Diatoma hiemale v. mesodon 24 + 3 4 5
Comphonema clevei 1 4 1 4 +
Nitzschia dissipata 2 + 6
Nitzschio fonticola 1 8 16 2
Nitzschia romana 1 1 18 6
PEHANTE g9 50 109 52 72
FeRLLBONEREY 93 80 83 94 60
2 IR 19 16 27 17 32
15 Ju it 3.0 3.0 3.8 2.8 4.0

T X 1000  mrz. 411000 « o2 AT
KRR P EOHGERIANEEOESE TR,

4.3 MMkt oRBELRRNBHESN L OMIE
AN OFBES 10 gg ! 'ELF, l0~%0pg! !, S0~100pg "' E LT 100 ug i 'L
OABRBICSY, BSEERRcBTANEEOS Yy T B A HBEEIHE ARG IRRL, &

WERBCHGEL, £03B5 10~50pg | 'ORBEORMTE S BILE N DI Achnanthes
minutissima & Stigeoclonium tenue T&H 3, IO H2BESHBMAMENLS Hompeothriy

janthina & 10 zg | "B F®& AT, Chanacsiphon minutus 4 W0 pg i 'BIFE L0~0ng
I""oECATREBELECRBE A, corsIFRro4BRVWFR N VBEGEEC I L

TWto Th, ZHLHIEKWTHOEWEEGHIC)M Y 52D Chamaesiphon polynorphus,

phormidium sp. 1, Ceratoneis arcus v. hattoriana, Diatoma hiemale v, mesodon @4 fET
%%, Phorpidiun sp. 1 fhd 3MELRIERY, Wpg | "HEORERRE- SRS A, 10~
50pgl ' DECATECRBINA, fHOIBRELI 1W0pg I TUTOEIAETRLS(R
HBENLIBEEED » s

1028 07 ELFE 10~50 g I 'O 2BERBOAESHETIERBIRLAL ISETH S, ¥
@ %% Phormidium Juridom & Synedra rumpens 13 10~50pug | '@ & AT, o 11ER
Wagl ' WFDECATEHE(RHEENL, CORIUHENBEVWRHoBREGHRAC)HTED
FECRYABHTH -1
REBSRUHEINABAOLPHBRELEERELR 7 2R L £, Achnanthes pinutissina
PREBL U A MACHBEOTPHERELE 115pe ! ' Thot, ABLEREAZVH
BEGHRAE TE{ WL TV AEE, £ LT Phorpidiun sp. ] AL IEBEVREZRBATLAL

- 168 —

-

R



FE5  EENHEOR

P 5T.1 ST.2 ST.3 ST.4 ST.S ST. 6 ST.7 ST.8 5T.9 ST.10
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 1 2 3 1
Cyanophyta
Chamoesiphon nimutus 2 46 20 2 2 5 19 2 23 28 55 4 25 13 60 2 3 4 4 7 013 21 11
Chomoesiphon polymorphus 9 13 + 5 11 31 11 B4 123 9 34
Homeeothrix jonthing i 3 62 23 13 8 2 2 9 3 7 11
Oscillotoric sp.2 + 43 + + 13 +
Prormidium luridum + 2 + 13 +
- Phormidium sp.l 4 + 2 + 2 12 165 +
' i Bacillariophyta
— Achnanthes japonico 11 78 1 2 21 7 5
2 Achnenthes minutissima 148 39 459 + + + 91 70 23z 56 243 535 46 63 34 61 10 18
’ Ceratoneis grcusv. haltoriana 44 1 5 2 + 1 +
Cymbella ventricosa + + + + + 5 + 2 +
Diatoma hiemelev. mesodon 3 1 & 4 + + + 1 3 +
Synedra rumpens 9 4 + + + 5 +
Chloroephyta
Stigeocionium tenus 31 1l 2 64 11 &+ 102 24 5 +

EEMMEE 187 97 485 0.1 0.6 0.9 158 83 239 18% 284 727 193 181 30 92 100 101
FURLABOYUEE® 99 99 100 100 100 100 100 100 100 100 100 100 9% 95 85 100 99 95
S HRE 6 6 6 1 1 2 5 4 4 5 § 5 8 9 15 10 7 7
g basist o4 1.0 1.5 0.4 9 ©00.7 1.2 0.8 0.2 1.6 0.81.0 2.3 2.1 2.4 2.0 1.7 1.3

30 51 15 20 92 218 41 75
97 S0 93 98 100 100 2929 100
11 12 9 11 5 7 9 3
2.6 2.4 2.1 2.4 6.5 1.7 1.7 1.9

111985 53H . 2. 19866F3H . 311986985

. WEIAE TR X000 s mm?. 4+ 11000 - mem2 LA,

¥REELULHORERESHGFROESRTRL L

K B G N OO T o (31

3
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6 RENWLONHRIT A

# ST.1 ST, 2 S§T.3 ST.4 ST.5 5T.6 ST.7
1 2 3 1 2 3 1 2 3 12 3 1 2 3 1 2z 3 1 2 3
Cyanophyta
Chamaesiphon minutus 54 9 + 10 5 6 3 13 38 10 46 2 10 60 8 40 32 5 12
Chamaesiphon polymorphus 3 2 + 2 43 3
Homoeeothrix janthinae 12 2 4 + 25 + + 3 + 2 4 & 4 4
Osciliatoria sp.1l 1 2 30 + + + 1 6
Phormidium sp.1 + 1 + 13 + +
Rivularia sp. 32 30
Bacillaricphyta
Achnanthes japonica 7 + 112 42 11 8 +
Achnranthes minutissima 61 37 18 48 45 20 44 30 134 4 15 + 4 + + +
Cymbella ventricosa 4 1 + + + 3 1 20 4 6 +
Digtoma hiemale v . mesodon 11 14 + 3 1 + 36 6 35 24 7 + +
ZFEEREE 4146 68 20 60 51 40 53 48 222 16 189 3 26 122 39 174 95 90 43 39 21
IR LEBOHTE™ 98 93 96 98 99 98 95 100 93 88 78 93 91 93 109 92 97 89 65 68 78
SRS lo 9 ¢ 4 7 5 1z 5 g 14 21 5 17 9 5 17 10 9 28 25 21
ZEEIES 1.9 1.9 0.6 ©.90.7 1.6 1.2 1.51.8 1.9 3.2 1.3 2.7 2.0 0.9 1.9 1.7 1.8 3.7 3.7 2.2

171985438 . 2:19865FE3H . 31198685, AT X1000 - mw 2,

K ELUFEUVABOHGFELSHEEOETECRLE

+:1000 + mm 2 LLF
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TN DR & (3R MO a & OBE

Frequency
=
o

Achnanthes Chamaesiphon Homoeothrix
minutissima minutus jonthina
| I —— —
- Achnanthes |- Cymbella | Digtoma hiemaole
japonica ventricosa v. mesodon
———
P
] P i L L )
Chamaesiphon Ceratoneis orcus Nitzschio romona
- polymo- v, vacheriae
rphus 7
1 " l " L — 1 L n
|- Synedra rumpens Phormidium sp.3 | Nitzschig fonticolo
T . PR
- Stigeoclonium Oscifictorio sp.1 Nitzschiv dissipoto
tenue N
== 1 B S

Phormidium sp, 1

=

Ceratoneis ercus
v. hatteriong

Gomphonema

tefrostigma-
I l fum
P

Phormidium

Nitzschia frustulum

Synedra ulne

Copper concentratien ( pg 1~

- turidum v.perpusilie v. oxyrhynchus
=1 . . R N I SN
1¢ 50 oo ic 50 Loo 10 50 100

1

)

H6 SAOEEERH (10LF, 10~50, 50~100, 100 g™ L) o B 51t
FFEOR M
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Achnanthes minutissimo

Phormidium sp.1 —_— e

Stigeoclonium tenue
Phormidium sp.2

Phormidium Iuridum —_——

Chamoesiphon mimutus -

Chamaesiphon
polymorphus

Homoeothrix janthina -

Synedro rumpens -

Diatoma hiemale v,
mesodon

Oscillatoria sp.1 -

Cymbelle ventricose
Cerctoneis arcusv.

vaucheriae i
Achngnthes japonica ————
Phormidium sp.3 —_—_—
Cerataneis arcus v,

hattoriana -
Synedro uinoy. —_— ——

oxyrhynchus
Nitzschia dissipata —_——
Nitzschia fonticola —_—
Goemphonema

tetrostigmotum [ ¥
Nitzschio frustlumv., L . o

perpusitia
Nitzschia romona —_—
Comphonema clevei —_—
1 J 1 J |
1 5 1¢ 50 100 500

Copper concentration ( pg 17— )
B 7 At o CR AT S W H I 330 AN K O 3 I SRRl

FO NSRBI O EEH & > o 72, Achnanthes minutissinma RIATH
Phormidiup luridum, Chamaesiphon minutus, Chamaesiphon polymorphus, Homoeothrix jan-
thina WERAPHBEOAR LERFOELBEFERHIIBAE T LA LERRE EE DS AN
(IgiR, 1987), Choo@rREBE L TRESALBSORBEOFEERTATR 30.8,
28.7, 17.6, 17.2 pg i ' sf0E < 0BOBA LY b HBHNAVEEFRL

ELBMHEE TS 2 Achnanthes ninutissima A9 4 A BHIC 5 5 E& & 1K g D §i iR EL
OREEEE SR Lite TOHAR KT OMEBEY 10 e ! 'UTOMHETRBETHE( P 21
. 10~20pg | OMBITRBICE G, 202g ITUETHREALEDEIST 10K ERL

too —F, BEERENEXE 10~20 pg ! 'O TI3 Achnanthes minutissima @%ﬂé‘ﬁ5§' { i
HT 10~80%RI%RE LROTMMREAER L, ABPEY A Eic D BEE (¥ %) &K
o @ SFRE (X, pg -V OERRE (Y= 0.00998+0.597x 1.3447%, X<10, n=49) £ & B &M
WREEA 14.38 pglT! TEOFSR % EL Tt WBEA 10~20 gg I TTETHR Achnan-

thes minutissima @A 2, Cymbella ventricosa, Diatoma hiemale v. mesodon % L T Syne-

dra rumpens M EOHBAEBOLHFVHAMEA S 1,
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Copper concentration ( pg 1~

)

B8 WA DIRREE & Achnanthes minutissime 23 A BHID EH 2345 L0
14 1%

5 % %

BEOFEBESAOAMHEERETHES >0 T, KBEEBLOTHOMI DL 5l
SREHERENABRRTRETNERMES 3 LRRBRNEAELE 0, LIAL, SEOHETEE
Nk o BFRER, FRMATHBCHVREERLANEEZAEOMATH L L <1
Hoto Th, AAEEGSVHATHAREOHVEHRL D L LA VHERERLE, —H,
BRHCRTTHOBERIE LA L) CEBIEERTREV I LBV 2boHBEYSEHNER,
BEADEAVERIELIDPFLHECINT VS, £07cd, CORETHEERECLLLELRE
RO HRE ML T, ARERERIORBELOMELSRIFLTE L,

ERBRFRIET N ERRIIBELHMORE LM B3 2 (Mason & Bryant, 1975; Hunter,
1980; JIR S, HIED): £k, mFIPkBEoEEBHNBHRORERIBEMNOBEICL -
TELT2CEty, FEREREORAFRIAMcMT 2 1982; L% 5,
1984; {247 - K¥F, 1986: KH - £97, 1986)0 COEINELRBAFORBORESIERL
Tz, Lal, BRAFRRIMORBERNOZMIC L - THHELZ T3, ABAA R, #HR
BEHBWEI0RHRERIOCLALBHEVL VML SR TV, Thicl L THEeE
BI0~40 pg 1 ' OHFDO WL 2T, HERERBBCLABO CEL 2T W ALK
ERRChrH2YREOETLXOREO—HELTEALLE, CORATORTORRK &
LTRESEERCLIELEDYREROBIRF 22 ) #93H 5 0y d—E Baetis ther-
micus WEOHEOHRERMEBORFANBIMERESZL NS, FWPATREABCEETY
HOREXT - TV EOTTORBEHEREC IV IROEREB BRI T 24ENS 2,

A+ BESES aM (89 318 pg 17')y BLEIC#4 3L, Achnanthes minutissima DO FE AW
REFLIBETACELPERERCIVHAShicdhTWwd (HI5, 1087, I oERI,
AUHEOMBN St. 2B 5> CPERMBAEN 1120 pg i LFHTFHS, Achnanthes

(Yasuno &,
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minutissina BRAKXBEL L E CTORRRAEROHE L Z, HoEBENEE ok b ERIHEMEMA
HERITVWBILFRBEL TS, WHE - MR TS Achnanthes minutissima HHFEED
— 2 R - TWAR, pHE. 0, H, HEBENTHTH 1070pg ! & 2300pg 1 'DECS
TREBIRE I G L1 (FFIB. 1987, ¥4, TITHRBaI LAY DEREERR
WAAEL, FROSIEMARD SR, O T LA EHAEATWS (BEHF 5, 1986),
FLTHEEIRESAL» - O BRI IS bOTIREL, APEORFRETEREELL
IHILHSEBOMBEHELERT2:ELo0 3,

#l, BRZOoREREVWHANZEREZGD pH6 L0 &I AT, Achnanthes minuti-
ssipa OELBHEMNB LK% {, Phornidium Juridup, Chamaesiphon minutys, Chamaesiphon
polymorphus, Hompeothrix janthina ONFIZME MBI ERBEEEINT S (FHE, 1987,
CHERMBEEEBBINTSALRATVLE (Bllo, 1988)c FRATSH, ChoO@BHERKE
EHZHMAOHREOEHEEREVWIBCE~x2 L, LEOEMLE—HRL, BEZL LoD
BoHELBRHEOARE I LT oo EMEHAI IR ER > T2,

Phormidium spp. & Stigeoclonium tenue HARBL U - M OFBME O FHE K E e
Stigeoclonium tenue RIS 2T B D (Harding & ¥hitton, 1976), HHSAF L (3 H
S THERasN AN 2EFRTH oA TS (Say, 1978; Foster. 1982; @18,
1987} APFBTRAESTESHBL OHBESBFVLIATHIRRERUES LI EDINAT VS,
o) R Stigeoclonium tenue OMICH T HIME LRIV EERL TV S,

ELB/HERBIC 513 5 Achnanthes minutissing D2 A MBI HB 5FFCoVWTHE S
RV ohHd, MRNTH, BVESBRRERBELABIEYEY (5045 cn”’ fHE
OMBETHKEOREHHEE > TWE (XHF -« Bk, 1984), BN THRMEN 20 pg 17" LLET
erARc Y 2RABoHENFVILEBASATYE (Biis, 1988), —K. MRNITR
., EH. P F IO L20FMTHRERENEN 67.4432.4, 1140+500, 7.631£3.10 pg !
CRHTEVWHFEOL Y A BB 5D 2041, FMEELCRE 100¥FL(REThREL
B ER L, (IS5, 1986), i, DMRITEBHN OB T Achnanthes minutissima 457 A
BRCEPRHENEVECAL, GLEIL0MBROBEYE S 1o

Achnanthes minutissima EIA O A BFOBFLBWEESNE W LR, BRiEc B 57 4
BECABF D 3EAFEHTREVILLTER TV 3, 1, FBEOMDCHE ) BEEH
g0 sHEEERombck<T, MINITRONEESE Y 1 BHEROSHEOBTHEL
W& &b Achnanthes minutissima BAAA oy f BHOGE OB ERRT L0 TH L,

ABECHREBLLTE Oy 1 BESRIB I TV E, L L, ThoREBLU -
HioRRrEo TR Tt EENERL-f, LHLINSGDS 5 Cymnbella ventricosa,
Diatoma hiemale v. mesodon, Synedr:li rutpens O£ 4 BRI H5» 38 &M Achnanthes mi-
nutissima CEIEEH LA BAE(TZcLMBERETCLELERL STV S, FiC
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Synedra rumpens & Diatoma hiemale v. mesodon H{UHRE L - A OFAE O FIGH i

Honoeothrix janthina @FNICE S D TH »fe T DX HLEERIL, Achnanthes minutissi-
ma ¥ 1 BFOHEERMEORH S, BREFRAOEELHHEY 2L CHERILETRLTL 5,
BHENEOFMNER, AKEBXE(R3ZFLRFCELoh s, BESEEREZITL
ZERIMNTS, KB 0.5~2.0 C° OXFiCKRKEED Hydrurus foetidus BECHEAL TV
o (BB, 1986), RHEAMNEBE A0 3AL8BXEITH S, 3 HLDH Cerato-ne
is arcus ¥. Rattoriana & %7K¥ERB @ Diatoma hiemale V. mesodon HE L OMIATCHBL,
HREBLU-Re Chonl s, BEEFRANLBVCTLHBRT I FEMITE/LLIS 5
o, BHEHESBRRLOBEEME L TAAT RS T Ao RO BEL{LETHEELT
BLHBEHEBEDIEAERLTY B,

H O

BHEAFEE 7 —BENESIAHERCRRMABTO-THRT LV FALEA
BYEFROMNMEE TPHRERCBBEMAEFCU L0 BREHBHE VAL VR, Bkt
Bl EaBRONEREY A EFMARHABRKESNZOBENERRCL 20 THS, ik
FHB AL VWAEBREHD T LERBL T T,

5B X O®

Bartlett,L., W.Rabe and ¥.H.Funk (1974) : Effeects of copper. zinc and cadmium on
Selenastrum capricornatum. Water Res., 8, 179-185.

Fisher,N.S. (1981) : On the selection for heavy metal tolerance in diatoms from the
Derwent Estuary, Tasmania. Aust. J. Mar. Freshwater Res,, 32, 555-361.

Fisher,N.S. and D.Frood (1980) : Heavy metals and marine diatoms : Influence of
dissolved organie compound of toxicity and selection for metal tolerance among
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Foster,P. L. (1982) : Metal resistances of Chlorophyta from rivers polluied by heavy
metals. Freshwater Biol., 12, 41-61.

BE 5 (19eT) : SUBERBIUCHEREAKSANOBEERBR LB LIS RYE. HERA.
RTHEXOANENMEREFTHER P RETESE KoL MENAEOME., B
IIFEFRRES. 1-10.

BIE B QT EEBAERENICERSZMEEHBESE. TRiEcsid 2 EDEEORHE
SRR yryRIo L HE THIEZ - AEEEE ByoEsRa, & 1-1s

B fE - BIUERA - FHFFEZ - BLEE (1986) : BELBERANOEWMHORBR T (T&H&E
HB%oR ¥ EBILAFWUANAARNSE. HFI9E, 35-47
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zine and copper. Oecologia (Berl.), 26, 235-243.

Harding, }.P.C. and B.A.Whitton (1976) : Resistance to zine of Stigeoclonium tenue in
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BUKA - B8 fF - £/ % (1988) : ERBEAEA)N (BIIKR) e sEEsmiboREE
BRECEL T B AERARTRARY, Hil4S, 193-206.

Hunter, R.D. (1980) : Effects of grazing on the quantity and quality of freshwater
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BLESEAIELRINDICBET 3 3EOIRAY AL
A A0 (Baetis thermicus) BSEO R FEER)

BIEA - BAHHE - LS

Population Dynamics of Three Species of Chironomids and
a Mayfly (Baetis thermicus) Dominant in the Mazawa River

Highly Polluted with Heavy Metals

Shigehisa HATAKEYAMA?, Yoshic SUGAYA? and Nobuo YOKOYAMA®

Abstract

Population dynamics of dominant species in the heavy metal polluted
Mazawa River were investigated throughout a year by weekly sampling, from
May 1983 to April 1984. Mean concentrations of Zine, Cu and Cd were 1140+
500, 67+31 and 7.6+3.1 g ! 7, respectively (n=46). The pH was between
6.5 and 7.0. Chironomids were exclusively composed of the three dominant
species, Bukiefferiella sp.A, Orthocladius sp. A and Orthocladius sp.B. The

percentage of the three dominant species of total chironomids was 93%6
{n=46) throughout the investigation period. Instar development of the
chironomids almost ceased in December and January. Eukiefferiella sp.A
started to develop to 3rd and 4th instar larvae from mid-February and late
March. respectively, and emerged mainly in spring and summer. Orthocladius
sp. A began to develop to 4th instar in early February., and emerged in spr-
ing and summer. Orthocladius sp.B, on the other hand, stayed %ithin 2nd
instar in the spring and emerged mainly In the summer.

Baetis thermicus (Ephemeroptera) was another dominant species other

than chironomids, although the density was low in May and June. At least

six cohorts were identified from June to February. [t was considered from

HyAHEPER EMRET T05 RS- CEWNEINLIE?

Environmental Biology Division, the National Institute for Enviroamental Studies.
16-2 Onogawa. Tsukuba, Ibaraki 385, Japan

Hi aEWn BN T30 kBB EhhFieE:

Engineering Division, the National Institute for Environmental Studies. 16-2
Onogawa, Tsukuba, Ibaraki 305, Japan

Binse~63EF EVTAHNANTAVAR (LWEXFEHEREH T LESHADDNIE
1THi-12)

Visiting Fellow of the National Institute for Environmental Studies, Faculty of

Sciences, Yamagata University, Koshirakawa., Yamagata 990, Japan

— 177 —



RV - Trar il - BOLEHE

the growth curves of six cohorts that B. thermicus is bivoltine, although
several cohorts emerged a year in the Mazawa River. Chironomids and B.
thermicus showed a high or the maximum density in the summer, although

these species compete for food and habitat each other.

2 B

E4RERANcBE LT 23 o2z éanreyD—F Baetis thermi-
cus BHEHOFFEEHE 1983 F5 AL BFO4 AT THIBOERERIC LD
AELA, HEMSNOES. #H, P FIvLA0RHRERIETNETN 11402500,
67+32, 7.6%3. 1 pg 17! (n=46)T&H -7, pH i, FEE 6.5 & 7.0 OfHE
Hotio 2Z2VHIREB LAY Eukiefferiella sp. A4, Orthoeladius sp.A, BU
Orthocladius sp.B It L - T hEd o, Cho sFBaxUpdLaruhichsdsd
FEREMEBLT 9326% (h=46)TH -0 LAE I HERBEHEBMEELRR
HoNnTIOMOERRBEVWEDEE SN S, Bukiefferiella sp.A REFNEFHh 2
Adif]), 3ATHLL38 ABCEFVEE L, 4BHOHRDIPSHULTCD
Bl HFELELIMEST B LdR&NT, Orthocladius sp. A 1 2 A #H
4@l FeFLHEP{bL e £F0—F, Orthocladius sp.B BH&F
FriR2BEHEFLTEKIHEL L) ,

2ZYHEPATR oA oD 1 B thermicus ML LM, 5HE6H
OFEERBr - 6 AL SBFO2ZA,I LU b HOoRAIED SN
Fo BACREOEERBEORIT»S B thermicus E 2 TH b, FEHA
REH2BRRFONRMNoEE itRoRLBR T~ s EHEOMEERI &L
foo AU H & B, thermicus REBBMRESR (ELLTHER) =8BAT LY,
MEESERCRATEEZ AT EEER Lt 22V A2 ELBHEROEELEM
ELTHVAEE zoRBHHILEETHL I EEEHL A,

1 HLsi
RRkoBLBERIIORELS, BEEMETRIZA VI SAEEECAEET 2 LBRE X
NTVEH, Fhoa ) r0BRMTIRNIL LT - TLLERIA TV D 22, IO
ARESEr 2L IKIFRO—-RELT, EE&BVRNoEYMHCRETHEELAA - iR+
pilfEc., EEROAERE THRLAEH IRV ANBETACELS, BEERFROIEIE
GelLcaztroREBRENTER, Thos o Ro—Hi, WREEO KA & /NEET K
(BRHE) oMmNcsl 2AFXEBLLTHRIC Yasunes (1985) £ERS (1986) ik P HE
sNhTw3, £oF T, Bukiefferiella sp.A, Orthocladius sp. 4 REHELBEFERRE O S
BE-TRBET22AVAVREEHA R E&hE, —Fh, HBERKTRETAEHEO2 2 Y &8
%&éntﬁ.ﬁm%L(&Eiéﬁu%bénﬂbataﬁmwé(ww)béﬁﬁ%%ﬂm
OaRYNPEPF~TWEY, AERBREXCBESTIHER, FFREKCbRATHINEELR
EHRELOSHBRNCERTIIXR VA EHETENL S >,
tdoR4oFECHS R TOALELEMME2 RV 71, FRERBET LB MG &
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BEREEEFNOLRA) 7 & 3% 50 ORELE)

THERLAZFBEOIR VS (A 2IYH, THLAYIANAH, Trv vy 422 HIE)

RIERF 2 BT, (BLEBERLEHILTIVLONREL, TOhs, HE (1 ~28)D
HEIY 7 rvoRBCHWREZET L L, EHHLIECRBSEBOTEE TS S, 2O,
2ZUAPIHIE, PR ESIELUE, TENREAROLI A AP RERBEST I LTRSS B, O
DEHRBEHIS S, 22 VA2 EEBELOBEEENBLL TRV ES> L4588, To4k
HEERNTBILREATE» 2o SEAFBOHE L LTHVWABMRING, 2ol HE
TEREHROBEL B US> ST KPP ET N IMPENSOTLBic L0 FEL(FERE
htwvwh, T IRERTEORARROBERBY TR N, BE5BELT], Loy D
R LT oHEBDOAZI Y AL A a9 D— Baetis thermicus @A TH» fo flilc, P YV
FslAE b AP TACRERIN I REUAN, FHEEL TR EAERBEEILTVWY
Vo EAMERHOBANLESTRONA LD TS -4 (BES, 1086).

B. thermicus (Ueno, 1331) s EEL£EMHEL LTH ks h TV i Y, BlReHiIzcD
oM A Uhsk, 1587 Bib, 1980 BRI BV T HLBLET AL B2V, L L
COHEDEFERCSWTH, EroBedrd LELENRNEY2onRohT L 2B EORES
EBTLLHOO TR s/, SRIOBFEMA TR, 237 ¥ 0o & LTRMEE B thernicus
DAPEMENBORTEORERERBEELF— s - LeBATEE A, CoMoBEERCA
REBHEBFTIOLHARBHEEL Shi

2 BHAMARUTHE

2.1 WE

AN A EMRN ORI (BENOXR)AHAH» M2 m LRcEDL. MRINO2E
R#E9kaT, FEELDONBIRLHS, FHKEIRH 2don, HBIIEEH 0.6 o' BEL
HEENI, NER [0~20 cn FiROGRIOND, BEEBEERMARKEROABICE L
ERETE »fee EROLBERBVROBUBHEAER S0 (K1), ThodSHdid 5 E
KBESBERORR LU - T,

2.2 WHWEHE

EREDERT, 1983ES AL S 1IMES AFTEEMN (MBI ERasEI HOHA%ET -
o BEICHBRIFAMIINLSFRIBOMIT L. REERL LTKE, KB, i, BEE
R, HE, KE (FR)EHFELL AMIKE 250 m @F ) T F L vy EBEIRAKL, 4ml@
Wi (E2BANH)ZHEML %,

BEEEMO3 v I A REREME 20X20 ¢n® D475~ (A yvadA4AX MUpn) ©, 28
BHLAi, cho®TheEh 250 ploEYyzFL BB Af, B5%0F0=0 »A2ENL
oo 22V ARELEFMBT CIHEORECEML, W%y /-~ HEELL. BLEETH
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ABANDONED
COPPER MINES

s/

MAZAWA Tivie

“ SAMPLING STATIDN
AFN

L

0 Tkm

BRI B ARk BRIL R D7 &

B 1
O e SR, 1 Rl

% Eukieferiella sp.A & 2# ® Orthocladius (Orthoeladius sp. & & Orthocladius sp.B i
L, RAHEMBTTREIAT) REAFRFERCLIOBIYEZES o Orthocladiys sp. A
& Orthocladius $p.B ¥ 02X Y HAONHOLH2 XY AHADTHEE 20% Na0H TH &
oy RELELERCHME, 254 Fr 52l bl Tt®E, Harso5—- vk

NHN—FSRAFREALE, CROOSHIEELEL T Wiederholm (1083) 0 fE - 7o
(Baetis thermicus) b EEMBMMB T+ ~TRHVEL, NM%xs /- LicHESE
E 2

ahY ey
Lto 0%, BHOY YA ERATEBOLR P 54% 50 oo HBETERLS:.

P AETHLOHRBERAOY - s 2 EHBEEEHA VL Cassie (1954) OFETHETL,

—

hirBECcRENoEEHREER .
ko EEBRERY - v HFREHEF (B 180-30 #1Y NI 1CP (Jarrel Ash 975)

KOS LT, ICP OSFEEBIRc L 3HEFHEEHEL TH VL,

3 # B

3.1 BEEHN
FAEAORBEROFELIEE2 R L. ANKOBRZEF IZBOoBELENBEL
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s
' a ECtal pH
gor  ° e e . e N Ja
& aa L sa e * a
- - A, B ~7
T P R FT T I I IO LT
ort, . pH{a) -6
L, 45
0 4
a ATLD) Q
30k o 9% %o ALl '
@0 o _og o o* o B
Wre o .0 0 'loaﬁguo T
1oRe® s . AL o0 o §
Hile) a2} vy o L0 g gee e
0 © -3-5' L [}
L cvim 4 . 0 o E
Lo o 9 a s 8 g o ] -] s A
e . ° Fa ] . % o o ©e ..
o . " L} a o - o i
» [ ] L] - nuﬂ a "] . L}
20 ? . ' " .u LI | " *a LI a gt -
°g g . LI [l . as 3
L . DA} J
o 1 1 | L I 1 ! 1 | 1 L

M2 ERRN RSB A IR O R ES
A SIS (x5 em™Y), A pH, O AHREC), @ KERCC), WKFEGE
A, oem), O #EGES, omsec”)) :

TWBEHBLE 80 S en! FikEPROBEVEEFRL I, pH 25 BREDL > LB 7T nUHA
DRTHR 6.5~7.0 OHERLHY, 2FOFEIEIYH~KYWoE Lo b2 PEVEERLE, KB
REHo 10°C »o8M it 20°C, BMicid 15°C WIEEES 11ALSW 10°C BFreay
l~2HICBOC HEILETETLA, HAEROKERBZEAY 15~25 cn OMicH -7

B, BEREBEENE 30~40 cn Kl oo TAESRRKICLD4 AV SE B Tk L
MELELLHEE » o

BELzOHFWLS, MRNKBY 53Kk4LBEHOLBERSHBLTVELEL N 2ER
(in), # (Cu). # FIv A (Cd) BRECEMEBELRIciRLL, I bENcEND
SEESVCHERLAAS L ORELEN —FEOHETR LA, BMEHOBRFIENL VL, £F
OMHESOBERS »teo In, Cu, Cd OFEMELBEEK L 11424502, 67.4232.1, 7.63
310 pg 17 (a=46) THoot, THhEUAOEEBE (1cP ) & Al, Fe, ¥Mn ©FEH
MESENEN 0.52, 0.46, 0.18 ng ! ! WELHFVEERLTUWA (F1),

3.2 azyah

ZANAYAEFOFNEZFLE 3 BoBLBE s UACOHE (2 ) eEWLTH4ARL
o (29 v TADPYH), FMEEBELT, 3BNEAR VAL LHHIHER] 326K EEF VM
ERLle CHOBEBOEFRUBHERELEZRE R Like /27 L, Orthoeladius sp.A &
Orthocladius sp.B B, ARDPSEANTELL 0T8It LT 3, Eukiefferiella sp. A
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2000l HEAVY METAL CONCENTRAT QS { PPE )
) L4 ZING ¢ 11428502 )
.
2000 *
.
R .
* Py 4 Lk sy,
1000 e a da . s . ..t *
daas . N ottt da s
0
2000
COPPER ( £7,4£32,1 )
- L ]
o0 " .
0 . . a®
.. u. ot .
..
-...-.'-......-.-.. [ n B am
0
20
i CADMIUM ( 7.63%3.10 }
« . 0
* .
- L]
1n—. . cu . . .
. .o L] .a * " e
. Y . ¢ . . L4 .
. “ as L . *
-* e L
a i { i { L ! | bt 1 i 1 |
APR MAY JUN L AUG SEP oCT WOV DEC JAN FEE APR

B3 BIRMESIIBIILERBEE (Zn, Cu, Cd) DEEEE
A 7n, W :Cu, @:Cd(pph)

F1 BRIGEEICBTA 7 CEOREISRE (xg 7Y, (MeandSD, n=46)

Element Concentration

Al 0.52 £ 0,55
Fe 0.46 = 0.41
Mn 0.18 £ 0.08
Mz 3.99 £ 0.89
Ca 4.33 + 113
Na 4,87 &+ 0.80
P 0.08 £ 0.03

Mean * S$D. {n=4§)

HSHRHBEALABERL, COfk*zoE0—~BEHOI{LBEC ~bOtELS5N S
AL ILATARAY, 8 (1~28), 38, 4B8ro LR HORHENRLEEORSE
BEfkamEbe, CoMcEBROIMEYBRVESIRALbDEREBENSE, 1IATHPGAE
LAEEB®ERD, 3BREETIP4BR WHTOETIELE iR LALRGHNN
I fo, Emiakid MHﬁéiHi?&&&E%ﬂLﬁwatﬁ.2ﬁ#5u3ﬁ«®r$t
SATHIR4AM~DEREN TR FNREE LI &b (H5).

2D Orthocladiug & 1WA TFTHiABEHEL, ToRSHBcHEBRMARANMT 2EE
i3 Eukiefferiella sp.A RWEHUHLTWwAM2 A coBHAROERHEEN -, UBRTED
FAOHEEDS Orthoctadius sp. A & Orthocladius sp.B 2RB LA EEHE( LR RTL
1o HEBEHTROBo L5 — MERBE#L ), GEOERIGE4BMcBoni,
Fhick s & Orthocladius sp. A B2 AN o4 BicERVHE, 8AFTIHREALHO
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BEREBRANOIA) A ETH S0y DFEEE

#2 MRINELcs 28 HEUAO D 2 ) A EE (Number m ™% AT 0
2 TV X b A BT OB R E)

Month

Genus H [ 1 8§ 9 14 11 12 1 Z 3 1
Larvae

Eukiefferiella - i1 12 32 9%z 32 ] - 25 E 45 29
Polypedilum 193 g0 32 - 9 - 43 - - -
Conchapelopia 48 9 8 75 23 3 5 14 13 4 - -
Kenosmittia 16 13 2D 48 35 3 - 28 - - - -
Thienemanniella 18 - 12 2 3 - - - - - - -
Hydrobaenus 95 - - - - - - - - - - -
Dizmesinae - - - 11 - - - - - - - -
Unidentified - - - 43 12 - - 28 - 47 30 8
Pupae

Eukiefferiella - 13 4 85 23 3 - - - - - -
Polypedilun - 9 12 - - - - - - - - -

Conchapelopia - - - - - - - - - - - _

Number [ x1000 m?)
[*:]
7

=1

gl | P .

WMAY [ JuN | JuL [ aug ocT [ nOv | pec | JAN] FEB] MaR [ aPA

B4 RGRNESICET 2R A EHEOREAH
) 3@ Ml Zhusto

HERERHHREONZ DOD4BI s AN METCHEELY.. L L, zEBEn1 AT
U Eo@EERry »FromicReniid o7, —F, Orthocladius sp.B 25 HE T2 &

RTielE-Twie a7 AP 0RO RML, TAELSARFEVWEEXRL, 10ATH
FTHEEL -,

3.3 3% % oo (Baetis thermicus)

IR oo EREFOAELEERTRELL. 5HE6 Rk 3 0oBoEERY
LSCBR -8, 2hbBREHESZRLTS 500~3300 n 20BERFE oo SRR Y
HRENZEUBEHEVEETS 25, TOMMOKERSY (R3)ERETIEEMEPELTH
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o Eukierierieis s e
_ s ?:+2nd
=l
8
5 o ll .|'.ﬁm ﬂﬂlﬂnucl SE !r.."r lﬂu-ov]gn:n ﬂ| ﬂﬂﬁ FEEH'LﬂﬂREE!EﬁI
A T

o
T

LE3 ]
84900

E5 BIRIZEEIHTE3HOESHEO I 2 7 OBm#NRC L 52HE umber
m” %) O JE TR ED
{ LB . Eukiefferieita sp. A, TE : Orthociadius sp. A-+0. sp. B)

4
4th Instar
3rd
s

8
g‘ Orthocladius {8p.A 4 5p.B}

W

£
f=]

20 l
:Dmnxﬂﬁ JUL | AUE J5er 1667 [Wov (6ic Tian [7¢6 ] HH“HJ
AY [ Ju . vV |DE JAN MAR | AP
EOF——J u””uu ”” U=iu o v
z
2_
ak

Iy

s
e MIINGERIZBT D Onhoctadius sp. A (FE) & 0.sp BIFE) @ 3 & 4
WSS AR (number m™ %) DY ELE
HTHEVWEETHZ, THLENDY yFALDVWTHBOEZA 7S5 4280, £{ D47 n
THO &I RERSHEFTREBEL 0N, ChoodiR{E% Cassie (1954) OFER LD
kot (K8, XkH)o FHEEHOPHVERITIEMC L DM REFHEFE LI, ChHER
EREMOCHEC L 2 ERHRERBECR L BESTI0RA» o R ()0 TALSHEE
2Hiehid, A~F o6 HOREAERGJIT 2 epTER, CASOSEMOWEERMGE K
FEROLIATRIENDI LS, £B 4 & B OB THFRBHE & F cditz b0
Asfte TAEM ¢ OVMEHHIERABZERAYBOEE (K7 500 gn)FcAML, LA
PR EHEES N, AV e v 0BBLREOMECRRERE 8, 9, LLHOREAMS 164 MEE
B> TRDI; L=54 1+4.9XH, R=0.89 (L; &, ¥; @, pn)e FERHBOERER (Fa1)
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RERTGRAN Oz ) A2 L adhyo s oMFEER

NUMBER (107 m

 a—

d Hﬂuﬂlu JW H{W HM ﬂ(l-“n r.ﬂﬂnﬂnn,,i

|
may [Jun | Jut | auc | ser | oct [ mov | DEC | JAN| FEB [ MAR | APR

E7 BERNESIZBIT2 3550901 3 Baetis thermicus & BEE (number
m"H OEEEH (28 Y TLOFBHEIZLE)

C#3 RIRUNES BT 5B EEDAOKEBREE Number ™8, AL
W T L DR RIS o B4 DR

Month
Speties 5 b ¥ B 5 10 1112 1 2 3 4
Ephemerella bifurcata - - - - - - - - - - - 8.3
Ephemera crientalis - - - - - - - 4.2 - - - -
Nemoura sp. - - - - - i - - 4.2 - - ~
Capria sp. - - - - - - 3.1 - - - - -
Alloperla sp. - - - - - - - - {2 - - ~
Polycentropus sp. .4 31 10,0 - 50 31 351125 4.2 - - 4.2
Rhyacophila articulata - - .5 - - i - - - - .1 -
fiydropsyche orientalis - - - 9.4 2.5 313 9.4 I6 T - - - -
Odonata - - - - - - - - .2 - - -
Protohermes grandis - 128 - 2.5 - - - - - - -
antocha sp. 3.1 - ~ - - - 5.3 - - - = -
Atherix sp. - 6.3 - - - - - - - - - -
Asellus hirgendorfii = - - - - - - - - - i1 -
Dugesia japoniea - - 2.8 - - - - {2 - - - B.3

o, 6HOEADZ S0 RRBCBHIAREESE L, BB AR EFERIB L% 3
UEETHED(ED), chboldz—oy0ah¥oy BIE)THSIAT VWA (Hunpeseh,
1979; Welton, 1982 R WVWbHDTH %,

3.4 FHEHE

IEoRSEMAOZ Y h (B TRERE) oEEs, BCiotrIabhs AROTHIE L
LTR2IERL o Polypedilun sp. OEFESAE6HE NARKENEVWEERLABEORA
BTH 100 n? LHiNOBERORREFICH~<ZEHEL(Ep o 22 YH & B ther-
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MAY—JUN I; SEP2 1 A 28
. L t 0 mh
dyLs .AM&Q
U S i FU:H-'—‘ ey ! - 1y danl
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[ dIbne Lilﬂ:llﬂ—ﬂ— T
7
v 29 ] i NOv 4 Ezﬁ:ﬂ:m:' ?
10f 1 r 8
By AUGS b L_gzﬂib.fii
‘ -
oot — 1 _ 12 frove o
! 3] i-__:z:d]:]]:zu:n-_ L 1 24
3o 12 1 4 d 19
16 3
« b [ DD MAR
r [T ¥ s ) S
;I a ey 28
= I Y 17
2, \ 24 et nen
= T [ iy 24
. 20 e —
b ay By 0, 1 DEP 30
i LEI]IEEGJ::::..__ LDIB:I]]]::‘:':‘—— (o = i o=
. I—{ ]‘l_q_ 1 otly 1e 19 APR1D1

c‘ 'h 27 1 1y 24
10‘[ D D:D S, = .
03-"36 20 30 =% 35 3@ 2 % 2 30 Z w 20 3

HEAD WIDTH (X 25micron)

E8  PHUNE S BT A Baetis thermicus OREIRO A b 775 4
(K5 WE X 25micron, HiEh | fEAED

800 (

o
(=3
o

HEAD WIDTH (Micran}
&
(=)
T

200
0 ] 1 1 ] 1 i ! I | —1
MAY JUN JUL AUG SEF acr NOWV DEC JAN FEB
9 PHHGHEEIZBITS B thermicus O 6 OB A ~F) OER R

fah, WE (micron), B. L{fEE)=54.1+4.9xH. W (ZElH) (r=0.89)

nicus UAOKER I b AMOPHEE L L TEI LA L. FHZEL THEMERCERE
ffdik4 7 by 3D—F (Polycentropus sp.) TH-» 2 OHEEEE, B. thermicus
Ll ofoo P EF 3D~ Hydropsyche orientalis &8 H» o 1A F RN
FOEFRES, LERABIEHHOLOEEh Tt CHSOMEFLL TR A~E L ¥ F
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EREBEENOZA Y H L ah P o b ORELH

F4 BN ESIIBT A3 378 B thermicus O 6 BOEF O K thim

Cohort Growth curve- of head width {(micron)
A Y = 1/(5.103E-05 + 0.0542 x (1.035)"{~x)) + 84
B Y = 1/(5.907E-05 + 0.2252 x (L.037) " (-x)) + 84
C Y= 1 /(1. 0198-05 + 0.5984 x (1.038) {~¥)} + a4
D Y = 1/{0.001819 + 15.58 x (1.053)"(-x)) + 8¢
E Y = 1/(0.001964 + 3.241 x (1.037) " (-x}) + 84
F ¥ = 1/{0.002652 + 913 x (1L 08R) " (-x)) + B4

Y: Head width (mieron}, x: day from May lst

#5 WRNEMIZEYEIH 410 B thermicus D 6 WOBHAD =004 EE
B BT (% 470

Stage Cohort
flead width
{nicren) A B c i E F
200 2.00 2.12 2.0% 2.38 1. 64 241
400 2.10 2. 85 2,83 177 1. 11 0.170
500 2.92 3.08 3:08 0.28 n. ¢ n.e

{Protohernes grandis) M6~ 9 HILBEEIhLAHNZ MO OHFELPRVELSDOTE » o

4 E =

ANIZAKD® In, Cu OREFFISACEL(SVEEEZTR LA, MRINR4 Ao Buhir g
BERICEBHARBES ~ ke MR I Z2HAKBRL D, MU THRERANKPOELBBEN S %
B LSRN TS, FlAWE, Brown (1977) K& B EFAINKDHE I »TAKED Cu, In,
Fe BEOLBRESELL, BRIITR6 AUBIELRAESLEAZE LK, ThT
SEKkdrer In & Cu BE 1000, F/AE 50 g | THIREKERTOERBICE > Tk
DTHFR VAN E R, —H, ABXBHMATORMRING pii 6. 5~71. 0% & > %o Fh, L
CRARPEUMAS DL COUMBRTRAAERIOABCHEY ABORREBRRIR LAY
Brohtih ot 2Dk, MRIVEACSY 3EEEMOBBSEROG I HESBE R
do2Thbhddh, LT CREELTBELTVWAIBOa2R Y oY a0~ B
thernicus FVRHAILHLBEMUBE LTRART LM TE B,

2AY A BMRINEATHREMZELT, 3BoBLEBH221R )V AKLEL TG 9326%
tEVbOTH- oo —F, BEBRESBAN (LERPHAHEE) tTRIMScHEIEC2xY
ABREIN, 2OMRINECBY2 L3 CHEORCBBRETWiihat, 25, ChO®D
PRt 3BoESEMEBIEEALEEAT WA, »F, Vinners (1980) RESRED
FNoRERET ISEFO0z 2 #2RRLTVEY, ChsBEBELARCAEELESRE
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BRIEOBBENL 22 VA2 R0EENES -1,
BEEBRBERANOBBEREICBELALAAR(2A Y ADBBETLH, SAOCIFEOHEER
LA I b OMER S VB C 2 b+ A NS0T, BEMLNEO L 5+ HIEK
Gl (EHES., 1988 AE)Tax Yy yOFEET- T . COBE, FMALALL a2
AR IEELE, TENFABOHEEEES A LBBORERE-THELL, JORBRE
ANl BT 2ESBEREMETcH:2 N0 A ) AOEEEEH - TEB( I EHFRLEZALN
Fro COEINRTAY ARERERZETAIEMNTEFRERLD, NFEFLRATLOH
HENTRAKRORAEEHERFT T LR TAEZEL o0, 2FLUARB L HOABKMNE
Foto KBYW 0CHERFTETFTLLULA~ LIRS Eo2R Y 20ERIZETL, BMAK
OEEDTFHATED AB~ORFEECSWMafs LirL, Orthoeladins sp. 4 @7k 2
C HikO2 AbHl S ABICRELHLS . —F, Orthocladius sp. B N4 M REFLELD L
ORF-»EBNT, KBH ISCHEC HTAL G THo . RohtBELZBMEEOH T,
Bl L# Orthociadius MO 2 BT oRFHPLEZFL( R LTV 2ORARERLA S,
Orthocladius sp. A D 3~4BiI8 AT sHFE0 1 AT, EboRBloMaznh»ORE
K@ LEAKBR&E-Fitbhhbod, s 7roficRuEhidihf, COM, JOER
PORETCEHHEESTL20H, $5VRTHLAYIRYATHESRTVWS LS (Ivakuma
& Yasuro, 1983), PIHORBETHRERKEEE 202 2RUTOEORBMIEE THAED L
AAWTH B, Eukiefferiella sp. A RKBHS CHELFELAIATDL S ARICHE L
b, BATREEAEERAKBES R 0T, Lot 0E0 1 BB oIUES BRI
CohbDEEXLLN D,

6HERBEMTH23HO12 ) HOEER, COMKEN BCHEBRTH- M, DN
LD otf, 2OREELTEISNARBEERO -2, 5 Hp o6 AU ELSRHR
BEho kI EEEHENS, FhFHoL Sk, CoMOSRRCLIMKkoBRCER Y
ZHQEELONDE, TRV N REHBEESECHTIREIRSI~AHHLDLEL{FE
CEMBEXNRTWS {Gauss, 1985; Powlessland, 1086}, %®#1i3, Polypedilum nubifer I
WE s Cd ORZFHOELE->TOHL &N (Hatakeyana, 1987}, 4 Ao AR M
HEHZMAHIRASB2ERGENS BOELRREOY - CRBShtoRUEHRML
ok}, FOLED In R Cu ORFOFFVLAEOCEROERLOTHEINILILTS
%4

ax ¥ o (B thermicus); COBHEBORELLY LOBBLTOAL L -LEELF
cEINLY, BNOESEARANCBEMA» >ELBERREBLT I THSNTS
Fo —F, COBREKMBUHEZFAENTRFERAILLEL FHELEORAELILE
PEeC EAEEIANTV S, SHOoHERE» S COoREBRIITCRe A2 L BED 2 Althid,
KooBEHoRFNCEL (K9). RMORH A oAERREF(MMOY 42X (kK: 7.5 mn
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Ak, GEEE: ) L5 mm) ETAMTIE, BEA A ROAVHEARIEFECLZEEETE L. W
£%, HALAcERMSKE .Y, soflReobsokiie chE TOHME (Eltiott, 1§72;
Elliott, 1878; Humpesch, 1980) »SUHRMETHETId0LFAShD, ZafiichiL,
Elliott & Humpeseh (1983)ic & #1¢f, B. rhodani (B. thermicus & rhodani 7 — FiKih[g,
Muller-Liebenau, 1959, /¥, F(E)@ S50%DHAL{(LF B D 20, 1D, §CTEHER
10, 26, B6HETHE SN B, —F, EHA E ok RBELSLEROYHOTR (MEBoE-
S, 100 un FIEEHE) ETHET B LIAY~PHLEOEE A OO LEEE & 13—
B¥aoidro, HEAE 3 EA 4 oMb SRELAZBDLEEASOH S, AMkic LTHE B @
PHLEERY (L0AME) LBEH F oFARS 100 gn 8 (WATH) RUEEOMoKkBRE D
LD AL (10<~<28 ) HLEFAF B, BT 3 oBALRELLbDEELDNL,
£ ¢ oA RGNS LIHPBDLEESH, ThllBokBIR$ ¢S5 THTEBRT
TEROINSOROIEREN LY, BFOFLEVER (H9, A)idlindtEisnid,
LIF#2%EE (D, E, F) ¥EFoFrofBch i3I, EWLzOFEF S0 HEE (B, C.D)
CHEBBZEFT AL, A e RRSMHOARMBOHENE,SE2 R TH D, MRIITR
BEH A E.CL A 2B F D BOETHAEEVETZREO /AT, FRT¥HEHE
A~C oL 22 ABEFLLT2HY 2 HFRELTWA AN 2. FHEFOERIBKEOHE
HEs» o #E 0~F RFLoFLrHCHAY T s b0t AnIn s s, BHRMAKLBY
TIOMORAN NP D TL U FUERPE OB BT Eladb o7, F2 MO O/MMR
HEOEFICAPH 3 CERTXTERALTERE L BA AT CRLIOEMHELALY, BB
BEOZEVRCBEZ e LCHEOESR 22 L TREDLBETS 5,

2z AL oy WEEEE (A LEELE (fEBH)EBETI bbb,
MELLAMEREAEES 2VRBVWEEELER L. BHCRKEBY W0CHEESHTED,
HEBRERESCEELTYS L, HRE (~E LY E, Ao¥su)oEEbRDTEY
OMEELEBVWEFRT LD EELLNS,

Finner & {1980} hif, HLEHPA)] (Fcfl) TaX U hRKCBLEEBRI by ST
HHLEHMEL TV, SHloABMSATOHELC, 2~3FHO P Uy IHHBEMLIE L TIHFER
ahfcd, SooFABATREAD oA ¥ oo d—F B, thermicus HELLEBLELTVWR,
CORE, BENOELBARRANTRIZ ) AR CBSLELT, chETtb LT LiITHER
hTwad, BioEHil (1986 198 KAV COoBOBERBERB LA 1o LA, BEHIEHL
THEY IRAPY S LD bR BE VI LEHRENL, B OKERHO T T, K O
HHEL»bBVESBREEZRE Lo BELBREE T T obMf VR, BLBEROEIEE
Meiltoasyoy otz ERENCbHL b T 510, RELOMERBC VW TLR
HHmioshoos 5,
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RN T 2BBEAE - APEARRECER2EL THBARV LB REEFREMERE
(4BF) o/pHER, NBEAEGHRCEHOFEHRLE T, RN, 22 Y A4y TrD T s
- MEREZEYLTEVWVATEEFRCRBORL 4. SABNBoREINEE R ICP
EEoFENKOESBRBE:SFLTHVWA LB L THRHEEL 4,

BB X M
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B AEWFERBIRME  $1145 (R-114-'88)
Res. Rep. Natl. Inst. Environ, Stud.. Jpn., No. 114, 1988

EERFBEMIBNKR)ICEHT B
EEEEORRAIEZICEL T
BWSA' - @8 1B - g om

On the Recovery Process of Flora and Fauna
in the Heavy Metal Polluted River,
the Kakchashi River in the Hokuriku District
Shigehisa HATAKEYAMA', Satoshi FUKUSHIMA® Kiyoshi N. SATAKE'

Abstract

The copper mine at the upper reach of the Kakehashi river in the
Hokuriku district was closed in [971. Watanabe et al. (1977) investigated
flora and fauna in the Kakehashi River system from 1970 to 1975. We
investigated the flora and fauna at the same sampling stations, which
were selected by Watanabe et al., on 7 and 8 June 1984 to clear the
recovery process of those in heavy metal polluted river system. Effects
of heavy metals on the algal flora were still recognized as the reduction

of algal species number and proliferation of Achnanthes minutissima, a

representative heavy metal-tolerant species of diatom. However, a blue

green alga Homoeothrix janthina, which was absent in 1975 although a

common species in Japanese rivers, was found in the stations where heavy
metal concentrations were lower than the upper reaches

Effects of heavy metals were also found on the macrobenthos fauna
although increase in the number of species occurred at stations in the
lo¥er reaches of the highly polluted regions. Chironomids and Baetis
thermicus (Ephemeroptera), a representative heavy metal-tolerant species,
wvere exelusively dominant in the highly polluted regions with Cu and In.

The continuation of the heavy metal pollutions was also clearly shown
by the heavy metal concentrations of the attached substances (mainly com-

posed of attached algae) and larvae of Ephemeroptera {Bastis spp. and
Epeorus latifolium).

EvaFERRH SUMEREE TI00 REE- i/ pEIN16E?

Environmental Biology Division, the National Institute for Environmental Studies.
16-2 Onogawa, Tsukuba, lbaraki 3035, Japan

HiNse~626E 0 EULEFRAN TEHAR (MEWLAHFWHANR T2 BETETEER
1-2-18)

Visiting Fellow of the National Institute for Envirenmental Studies. Present
Address: Yokohama City, Institute for Eavironmental Research, Takigashira,
lsogo-ku, Yokohama 235, Japan.
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B 5

COFMNOEFRI RS - THRELRSED 197TIFEcHlshi, Ao (1977)
REOHBOLEMBOEILE LITVELS 1§TSFEL LT CHR, "HBELI CORA
THEREE LS E LAYHCAEoER NS5 L2HE LA, SEHOBERE
EEAERHNZE 25 PHEOHESEEHEBENMicb - THRZ HNTHE
ALOPBEHSIEERESL 1IMFLA—- WA TENERVRE - £EMkboES
BRECHBEZT-1b0TH%, kb HELBHFER "THEOM & ~ghli
ECEHETREL BT HE TR AERERRIT» ko IBHERETRER
REFIh THUM >/ 5 »BD Homoeothrix janthina WELBEE MK DT 5
HE GREENL, LL, 2RCERRVELFROTORL, BB Eil
KTk 100%, PHXTEELE OUFELBEMHIERE 3 5 Achnantes minuti-
ssima ko THH SR TV,

KERER G LROBEREL SHHEKE T, 20HA0FFRANLE~EH
WL, FDREAEF2ZYL (BEELTRERS, 1988) I ELRBMHE
BilTtHohZahY Y o9 @—F Baetis thermicus i E - THD SN T Wi,
Ldl, 9FLIGOFEGe IR LHFHTRAY o OBERI b
MmMBRshi, ELBORRABRELTVWE LR, AVHOAL T LTS
¥ (BEREERILTE) PKERY (¥ ey) oFSLBBEISL R ST
H T,

1 @y
BeEAMNOEMBECME L2 BEE2REThico0TH, ExpoFEELTHEL KL
HLEEE) OTHBCHBETIELBERANCE OV THE - WEHSHSA TS £ (T,
19568, 1961; #ild S, 1973 EROBINIRER LA LKRELI AT VLY, 20 TiRiROM
NREARKPEEER SN AERREP o+ 3EEB LV RESI R OESBE LB
LTwaRENEHMOMIITR oh 2, BEBHERANOANMHEEROSPEThicESES
BHMHEREOEMEEBAEDOAINEARE - R B s 2, SHCHER, BESRERAII BT
HZEMEOFIHAE T HENEHOBER (6 ~10E) TRAT AL (RFIR) 2BATH
SR bDTH B, CHETS, HINOEESECAEHETEROBESBEHBEMINC BV TEY
HoEHER~LREVR on a4 (0 - FE, 1976: i« RE. 1978, HE - /NG, 1978
; GEL, 1981), CHOSREAPHMEMLTRATE -, —F., SEHOHEAITL 288
N BENKR BV T BNERAR ERCbL 3AKLOBRENBESALEES (8D
S, 197TT)e BEPTRAFKLTHO 16kn LERIHINREEBMHBELAEABLT VA, » &
(HEF, 196D TR BWIOEMBRBALTRITNE»SIDBELH»TBE - B8 (1913) 53
Wi - BE976), BAS 9T Rk pELoBREELOMEL,SELEBO4 HEHCH
B, EAFDCMLTORBEERSBEIRTVWE, £holcd s s, FLBEoKEORER
- TEEREOBEAEMBPCBE CE S HEHBES S N, 1975F O R CRIER )
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LT, SILTHOH 10k oRMic bt 3N EHHERESROREEHEECLEHT
Wite
SAOEAEREDSORE (WSET7H) pLREIEEZEALL IUFEs HBAo0H
BHMA & E R (A BH, 197 oFARCEIC) eV TEYHOTAR LTV, 1975
FL B EMHORIEREEZRIMNLLLDOTH 2o

2 WERMSEIFARLE

2.1 HAMS

BRBES VD oBWBECREORS st 1~50. 8 DACEESUETFLETFTHREZ &R
CRANEESICHALIMA (51.00, $t.0, St. 9) :mA k. FABER 1984F6 A7 ~8H

T » fa

2.2 BAEHE

Nk, gx~o@AMAcBVTAR, AKkekE, pil (F35 28&H), BREHEE Fi
FI7kEE, MAESETHIE LA, EL2EAHOLS 250w OFJ T F L - HE (BiEHF) ikt
¥4%omME (BB EREMLUL. @R 0.45 nicron @7 4+ A2 —%BL L Sml @
FINAKEEY) 2 F Ly BEBHERL, Lt EAHOHEAOBEERMLEL, ChoomilkoHE
SEBEERETHREEE (Sinazu 640-40, Hitachi 180-80) Xt [CP - OES (Jarrel Ash975)
THITL feo

ABANDONED
MINE

5 km

1 BN - AR AT
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TEHEE: ME>SI~4HOB (BER 25cn i) 2My, B4 515 5 X5cen° OHFED
HHEEEZFA Aoy T3 TEEL, CchEFEHT 10m DFEVIFLryERCNE
L, #15%DF A=) yMATRELL, BRHY v A2V ) vy —2BL, LENR:
MELEOH 20EBCEHKTHBELTREBY » P é L, BEY Y710 0.05m 2RE
ADREZAS L F 2B h =252 (24x32 un?) Z#e, LAER 600 TH 600
~H00EGEEEHHLL. AFHRABNCREESETCAZhTW 24RO BEWE &L
foo HHELBMBRSONED & IHARGBEERT 55 83, 1 ARz s LTl
HEEHORERAHE I m® Y voflEGRLE LTHEL .

BEAY, SMEATH - — 2w b (32x33 en?) KEDABHOF Y TN EBE, BLADH v
TFhEEZ—ALHICANh, BROFATY CEEFEMNLTHREL. BH, chsow T ik
HLEABEMBT TELABYE T ~~THWEL, 0%xs/—VeHRELSEH - izt L
1za

2RY A BEHMATIRYARY Y 75— (2020 en?, 94 p A va) RED4HDY »
FAER, BAOF »TAEGF T 53—KBO 16aml By F Ly FReoRELAE, LI
ERIBRICERTE, BVl ARERITVAE -FHCHLE (BEES, 1988)

LHAEMRCA Y ey 0BEERRE: BECOH STEM{EWMEF Aoy 5L TIT0HE
LEV2ZFLYHES (250 m) ENBEL, KB L THRECEBR 4o COH ¥ 7 AEA$ER
OHFAEG (250 m) CHLY 30 DRELAELDRR LB e TRELLE 2 b
(50 A v ¥a) THRLBHL P22V AR LOXKEEEERE L. TOE, BMOBE
i amEMEWME 0.1 nM EDTA T3 EE\ (5000 rpm, 20 nmin)., # 3 ABWIEBL 1.0 C
T2HEEBI YL, KERHOBLRBELLTaN ¥y (Baelis spp.) FLRIAE Y
ES #4575 o g (Epeorus latifolium) ML A, CH o2 RADBBPTRF /L ABONE
WhATIRAR, 0.1 e D EDTA THATTEFHEVLAE, xF LBy, FERAVET
BBLAAS 2ABBRACMCBRSLTHAZCELEBD, 100 C TEBEERL, ChoY
YT vEFy P L— + LTHBREAERR (HELBSHH)THAMLA® Milli-Q KTERL
FFHt%E (Sima-zu 640-40, Hitachi 180-80) ¥ #id ICP-0ES (Jarrel Ash 975) CHSRE
W EDIF L o

3 FHEER
3.1 BHEK
FAEBOKBIHNBERRCLIZELAC S RKBOEBIALicLHEREN 21~24C 2T L

— 196 —



I W TN O R O BIRA R

foo KD pH i 6.2~6.7 OFMMEERLE. BEAETERBERLX D 120 »oHBER D
55 £S en”! FTHALHML LA (HDo AIADO THBOLBBRELK 2R LA, K
HEMEIROEENRVEEISNEE (LT, Cu) OB St. 0 BULTIX 530 pg!™!
EFELCEL, TOTHO St.1 % 51,2 BWT S 248 HHWIL 64 pgl ' &kEdESo
ABeHBO THENAREL A Th-t, XMITHAL St.EORESTOLFRICEILSL
BHdicd 108pgil ! EHBEVLARLHE> o —F, WHHEAI (St. 6 ~5t. 8) iwHit 3 Cu
O@ER6pg 17 BELBETOMINCRETELPPE VLA LS o HNEDRKE DI
ToEEWHEERL . B (Zn) OMEDS St. 0BT B4 1000 ggi~' »5 St.3@
200 pwg U7 EHBAKD T~10 pgt ! BT REEVEMizS~fo A F Yo aid St 1
T 2.3 pgl! BERLANTHICEBE - TRELED L, 7405 — (0. 45x)CAB
LATINAKD Cu, In BERIABLUMOEAZEH 65~99. B~10%DBHEITH -1, £O{HhoD
ZETE St.5 THH 825 pglt, St.0 & St. I TRy AUMEAERN 630 & 237 ug
PP B EELEBO LR LITE o, S ORTXTOTMMEMLABFTRMATEH S5 In, Fe,
Mn ZEDREEEHHER (St. 6 ~5t. 8) OFHHD 1. 5~2BEEVEERLA, St. 0~
St.2 KB EA Lo (Ca) OBFER 2~ ng ! EFBLL{BVRIAEL S1.0 oL
THEKCI2MMAELETbATLWELBEEL b 2,

3.2 fTHEHR

FTATOPEM S CHEMENEER, s BHTE, e~y EER18 188 08,
RUBREHIFEOS 32 BHTH 2 (R3)o SHMAOHMIFEDRX (St.2) o 2#b 53k
EREK (St.6)0 188olicd -7, ChSHON, 5D Chanaesiphon ninutus, Homoeo-
thrix janthina, ¥ 4 #D Achnanthes minutissima MEENL{SHL, FhFN 9, s,
7 Hﬂ;.—ﬁ:bxé&‘eﬂ)zénf:o BMEHED $t.C0, St.0, St. 1, St.2 WHBIIRFRHBLLL
Whic, A% St.C0 &I B Surirella linearis WAL L~ CELEBHEGF & LT

1 BWTRIC BT A BREYR

Station Date  Time Weather AT  ¥T (C) pH EC (xS cma™')
ST.CO 6/7 12:00~ Fine 8.1 2.0 6.2 160
ST.O 8/1 10:20~ Fine 26. % 20.1 6.4 750
ST. 1 6/17 11:30~ Fine 21.2 28,5 6.4 380
3T.2 8/7 15:30~ Fine 29.0 246 6.6 250
ST.3 6/8 9:20~ Rain 22.5 21.5 6.7 150
ST. 4 6/8 11:55~ Cloudy 25.0 22.2 6.7 130
S$T.3 8/8 11:00~ Cloudy 23.5 20.8 6.6 120
ST. 6 6/1 14:30~ Fine 28.3 23.2 6.7 58
ST. 7 6/17 17:90~ Fine 27.0 23.0 6.7 65
ST. 8 6/8 16:30~ Cloudy 22.0 20.0 6.6 15
3T. 9 6/8 14:30~ Cloudy 22.0 19.0 6.5 55
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F2 SIS BTLEN RSP OREEE (g™

Concentration (ppb)

STATION Cd Cu Zn Fe Hn Ca Mg
ST. G0 0.6 183 601 42 86 9868 5218
ST.0 6.0 529 1624 91 629 21187 22313
3T.1 2.3 248 618 81 237 46137 10704
$T.2 n.d 64 181 121 69 22387 5395
§T.1 1.7 20 202 159 48 10999 3234
$T.4 1.1 18 96 187 3 8312 2504
ST.§ 2.8 193 295 825 149 7908 2753
ST. & n.d [ 10 87 6 3589 1115
ST. 7 n. d & B 69 $ 3932 1269
S§T. 8 1.2 & 7 97 11 4608 1388
ST. 9 0.6 B 12 117 17 {4717 1170

MoN2 A pinutissinma D 5HH, 2OEELED, 2. ThER2(HBENCHBERD
St. 6~ 8 Tt A minutissima RFMINFBEOEA 18 FrEb o, 71 H2EOR
@iaic 5% 5 A ninotissima PEI&F St. 1 ~St. 5 THA 100, 100, 18, 86, KU 98%
EHFRETRFLI(BVEEZRLE (£4),

BERRTHMMTELLT St. 1 & St. 5Ty »EFEO gcillatoria sp.2 & Phormi-
dium luridum A5, St. 1 TR&ESICHE <Y EHDO—F Ochrononas sp. PELATH -, —
7, Homoeothrix janthina RIFERX K BHIFERENFL, LoERBEROEMLAE St 3
DTFOTRCOEMENL, COXILEBHRMR T A ninutissina, P, luridum, 0. sp.2
¥, FERRLBLSBERMNELLALK TR ¢ ninutug & H janthina BELIEEL - TH
RS b, REORERIPLT, 5 yEESE > L FRB<EHD 0 sp. &
A BED A wpinutissinag SHELEFRETCREVS O LU Lo

3.3 E4L£HHYm

E&BMERX St.C0, St. 0, St. 1, St. 2 RU St.50@EH (HHEL, 220 2% 1#H
ELTHWMOR-TW3) BeEh&hn, 3, 8, 1, 12 RUSHETH 1o —F, FERRD
§t.6, St. 7, St. 8 RUBRKOFTHIcYi2 St. 9OFBHEMIIE~L 47, 38, 34 RUF 25 &
HTh-k (£5)o 5t.3 TREERR 19 BrAeAMEARLLEVERELTWIEA Yo vDE

BOFESHICR/PHRE SN, 15 @OR B. thermicus (55%), Ecdyonurus kibunensis
(19%), lsonychia japonica (13%) HW & T2ED KT ELHH TV, COMA (St. 3)
1 & PEIS ¥ (Shannon Index) &L TH 2.86 LBHRED 0.11~0.83 ko bEVEERLA
5, EERRTO 3.31~3.86 LLH<THEVHETSE %, 2A ey D—8F B thermicus i
#semEAERBE LTH R EH, St.0, St.2 REUZ225FoIRBEAELOETHELS
., SBCLHHBEEG UUYRU 2% EFb e —F, EBFRETRaIAY oS RBER6HE
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£33 &L OMARACEWTBL LSRR Y 2 0% (humber mm™ %)

Species

ST. CO

ST.0

ST.1

STATION

ST. 2

S1.3

ST.4  ST.5

5 v BHE
Chamaesiphon minutus
Chamaesiphon polymorphum
Homoeothrix janthina
Oscillatoria sp. A
Oscillatoria sp.B
Phormidium luriden
Phorpidium sp

M~ ERH
Ochromonas sp

EEN
Achnanthes japonica
Achnanthes lanceolata
Achnanthes minutissima
Cocconeis placentula v.
Cymbella sinuata
Cymbella tumida
Cymbella turgidula v.
Cymbella ventricosa
Gomphenena parvulym
Gomphonema separatipunctatum
Melosira varians
Navicula cryptocephala
Navicula gregaria
Navicula radiosa v. tenella
Navicula viridula f. capitata

Bitzschia palea
Nitzschia romana
Surirella angusta
Surirella linearis
Synedra pulcella
Synedra ulna
o3 4]
Chiorococcua sp.
Coleochaete sp.
Scenedesmus $p.

6512

535

20130
162258
495
55

110

15580 791
41990 -
9975 -

18990
25870

42750
90

- 4181 -
- 6724 -

630

900
S0

90
130

450
210
279
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2 Cc@R» o, B thermicus OFEFERERNFVLRVALBLEH 2 HAR 19~29% &FH
RiclkEE L, FABREFUETRLN - R,
PEY SHETIR SL.3IEBVT WM 2EAEBIAL LD IFESMLY Pk BEOHK
FIAEH Shi 0D, HEERKD 1NIBEEATRVEREDUELLFASOFELEETEH -
7o RHMETS NELHOAARECHUOHRAERL, BERKTR22 ) AFBLE -1 &8
SREELTHEBL, St.8 THEWT Anthoca sp. BEVOLERTH - f,
KERBER2EERATE, UANOEABCERINI - ESHOBECHENSGVEE TR
BENHEIR St.3RBYSTRHOA Yo 202 T, ioMATRERMHMNLAEELTLE




Al - Ean % - A iR

4 rAESHEOSHTEE L O B Achnanthes minutissima OVHE & (%)
1871~ 7581330 & (1977) OF G RIZL B,

Jul Aug Mar Jul Jan Jul Jun
ST 19711 1972 1973 1973 1979 1975 1984

i 12 93 96 84 100 100 100
2 93 80 a3 91 95 88 100
3 0 83 G 69 89 g9 18
4 80 81 59 45 70 63 b6
5 90 87 43 T2 92 9 98
B - 4 <3 <6 11 H 0
8 - <3 § 3 0 A 0

1971~1976 : A S (197T) IWL B

hiseEEEFRIVThbNEDL -

3.4 BEEAE

HEEEERS LT 20EFABEY RO sany s ORI St.2 T o dngn? LRBR
& o fefltid 16~120 ng n°? OEMcH -7 (R6). OEATEY (LE) oHBRBRE St
€0, St. 2, St.9 T IT~% tLBOEVEEXTLAY, oML T] 36~60%DHEER
Hat (£6): CHLSHEHMEWMO Cd, Cu, In BEERSKRLE, WFhOoEBLHRK
DREIFARKOBELLEBELEL(GVWELIRL 2,

KERG&ELT, oA ey (BH®REXTIX B thermicus) ExAerEFFAF s (Epeo-
orus latifoljun) OHEBBEESHLL (7)o 3H¥ oD £d, Cu In RETHEL
TRHBLERKOMIFFREOOT R bEE~HHEER L. —F. Fe & M BBERKE
FFERROMTH O RERIES UL b ok KBS Cu, In BETR St. 8 & FBHHK
MTRBEALENTEDONUbofoh (R2), ¥¥ oy TR St.9 OBERREOETNE
48 & 56 (EEVWEERLALELSOBEERMEL TW 1,

4 £ ¥

SHOFAHRRIEAS (19171 0 WHEEToRNFE» o9 E2 8 194F 6 Az OEic
Bt amiEHHoEEREERFATE2LDLEIT- R bOTE L, AR LY, FlKkdoE
SBREMNLFILDSEPLTVWARACIANMMORESTEEINGEIATHSH, LA
kb o BELBRESUMEIEBELEDLL T o 2 BE R IEWMEOKEL 19755 48
LEETEIZLEIDROBMLSELNE, 0B SHONBERE, BEL . BH (1976).
AL (1$THoHESesRr s 19T5FE7T A (FEARBPXSEHLERAC)OFEER L LER
LTRf&, MAKED Cu EER 197568 FOBE (KPoESBREDA8H) edLTS
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T2 BRI O A i O 3B 2

5 FWEH A BT AEEE O L HE Number om™ ) RFFR 6D
SHEMEI5 5 (Shannon Index), 4 BOHIY— 3 5 b2 FLOF

Species of STATION
macrobenthos co 0 1 2 3 4 5 b 7 8 9
Ephemeroptera
Baetiella japonica - - - - 3 - - 135 - 3 13
Pseudoclioeon sp. - - - - 3 19 - 68 25 8 3
Baetis chocoratus - - - - - - - - 8 - -
Baetis thermicus - 93 - 1673 788 888 20 2005 360 1523 1198
Baetis yoshinensis - - - - - - - 98 3 - 3
Baetis sp.E - - - - - - - 10 10 - -
Baetis sp.) - - - - 45 - - 358 265 258 150
Baetis sp.M - - - - § 3 - - 3 - -
[sonychia japonica - - - - 190 - - 543 0 373 -
Ecdyonurus kibunensis - - - 3 2170 - - 1063 220 668 -
Ecdyonurus yoshidae - - - - = - - - 8 13 -
Epeorus curvatulus - - - - - - - 18 - - 8
Epeorus ikanonis - - - - - - - - - - 3
Epeorus latifolium - - - - 8 5 - 118 70 103 -
Epeorus uenoi - - - - - - - 15 - - -
Rhithrogena japomica - - - - - -~ - 25 - 3 -
Rhithrogera sp. - - - - - - - 3 - i8
Paraleptophlebia chocolata- - - - 10 - - 48 - 53 -
Potamanthus kamonis - - - - 5 - - - 10 ) -
Ephemera japonica - - - - - - - 3 - - -
Cincticostella nigra - - - - - - - 5 - - -
Drunella cryptomeria - 3 - 3 25 - - 993 125 250 10
Drunella trispina - - - - - - - 3 8 - -
Drunella sp. - - - - - - - 38 g § -
Ephemerella imanishi - - - - 3 - - - 10 100
Serratella refa - - - - 13 - - 93 73 138 3
Serratella setigera - - - - 83 5 - 423 80 535 23
Torleya japonica - - - - - - - 3 3 - -
Caenis sp. - - - .- ] - - 15 5 - -
Plecoptera
Nemoura sp. - - - - - - - - - ~
Protonemura sp. - - - - - - - 60 - - -
[soperla asakawae - - - - - - - 10 10 - -
Isoperia debilis - - - - - - - 13 - - -
Caroperia pacifica - - - - - - - - 3 3 -
Kamimuria quadrata - - - - - - - Is - - -
Kamimuria tibialis - - - - - - - ] - - -
Keoperia sp. - - - - - - - 3 - - -
Megaroptera
Protohermes grandis - - - 5 5 5 - 3 8 3 3
Trichoptera
Rhyacophila brevicephala - - - - 3 - - 18 13 - 3
Rhyacophila impar 3 - - - - - - - - - -
Rhyacophila nigrocephala - - - - - - - 23 43 8 -
Rhyacophila yamanakensis - 3 - - - - - - 5 - -
Rhyacophila sp. (Pupae} - - - - - 10 - - - - -

(=T L)
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AR - 1E - el W

£5 (oTJ&)

1

1
L=d

I

1
—
=

Glossosoma sp. - - ~ -

Dolophilodes sp. - - - -
Stenopsyche marmorata - - ~ -
Stenopsyche sauteri - - - -
Psychomyia sp.PB - - - -
Polycentropus sp. - 3 - - - - - -
Polycentropus sp.PB - 18 - - -
Cheumatopsyche brevilineata - - - 8 - - 20 g 40 10
Hydropsyche gifuyana - - - - - - - 3 - - -
flydropsyche orientalis - - ~ 5 18 - - 53 - 100 -
Coleoptera
Bydrocyelus sp. - 3 - - - - - - - - -
Hataecopsephus japonieus - - - - - - - - § 3 -
Elmidae gen. spp. - - - H 5 3 - 20 8 13 13
Diptera
Antocha sp. - 3 - - 10 i3 3 50 63
Dicranota sp. - - - - -
Hexatoma (Eriocera) sp. - - - - 3 -
Similiidae gen. spp. - - - - 3 - 178 - Fiil 8
- 3

| &3 oo |
1
1
oo
oo

1

1

I
PN em oW |

1

I

i

I

i
L3

t

1

Psychoda sp. - - - -

Psychodinae gen. sp. -

Bezzia sp. -

Chironomidae gen. spp. 198

Suragina kodamai -

¥iedemannia sp.

Dolichopodidae gen. sp. -
Tricladida

Dugesia japonica - - - - 3 13 - 3 23 13 33
Archioligochaeta

gen. SPp. - - - - 475 - - 18 33 15 k]
Isopoda

Asellus hilgendorfii - - - - - 3 - - - - -
Amphipoda

Rivulogammarus nipponensis- - - 3 - - - 15 - - -
Decapoda .

Geothelphusa dehaanii - - - - - - - - - - -

1
I
1
L]
1
1
]
I

20 333 603 115 1050 655 273 910 470

1 oea & |
L]
|
«
—
w
1
o
o3
=
—
o
]

- 3 - - 15 - 3 - -

I
¥
[}

I
a
]

I
L
1
I

12 29 16 5 47 38 34 25
0.8% 2.86 1.16 0.45 3.58 3.86 3.31 1.8l

—

Number of species 3 8
Diversity Index 0.19 1.07

BORBEROMERESHRED St.1 & St.ETETOAN U HLViIk 0¥ CEERLALYBEN
DAOHATRIBLALELLULAPPEVWEARLA, EHNOEER St. 1, St. 2R
St. 5T 19754E MR oD 76, 38 R I1EWERLAM, St. 3 TiHy 2.5, St. 47T 1.2
BELLEPPHWEETL

BAS (19T ks LENOMNKETSS v EORKXNETHS K janthina i3 LI75H
FTOBATE St. 125 St.BFTRECHEALTVWEL-L, LALSECRETE B
janthina BHERROFF LEBET I LEHOFHLTRDHH St.3&, Chi bFERMMLT
St. A TbRPEENA, COCERBLBFBES LRI bBMA LTV CORM, c oM
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TR iR ot RO R AR

®6 AMMHA BHARHHNY BELERSET2)0EEBE s oo
740 RO Bk

Chl.a Chl.a/A.§ Ignition loss

ST cd Cu In (mg =~ 2) (%) (%)

ct 3.8 11580 2527 88 +12 0.08 17.3
0 7.3 162106 5045 9] +31 0.32 33.2
1 18.7 32910 10520 82 24 0.21 43.6
2 1.4 2680 1199 0.4 £0.1 0.16 24.1
3 B. 4 1074 1525 123 + 3 0.20 53.1
4 0.2 512 645 14 + 2 0.20 59. 7
5 222 13020 5633 T4 +19 0.08 36.0
6 n.d 36 ] 28 + § 0.15 46.8
7 0.4 36 141 39 +13 0. 14 55.0
8 n.d 36 104 20 + 7 0.15 45.1
9 n.d 38 188 16 + 3 0.08 28. 1

(A.S, HEA)

F#7 HAEBMIBILRERM(B O OELBIBIE (2e g ! dry W)

ST Aquatic insect Cd Cu Zn Fe Mn
ST.2 Baetis thermicus 28.9 BST 3460 881 1
ST.3 Baetis spp. 707 288 3400 576 324
ST.4 Baetis spp. 40.6 234 2406 639 289

E. latiforium 12.6 232 1308 1518 386
ST.5 E. latiforium 2.1 60 183 956 106
ST.T E. latiforium 2.8 28 184 1728 {68
ST.8 Baetis spp. 4.3 34 231 1114 275
E. latiforium 4.9 41 246 608 247
ST.9 Baetis spp. 24.9 163 1330 931 2635
E. latiforium 19.0 108 1314 1311 246
Plecoptera 2.1 [H] 256 218 79
E.: Epeorus

BACTREBPEBE L2253 2R MLT VR, LEhLESBXEATZ SO LR
o RO 5t 9 FTTHEREOMA L MR 3 tHBOBL oA sy REBRMtBoEED
fid SATHESBOEESVERER LTV # 4B D A ninutissina it Cu PHoHEL
BThARsn b E~BRECR)I TR OBBUNLESRIEET T 2. COMIIE st.1 &
SL.2T1I00%THD (BRUTHRLEZRA), St.3& St 4BV T2r I HOETRTH
8% & B6% B HOTVR, KR4 19NI~TBFEOEAS (1971) oWAECBH S A ninuti-
ssina D27 I HEELDIEE (%) ERAOHBBROEEFLE, cho0iizh&E+ 28y
19MFE DR R TR A ROAMACRBLAYERFZD SN mato RV 1 HIREH D A
minutissima DESBENKPD Co BEH 20xg 17! FigdhoZic S LMLz
B2 S0% B MRS RO/ (HY - B, 1984) ORFBRO LS REEAERSRE L,
COIERY A FERBVTH A ninutissina BACREBELBHMESES ¢, oLV EHB ALY
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EHTLEEBOTRBONTVWELEERLTL A,

S 4RO IRLEEEDZ Y A ROBEEEAS (1977 ORBEHRBELLELL (%(8)
BHOEVWTHEHRR TR NMELEFL R, ORHED MUELTHEEEV L1 EE D,
St,4 & 5t.5 RECTHHAMOBERIo L LALRVEREE oW,

EBAEEYCRALT, SOoPWARRELBIDL "1SEOTEBHESR (HD 5, 1971 & 2HK,
LR BSERSoBLTHKELE (XK9). BALRROD St. 1 & St.56 TRERIHEE
DoFPR 2o EALRIZA ) (BHESVWTEESS, 1988) ThH-t, —H, St. 2
~8t. 4 ORI TSETAOREERLL, B St 3T} CTSEOTREIEHL 29 &
NipREh, THUEERLETLERBLT 0.84 25 2.86 EHCH-THH, EWHESEESD
Biesbdl tWRBENl, LHL, St.3& St. 408, SHREEHERROEL St.6, St 7
ko b u0E, BEEAFERERYRESFNARARY AL 09 DACRKOMHE
Bo 55%E ¥ ELH TV, BFERKECEBT A 04X o RBTELBMEETH2 B.
thernicus » 5K 2 HEFRARTRBACHEO I A ¥ o v BRI N (KE), St.3 & St. 4
HEohBEEH~t, CHOORBHEDSS S22 THTRAMHEOREARSED S0 B
boo, FEHFHRK (St.6~5t. 8) oAEYHEELET T, WELRCESROBEELELIIVEL
TVW3HDTH» f2o

FEMAEH (f882FL45) ¢RkERHMOBELH oA LESBERBOERERLTL
Lo ChoDRFHER, BEREBEFASAIKIOSEREX IRROSHLTHRABELIL b
FTOMAOEYHERKHEEEENR (KRBT 2 LS, socHELBHROLERE
FREMEEN T2 LT LB TH S, PIARKBMBEREKX (St.1, 5t.56) OREMNEND Cu,
In A 5600~3300 pg g7 (dry wt.) EFLAEL, CoLHAMENERAT 5KER
ﬁmaofu@brﬁ%ﬁv&wfaactﬁ%M$nkocnémﬁngLé L oSt 3
BoTd, HLE [100~2700 gg g dry wt.) OvSAbitEn cheBEGY okEERIE
HHBEEREILBIBETEI LBEFVABEAVAEREE (2 - fgig, 1984; B

F8 HRAXRBHECENTEr 1D 3 %L EHB L HR ORI
1971 ~754 30 5 (1977) 12 & B

Jul Aug Mar Jul Jan Jul Jun

ST 1971 1972 1973 1973 1875 1975 1984
1 2 2 1 3 1 1 1
2 1 2 2 2 1 2 1
3 2 7 2 3 2 2 2
1 2 3 3 g 5 3 2
5 2 Z 3 3 1 1 3
[ - 10 8 11 11 B 13
8 - ki 11 11 11 12 ¢

197T1~1975 : DS (1977) ik 3
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MR RGI DRRE R e Bl A2

FY SEEMACE G ZBEAYOME, SRR T TOE S/
S EDLEHE (%)
1975E0T — Z 13D S 1970 L B

STATION

1 2 3 4 § § 7
Humber of species
July " 175 2 4 T 9 3 26 20
June "84 1 12 29 16 § 17 38
Diversity index
July " 175 0.09 0. 38 0.84 1.65 - 2.39 2.24
June "84 - 0. 83 2.86 1.18 0.45 3.58 3. 86

Dominant species (%)

July 175 Chi{98} Chi(30) Bae(59) Bae(64} Chi( -} A.b{3{) A.b(30}
- H.s{ 2) Bae{ 9) A.b(25) Chi(13) - E.k(10) Bae(21)
- H.s{ 1) cChi{ 9) Ho(12) - E.1(9) Hel8)

June " 84 Chi{100) Bae(82) Bae(32) Bae(32) Chi(94) Bae(34) Bae(34)
- Chi{16) Chi{23) Chi(11) B.s{ 3) E.x(14) Chi(14)

- - (<1 B k(10 - (< 1) Bae{ 2) D.c(1) E k(1)

Chi: Chironomidae, Bae: Baetjs spp., H.s: Hydrobaeminae sp., E.k: Ecdyonurus
kibunensis, H.o: Hydropsyche orieatalis, A.b: Anthoca bifida, E.p: Epeorus
latifolium, D.¢: Drunella eryptomeria

5, 1986: B, 1986) »ob+5HEL SN,

HEREYMDPO soer b i Chl.a & LTHLEE 20~120ng n"2 OEEICS -5,
$t.20BVWTOA 0.4 ng 072 LAAMCERVAETLA, FHEBCRCOMEATIRIAF @
OTULE ORERLKAPLPABLEBTLE LR SN, KROBHOPULSIER - EHER T
HoIELERLT VA, $hah b oy (B thermicus) OPHEHEOTEL Eh ot o &

-

b, WEMOBHCIAY P o YROBANBE B EC OMAOBERER L RS b
DEEL LN D,

31 B X #k

e AGEF (1961 HRBEME, GNRR/ME, SHEMSELOBEXO W& RiEd
BE HAREEESE 3, L11-11T.

2R A - BB {2 (1984) : EE&BOA Yoy (Epeorus latifelium) &4 2 BEERT. E
UNEMRFAHEE, Ho2s, 73-98.

SWKA (1988): AYHBEEBLAEESE (Cd, Cu, In) D7 ALy, AFuvoRELZY BT
MeT2EBoRK. BEILAEREATEES, $98, 191-200.

BUIBRA - &5 B - s B (1986): EE&BHRAIOLYEOBIT] = AEvESsHF®
VOLEERERUIAY oy o RSRABE. B AERRABIARE, H9E, 15-33.

LHRES (1981): RERAAOEAESMM (8) AHHdk TIH O dEERINOEATHNE.
HAEkELE, 44, 263-268.
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PSR g - i &

FHREE - THEX (1978): BEREBENOEABMHECR o 3BELLc>wT—& il
BEAXMMNIEE XIZTESI >V —. AL EK, 20, 37-50.

HHEE - NB N (1978): EIDKESBEEROBR, iR onSkER)ORA.
FA7k & g7k, 20, 85-74.

EHEFE - SR A - KHIEZ(1988): FSIEKORATIEN O 2 ) #EFE. ELAEY
AHAERE, B114E,

EBRFE - BUKRA - ZET # - FEHEZ(1988): RALLEXORAT 2HEEHI AN D2
ARE BVLAEWATWAREE. FL14E,

BEE - BWACE (1813 Bl - BNoRZHR M sBkEMFARE. EEEESR
ERATEE SR, 13, 85-04.

BOCHE - BHBEE (1976): BNAKROWMKTEV LI BLEOBME EEYE. HAkLE
HEME LK, 12, §5-72.

HACHE - BREHBEE - AMEET - SVAEE (1977 SLFLRe B 2BIKRE 0 L8H
OE LKA EY - £ L 2B RBOoEE. HREHN. 20, 44-55,

A |- FE=E (1976): SLLBEKRARNMIICEY 2EEHYHOEIRE>VT. &E
o E T e, 8, 20-25,

EHHIEZ - 8USRA(1984): MEINcET2BLBEREEET 24898, BraEREHER
B, e, 110
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EZ A HFFRAFARE #1145 (R-114-'88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn,, No. 114, 1988.

SATILBEAORAT AN IR HhBEE
W - BINEA® - B IEZ’

Chironomid Community in the River Kakehashi Polluted
with Heavy Metals in Ishikawa Prefecture, Japan

Yoshio SUGAYA!, Shigehisa HATAKEYAMA? and Masayuki YASUNO?

Abstract

ZToobenthos were collected in a river potluted with heavy-metais in
June, 15&4. Fourty-five chironomid species beionging to four subfamilies
and 36 genera were distinguished. A species of Procladius and four species
of Chironomini were collected only at polluted sites. In general, number
of species decreased according to the increase in the copper concentration.
The density of chircnomids reached 52,906 individuals-m™® at a polluted
site where copper concentration was about 200 mg !™'. Cricotopus sp. and
Paratrichocladius sp.4 showed the highest density at this site, however

they were also found in the lower reaches with lesser Cu concentrations.

B 5
HeBTERIWTVWA o EFAoATVWAEIERIoRE4Y, HFrar Y
ABOMEIEOVWTI84E s HRBEEEIT -5 RPBEMATERLALY ¥ T 4 H
LOTHAEE . J6E - SRENOHEETERUCER, HBELTHELAIBAL
OARRLABERISBTZTORBERO 7 Tanytarsinllk CRT 5407
Hotio EFRBPMACHEBELALz Y A HHoBERRKTEERBEN VA
BELC K AEECh -1, RESERMACOARCA LB Y AKEOM%
SHeflH-Tio LEFEFRBLIABCELREENEVHATRBOTEV 6O
@, KOFEBEKI00p VWA T W0 RO THWEELH L 7,
BIME 20 »5 200 wug! "OMA T Cricotopus sp. KU Paratrichoeladius
sp.A @2EAMBLEL T,

EAFGR BH® T305 RFBR-> EHDFN6E?2

Engingering Division, the National Institute for Environmental Studies,
Onogawa, Tsukuba, lbaraki 305, Japan.

BRI AEBEHE SYEES F305 REES> T PFN6E?

Environmental Biology Division,

16-2 Onogawa, Tsukuba, I[baraki 305, Japan,
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TWHHHE - RILKA - LY E2

1 BUsi

BEBEREAENoELHYH TR U EESL5L, LELEIEESAKESVWEETEEL
TWa (Yasuno, 1985 ; HH S, 1986, 1087) « HEBoHRE T ML oRERIEOES
BMBERL OIS RBRE R > THEY ZhEsWTOME RS20 (Fl-/DE, 1978
B, L1976 ; BiLe, 1087, BFLs2RV A HREAEATTRTLAT O v, KRR
BEINS (1987 OFE (198456 ) EBVWTENE Lt 2 Y HEREE - TiTbiiio, L
fodi ¢, BEMA BEENFRI A~ TAREHCEHLLAOREEBRBEAL L,

2 K &
FEMA (K1) RUF2R Y HOBEEFEREUS (198 Wit BhThbh, EXKOERK
HHEEERS (1986, 1987) KW » 2o

3 B B

3.1 B Ltz y 2R S0 B

A THERLA22 Y A RE Y 22 U AEY B U8B, 22 Y2 EH 158 158, X
w22 ) AEM4BRAE, veaRVAERZB2E, &it4 B R SBCOBshk, T
OH, HEXOACHELL-OR ISETWFh b HEMAR - FEFFELEVLOEND T
BHotH, BRFEECHBALAL Y HEH, Tanytarsini ETRBT7TEBPeBesFEANBERTOA
Ronfto¥HUNTH -1t BREX 0B CHELABRETHI NS bHBEBERIRDOT
ﬁ(ﬁmﬁm&mwfﬁotoLm§1~2mﬁ?ﬁiantﬁ3?bot;%nemEﬁg

ABANDONED
miNe

BI1 &) - $2r )1 B0 A A
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ARIUREKDTAAT LN O 2] 7K

¢ladius, Chironomus, Paracladopelma, Parachironomus, Paralauterborniella BicBLTH
nuFh biitHERcrREENT LB TE > . FRRC L HBEREOHEALABIEIED O
METH 7, CON, ERBARLE(RELHR IcE B> TER L TCWREE Concha-

pelopia sp.. Acamptocladius sp., Cricotopus sp., Eukiefferiella sp. A, E.sp.B, E.sp.D,

Kydrobaenus sp.. Orthocladius sp.A, 0.sp.E, Paratrichocladius sp.A, & U Polypedilum
sp. OIETHp, ofFrEhHBLABETS -/ (F1) o

BHARkITESBRAFEOE - StITIHBEER DAL WD Orthoeladius sp. A, Bukiefferi-
ella sp. A HEBLHL TV, EEE GWERERN (Yasunos, 1985 : EH 5, 1986) oFHK
TEELTVWABLENTER VHGBEER - TWAKE R TH oA ESTHEL S
BhiEgroliv, £, RERAECLOBFBERFRB (Ui a2 Y A HhaHBELTED
SEEECHRUAEER 2D HE I TREBE LR - T ASHRARCHALABEEBET
HREEAONL, LELINbGEOLHHCEEORERTILELES S,

3. 2 HEYM

BMEOMERIE, BFRETE ~ 19, WHEK 21~8TH -, ARE TR KTEERR
BEOEpro7 St.0 TREEE, St HIEH, RVWTREEOSFV St TEEE, LITkd
EHEBOBE R LT BB SN L, 0, St.4 BERRE LTIESEEERE
VWH oD 1 IHALETLUVCERELABRLAN - (K1) o

w

3 azYAPhoEEERE LEMK

EREEIRRK, HEXE AL RE(ERHL TV, BHROFLY St.0 OF
REREIZ 10602 THERORLERTFEOBVHALL~THH 1/20 EREBP e ¥ &£
51.0 RRVWTEEBBENEh -7 §t.] OEEERI 51,0 OB RELL TV ARSHHE
Rolb~hidEVWsDTh-1o —H, CHL2HAIY EFLBBEIBELSE, ThTblull
TH) 200 ! T'TH B S5 TRHEHH . 00O EERFECSERELAMATREETS
ot ok, COMBATERLA4AEOY » A0 A5t 20X 20en®TH 5, 0008k D
HHBENERTEVHAINCRIBOTHVERETI A ANEBEELTVAEILL S, 2O
{HEMHENZic B 3 Chirononus yoshimatsui @ Fhp ko boT, Foicitonlito
HELTREBHTRE TS S, £, BMBIL Cricotopus sp. 4D $5% %, Paratricho-
gﬂggmwin%&cozﬁvéwow%ui%ébm,éémﬁl¢,§ﬁ®t&ﬁﬁ?
ERD - BRSSP TOOHEBE-TLINETNRCOZBERIRRENC LERTHVERTRA
EACRANTERVWADIEELALDOTHE, LAB-TID2HEOLADIHBBEISCHT D
DEEbNZ, 0 St.§5 4 St.1 EEbicar Y nHADKERBOLEEEEMNRBICE N
MTHD, St.] OFBbTNETREIFESHBBENE (22 1 EEERIEDL - f2o St.
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THLH - BINAA - TEEE

#1 Blo it B - BEN (1984426 H)

Sampling site St.0 st 5t.2 St. 3 St. 4 St.§ St. 6 5t.7 5t. 8 §t.9

Cu concentration {ugi ") 529 248 54 20 18 193 §.4 6.4 6.3 b.4
Total No. of Larvae per m° 106 1,181 6,256 5. 563 1,875 52,906 3,194 1,850 9,413 5,600
Number of species 5 9 12 17 11 8 21 28 24 19

( 1)Conchapelopia sp. - - 315 313 383 638 50 56 613 58
( 2)Procladiys sp. - - ] - - - - - - -
( 3)Pentaneura sp. - - - - - - 6 8 - -
( d)genus A sp. - - - - - - - - £3 -
{ 5)Diamesa sp. - - - - - - - 13 - “
( 6)Potthastia sp. - - 6 13 - - ] b - -
{ T)Acamptocladius sp. - - - 225 94 - 100 81 i 182
{ §)Brillia sp. - - - - - - - - 38 -
{ 9)Cricotopus sp. - 231 634 944 150 21,188 994 25 363 1,144
(10}Corynoneura sp. - - - - 19 - - 144 81 75 ]
(11}Eukigfferiella sp.A - - [ 212 75 - 1,006 450 100 2,200
(12)Eukiefferiella sp.B 31 73 3l - - 25 - 363 - -
(13)Eukiefferiella sp.C - - - - - - - 13 - -
(14)Eukiefferietta sp.D 1% 306 363 50 - - 25 [ 388 56
(15)Bukiefferietla sp.E - 5 - - - - 6 118 438 70
{16)Eeleniella sp. - ] - 1 - - - [} - 3
(17)8ydrobaenus sp. b - § 44 - - kE: 150 550 25
{18)0rthocladius =p. A 38 94 13 215 25 494 44 44 63 269
(19)0rthocladius sp.B - - - 200 19 - 156 38 100 375
(20)0rthocladius sp.C - - - - - - 38 i - 388
(21)0rthocladius sp.D - - - - 6 - - 6 - 150
(22)0rthocladius sp.E - - - T - - - ] - -
(23)Paracaldius sp. - - - - 4 - - - 83 -
(24)Paratrichoclading sp. A - 193 4,688 2,831 275 8,550 169 100 2,113 144
(25)Paratrichocladius sp. B - - - - - - 31 § - B
{28)Parorthoctadius sp. - - - 38 - - - § 53 -
(27)Rheocricotopus sp. - - - - - - - - 18 -
(28)Synorthocladius sp. - - - - 13 E - - 38 -
{29)Thienemanniella sp. - - - 19 - - 81 z5 32 -
{30)genus B sp. - - - - - - 19 _ - .
(31)Chironcmus sp. - 6 31 - - - - - _ _
(32)Microtendipes sp. - - - 19 - - 44 50 463 13
(33)Paracladopelna sp. - - - 19 - - - - - -
{34)Parachironomus sp. - - - - 13 - - - - _
(35)Paralauterborniella sp. - - 18 - - - - - - -
(36)Polypedilum sp. ] 69 - KE] - 494 6 38 438 83
(37)genus G sp. - - - - - 4194 - - - -
(38)genus D sp. - - - - - - - - _ b
(39}Cladotanytarsus sp. - - - - - - - - 38 -
(40)}Micropsectra sp. - - - - - 194 - - 32 -
{41} Ngozavrelia sp. - - - - - - 1 $ - 19
(42)Paratanytarsus sp. - - - - - - - - 58 -
(43)Rheotanytarsus sp. - - - - - - - 13 - -
(44)Tanytarsus sp. - - - - - - - 8 38 -
(45)genus E sp. - - - - - - ] - - -
Others# - 181 - 456 175 20, 506 331 & 438 194

% These are young larvae, belonging either Cricotopus sp. or Paratrichocladius sp.A
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MENERDTRAT LRI O Z ] AR

S T2 O22 Y AR SN EEEMLAORBOKERHPERTHED L bHEERAKESL S
HELOBEVWELIBBRURBBLLILOTHE LHEEENRE, 1o St 4 ZR{(Z>0FR
ALt SR 5, 583~6,256 2T RENRM -, St.4 TR LB a P TH o

FoFERACbHREL, bpoBKEEOE, o2 Paratrichocladius sp.A & Crico-
topus sp. TH -7, CO2HEOZMATOEMNBHREAE R, St.1 TEhITN 210%, 16%,
St.2 T 119%, 75%, St.3 T 17%, 45%, St.4 T 16%, 15%, St.5 WEldo &y, KU
$St.8 T 20%, 3% Té o 70 St.9 Tit Eukiefferiella sp. A #% 39U &£ - —FH, HHE
3 M T St.8 T Paratrichocladius sp. A M2EO BURELHOBVEREETH - AR
HY - TEVWEBTRAL -,

4 E B

Bils (198 wihFBlloktE&BREoRER LR —HoREHRan ik
WTHRELPLTVWE002EELTIRSEDERLTVWFERATE V. Lo LM hoERR
Epmllic l~hid (Yasunod, 1985 ; EA 5,1986,1987) 2 2 Y # FoMBHEEHRRRL TD
HuboTREE, FL2X Y AHA0KERBEGERANE L TREBHEBETH 5, 2 2
yhFEoWTRIOFANEEEE LeUfioBiERrLivoThERgcasuisbokiaR s
PEEESHNLTVE  Eh s Y AHLHALHOT NS ~ 2 EHERIENE, CORT
RIMETR2Z ) 2T O Tanytarsinifk SRBENSVORBELLZHSMNE TS L HR
EVWAB, LOLABSGLIZAY AKOBREHNEREXCOAHALTVWAIERIOKROBUT
HFEEFFCAYMREOAEARCERNAETHALTRE, ChooBBET REICO VT
FEH LAV,
LEVEROBVHAT IR VAR ELUAAGVEECERL TOLARMOEERE T
NERRTHY, £ OERMATELE LR Cricotopus sp. & Paratrichocladius sp. A
T& »7o Eukiefferiella sp.A K Tf Orthocladius sp. A BHEIEHIACELBERANCHR
BB TWAHTSH Y, AFACLE—RBEIZLShIBESHBELTLWAEFELE
ERELEb ok, COBNEORVORMBAER, FRoBEOREY, BELALAEFHOEL
KBzoHAELEEASRZLOOSMO &I NHBOFRTRUARL LA v 1,

5 0" X ®

HUEE AR AW HIIKEEREEOME, SR ofEkEEHOHE. M
7k & BEK, 20, 65-73.

SRR - B - E @ (1088): ELRERFEN BINKR) ok 3 EALYEO R E
@BI2EHELT. ENMAEWERGABSE, F|4T, 193—206

AR - BHEZ - BIIRA (1988): BLERF R0 EMEo R I SILMT oFREI

~=211—




THIH - R - BHIZ

CHMRE2 XY 2 BUaEFRARTRBE F95, 40-18.

BENE - BIRA - BHIEZ (1988): RMELFERkORAT s HiE&3 Aoz 2y H#HR. BH
ULAERAFHHRABEL. H14E, 218-222.

®iE E - RE=0T8): SLEARARINGEN B 2REHYHOREIT > vwT, EREE
NEHFAAARE, 8, 10-25.

Yasuno, M., S.Hatakeyama and Y. Sugaya (1985): Characteristic distribution of chirono-
mids in the rivers polluted with heavy metals. Verh. I[nternat. Yerein, Limnol.,
22, 2371-2377.
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El VAR uEmii gt £114% (R-114-88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn.. No. 114, 1988,

WML KDRAT 2EHLE 3 AINDIRY HRE
HAE - BIEA® - BT W RHEZ?

Chironomid Community in Three Rivers Polluted

with Heavy Metals in the Southern Kinki District, Japan

Yoshio SUGAYA!, Shigehisa HATAKEYAMA? Mamoru MIYASHITA®

and Masayuki YASUNO®

Abstract

Collections of chironomid larvae were made at 17 sites in three rivers
poliuted with heavy metals. From 15 sites, a total of 33 species belonging
to four subfamilies and 23 genera was collected. No ehironomids nor other
aquatic insects inhabited at the most heavily polluted sites. Five
chironomid species were collected only at polluted sites. The numbers of
species in the non-polluted region, average 15.2 spp. of five collection
sites, were always larger than that in the polluted region, average 4.8
spp. of 12 collction sites. However, the density of chironomids in the
polluted region tended to become extraordinarily high; the maximum 17, 863

2

individuals m™° was observed in the Kitayama River. The species
predominating in the polluted region were Cricotopus sp., Eukiefferiella

sp. A4, Orthocladius sp.B, and Polypedilum sp

C:

M - ZEReH 2= -0 fR g Somo& 1T BMAERELT
EEHPHOBTELZIBEI AT, 2 )/ RECRIEFTHESBEOBEE L H~
foo ABELAMAP2HMATR2 A ) A HL2EDRAHYSLERLTVWR D -
fobifhd 15 Hisih S &5t 4 B 3B NEC2 R ) AHEHOLENERE R,
ToRAMNEATOAR OO (6, BREHCOZERBLTWAORS
EHThhEIREBLTREONA, 22 17 BELHT 2 ELRELOEE R
THEREEHROR D E s AL, AN I~ 1IBE T2 oW LBERS T’
TOEAP4A~BRONRCLEE -, 22 HHEBFETRBERACEL

L ELAEWEN HHS T305 REE-> Cdhh¥il6E:?
Engineering Division, the National Institute for Environmental Studies, 16-2
Onogawa, Tsukuba, Ibaraki 305, Japan.

I EVAEPRE EWMEHEE T305 REE-S MM 16%
Environmental Biology Division, the National Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, [baraki 305, Japan.
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T - BILKA - RKEFIEL

CEVHAERS 17,863 n e HEliNoNEEEOEREIHEIALHRAYS
ot BhMATEEBEFEOS WER Cricotopus sp., Eukiefferiella sp. 4,
Orthocladius sp.B, B Polypedilum sp. Th » 7o Eukiefferiella sp. A &%
RMIE A LA R TELRBRCBENLE T Ll a T,

1 RLwi
BLBERMOEEEYHIE L (FRIWEABNSECEECERVIAERDE, &
EAEDHE AR Y AN ENBLET Z. TOLIEHE, HAT 222V AOBRERRRR
MR HEOBTHEILENEL, FLFOLETRARBBICH (LS (Spragued, 1965;
Finners, 1980) EH S M HoEicHfEtlARAOMNTELEYHOBAREZT L,
EEBERCERONKEO2Z Y # 2HEL L (Yasunod, 1985 BB S, 1988) o JITH
M #c s 2 AEEHNEBFRRET A= oSO BLBHRANC 2V TI88F 3 FI2iT -
LHEBEREHET 5.

2 kK

2. 1 WEANKRUCAEHER

FEGAI L OISR M 2R A 2 BENHRE - BB Lo =-ER: RRRORR RN
IRV Z20OXFETH 2 S EERLHETREN - R U RFNEROBEN O E v o %
T3S 5OMBTH » oo BEINFE I I EEDL, KRENRRC @Ml o8&
GEldid - e WTHORERBERELISNWTWEIHREILTH S, FAFHARENT hOFET
OB M-1~4-6) , Ddel)l (K-1~K-6) R¥ @W|EN (Y-1~Y-5) D& 1THIREHEE
L (1),

CEghods 2 BENEHELRL, RERKELECREBCE (£ W0m BomiT
B, MOLD 3.4, 5.6 kn ERcEISHAACER (FEFILEHK 4 XM B £F3) &
HoENFNORBC IR LER, SLEFB BELANEZABLLEREEF 55, BE
Mg @2 RXOXHERTICH6 MARE L, X A KRSHAPS 1.0k LFicH 5B
HoBTFriiA M-1, &RAH» S 100n KHIA -3, XH B O&HA» S 1 1kn Lt
M-2, B A EABREOFHA LD 0.5kn LROFEINHA M-4, M-4 XD 0.8kn FHTX
B OE LA -5, S &@ALD T 0.3kn BERTHAR K-8 ZEEL Ao

QRMELes ZRENREFINO EFc Mt adbd)ilicfihdt £ K 8. 5kn OFITS 3,
EENoFUNEHAT ALY 2.0kn LHRCHMEERBIVRBESNDCIHSRE
MieERKBFRAL T Co—HicliiSRAEL T3, AfBAREE)c 4, Jbll
2B O e A ERY . WENMIKISHAMALY 61 Thn EHcHigl k-1, KMEEHR D
HakMHAT 2 AE LOKRBINCHA K-2 %, k-2 ©Fd 0.6kn il k-3, bl o0&
AL 0 2kn EXEEHA K-4 E L7, LN RBEBIIORAALD & 0. 5kn EFiCHA
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SEINEROH AT HHTHR I NG A ERE

RYQHN

RNACHI
1 Wb

k-5, Fof L. 0km icHiAR K-6 % 3%it 7o

LM EFENHBERLUNETEIMNER - TVEHERA LD TH 3. 8kn THEREILCHEAT 2
2E 10.9kn OANIBBEINTS 2, BANOESHSAED 4 1kn ERCHAELZLISDED
BASKEREBLTECTVS, COMBIIHSHARERE L. &RRED LR 6. Tkn i
MOY-1 %, BILC 4.3km 2 0EILHAA B AL D Fbic EFcHia ¥-2, SLLAH BN E
MEH A V-3, COXMASME 0. 2kn BRE- BRI EHA V-4, RESSETFiRT
HEEFIIA 5 0.8kn LifficHiR ¥Y-5 EEEL .

2. 2 WMEHE

2Z2YAYHORRAECRDEOFERER S (1986) R~ fre AL LT XY HHHNG
EETHRLABATREVELAGEO—BERELEZ. 22V 70RBORBERYUBELR
iZ Wiederholm (1983) - TiTY, BUTFrR-VTRAKELZBOABLL. RREEBRLILT
K BRI — 1 2 7 BER) , ol GEWF 5 2BERE 1 x—5~) , BREYUE (HEF
TR ARYREN (N-1K)  REAEERBOUE L Lo MKk E SR IRE 3 Xk
250m EUIFLrHEBcANTELSRBY I L—4 L RAEFWMAEESTERL 20
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WA - LA - BRYE

3 & B

5.1 REZER

O TR, Ml W1, ¥-2 RUTHO M-3 oSHARRRKD pl BFL CEL LB
KBHF0FRMENTOVRVHATHE, ELBRAF L O3 HMAHLEL, Cu BERIEZTLT
#1380.6, 178.6. 370.1 wgl ™' THotoo A M-1 & M-3 BELIZHOLTIFK T4 Cu
RERBLALELTH» ke ChooimoKkRR oMM EH LTEHE LV IATHELT
Wiio RFICA- A BOMETHSE W-5 BT b6 cHE Cu B, BRABIZFIHEBAT
55 M4 RELTHrROEGCBUEKOBEERBCR>T W,

@it} EMHEEND» COBKBHRATIHA -3 RUTH® (-4 0BIAREENS
o pHiE s Zh¥EFN 6.1, 6.2 EWHHMALDEDL oo RKPESBEBRE RO RN 0F i S
RE<hEEVSOOXBEMA SRS MREMND - oo ISR X-2 REMERTD S OFEKR
BiHAdsMA Ly ERMcBT 28, sortoXfrsoBRkotbhELBEFRY
Sk v Edh-f, WHMAS L CHELAHA K-, -5 RUGLTERALLAERCHA
k-6 @7kE, e, BXEHEHAGIEVE IS —HLTEDZNFH 1.2°C, & 7.2 R 28
S cen ' THY, KEAFKERTHBURKOEEREFRICAZ LEHcEDoNL{ R T,

QHBENTRMEHAE LTHEL LA Y-1 DAO2MATEILBEXOEENER XN,
BHEROFLh--OHA Y-3 THD, Cd, Cu, In DEEREFLENIE 4.1, 588, 997
g ¢V THot, MR V-3 BROLZTHEBENEFLERT o BAOTHRMCAIE T 55
SY-4 RU Y-S TR Cu BERMA Y- ornEh 1/ RY 1/16 ThHE, JITEASER
BMIEFHENTWALOLEEAONE, L LAMS Cd & In #EER Cu MELRENE /S~
¥yERL V-5 A THTh MM L. COZELDS Y-3 IO THRICLBERBESFESN TR S
fifco T, MUR V-2 BOASHAL Y ERCMBEL TV ANESRERERIDTHTRESH
HEME L O Bh 7 (R1) o

3. 2 B LAL=z2Y 2HBEROER

3. 2. 1 M -ERIFEREOMR

FELA 1THIEON, A M-, 42 BA 0 1Stz Y 2ok BABEs L, HIRT
CREORBEHBLALAOBE yax YA BEH2ZE3E Yv22 Y EH2R2E, 2R
BHER R 12, 22U HABEHEREBOAH SEETH R, HEBARTEBHTHS b
BHERPERERALZIOMATRIA VBRI ~11E, —FHiEpATc34~5sBETH
HELERHTH-7(K 2,3,4),

HBELE 3o, HEMARUEFROEFOE OO TEVHISAA T RERE LA/ 16/E
Thoato THOOANBBEGEENE > /Ot Nilotanypus sp., Orthocladius sp. D,

Paracladius sp., Neozavrelia sp., Bukiefferiella sp.D B tF Tanytarsus sp. AC&H -to £
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FLVBEAOTHAT AMEE 3Lz # BEs

F£1 EFETHEORTEN

i ki pH BEARYE H F KPHEFEAK (pel ")

o (°c) (pSce™') (ms™') cd Cu Zn
MmE Nl M-1 15.1 3.%8 540 0.78 6.05  380.6 79.8
M-2 9.7 5.38 48 0. 85 - 178. % 7.1
M-3 12.8 5.16 450 0. 40 0.28  379.1 58. 3
M-4 8.5 6.76 10 0. 63 - 7.2 6.9
M~5 5.8 6.63 120 0.53 - 0. 2 3.0
M-6 9,7 6.86 120 n.30 - 19.2 7.1
(AT F-1 7.2 1.2 28 0. 50 - 3.4 1.9
k-2 8.1 6.56 56 0. 59 0. 05 - 15.0
k-3 8.3 6.10 195 0. 44 0. 32 25. % 59.%
k-4 9.1 6.19 120 0.49 0. 05 18.1 34.17
K-35 1,2 1.1% 28 1.35% 0.03 0.$§ 2.9
E-6 1.2 1.19 8 1. 40 0.¢1 (.0 1.9
BN ¥-1 6.3 6.78 20 0.41 012 1.3 0.9
Y-2 6.7 1.02 52 0.51 0. 29 25,4 82.9
¥Y-3 8.8 4.47 145 0.20 414 588 996. 9
Y-4 1.0 6.37 62 1,02 0. 48 64.5  143.8
Y-§ 7.5 6.26 70 0.56 0.6 36,4 160.0

ERHAC TR LB R RERL TR VERSBERTZOXEA b Eukiefferi-
ella sp.A. Thienemanniella sp. Bf Microtendipes sp. TH » 1o Wk, HaE A
B+ 239 EATENL DI Conchapelopia sp. A, Acamptoceladius sp., Cricotopus
sp., Eukiefferiella sp.C., Hydrobaenus sp. A, QOrthocladius sp.B, K UfPolypedilum sp. T&
H, ChosoBROEBREERERBATED - 1,

BRI 4% LT Orthoeladius /&, Eukiefferiella MO (54 7) BPho
BEETlitoELEERAMI 0 b0 CBHL TV AFFRAC>VWTRRHP TS 5,

3. 2, 2 aRYLYHoEEEE

OF £l

Bk M-1 RU M-8 tida 2 VA5 SHEAEMBMEE LA 2, MR N-2 TR Poly-
pedilum sp. & Eukiefferiella sp. 4 BROHLMEEEFLE  h-fzo HEHA -4 T
LAY HHOERERES Ao o HIA ¥-5 BRY ¥-6 BEVERARBETHSOVHRALAFERHE
S5, TONABITH-FLTVEA (XK2) . Hiidis s Eukiefferiella sp.A AELL
FhENREED 12%, 56% % Hb,

@dJe i
i k-1 TREEELTBRIRBATCH O RBETRERREDOME P> B2 VA
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FEHLHE - BEA - RIEZ

FE2 WERNo ) Hhhod s (198445 3 A)

HOE M oK
M-1 M-z H-3 ¥-4 M-§ K-6
{ )Conchapelopia sp. A - 16 - 567 160 1,468
{ 2)Conchapelopia sp.B - - - - - -
{ 3)Nilotanypus sp. - - - 47 - -

[DIAMESTNAE]

{ 4)Diamesa sp. - - - - -
( 5)Potthastia sp. - - - - -
(ORTHOCLADI [NAE]

( 6)Acamptocladius sp. - - - 283 -
( 7)Chaetocladjus sp - - - - - -
( 8)Corynoneura sp, - - - 117 - -
( 9)Cricotopus sp. - - - 47 - 210
(10)Eukiefferiella sp. ~ 541 - 47 2,636 2,515
(11)Eukiefferiella sp. - - - 94 - -
(12)Eukiefferiella sp.
(13}Eukiefferiella sp. -
(14}Fukiefferiella sp. - 72 - - - -
(15)Euryhapsis sp. - - - - - -
{16)Hydrobaenus sp. A - 216 - - T14 52
({7)Hydrobaenus sp. B - - - 47 - -
(18)Nanoeladius sp. - - - - 30 -
(19)0rthocladius sp. 4 - - - - - -
(20)0rthocladius sp.B - - - - - -
(21)0rthocladius sp.C - - - - - -
(22)0rthocladius sp.D - - - 472 - -
{23}Parairichoctadivs sp- - - - 47 - -
(24) {near)Paracladius sp. - - - i1 - -
(25)Parorthocladius sp. - - - 47 - -
{26)Rhecericotopus sp. - - - 41 - -
() Thienemanniella sp. - - - - - -
[CHIRONOMINAE-CHIROKOMINT]

(28)Microtendipes sp. - - - - - ~
{29)Polypediium sp. - 469 - 47 80 5z
{CEIRONOMINAE-TANYTARSINI]

{30} Neozavrelia sp. - - - - - ~
(31}Paratanytarsys sp. - - - - - -
{(32)Tanytarsus sp. A - - - 142 - -

{33)Tanytarsus sp.B - - - - - -
DENSITY(No. Inds/m?) - 1,298 - Z, 287 3. 678 4,456

No.of species - 5 - 15 5 5

7 o B e R e B
|
|
|
w
.
'

SROEEEENES, L bERHA TH Y Paratrichocladius sp. A5#9 3,000 m 2244k
@ 40% % o A 1-2 RINUBEKRSEFRATIMEOFCLRCUBLESERAEEE »
SREENLHSERR LR VAOLHBERKESG b o XLV AHAY T L4 EHO
MEEERARE(NSYE, AR UACHHEN B TRARY—-THL I EHREEIN, —
FH, 2R Y ABECBHBRERECEVEEEBRK AL T 2BOREL TWi, LEEE
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SHILBE A DT AT AL 3 T o R 1) % B

@ T Orthocladius sp. B, Conchapelopia sp.A R EOfboFRELE VWEFEBELL TWE
B, HEEXCOAHBE LA Neozavrelia sp. HEBSELNA, »Eh I oAk, LHMloX
W oHhrATOAFRKOEEEHAVCIH TV 200, b LLRBEER-HETH -
ENBTHEHAMCE-TED, LAK-THEEATRBETEE LT RS & B O&ESE
ELCEp, oMo clBRAkoBBIELEE - TV I Lol RETHELTLWIELE
WEFTEBLTVWA LD EEL SRS, MR K-3 Tit0rthoeladius sp. A, Hydrobaenus sp.4A
Bukiefferiella sp.A A& <, 3B { ot A k-4 RADESERERIE -3 2
BETsdh, 22V slA0KERAER OB Wb Ca A VP HMERcHVWEETEE
LTWwi, HBLABRES -3 SEHTBWABEHKIE L o BT 0rthocladius sp. B &
k@ 329%, Cricotopus sp. B 18% % L #2137/ Eukiefferiella sp.A, Hydrobaenussp.A K&
U Polypedilum sp. MEHNFHN 10BERFLHELL (£3) .

Wi K-8, K-6 ddbiL)IA i A A THEN AR Lo MG ¢hb b RE>FERBEEK
BRROMRTH 5, KESWMOERCREMKKHACHARERRVAEER b o822 U A4
BEE, WHEE ME (-6 @R MM K5 0¥ Tho, BHRTRERHACLSVE
EHBERMSEHER LA LABRTAZHOMATHRELA, HIA -5 TRYBHISACEC(RS
#u7z Orthocladius sp.C W EEO 46% %4 B,

@l

FHLAFERMA (Y-2~Y-5) 22 ) A& BERRAML bEC FAHBABHR L 4 MSH&HTO
Hihrhid4a~58BHTh -, Bt HBLTHE L O} Eukiefferiella sp. A R
U Polypedilum sp. D2 B TH o7, FAWHMMAELTHFELAMA Y-1 TRrFHFRIMAC
HMETI8ERLC I BHEENMENL (K4) .

4 % =
BERAGFEINTHEAHYO 22y A BARE LAEEERIXEEY (Finner 5, 1980
Yasuno, 1985 ; HH 5, 1986), HEBEROBEAHYHECHT IR BOHHO— >k Y
APUADOKERROERER - BYBRCBPT I ETHL, BR2AVIROPS NS
KERMEHGEROEFECELATER(ALENS D, ChiclHYTIESHEATCOAR S
N 16 THLEZDER DD Nilotanypus sp., Orthocladius sp. D, Paracladius sp..

Neozavrelia sp.. Bukiefferiella sp.D, B U Tanytarsus sp.A Thotce L » THEHY
RESRBRICI >TERIRLT2EFEEcHAlsh, SAo@E LM EEN ~ 198
Hoazx ysaBEELcvwhoiedl, FEMATR 4~12 BECHRABRASELRAE RO
o DB E R D oty EAEROEENEL WHART X TOBHATT &
B3 THA25P T oRFROELBRAERSEORERE» o RASAICTERL 2
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W - QLA - BHEZ

3 el Ry Aok (19844 3 A)

k-1

K-b

[TARYPODINAE]
( 1)Conchapelopia sp.A -
{ 2)Conchapelopia sp.B 830

( 3)Milotanypus sp. 227
[DIAMESTNAE]
{ 4)Diamesa sp. -
{ 5)Potthastia sp. -
[ORTROCLADI LNAE]
( 6)Acapptocladius sp. 31
{ T)Chaetocladius sp -
{ 8)Corynoneura sp. -
{ 9)Cricotopus sp. 258
{10)Eukiefferiella sp. A
(11)Eukiefferietia sp. ¢
(12)Bukiefferielia sp.D 172
(13)EBukiefferiella sp. E
(1d4)Eukiefferiella sp. F
(t: ' biryhapsis sp. -
{16)Hydrobaenus sp. A -
(17)Hydrobaenus sp. B -
(18)¥angciadius sp. -
(13)}0rthocladius sp. A 3l
(20)Dribocladivs sp. B 246
{21)0rthocladius sp. € 212
(22)0rthocladius sp.D 410
(23)Paratrichocladius sp. 2,914
(24){near)Paracladius sp. 98
{Z8)Parorihociadius sp. -~
(25)Rheocricotopus sp, §7
(27)Thienemanniella sp. -
ECHIRONOMINAE-CHIRGNOMINI]
(28)Microteniipes sp. ~
(29)Polypedilam sp. -
[CHIRONOMINAE-- "ANYTARSINI]
{30)Neozavrelia sp. 778
(3L)Paratanytarsus sp. -~
{32)Tanytarsus sp. A -
(38)Tanytarsus sp.B -
DENSITY(No. [nds/n?} 1. 240

No.of species 14

1. 530

494
3,045

1,749
385
§8
146
223

146
347

728
261
281
15, 206
13

30
3,383
15

110

8

il

235
1. 410

17,883
9

70

184
134

FROBSBEBLROEEORMRIBAAKERGO A Y - 2R -HAEMBRBALERNIC

2y AHoEBEFOENEL AL TATHEZ. SHOFNETIHMA K-2 T 15, 206 n™2,

fth =

k-4 7 17,863 n7? ZHEMA LD bR EbESFVEETAR YU BEELTVA, SHOMAE
TRBCEVEELEZBLAORCO 2SR o - MERE LTHR A 0f BERE 3
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MEWEREAOTEAT ZEEE 3 FIO =) AR

*4 BHNO2Z ) B RO TR (19844 3 H)

B OE M K
¥-1 Y-2 ¥Y-3 Y-4 Y-5
( 1)Conchapelopia sp. A 108 - - - -
( 2z)Conchapelopia sp.B 162 - - - -
{ $)Nilotanypus sp. 108 - - - -
[DIAMES[NAE}

( {)Diamesa sp. - - - - -
( 5)Potthastia sp. - - - - -
[ORTHOCLADI INAE]

( 6)Acamptocladius sp. - - - - -

{ 7YChaetocladius sp 54 - = - -
( 8)Corynoneura sp. 108 - 17 - -
( 9)Cricotopus sp. 210 33 - - -
(10)Eukiefferiella sp. A - 4117 17 44 L.008
(11)EBukiefferiella sp. C - - 17 11 -
{12)Eukiefferiella sp.D 162 - - - -
(13)Eukiefferiella sp. E 54 - - - -
3

{14)Eukiefferiella sp.
{15)Buryhapsis sp. - - - - -
{l8)Hydrobaenus sp.A - 750 - 21 -
{I1T)Hydrobaenus sp.B - - - - -
{18}Nanocladius sp. - - - - -
{19)Crthocladius sp.4 - - - - -
(20)0rthocladius sp.B - - - - 168
(21)0rthocladius sp.C - - - - -
(22)0rthocladius sp. D - - - - -
(23)Paratrichoeladius sp. - - - - 56
(24) {near)Paracladius sp. - - - - -
(25)Parorthocladius sp. - - - - -
{26)Rheocricotopus sp. - - - - -
(21)Thienemanniella sp. - - C - - -
[CEIRONOMINAE-CHIRONOMINI]
(28)Microtendipes sp. - - - - -
(29)Polypedilun sp. LY | 1,750 100 55 168
[CHIRCNOMINAE-TANYTARSINY]
(30)Neozavrelia sp. - - - - -
(31)Paratanytarsus sp. - 162 - - -
(32)Tanytarsus sp. A - - - - -
(33)Tanytarsus sp.B - - - - -
DENSITY{No. Inds/a?} 1,080 3,182 130 133 1,400
Na.of species 15 4 4 4 L

BBV AT OKRERELAHBEHAELOBESV LD THfto chitFS L2z Y 2 i
BERMIOARUCHEMACEACHELASHIBORN, ENLiS rEESEFs - LM e R E

SR BB L &2 Conchapelopia sp.A, Cricotopus sp., Hydrobaenus sp.A, Orthocladius sp. B,

K tf Polypedilun sp. T& D4FIc Cricotopus sp., Orthoeladius sp.B, & ¢ Polypedilum sp
BRERMATLE LESVAREEESZEHBLTVL 3,

—221—



WEHE - BN - LFEL

SolESRAEROBE CABTEUL R B ESTVA v F2 RADRALENER &
N5, Yasunos (1985) , BHE S (1986) BHIEMAF THLBERMACHENICEBT 2L
LTad¥Eo2z YA chicliYds, ARBATIER Ao AL -BRSEES
B, Z@OX Eukiefferiefla sp. 4 WAL AFRHMAEI P TRLL T, ORI
ATROHESNAEEELTH 2 RRHAL BT I3V HUBETCIESCCA—BTh s AR

HE . BLARBRUIMATHET I LEFS S, DR HSHOR[E» S bHERFRIC

FROLESEEEIRAL LIRS,

SEFEE L AMEATHLIBRERENMAR ph & 3.68~5.15 EPBBLVWSAT—RLT
Wiz, Roback{1957) it pH 4~B5 LTl oE&Gs NREBEOLRVAERATVINAEER
OWTRBATOLREL, LA T pI BEVWEWSBHEFAY a2V BEETERVER
EZHO,

1A AHEROSHEBERRHTTOATETE - HOoBERIEHEBECELRE
TERLELREETHEL, OB R AP HEEF UL EEETREST S CLBBBsh
(Pinder, 1978) TWaH, BHEBCRIBVALVETORENAREL - TVWEH T TH D, L
LN THEHEBERANO2ZZ VAL S>WTHL <V CEAELTVIWERDLL Wianer 5
(1980) A B ohniv, 2k, BOoRERRIF-TVWEVWEHEEEL B A LB LV —
FTOHBET » THFITE Yasuno S (1985), BH S (1086) HH b, AHETLELBESES
NEBSHRMBAESVWEBELRS SRR oA RS I BOEENERSLTED, EL
N~ANFTOEENARENELETHE A LHRB IO,

g oM X W

Pinder,L.C.V(13978): A key to adult males of British Chironomidae. Freshwater Biol.
Assoc. Sci. Publ. No,37, 1, 169p.

Roback, S. 8. (1957): The immature tendipedids of the Philadelphia area (Diptera:Ten-
dipedidae). Monographs of the Academy of Natural Sciences of Philadelphia. No. §,
152p.

Sprague, J.B., P.F.Elscn and R.L.Sounders {1965): Sublethal copper-zinc pollution in a
salmop river — a field and laboratory study. Adv. ¥ater Poll. Res. 1, 6i-82.

BERFSH- RFEZ - BILERA (1986): E@BEHERAN oL WHEORE I RILHA OB A
EHHEATI2 )AE BYAEWAMBEARSE. $£I95, 49-58.

¥iederholm, T.{ed.) (1983} : Chirononidae of the Holoarctic region. Keys and diagnosis
Part. 1 Larevae. Ent.Scand. Suppl., No. 19, 457p.

Winner, B.M.. M. ¥.Boesel and M.P.Farrell (1980): Insect community structure as an index
of heavy-metal pollution in lotic ecosystems. Can, J. Fish. Aquat. Sci., 37, 647
-6585.

Yasuno, M., S.Hatakeyama and Y.Sugaya (1985): Characteristic distribution of chirono-
mids in the rivers polluted with heavy metals. Verh., Internat. Verein. Limnol.,
22, 2371-2317,
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E 57 A RPTRTERE #1147 (R-114-'88)
Res. Rep. Natl. inst. Environ. Stud., Jpn., No. 114, 1988

FMAEEREOELBMEDE VI ONT
—REHEMICRIZSE, DRIV L, BROBE—
SRR - et . 4530

Differences in the Tolerant Level of Benthic Algae to Heavy Metal
—The Effects of Cu, Cd, and Zn on the Photosynthesis—
Noriko TAKAMURA', Fumie KASAF? and Makoto M. WATANABE®

Abstraet

Thirty isolates, comprising 25 species of benthic algae, were obtained
from the River Miyata running the copper mining region of Hitachi, and
from several unpolluted rivers in the adjacent area. All isplates were
tested for photosynthetic activity when exposed to Cu, Cd, and ZIn. The
isolates of diatoms and green algae from the polluted sites were resistant
to Cu which was present ia their habitats. These isolates excluding

Stigeoclonium aestivale and Surirella angustata were also resistant to €d

and Zn. However, all isolates of blue-green algae were intolerant in
terms of photosynthetic activity, although they were collected from
polluted sites. Tolerant mechanisms of such blue-green algae remained
unknown. Among the isolates collected from unpelluted sites, Chlorobion
braunii was tolerant to all metals, and Klebsormidium klebsii, Surirella
ovata var. pinnata, Pinnularia substomatophora, and P. brevicostata were
tolelant to Cd, and $pirogyra sp. was tolerant to Zn.

g2 5
FeficLnFhshcosmEYTEANER G2 0RO DY H o8

BEEF LA EEE 158 e - vik-o20WT, ToXARERCRETH

AR oL, BHOEFEET ., SRMEXbLoBE LAYy 1 BLERBL VTR

»

FEx AFERAKR EVBRET T05 RKR - SAVNEIN16H2

Environmental Biology Division. the National Institute for Environmental Studies
16-2 Onogawa, Tsukuba, lIbaraki 305, Japan.

B aEHEH BEHE 7305 RERo QEm/hEHIILIeE?

Engineering Division., the National Institute for Environmental Studies,16-2
Onogawa, Tsukuba, Ibaraki 305, Japan

EHu 2BWAmR KEHSERHEE TI05 RWEo CIHAHN6E:

Water and Soil Environment Division, the National Institute for Environmental
Studies, 16-2 Onogawa, Tsukuba. Ibaraki 305, Japan
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LS E Nl i€ <R T =

TRT, A~0OERERE -k, CASOERY F I APERELBEELS
- fz%%, Stigeoclonium aestivale & Surirella angustata 3, il DRE it
gEp ot Lirl, 5 vERIERMME»oBMLACb2EDOSF, TRTO&
B/ hrot, s BHOWBEEB - vWTRSBoRNEHETL2, FELEHMK
POHBELAECLRRED Chlorobion braunii W ~XTo&Bici{. Klebsor-
midium klebsii, Surirella ovata var. pinnata, Pinnularia substomatophora,
P. brevicostata & F I o hLDAicH <, Spirogyra sp. REMICDO AL - /-,

1 FLadic
AloEEEROBSE N+ 5 EEORRR, Fehicglikofk AT 2ELRE
gmlcoRftribBashTER R 1987, choo@ilcREFRANzLHER
HoFEERtESEC LD, EBEEAKR BT A LMHEONT VAN, o8Bz EET
b5, HBETLEHEEOI B Y 41 D Achnanthes minutissipa, 7 O Phormidium
luridun FELBBHT ZHELFEVWERLV 22525, £35THEVELEL, BATH,
DEERORESERL S, DHEOESEFSBE LT 0HA&KELS, 3)pl, EH, Vv, K&,
ARER CESBUA CBBEORRERET IERPEL S, VAVMCoHEERBSBIZ LD
RU3, BESFEMCEATILDEELOND, 4, HEBBELNCB LT 2 BEER
FEERANTSELTZL, ERHECEBENANRELZ LV DT, FATOBMEMERE T AL
DA CEMEEY ERBOAFEBCLART G 0B HEZ2ELBOHBEE LT —%{Ld 3
DITH LW, 7
HEREOAM~OHRITOLEBECRECRL I ENHOIATVEH, (LEHENE
EROFREZHROMINKTITICLHARTHABBAT, brHeBuHLTEoENED
HE#HOALOIERE, FAERELRFAOHER AL, £, BESBERANcB 54 2
Mtk EOEEABEHCRO A LONDD, 53VIBLESLABEREOS, Chbo
HARZ2\BHILUBOHRERETRKRI I LCRARTHAS I, Bell, CHoOHEES iz T
CHNTESERRM/IOFETLET LY, 3L 0ERMTp o HBERLARHEOKE
ERETEEBEOEFREEHRTY S,

AL TR, TRELRAELANBY TEEHNEZ OB AMEH 5 HEE L AT EREE 258 30
Ju-~YOBBEFE>VWTAEASKRERECREIIH, 2 Fivas, RUEHOBEI>WTHEAK,

2 B

2. 1 BoLMEE

BRELBESRANBIHERN, BEXRBELSHERINRCEIOEFEMII» SEML 2.
HmOBBREEY S BRERBMICEBL, 20°C 5000 Iy THI1LARRLL, BRahion

2 2FyESV-ERAOTEEBEBBT e LA, ¥ 18 St B, §8a ¢ 2, 3
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A RO R SERE DRV IZD T

PEFIL OMA XL CB REHN (M0 - TH; 1985) OE A FACHEL 20°C 2000 31x THELL
ChoHAEMBLAK SHoLRE OS] BRFREMSBTIIELID 70— ribETL,
H##E e L7, Stigeoclonium, Spirogyra’s FRBEMAKEVWEAR, KRBy b o<, b
BT HEREECORL .

2. 2 EoEE

BERUS %, EEEMBCLIBERRCE TE, 5 vER Geitler(1932), BFE2 =
ooy s AEId Komarek & Fott (1983}, # A & ¥ =9 U HIiZ Ettl (1976), Hikh 0okl
4 Ramanathan (1964), Printz (1964), Islam (1863), Hazan (1902) k- TEEL A, ¥
A BHBOEET -k LHERCEENEATREME L. Patrick & Reimer {1966, 1975),
Hustedt (1932), Germain (1981) k> TRIEL &,

2. 3 EL2BRENMRLIXSHEAEORNE

SRR O 2o BRI, 20°C 5000 1x CS1 HEMi(FR1) TEBL, HERMHCEREDOLOEH
L, B, BXEsBcin i YETAY TSIy 7405~ (3 gnor b gn) B
), 2RRWLARBER (K1) TH-kk, YROXBIBUcFREER, —F, HBEH
BLARBENE 100 m @ BOD M ARBBEOHELBERML 2%, RCHELLHER
AR —ERTORML, 20°CT UBMUBSEFCcBYE, T0O%K, Nai'iC0: (90.0 aton) %
250 pg MOA. 0COEEREELAERKMIAN, 3008 05 F2AF 7074 BTHERY
%1~ 45T > 42, BOD MRMXEE 40 cn @FBWT 2 W AMRCMy i, REIREMELT
10 rpn ChHEES €4, BHLRITI00~400 2E n" s 'RBEFE LA, LBHETHE, B HIHE
Bkt AhrmEeBL, B O/ 7oy —LisBLi, 710y —HERBRIELE,
BRAFH (HB7 5, TEISOTHD %c & 20 BRRAE LA, BEHPOBRREBIE
BESRE4YHTET (0. 1. Corporation Model TOO)THIE L f:, MORROMOAALE PO REK
Itk I B LA (Hamad; 1983).

P={az—as)./t {a1—ap) (1

F22 L, t IRFEEBSRT (hour), ae RIZHD (NaB'®COs%ZMMA ZH) B ¢/ ("2¢+ "0, @
MRS O BERBRERO 0/ (00+130) H, 2 BWRBEHROBROREDO 0/
(‘2c+'%C) hhTH 3, XARBRESEERMLAE» - B OXGHRAE 100 ELAHEMET
FzL,

§12 CuS0a-5H20, #» ¥ I & Ak CdCl2-5/2H20, @EEAIE ZnS04-TH:0 O THML A, WO

"&5@&&0.Lz,Ls_u.u.n%ﬁﬁ%#msut%ﬁ%@mﬁ%.& 24, A8WRE
BEFLRBEEN 2 ®, 24EMIHE—L 2,
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BHAT - S0 - wa 3

#l HHOMHE
CSiff i * B IR

Ca(M03)24H20 635.2 uM 635.2 oM
KNOz 989.0 uM 989.0 gM
A -Nazglycerophosphate xBz0 17T0.0 uM -

MgSDs 120 162. 3 uM 162.3 ¥
Na28i039H20 351. ¢ ¥ (176.0 M)
Thiamine 29.0 nH -
Biotine 0.4 n¥ -
Vitamine Biz 0,07 nM 0.007 =M
FeClabll=0 2,175 M 0.218 u¥
MnClzdliz0 545. 7 nM -
InS0aTlz0 229.5 nM -
CoClz6=0 50.4 nM -
NazMo0a2020 1.0 nM -
NazEDTAZH=0 8.059 uM -

HEPES 2.1 aM 2.1 nM
pll 7.0 7.0

* Na>SiDs 0000t r 4 BB - THER L,

~Z0 M, A F LU AR O~1000 M, BT O0~1500 MO THBEMgOCRDLA M, =
BEMdh oo EER cuf B O 40.34%. CudH* 40.34%, CulHa?s 10.31% T 3,
AF IO AD(EERER (2 1009%, HHENd In®t A 99.99% T H 5,

3 #HE

SERBRET- 2 5 30700 Y X M EEORIIBH, BRULOREFOF HEEE R
F2zmli, E@EIO St.1, 2, 3 RERMSTHIKPOLFOBEDN1~3 aM, £H F
1Y AQHEEDS 0.0 aM EIF, 2EMOBRELSI ~10 oM (Bli; BE), BEUNLERTAT
ARG OSHEOBMEN 3 ~16 4, 2H F I o L OBMEED 0.05uM BT, LEMOMEM 1~
25 pM (B BE), MRS ERMS TRNKIOLED 0.3~1.6 M, » F 324 0.1y
MWECF, &3 oM BE (BT - 81l 1984, Bilis; 1988) TH A, flr{=H/I st.0. K
B, RE) RIEBREME TS B,

Ell1idsr4%& (108 1170—r) OXREREFECRETH, #riva, RUBHOBEL
mlt, @ieo0wTld, FERHME» SCHE L TEBoXARRE QLM EREDN, 0.06~0.58
M oz, BHREE D S BB LA Achnanthes minutissima 2 hid 157 pM, Surirella
angustata ®Fh 320 uM BlE L&, BFRMROr A EXRCH L THESS Z - EHES M
i ot, BHEMLTOEERCEMERLLL, FcHdsadE s 97 end, BRBE A
LHIBEL 7 Surirella angustata SFEHFMED BB L & Synedra sp. OEMEEE L 203
~212 M &, BEDRVERVESLS -, A F o AL TR, Pinnularia 2 EAHC

K¢ Achnanthes minutissima & Surirella ovata var. pinnata AR OB~ - 72,
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I RAOEERE R IO0LT

F2 HEELAMEMEFEMWARWE, FFIYa, EENIET AR

O PR HRBE (e M)
Cu cd Zn

Cyanophyceae
1. Chamaesiphon subglobosus Lemmermann {Miyata R. §t.2) 0.75 76.7 85.0
2. Phormidium ramosum Boye-Pet (Takstori R.} 1.57 7.5 55.6
3. P. foveolarum Gom. |{Miyata R. St.2} 0.46 32.2 85.13
Bacillariophyceae
4. Achnanthes minytissima Kutz. (Kosaka R.) >20 201.3 401.7
5. A. minutissima Kutz. {Miyata R. St.1) 15.7 311.0 504.1
6. A. minutissima Kutz. (Miyata R. St.2} >20 274.4 1145.8
7. A. minutissima Kutz. {Miyata R. St.3) >20 141.9 513.2
8. Surirella angustata Kutz. {Miyata R. St.3) 6.0 55.1 212.5%
8., A, lanceolata

var, lanceclata Breb. ex Kutz. (Miyata R. St.Q} .27 38.1 40.0
10, Gomphonema angustatum

var. obtusatum {Kutz.} Grun. {(Mt. Tsukuba) 0.31 12.7 50.9
11. Neidium bisulcatum

var. baicalense [Skv. & Meyer) Reim. {(Miyata R. St.0) 0.086 58,9 35,0
12, Pinnuiaria substomatophora Hust.{Oze) 0.17 >2000 65.4
13. P. brevicostata Cl.{Miyauta R. S5t.0) 0.15 >2000 144.1
14, S, ovata var. pinpata W. Smith (Miyata R. St.0) 0.31 290.9 49.9
15. Synedra sp. {(Miyata R. St.0) 0.58 28.3 203.4
Chlorophyceae
16. Chlorells vulgaris Beij. {Miyata R. S5t.2) >20 222.4 510.5
17, C. vulgaris Beij.(Mivata R. 5t.3} >20 339.2 513.5
i8. Chlamydomonas pulvinata Vischer (Miyata R. S5t.3) >20 >2000 >1500
139, Franceia amphitricha (7}

{Lagerh.) Hegew. {Miyata R. 5t.3) >20 >2000 >1500
20. Scenedesmus acutus Meyen (Mivata R. St.3} >20 331.5 >1500
21, §. acuwtus Meyen [Miyata H. S5t.1) 8.17 358.0 >1500
22, Ocecystis lacustris Chod. (Miyata R. St.2} >20 973.9 >1500
23. Chlorolobion brawnii (Nag.) Kom. {Miyata R. St.0} 15.2 >2000 231.9
24, Klebsormidium subtile {Kutz) Heering (Miyata R. St.1} >20 1474.6 >1500
25. Ulethrix variabilis {(Kutz.)} Xutz. (Takatori R.? »20 593.7 »1500
26. Uronema confervicolum Lagerheim (Miyata R. St.2) >20 148.0 >1500
27. Stigeoclonium aestivale

({Hazen) Collins (Miyata R. St.3) 19.51 66.7 207.6
28. Chaetophoraceae {Gongrosirs ?){Miyate R. St.1} >20 1322.3 511.7
29, Spirogyra sp. {Mt. Tsukuba) 0.20 86.6 >1500
30. Klebsormidium klebsii G.M. Smith (Mt. Tukuba) 0.84 368.8 181.2

Hezrgosnoz, 240 RUErAey 27 E(6f87e—>) oR%ERLE. C
hoRI~XTIHEOFELRBRIEWLTHESZRL 2. Hic Chlanydononas pulvinata FEEHE %
BEMLASHELAREFERASNL0T, FELSRBRBLE~ZALLAK L,

H3wzoftoRRERE (TH) oFBERERY. >V Ti, Y4 RLERICEEL
M OREEL S RBL CHRMR i OM - 2 Eiddh< . FGRMK D S B Lo inE
R, 0.20~0.84 M B R, BHPRWPLTHR, Yowvaw s tERETRITWHELEN
BOME A -7, UL, HHRMEAGHBEL A Stigeocloniun aestivale, FEHRMESR S
Bt L # Klebsormidium klebsii D¥FAEREEIX 208, 18l EEBDTH-f. A FIOALR
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RELATIVE PHOTOSYNTHESIS (%)

RELATIVE PHOTOSYNTHESIS (%)

I
a
o Agknanthas Achnanthes o Achnanthes Achngnthes
minutissime minutisaima - Ominutias.imn . minutisgima
100¢-¢ » .
Iy o [ L] &
[ ae A
¥ * o . [« 3]
a a » .
- " ° o] 4
o]
b & ° o
L]
A
<] o )
o N ) NPT R TN R j T B SR S
()
Suriraila Achnanthea Gomphonema Heidium
10047 anguatate lancgolate angustatym bisulcatum
o var. obtusatum var. baicalense
L
4 "
- A
.
&
A ° . &
[ S SR [ TR B
Pinaularia Pinnularia Surireila ovata Synedra sp.
100 gubstomatophara bradicostate E var, pinnata
A A A
& Y
& a
Ko
A
©
o 5 a

[+} .
0 YOTAL COPPER20(,)
Y T A T A |
GTOTAL CADMIUME0O 1y
T S S NS SR ST S
Q0 TOTAL ZING 1500(}4M)

[ 1

A BONEHEE I RITTH,

HRIT L, HEOE

®: Cu &:Cd OiZn
-
L] L]
% L]
& o .
[o  erioretia fhlorella [ a4, & Bo oo
100 + vulgaris QAvu[paria - L 9
* Pe O L0 . Chlamydemonas 2 L
Ba eg o =} I pulvinata (7} r a
- a . . + - - Pranceia
amphitricha {7)
- o o a
8 L L
DA“"""" PR T R | ! VIR SR Y VT W i | FI ORI A T R
s ! 8
- »
E' a . Scgnedegmya . )
100 s o " Ui\ azutus v o -y Chlorolobion
A ) b o - bpgunii
r B =] P =] 0 =]
L o L . 8 © | & % . [ o & A a
Soenedeamua Q ; os »
acutus | . Cocystia o o Q
& B lacustiris r
4 » |
G‘r....ljnuul r.-JJ.x..‘| T
O 147AL COPPER 20(uM)
N T U N OO W |
OrotaL caDMIUMEO0 ()
15
® roraLzing ' OO0Gm

@2 i (Chlorococcales and Volvocales) BV GHGEREIZ RITTEE, # F

L, HSAOEE
®:Cu &:Cd O

Zn
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L Stigecelonium
aestivale
a 20,

Uluthrtx & Uronema
variabilis - =anfaru1=olun

Xiebgormidium
subtile

o
<]
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o
o
>
o
_l_—f—l_‘l’_l’?"_‘l
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T — T4 b
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-
[e]
L o3
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o
o]
L .

Gl\llllllil

* . Chaetophoraceae

Klebsermidium
klabgtd

Spircogyra sp.

'RELATIVE PHOTOSYNTHESIS (%)

-t
o
=3
I
L
O
‘—ﬂ——'T—cﬂxij s
Q
hd LN
[e]
3
Q
4
Q
-3

[ ) e a—— L1 1) YR R S | FEPES SRR |

@ roTaL copPER 20(um)
| U VO 0 NI

O7oTaL caDMIUMSO M)

0 1500
TOTAL ZING um)

3 #it#E (Chivrocueeales and Volvocales) @GA RS FIT44, H FIY
A ﬁsﬂ@ '-"’ﬂﬂ

®:Cu &:Cd Olin s
4
2
-
5 100 Chamaesiphon Phormidium Phormidium
@ subgloboaus (7) rameaum feveclarum
7]
S i
= T
=
< z
o
e
o
-
I
o

© totaL correR 20(um)
O1oTAL canMumSO0pm)
9 roraL zine 1599y
B4 Fr800ERFEEICKIZTI, # FIva, Moy
®.Cu &:Cd OZn
3L Cit Spirogyra sp. MRV TEOBEHRVEHBIEARLALEL S,
Ha3meiXroBll A v EIBOERERYT, WFhoBbsERMEH BB L2
bhpbotHRH. A FI9A BHOWTHICHHEM - 1,

4 % K

feoELBOBER~OHEBRFORTER, AERAEILAREECAELLVITORTEY
fiTit 1~2 pgl™ S 10mgl ', ARIY AT 60pgl™! S 20ngl !, HEHTR
TAng ! TS W0l EWSHESHESATVLE Raid; 1981), chooHBRELIAY

— 229 —
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LBEROMBEE L TR SR BEE (Sconedesnus ¥ Chiorella H £} 5 nateral
population AL b0 TH 3. HHFREIRBRFE, FcBEHBoMMic o RE(ELDO
THEEOF— 25 N EPMIEET I LA TERVY, SOORETHOETRERL L
W IogEBErA TV, LALAFFIvAd 1y REDETH - .

FAEBAHEE, DHESEBE complex 22 3+ L — MAIPEEREUBEL T U VBIED
EEigicuat{ T, DENHoRRoLYENLARSZBORESEDLLYL, DESE
B & complex *E2BEOKANRBEYOREREZAN(TIV, sk, NEF(OREOHR
L L0ETHEE, BUEELOMNE LS, LbL, AMETCAHVWALOLEALETMED
HHBEL 72 Achnanthes minutissima OABEFERREITHOEHEFRER 2.96 aMT(EI S
1937) AR TOMEI D1 5y BEVWfETH- ., SECLINELEEO UKRMBE LV IEAR
Kk, MEMEroARRETATW fEckREFsEsohdb Ly, £, HHico
W I Ankistrodesmus falcatus T Photosystem-I #HHE&EH D (Shiois; 1978) EWIHIH
EWBLN, AFIgh, BHIOVTRILSEEREMAET L VIRERTL, BEKHEE
DETR IR CRE nREXRBSE 06 LAA G, L L, Davies & Sleep (1§78) 2K
OEMT 32 b oW THEHAEPREMLTHL AR, 20~30pg! ) EVWIBEBETRED
WMABBERL TieH-1, EHELTWS,

Foster (1982) iX#, %, B oELLMBEO®EIIN S 876 20027 0 —vORFECHEER K
WM ARBEITY, WIFhbkBEF RS 2&EF~ 0BRSS - L EfHm LA, SHAOHAE
BAOobBBEEFrABE>VWTRAHOERESBA, LdL, 5 vEEIBRERERKD SFEM
LricbdbbbofudFhbfEho, BRI~ THERCHT 2MESTFATEBL TR
KELRUB-TLE-ROTHHI8, BHAORAGHEIED L LEFAL R (L,
Microcystis WERBEHRL LV BERHEORRICLHICHSATED, [FTH MO YEH
EoVWT oMREHECHEEYMESERT AL TR REIERFERBRELLNS, o0
SUyBHOLSEASCET I RAEMNARBERIGAVESE~OliERELEROMNITIR
GHE+T O b LNK N, —F, Foster (1982) REROTTES ¥ »H% b Chlanydomonas
% Gloeococeus RESBicH L THWERSTEY, HlaH3R+2hooWEIC—~2 DM
ERESEET ST RIFVESAS,

By SBEL ARBHERE Y F 1o A0HEHIc b BVHEIRS - 2. FERIR A SR
Lt boTIMOEEICH M > Chlorolobion braunii, # FI Y AicDs&En

Klebsormidium klebsii, Surirella ovata var. pinnata, Pinnularia substomatophora, P.
brevicostata, BEICD A5\ Spirogyra sp. W &, ELR~OWttoBEELAGHZHEL T
EbDbB o, SERb-EE(OHIES>VTOMRERS L b, HERRBORL - £
HESHOSERLAA-BodR A Lok, BllokE FHEOBERLELHIARRLT
WS TETH 5.
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1% #r 1 3% Achnanthes minutissima )
SAmEEEIC >\ T
SV I R (At e o

Copper Tolerance of Benthic Diatom Achnanthes minutissima

Makoto M. WATANABE' Yuichi TAKEUCHI® and Norike TAKAMURA®

Abstract

Copper tolerance mechanisms of Achnanthes minutissima were examined

using axenic culture. Chemical forms of copper in the medium that cause
growth inhibition of A. miputissima were revealed to be Cu2*, CuOH*,
Cuz2 (0K}2%* and CuCl*. The relationship between the growth rate {z) and
the total concentration {T-Cu) of these copper species was obtained as
follows:

L max - Emin
1 + x [T-Cu] ®

wheTe g max=maXimum growih rate; Emin=minimum growth rate; k=0.114x10'?

E=ftnin +

mole™® }2. The concentration of T-Cu causing 50% inhibition of growth of
A. minutissima was 2.96uM. Most of copper added remained in the ambient
medium or was absorbed to the frustules and the cell walls. The content
of intracellular copper was very low and a part of it bound to proteins
having higher molecular weight than that of metalothicnein. The amounts
of organic acids secreted by A. minutissima increased with increasing
concentration of copper added. The organic acids may perhaps fornm
complexes with intracellular copper and transport it outside the cell or,
more probably, form complexes with extracellular copper in the medium

From the results, tolerance mechanisms of A. minutissima to high
concentration of copper were supposed to be l}exclusion, 2)}intracellular

detoxification, 3)extrusion, and 4)extracellular detoxification of copper
B B

1% 7 4 # Achnanthes minutissina OMMBEERT & LCERT IHEMIE, )
W &EH Cult, CulH', Cuz(0M*RU CuCl' QA ETH L bt A

1L EAAEHRN AELERERE T RBE-SETIAENE?
¥ater and Soil Environment Division, the National Institute for Environmental
Studies, 16~2 Onogawa, Tsukuba, Ibaraki 305, Japan.

2 BEMNLOEMAR SPRENL T RBE2CEHNFINE:?
Environmental Biology Division, the National Institute for Environmental Studies,
16-2 Onogawa, Tsukuba, tbaraki 305, Japan.
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D AE - M - AT

DRREE (p) &, CHho4BOoRoPECKE [(T-Cu] oMk, kAol
fiEEF L A TR B KA,
M max _ nmin

1 + k [T-Cu] 2

ST, kmac WRKHEGEE, paio WEMEEOREME k 0 114x 1017
nol 2 2Th b, XEOWMMOEAEERY Cu OBER 2,062 NTH - o £E
LEmEED Cy TEELLEE, BEAED Cu RABDPREEST 2D, H50E
momBEcAdELCBY, EHEA L BRDBTH- o, RN Cu o -8k A
FUFAFA L LOERTFOF v HERSLT W &7, Mgl o @A B
EVMELTRABENIERMOBERANS W ARBEEOHMEMIGLTHINT 3
SEhS, HREO—FHRMAT Cu ESL, EIEA~ G0 EHEoT 3,
RSB ENAERBIABES Cu EESL, BT IAREENFLLNI. L
tooems, A ninutissima OFRIEMEIZR, DPEE (exclusion), 2)#i
PR AL (intracellular detoxification), 3)HE# > (extrusion), KT 4)#EiE
A ZIE {extracellular detoxification) O OBEBREELTWEEEZLS
5,

= LLnin +

1 @iLwic

f}#& 4 A B Achnanthes minutissing BESBEEREANCERY 2B RRNUERETH D,
BLBEROBBELEL TV 3, L L, 3B0ESEMHERB >V TORARE (LS
TWiL, ABETR, KERMINoBELBHERKEL Y, BREh-EEL NSRS
rABOBE e — Y HEAVWTT -~ ARERBEREEESE L, AESL 0L 3 TEFERED
fliefoREOMEEEZ LTk, RULTOMUEBEBROLHEI bDLEEET S,

2 MHEHHE

B 19834 BicHENENTE D BERLARB L0 2B S h/c Achnanthes ninutissima
OEE s 2 — B NIES-T1 2{ERAL 2,

HEBERHE: +TOERI, BF 20C, BABRUABEM-T, 150pE n°2 7' U 12656
B L2BFRE M okE B CiThb i, F4, EBEFBELT, ¥/T, F7uryH=ZATIR
apBv SN,

it AERCHA S A ERSRE, BKES A ROEH oS BH LD PIV # 50 (EDTA
W3 uMA-TWVW3) 2B, F7IYOBER /10, YV ea ) vB%E NaleP0a - 20202 E
A, PCa-P BEEE 1 uM (1/166) KBS LA bDTH S (F1), WMMHERTIE, CuS0s-5H0
FoORABHIEMEN S, CORRICOMOBERGERBNCERT 5, TELHE
BRH20L508 2, Er0HBOFHARBR A4 & D stability constant » SEHH & H
tro COBE, MLy, KB4, BRIA Y, RUBHAL > OBELEXKEIND
B, *honRBREKETSIOT, ERINL,
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T35 o 4 B Achnanthes minutissima O HRPERE

1 BEHoOHRK

5 E Csi i EERE M
WMEH vy A - 4k 635.2 u M 635.2 p M
HiEryva 989.0 £ M 989.0 M
B-ryeay sBFrYe L 179.0 ¢ M

Y rBEm—+ FY v A 2KIE 1.0 u M
Wiy n- 7KIE 162.3 u X 162.3 uH
Ay ABF YA 9KHE 351.9 u M 351.9 M
FTiv - - HEH 29.0 =nN 2.9 nM
ExF 0.4 nk 0.4 nM
E# 3 ¥Bi: 0.07 nM 0.07 nM
PI¥ A 5 0.3 m

HEPES 2.1 =M 2.1 uM

F2 FHEETHIZ CuSOs -« SH0 TRNL B 0RO

B M O PR TR AR R
fa pi 5 pH 6 ol 7 pH 8
Cu?* T6. 4% 78.5% 83.2% 32.0%
CuQH" 0.2% 1.7% 16.65% 64.0%
Cuz (DR)22* t t 0.2% 1.0%
CuCl* 23.4% 19.8% 0 0
vERHNE

MEER: 0 mOF 7o YBU=ZHM75230F4i S0 mOEMEANL, A -7 Lv—TH
Bliob, 5500025 88E (0.22un I VK77 405 —) Effc CuS04-5H20 % 0,1,
2.5.5. 1.5, 10, 15uM DT HROBELN AL CEBMTHRML e £, CuS0s-5H20 &
NazEDTA A= AT :1 &EHBEHFRFREEENA Cu-EDTA B EIEY, AR L A BE&E R
LT, 7TERROBEOEMEFER LA A pinutissina OHIEF R, 100 mld CSi FHRIAA
ot 200 m OF T YBIEMTSAaT2RMTY, ChofiBEBshiodiie, SO08
(2,000g, 2min) L, EWAEZEET, HEAMKERDL, BEL, BUELoRELT, LH
HERTHZEVH>ERFEIREVEL, BHET 2 CSi BBEMRSRC A ninutissing K05
WaniEARMEMEZRIERE L, £ 0%, A ninutissima 2#H 2 X 10% cells m ™' &
HBLSK, AR LATERBOBED CuSls - 5020 21 Cu-EDTA WA - B IZHENL fa
wmingg, 4 0B CEEREEENRL, WEEEATEL . HBEREE (o) JRATEKD .

# = (log N2 - log No)./ 4 (1)

v
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CCT, VadPUAHOHBEE, N RMWHEKTS S, ERERGRE 4 o s o MR E
BEM - THRIo Cushs - 5H20 A - B COMMEEII, pHES. 6. TRES ET{LE ¥
THIV, Cu-EDTA TOREERI pl7 COATbRE,

BEEFEHdcofosm: EROBEFIEER L cRde CuSOe-+ 5Ha0 MHB 4T uM, 22uM
W& Ao fEih T, SERSEER LA A ninutissima MM ZEOSEE (2, 0009, 30 nin) TH
2%, EEBEToMoBEMELL (B1-(1))e Horffil~v 5 bic 0.1 nM @ EDTA 2
ML, BEL, BOSR (20009, 20 min) FFV, FHEEEN LA, AHORAEE 5 EE
DRL, BMahfd~TobFRTOoROBEAELL (B1-02)) Boffl~L . b %
HELiiob, BoM @ ALAF P F,— %5 50 oM DK-V YEEGHE (p1 7.0) 2,
IO EERMAEEIET>20s, EOEE (2,0009, 20 nin) L, vy EHoHR
ERELA (F1-(3)e &5 LHEE%E 10,0009 T 204y, 100,0004 T 04y MOSBEL, &
A DALy POOHEHBET 100,000 TOLEREO-—BESLVTRHBERAFELA (F1-(4),
(5))o Be b 100,0009 EiE#EIE Bio Gel P-30 2 - TH¥ A ARJERT WV, ENEPOHE

- MM (z.000g, 30 mind

E ﬁgl ............ (1)

— 0.1 aM EDTA 20A T
Ao (10,0008, 20 min)

{jﬂl ﬂﬂl IEDH J;Eéttl ------ {2}

— RBE® S AAAT b F -0
a5 ad K-V YEEEHE (p1 7.0)
D THEEEAE (1 ain, § @)

— ELSTEE (2,000g ., 30 ein)

o w] (o o] o

— EOASBE (100,000g, 60 min)

1100.0009 pptl cene (5)
’100,0009 sup’ .................... (8)

D1 R 055 A AT 100 e
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{854 1 & Achnanthes minutissima O REHE R

BRUsvarsBRFPRAELLE (BL-08)) HoflTRETEALEELE-TTW, 77 H
B 280 nm ieB I AHMAEETHMEL ko

EARBEWE LTI N AEBRUABEROME : LB EBRIC Custs » 510 BE 7
uM, 22uM A -7 EHT A pinutissima » 3AMBEHLADE, OB (2.000g, 20nia)
A, AP OERERUBOBLUTOL S R RE Ui, BML 8K, 10 EEE2NA
pl % 1 LT & L, Dowex-50w fR A 4 »3Z#Bile (H+ &) on 54 (WEElen, K& 5cn) 5
LB o4 v 2BRELL, Bt KTHV.ELLAESLREL. 0 BEL0HB
S E Lz, HHEEER Gotowd (1985) OHEREV, &dfiks et /37 2R
HEBBAITEE (JASCO Tritor SR-2, HASNE) kDB LA, EHOEFEK, IMTYE=TF
kEMA, pi % LB L HEHEI L, Dowex-1 BB 4 v ASHEEE (BFBED) o X5 4 (HE Len,
E&bScn) KL B2 Kok, AHLA-ES L #EL, BES L LA, BEZCHRE
L& LT, Phenyl-S-Gle EMA, HELHRE, ™S {EH (TMSI-C, ¥R 2 o1 3) ZMA, 70
CT 04 MM L, THS L2, HRr2o=r 370 —iKEDGHL

3 # OB

3. 1 A ninutissina®WBiEREFTROEE

Rziz+t—r# EDTA OROBHCRETESLHLHERERTLALLDTH S, Cu-EDTA
ERMLABARO~15pM FCR2{HMAESS oL h oD L, CuSOs -+ 510 OB %
BEZSHALBED, REFCE U THEEESBEBLAL, 2D &P 5, A minutissina
OMBAFRTE LTEATEIRELTR], 14 vbdnttREO LD P, WEBMELEATER
LTWwB bOBREL SN 5,

B3 plE, 6.7, 8F4HVT, CuSbs - 5Ha0 OFZRBETD A pinutissineg OWTHERE
T P EBELHLTToe FLibOTHE, pl 5~THBVTH, Cu®® A minutissina

M
0.8
CurEDTA
0.6—9‘\0"'D
‘R\
\.\
04r S CuSC:7HO
- .. .
Q2r
o= et r 4 1
0 5 10 15
T-Cu (uM)

2 EDTA OHOEHICRITTEE
u o HEWOREE, T-Cu . iREE
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Wil AR - HPH— - T

pH7
S
pH &
pHS
0
0 2 4 6 a 10 12 14

Cu®t uM

W3 MR (e) 0 o B
FT OREEGE (2)30 1 0, £ 4 k=0.174X10% mol™2 % (pH 5, 6, 7} RTF
k=1.562X10" mol * 1% {pH 8) % AV CEIH & v

OHBEEETEEIRAOL I Uo7 R THRTIEBETE L,

M max — HEmin
1 +  k[ce?r)®

CCT p AWEEE, poaon BHEEEOBRBEE 4e ERAMBEEE, k30 174x 1017
nole™® 12, [Cu?"] 12 Cu’ " DE (mele 17! T&H 3, COREDH, HWHOMHEE, T4bb
p={itnax + gnin)/2 E5Z 5 Cu¥ 1 2. 40pM EHEENE, LU, pHB.O THEIAL
pekizd cut ORER, BREANKSEMOEF AR TRENS OO, k HIR 1. 562x 1012
mole™ 12&—r s @<, FHAFMES 0.8uM EHHESO A,

44k, pHs. 6.7 . RUESOE pl KBWT, BA 547 CuSls - 5H20 BE (T-Cu) i L
T, A. pinutissima OWPHEE Ve PLALDOTHE, B2RRLELIKE, pI5,. 60D
T-Cu 4, B&EAE Cu?", CuOH* KU CuCl*£hiEn, pi7,8® T-Cu &, Cu®*, CulH* BRU
Cuz (0M)2%" & Wi B, T-Cu @ A minutjssima OMBArREETEER, BEEANRIE 2 oBs
FEHofRNBEEs AR TREND, pIS~8F<TiRBVWT, 2{EALEFAATHHET L&
MTE . )

= ,ttmin+ (2)

M omax — Hoain
1 +  k [T-Cu] 2 ©

SO, ki 0.114%10'% mole™? 1%& pHS~T7 @ CuttOMA I PONEL, WHOEXH
HBEFIR L9suM EHEEhf,

g = fmin *+

3. 2z EEIAEbOROSH
EZ3BEERARPOFODHAERT 7 e M-Cu OEBRTR, 6. TXOHBERBETLET
LThn, MEARESHENBLTVWE LA 00 S Cu (EDTA SBKY 2,000 ¢ ppt) EdHdh
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1135 7 4 B Achnanthes minutissima OIARIEHEE

| M I 1 1 1 I 1

0 2 4 & 8 10 12 14 16
T-Cu pM

[H4 HFEER ()@ C*T, CubH” BUFCuw(OH) 27 &AWt cuCl™ D&
B (T-Cu) KT
S (3)FAE D, k=0.114%X 102 mele 2 F F AW CEMI xR,

#3 BEREBDOEOTH

T u M-Cu 22 u M-Cu
MW (cells m-Y) 10 x 10°% 6.8 x 10%
HoRH (u W)
e« BEEE W 6.79 (95.7 %) 13.45 {(61.2%)

EDTASE & i P 0.18 (2.6 %) 8.01 (36.4£%)
2,0008 ppt 0.013 ( 0.189%) 0.29 ( 1.0%)
10,0004 ppt 0.012  0.15%) 0.06 ( 0.3%)

100,0004 ppt  0.02 ( 0.30%) 6.17 { 0.89%)

100,0009 sup 0,005 { 0.07%) p.07 ( 0.3%)

2.8% T &, MBMBPHRANBEORA OS D (10,000~100,000g ppt) KFETS
Cu i3 0.45%. MBENTEERSL LTHET S Cu i ¢.07%CTELV. 74D S5, WREH
Cu EB2ENB6DE, F0.5%T 3TnM (=0.037 fmol cell™') LD TDHUM 7o —FH
22pM-Cu BMBEFRTH, BHRAPCFEET M 1. 2% &Ry, RPBEBEMAELTVIRAR
3T 4% EHML, SoBEAROEH R LA LEBEBTRHRIRIPATVWENLILRLI S,
B 0.5M (=0.441 fmol cell™') &, TuM-Cu TOEBF LI~ MIEHORECHML
T\,

R5.6E7 M KT 222 M-Cu OIEHEKD 100,0009 sup Do, $4b5, AHEEHK
By vy QEEARBREZLEPAARLLNOTH A, £bic, 757 ¥ 3 ¥ 10& 301t
FilZ Cu DFE—2 %2628, 0O —2@3s»sHor—7 LT EORL, ol
DE—T BRI v IBEOE 5 ERHEBLTWEL -1,
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T4 Achnanthes minutissima & 0 KERETE A (T S AL & AT IR

RHEY T #M-Cu 22 p K-Cu
Carbohydrates

Polymers 2.1  pefeell 2.1 pg/eell

Uronic acid 18.3% 19.5%

Fucose 20.3% 20.2%

Xylose 17.6% 18.9%

Mannose 15.5% 16. 1%

Galactose 9. 6% 10.0%

Glucose 18.71% 15.2%
Mononer

Giucose 0.25 pg/cell 0.17 pg/eell
Organic acids 0,117 pg/feell 0.42 pg/cell

Malie acid 0.05 pg/cell 0.12 pg/cell

Glyceric acid 0.007 pg/cell 0.06 pg/fcell

Fumalic acid 0.06 pglfcell 0.24 pg/ecell

3. 3 #HARMEYE LTOBERUVERE
R4 T uM-Cu, 20pN-Cu OXHEFR T, 4 minutissima L HEEBBF D PMINABLER

il LicERERT. ﬂﬁﬁﬁb@%@éﬁ?umwu&Zum%u®%§%fﬁtAE%
g, HEREER 22 M-Cu EBRTT7 uM-Cu BERFZ I 0AERDL TV,

4 E B
BEOMMBEHEEXREYT Cu OFR, (P THA2LENE{OWEBCL-TEREATL
% (cf. Stokes, 1983), HEP B ZIC/ARLAKSIC EDTA EF2REEHEERER LA Cu 2L A
minutissima wHHERELL 27, LAL, Ci2" 03 2HERTEL K, 3 TRLAEES
i pHB TORED AN, o pil TOHERELSKECEND, (¥EFRFEHSEL R E,
THbE WOBMBE U ALIEERHEYSLRATEN YV, Petersond (1984) i3 Cu &
HER T LOMAMLAREADHIC p BWEHSE>NHMANRLILEFHELTHLEH,
SO Cut® A minutissima OHYMMMEFY pI5. 6, T T T LA VA, SHEHOKEE
Y TIRHAEIERTEL L, B, Andrevd (1977), Howarth & Sprague (1977), Magnuson

S (1979), B¢ Chakoumakoss {(1979) j= kb Daphnia magna, Salmo clarko B ¢F §. gaidneri
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T34 1 8K Achnanthes minutissime DEHFESE

anL TaM Cu °Cu lzoo
* Protein
T
o a
] 2
« 4100 5
o

B5 7 pM-CufFERaR oW BEEER ST & ¥ oty osrm

22uM Cu
J1200
st
Jgeo
<
&
g 2
“osh 3
a0
eVl Spuddelsiann, Asress BrnootSnssocyed |
‘ = 10 20 30 40 st 9

Fr.Ne. {2ml)

6 22 xM-Cu BN O SRR G & ¥ vt B OS5

i Ut ARENEE LTHERAT SO TR, CulY, CulH” RO Cu(0H)2 0 BA#Hil &
LTEElT 2285 LT A, M4@RLCEAR, A ninvtissing OMREEEE (2,
} Culll”, R Cuz{0Me®' H 20 CuCl ' DEMNTHS T-Cu KXMLTT ey P LEBEE, =2
| i TRLEMO Cu DEERRAE LN COBE, oA Cu RB~, Hpi TRIE
BPETER-Twacbhbhbod, R (BURBESTHALTVWE I LS, A ninuti-
! ssima@ MO ERF L LTEATSE Cu i, DR Ls4 B0, Cu®', Cull’, Cuz{0H}2?",
CuCl* THBEEbND, 4, Cu OFHEMN pl REKELTV2EOHELE L (cf.
Peterson®, 1684), A. minutissima WHBLTR, ph X Cu OFREHRACOBELRIIRZ LV

‘ CEMHIEAL
EMEO Cu THEBFIEL A ninutissina OEBETR, Cu DRFELAERAEDIETFEET S
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Wil E - VP - AT

bORUBOMIECHELTWELDThte L L, bFHTESLNEHMACEEL
TW3 Cu bdb, HwNTA Cu BET oM &b 220 KNS E 5 &, MRARO Cu B 10
BRI L Ao COMBND (v O—8iE, H5.6RRLAXSIZS Y2 HEIBELTSE
D, COFrynsHRBTII ey - Furn—ho¥lMiTEE, ASuFARAYIVELTO
LOTHL LMW sh 3, A Cu OB ROy Yo s BEELLTORWE, EANHE
MELTHBREMBEN, 20BSENLA o BEHBLTVACENGELASE, J0D
HRBE s oo BEFEALTVWIEWL Co EBEEERL, AACHBLTVWITAERER 2%
AoNb, &oi, ALK ERAEHRER, Ao Cu & biEkERERL, BHFLTHIL
LbEILLN D,

PLlEDC &%, A nminutissima o Cu MERERR, E7RFTL5E, DRAUEIE
TO Cu OB~ PR (exclusion) DM, DMKA Cu 0% ¥y HPEBEE ORETE
— B (IR, D0 CHRBOBKOEA~DOHB - e (extrusion) DB, RU
NEAR~FB SO TEESOBARMEN EART O Cu & O 5B AL — MBI A WL E 0
MoOENHE LELSN S,

Toxic forms of copper
(Cu2*, CulH*. CuzCOH),2*, Cucl*)

“Bound” “Extrusion”
L A

Frustule Y
Copper absorption : “Exclusion”
Cell wal)
Cell membrane Copper transport
|
Copper jnside cel]l — “Bound” to Proteins
Free or |norganic Production of Organic
complex \ ,/aCIdS

“Bound”

7 A minulissima O EERE
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{354 1 EﬁAckrmnfhes_ minutissima @ §IH P HE

A
ERFERTTBEELD, HOBERRCELTIHEATS - A ERREEEt, WE—#Y
T (ExaFHAN - KELERER) RUFREEEL (E - SFARED) cRHLE S,

3 0" X M
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Tolerance Mechanism of the Fish to Environmental Cadmium

Kazuo T. SUZUKI" and Shigehisa HATAKEYAMA?

Abstract

Mechanisms for the tolerance of the fish to a low level of cadmium in
the aquatic environment were studied by exposing gibels {Carassius auratus
langsdorfii: body weight, 21-32 g} to cadmium at a concentration of 10ug
Cd =" in a 80! flow-through aquarium {80!, 0.7! min ') for 39 weeks.
Gibels resided in flowing underground water without cadmium were used as

contrbl. The livers were homogenized in twe volumes of 0.1M Tris/HCI]
buffer (pH7.4, 0.25M glucose) in an atmosphere of nitrogen gas. The
supernatants {170,0009 for 60 min) were subjected to HPLC-ICP analyses

{high performance liquid chromatography-inductively coupled argoa
plasma-atomic emission spectrometry). Cadmium accumulated in the livers
of gibels by exposure to 10pg Cd ™' for 37 weeks was shown to be seques-
tered by the two major iseforms of copper.zinc;metallothionein {Cu, Zn-NT)
as Cd,Cu, Zn-MT. However, the relative ratio of the three metals in the
metallothionein induced by exposure to the low level of aquatic cadmium
was different from that induced by an int;aperitoneal injection of
cadmium

Cadmium present at a low level in the aquatic environment was

concluded to be sequestered by the two major isoforms of metallothionein
in the liver of the fish.

#® g -
MNEo/KBEMCFEETZ2ESEFON Fivag LT, BB ED LS NE
BTWEERT MR LA, TFRICHELS F2 o A%2F ML, 1opg!™! @AF
1Y AESULHARKE (801, 0.77 mnin™') BTF 7+ (Carassius auratus
langsdorfii; ¥ 21~32g) % SOEMEAEL . WHELLTCHFI vLZEFEN

Environmental Health Sciences Division., the National Institute for Environmental
Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.
2. HuoHEWES EMRER T305 RBE- CEWANEFN6E?
Environmental Biclogy Divisjon, the National Institute for Environmental Studies,

16-2 Onogawa, Tsukuba, Ibaraki 305, Japan

|
J 1. EIABEREA REERH T RMEo ETAEILE?
y
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WHI R KD CRIBIEHEE LA F Y 73 e fvi, Fvy 74 0lRE*EXRERT. 2
B8O 018 P RIGEHEHE QI 1.4, 0.2 7242 —23F) RTRE VA4
XL, EELLEH (170,0009, 80min) %281 YA 5#@H 5L THBL - LFED
OH Ko A, W, . MEOAHE, RESETHH TS HPLC-ICP K&
h, AFaFdid YERELL, SEOFRTCELEYT 2. EM-2 5 aF £ %
4 v (CuIn-MNT) CEIULHERZETLA P9 A @ EH-2 205434 (Cd
Cu.Zn-WT) 5, 10ug!™! BHF 1o ALBEHKETHELLEF Y 7+ CERML
TWBIENELAEL e AFIOLATENLTEBLEAaFd 2 VL
RESLTVE3BHEOERILIRE » TV, BEILEAETIEBREOH F
TLAbF T T OFRTRASIOF L A4 v ELTHELS O, BRHEERILT
WA EHBES I -1,

1 BELdic

E%miﬁﬁkmﬁérf CRBCHOATEY, JOMENEDL S KBEC LS oD
L,z L, Eﬁﬁ@%ﬁbbém%ﬁﬂféfbh&ﬂfiatf%ﬁ&bnénfmé #,
ﬁm*ﬁi%%hEET5E%®¢Tu.ﬁ%ﬁ%mﬁfb,%ﬁ%&ﬁﬁﬁmbbﬁihﬁ?
BEMTED, POAMRE-TREFE» S LERTH 2, I TILd, HEFNICESE
mvz¢ﬁ&hﬁiééﬁﬁwi@#§<ﬂﬁn%k&ﬁfﬂkéﬂféto

HELY A, ﬁ1 ﬁﬁmt@éﬁﬁkﬁbf ﬁiﬁmc‘:@;jmﬁﬁfﬂﬁiﬁ%ﬁ*?bi wWiE
A olshitBlER, Wt BESFROGBHESG vy B oMATRESh TV, &
EEEZBBELAY A L2O0MBELTHOAY 2 FORBRICEET A A FE oA, ARUVE
BEHEELTVEES TROGEEA 7 v 0 HAA Fu s %1 v THBETERENERS
B (Bonhan & Gedanu, 1984 Kitod. 1382; Ley®, 1983: McCarterd. 1982: Nobl-Lambot
1978; Overnell & Coombs, 1979; Roch5, 1982; Takeda & Shimizu, 1982; (L% - 88K, 1983),
—F, COBEAFROSEEZE Sy 2B A uF A 2L v TRVETBEHESE B (Piersen,
1985a.b; Ridlington, 1481; Thomas5, 1983a,b)o '

Ay FAFA v OEMFHRIAL LCERORKASHENTUES, BTFERE o 0BMH
Bt BObENHTHS (Kigi & Vallee, 1960)0 — (2, HENBLBOBH LB T A0
EMERNCEEERSN, FELNEBEA S0 F4 24 v 0 S RERBELLTHEELTS S
Licko TAREHMEBLVSH TS Be fhO—o 1k, Ths L MOLRI S RIEEHTT 5 12
HEREARSN, EEPHEE @R EE T VB T 3R TH B, BT TET 5B
%ﬁ@ﬁFswaﬁvﬁf@&mmﬁﬁ%éta,fau%*z4v&uﬁaﬂtﬁﬁ¥§®ﬂ

Yo s BERFELESLT WA EF 585 (Pierson, 19853, b; Ridlingtons, 1981; Thomags,-

1983a,0) &, EUBHBERY A5 o5t 31 Y ORMFOGNOTEE» > BESF L0 B,
BEOA S0 H A4 v BMUTR, £ 77 CEEA Ko s S MBARS Lk & 2 %Kg s
NWaAFLT 4 8l EN-EF v I EBHAIF LR34y THLEEBICRLAEWNE -8
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RBEOH F 37 AT AREORMERE

A, 1988, Fh, WpegcCdl™ ' EVIEBLOBFRFIVWERBEQS FIvALESUHKSTT
39 BEGET LAY v 7o BTEHEESZAFIvLL SW AS5AE, 250Fdadive
RSN vECESLTVECEBHELAE (LES, 1986).

ABETRE VS +ORBEREET ) F1va, ARUCEAOKEEGY v s HB%E, BT
SHNORES s » 7 HETHEL, ThoBrser424 v ThibESbWEodbiT3C
LEHBELE. 3HEOEAs 7 BoRO—2E, BUBOFy7roffBbcEET 2
REWREEALLEBEA Y v ~2H (Cu, In-binding protein) Thbv, o 2BHIH F
P AERBEARSLTES 3 A Vv o il BW-EE5 7B (Cd, Cu. Zn-binding
protein) &, BBEOA P19 A2 SUHKPTHELLLEFHZ IS F 1 v 4 6, Ei-
BAs vy BTHL, Ao Ft i1 ok LTR FBROLBE3EROAS LA LE
HM&ETFToclhsesbEte oo £hoid 1) SK #5652 700 VHERGETTHY, A%
RFAFArEIREAA Yy 0 BREETHRMTEAE, i) A5 LLEHBICEHS28B0

'Wﬁﬁ%ﬁwﬁhcaﬁﬁéﬁﬁéﬂfhéﬁﬁbTﬁéT#tﬂvﬁGSﬂiA%$ﬁ%#T

Timt s A%k HEiC Qi) BAA BRI SAERAVTAFeFA 24 rERBECKAY
Svrs B ToMTEEE O3EEThLE, AVLEIBEO s a0 BT EE, B
k& (IP) ¥ &, AHBTOFBROLBEBE LR CRET 5 HPLC-ICP # (Sunagas.
1987) TX-T, LAPTORBESHARNROAWEH LR T BAEER E » 2o HHE IRHPLC
SICP BEHEREEF s E, BRAoF I RA VOLICHEIROFEVERBRESy v /v
THOSHMBECBL THEALFRTHEEIEE LR LA,

2 EBA®

2.1 BREHIFrIvLNDEFYITIORD

+ 73 (Carassius auratus langsdorfii; A&, 21~132g) %80! OFKAKkMPTHTL,
WpgCd!l ' @F FIoatZUMTARE 0.7 nin"'oRBCHB L, HWHEBHE LA, THEK
OEFOCHEEEEEHBNE R o HFKOKE, pHEEE (RBIV 2 ALLT) RENE
. 2241°C, BHiHE 80 Rik TH oo # F I D AR THVHITREMBBLLHRE (5
C) ERFEH (TIL) ofERMAS, H#RBRLABTRCE b FIvazimliab-foh, &
MlichoROEEcd b,

2. 2 Frir~olffikr FivaolBERiks
FrFF+ (kE, 28~66 g} i, BHAKCBRBELAELA FI 2 A% 0,35 ng Cd/kg KED
HETAHE, &0 T 0,65 ng Cd/kg AEOAR T4 O/, A s HBMERE Lk, BAE

H(SMI) AR 1w AR (50) 3, #EB~OHF 1o o5 THRIBEENLBATE
%{LL’?’CU
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2. 3 Frvr7roFBLIEOREY

ABOFRERH S EL S, ~SCTHARZTRELA, FRE2HRO 0LIM F V2R
HEEEHRD (o 7.4, 0.25M 43— 28H, HAEMCERFREREAL LRI DETT
MEERE) ©, F52-F7a0rvMosES 24 ¥ 20, BHT, EREHTCrE Y
=+ A X L, BEL (170,000, 6030 LHEEHAMT, —80C THREL a

2. 4 ApruFtadroa8EE

HLE .1ml) % SW #35 & (TSKgel GI00OSW, T.5%X 600 mm: 7.5%X 75 nm @H — FH 7 &
1By =), XErHescy2 65-520 254 (1.6x500 mn, JBIERRLE) KEMLAi, 4+
YEB IO T b5 T 40k, SW X GS ASATHYAVABLTHEEA s oSt R4 YABELE
B, BAA 8 A S5 L (TSKgel DEAE-3SW, T7.5%x 75 mo, WY —) CHLAHSF LRI 4 F
i (Suzukis, 1984) Kd ot BF 7 A0BHEGHRBHOBMAERTL 1,
HILDBEHEE ICP (24 2~BF) DFATIAF—Fa—FCHEZFL HPLC-ICP &
(Sunaga®, 1987) kb, » Fios, H, HH % VYERUCRHRETEEBCHEL:
(Suzuki©, 1986)c ICP F— #1228 T &30 (BxEK &, 200F 1 > F/3nin} &0,
7oy E~F s R ERE L. F4R/0OF— 22 HBFH7 0y 5 4%B 0w (PC-9501, NEC),
Y7o 2— (FP 5301, 575 »27) THbEh,

3 HRIEE

LEdT oA s F i34 vE—BELAVEBCE TR TE 34LETTHB L (Suzuki, 1980)
BRETOy »o0 7 HBR L 254 BU 180 nn @MW E ICP ¥ — 2T & 043 L7 (Sunaga s,
1987) FEREHUT R Y.

H1B3ERBECH F 1o a2B8URAKNT HEMEELAF 7 F OIFBEH RO BPLC-1CP
SEHEMHEROLOLES R RLAHTH 2, MEHE TR FIvadBRBiasniids-» o,
EEp (Q1g) TR2zloRETE—2s LLTBESHh, To2H0C— 212/, i WHE
RURRBREES 7 254 mm ORNEH TR, Chs2H0N, B{BEHsh 4 Y
G MT-1)  (Suzuki, 1980) RELBHIAS A vE MT-1) ks, WEFhOBTE/ &M -
fog COCER N1 OFBFE YT +OFBETRELLAVETHELEERLTVE, O
2o —7DOEMCERERTVE (17.44)) DEAR E8H- Xsrvsva §l meHz
HEELLE— 7 HRNREE (10C, SHAE) Thh, Aroftiqvo2BkLiETa
1% (Suzuki & Yamamura, 1980), ¥/ L. BROHOE—2 A oF 454 v HBETHILE
ht:¥— 2 (Suzuki & Maitani, 1981) T 3 AIEEHH & V.

PFRARTE— 7 ldBETEI A0 TRETVWHSEKOLIICHEL - BiM ;21,355 &22.6%5
(IR EBRTE v F4 ), 25,58 (vAF V), 26.58 (YAF4 ), 16.8% (57
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RREEOH F 39 2408+ 2 BEORHTIE

A B
I I
{x Us) (x 1/5)

5 { ug/ml S 1 yig/ml
cd .1 ug/ml Cd .1 ug/ml
Zn .2 ug/el In .2 ug/ml
Cu .1 ug/ml Cu »1 ug/ml
Fe .8 ug/ml Fa .8 ug/ml
P 10 pg/ni P 10 pg/ml
lEU 115 ZIU 215 3ID 10 15 20 25 30

Retention time {min)

%1
HPLC-ICP 445 [

BIETOA FIMALRELEZE Y 7O RBEHROSW A 7 AI2LD

Fr 7R TR LES KITan10pgCd! ™ GHHTAB) T T39E S
FL IS 2 R0 1M b AEREEE N (pH7.4, 0.25M 72— 284
HeFREY 2+ 4 AL, REV 2 h— b &, 170,000g TEOTMER L L. LiF
O0.1ml % SW 1 9 LIZHEIL, &3 A% 10mM b ) R EEER TR (pHS.0, 0.1%

NaNs &4) C1.0mt min ™" OFECHM L,

FeE ORI LA % B 2R — T L7z (Suzuki 5, 1987).

U e $511.247 (7 24U F ),
FEE L L >THRERABPECFNBES LIS EMBEH
LOEERELTRALE.

16.243 (~EX 0 E ¥

CCTRLAERFHEEX1BE 280

uzmﬁF§vA%m%m&ﬁLr%tﬁﬁi%&%oﬁﬂﬁmiﬁ%.wwaA%%uf
BELEERTH D, @1 CEBLESHESESh AR, W(o>hoATHBEBABAINE .
E2ACH NT-1 (19.353) OFREFBHOL— 2 HBRL{H-THEY, H2TR2I0FF RS

TOREBM ik~ HFIoaDlEBEHHI cERTEL L -T2, 71,

AraFAdiA

YHAEPOIEOERR, K1 L20RAHCBWT, #FIvABRBHEOFBHMTaTLS

SWASabkThaon-ABoREoRBVETILOELUTOLS 0T B,

HEHD KT-1 @

E— 2@ Fid A 5BIoEL NS, CUEHAFI9AEZEFR VWA o F 24 YDH
DEASRPT VWAL TELLMESN L, A S0 F A 34 v HORMEBHICHTEHF v 4
OEMESEA P I 0 A2BRLAL20HBECRL-TVE, ChREFSE @EEH) olt
BPBEOA s ot x4 YERESBEFRECLZEEL R EE 05K (Suzuki, 1982) T

MHETE 5,

SREDHEFHODLTOTHE & (5-520 5 4 THRINLAHERTES 15T,
CDNFLDERET TR A0 F 24 A VECRABTER Y, T, SF #1541~

THHEIEZ EcEVLALNR 3,
A0 FARA YRS LAY ¢ FrTE (Suzukis,
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$aAAnE - BHDEA

42

&3

1/5] (% /5]
1 pg/ml 3 _)J b ug/ml
.1 ug/ml Cd 1 opg/ml

Zn .2 pg/ml ln .2 pgfml

Cu J A .1 ug/ml Cu .1 pg/ml

Fe f\ A f\ .8 pg/rl Fo B ug/ml

d 10 ug/nl P 10 pg/ml
L T 1 L L 1 » 1 )

10 15 20 25 30 10 15 20 25 a0
Retention time {min)

FigadMERESLAX Y 7HOFRBEEDSW 2741215
HPLC-ICP 7% [
Fr TIPS B3Iy A %0.30me Cd/kg WEOHR T4 HA, ML C.65mg
Cd/kg Rl OHIET 4 0, &5F8 BRERNICMBAEZS L. ELEOF >
T AR L LA {(A). HPLC-ICP A 2 [E 1 OB & AT -7 234 &
280nm UL S I FHHE R D W T O 457 L7z (Suzuki &, 1987).

A B
I
. (X 1/5) J
3 2 pg/mt S
Cd L .4 pg/ml Cd .4 pg/ml
Zn & A opg/ml Zn .4 ug/ml
Cu .2 pg/ml Cu ﬂ .2 pg/ml

Fe .4 pg/ml Fe }\/\/\_l .4 pg/ml
P jL 20 ug/ml P L 20 ng/ml

1 | SR | 1

10 15 20 25 10 15 20 25
Retention time (min)

B DA FITARLER LT 7HOFBLERO TR 225 4
i2& 2 HPLC-ICP Al

HER(A) EH FI Y ARHERB)OFBESE: 7Yy 2 AT AL, &
FAFI0mM b Y ARSI (pH7.4, 0.9% NaCl, 0.05% NaNz 54 C
1.0mi min ™" O HEIETEB LA Suzeki 5, 1987).
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TWAEND V7 awtT A AREORLEE

[

[ERT]
2 puy/ml

£ 20 ng/ml P

L . 1. 1 L i
615 2 2% o 15 2%
Retention time (min)

&4 HFILEERARS LAYy 7TOfBERO7TH eSSy 7 AT LI0K
%4 UPLC-ICP 434 [H
WEHA) LA P37 ARBRB OFBLENE7 e 0 75 F 42 H0T, B
3OBEAGE LA Lt TO4F L7-. 254 £ 280nm OB O A B0
DA LT (Suzuki ©, 1987,
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Report of Special Research Project the National Institute for Environmental Studies

No. 1% Man activity and aquatic environment—with special references to Lake
Kasumigaura—Progress report in 1976, (1977)

No. 2% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1977.(1978)

{Starting vith Report No.3, the new title for NIES Reports was changed to})
Research report from the National Institute for Environmental Studies
¥No. 3 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus{Deptera, Chirenomidae). (1878)
No. 4% Smog chamber studies on photochemical reactions of hydrecarbon-nitrogen oxides
system—Progress report in 1977.(1978)
No. O5*Studies on the photooxidation products of the alkylbenzene-nitrogen oxides
?yste?, and on their effects on Cultured Cells—Research report in 1976-1977.
1878
No. B*Man activity and aquatic environment—with special references to Lake
Kasumigaura—Progress report in 1877-1978. (1979)
¥No. 7 A morphological study of adults and immature stages of 20 Japanese species of
the family Chironomidae{(Deptera}, {1978)
¥ No, 8=*Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1977-1978, (1979)
No. 9% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system—Progress report in 1878, {1873)
No. 10#* Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1978, (1979)
¥No, 11 Studies on the effects of air pollutants on plants and mechanisms of
phytotoxicity. (1980)
No. 12 Multielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing comouter-controlled instrumwentation. (1980)
No, 13 Studies on chironomid midges of the Tama River.(1930)
Part 1. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sevage wvater.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
No. 14 * Studies on the effects of organic vastes on the soil ecosystem—Progress
report in 1978-1979.(1980)
¥No. 15 Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1879.(1980)
No. 16* Remote measurement of air pollution by a mobile laser radar.(1980)
¥No. 17* Influence of buoyancy on fluid motions and transport processes—Meteorclogical
characteristics and atmospheric diffusion phencmena in the coastal region—
Progress report in 1978-1979. (1980)
No. 18 Preparation, analysis and certification of PEPPERBUSH standard reference mate-
rial. (1980)
¥No. 19 % Comprehensive studies on the eutrophication of fresh-water areas—Lake current
of Kasumigaura(Nishiura)— 1978-1979.(1981)
No. 20% Comprehensive studies on the eutrophication of fresh-vater areas— Geomorpho-
logical and hydrometeorological characteristics of Kasumigaura watershed as
related to the lake environment— 1978-1879, (19581)
No. 21 » Comprehensive studies on the eutrophication of fresh-water areas—Variation
of pollutant load by influent rivers to Lake Kasumigaura— 1978-1979, (1981)
No. 22+* Comprehensive studies on the eutrophication of fresh-vater areas-Structure of
ecosystem and standing crops in Lake Kasumigaura—1978-1979. (1931)
No. 23 = Comprehensive studies on the eutrophication of fresh-vater areas— Applica-
bility of trophic state indices for lakes—1978-1979,(19381)
No. 24 # Comprehensive studies on the eutrophication of fresh-vater areas— Quantitative
analysis of eutrophication effects on main utilization of lake water resources

—1878-15879. (1981)
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25 * Comprehensive studies on the eutrophication of fresh-water areas—Growth
characteristics of Blue-Green Algae, Mycrocystis—1978-1978, (1981)

26 ¢ Cowprehensive studies on the eutrophication of fresh-vater areas—
Determination of argal growth potential by algal assay procedure— 1978-1979,
(1981)

27 # Comprehensive studies on the eutrophication of fresh-vater areas—Summary of
researches— 1978-1979. (1881)

28 % Studies on effects of air pollutant mixtures on plants—Progress report in
1379-1980. (1981)

29 Studies on chironomid midges of the Tama River.{1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distributien in relation to the pollution with sevage waters.
Part 4. Chironomidae recorded at a winter survey,

30 # Eutrophication and red tides in the coastal marine environment — Progress
report in 1978-1980, (1982)

31 % Studies on the biological effects of single and combined exposure of air
pollutants — Research report in 1980. (1981)

32 % Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen
oxides system—Progress report in 979 Research on the photochemical
secondary pollutants formation mechanism in the environmental atmosphere
{Part 1).(1982}

33 * Meteorological characteristics and atmospheric diffusien phenomena in the
coastal region—Simulation of atmospheric motions and diffusion processes -
Progress report in 1980.(1982)

34 % The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1980. (1982)

35 % Comprehensive evaluation of environmental impacts of road and traffic.(1982)

36 = Studies on the method for long term eavironmental monitoring—Progress report
in 1980-1981, (1982)

37 » Study on supporting technology for systems analysis of environaental policy
—The Evaluation Labolatery of Man-Environment Systeams.(1582)

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

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

40 % Studies on the bioclogical effects of single and combined exposure of air
pollutants—Research report in 1981, (1983)

41 = Statistical studies on methods of measurement and evaluation of chemical
condition of soil-with special reference to heavy wetals—. (1983)

42 » Experimetal studies on the physical properties of mud and the characteristics
of mud transportation. (1983)

43 Studies on chironomid widges of the Tama River, (1983)

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

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

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

44 * Spog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
systen—Progress report in 1979—Research on the photochemical secondary
pollutants formation mechanism in the environmental atomosphere(Part Z).(1983)

45 % Studies on the effect of organic wastes on the soil ecosystem—(Qutlines of
special research project— 1978-1980. (1983)

46 % Studies on the effect of organic wastes on the soil ecosystem—Research report
in 1979-1980, Part 1.(1983)

47 #» Studies on the effect of organic wastes on the soil ecosystem—Research report
in 1979-1880, Part 2.(1983)

48 * Study on optimal allocation of vater quality monitoring peints.(1983)
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49 * The development and evaluation of remote measurement method for environmental
pollution—Research report in 1982, {1984)

50 * Comprehensive studies on the eutrophication control of freshvaters—Estimation
of input loading of Lake Kasumigaura— 1880-1982, (1984)

51 %= Comprehensive studies on the eutrophication control of freshwaters—The func-
tion of the ecosystem and significance of sediment in nutrieant cycle in Lake
Kasumigaura— 1980-1982. (1984)

52 * Comprehensive studies on the eutrophication control of freshwaters—Enclosure
experiments for restoration of highly eutrophic shallov Lake Kasumigaura— 1980
-1982.(1984)

53 * Comprehensive studies on the eutrophication control of freshwaters— Seasonal
?hangfs of the biomass of fishes and crustacia in Lake Kasumigaura- 1980-1881.

1984

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

55 % Comprehensive studies on the eutrophication control of freshwaters—Measures
for eutrophication control—1980-1982, (1984)

56 * Comprehensive studies on the eutrophication control of freshwaters—Eutrophic-
ation in Lake Yunoko—1980-1982, (1984)

57 * Comprehensive studies on the eutrophication contrel of freshvaters--Summary
of researches— 1980-1982, (1984)

58 #* Studies on the method for long term environmental monitoring — Qutlines of
special research project in 1980-1982, (1984)

59 % Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system — Photochemical ozone formation studied by the evacuable smog
chamber -- Atmospheric photooxidation mechanisms of selected organic compounds
—Research report in 1980-1982,Part 1.(1984)

60 % Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system—Formation mechanisms of photochemical aerozol--Research report
in 1980-1982,Part 2.(1984)

61 % Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system — Research on the photochemical secondary pollutants formation
mechanise in the environmental atmosphere(Part 1) —Research report in 1980-
1982,Part 3.(1934)

62 % Effects of toxic substances on aguatic ecosystems —Progress report in 1980-
1983, (1984)

63 ® Eutrophication and red tides in the coastal warine environment —Progress
report in 1981, (1584)

64 » Studies on effects of air pollutant mixtures on plants—Final report in 1979-
1981.(1984)

65 Studies on effects of air pollutant mixtures on plants—Part 1.(1984)

66 Studies on effects of air pollutant mixtures on plants—Part 2,(1984)

67 * Studies on unfavourable effects on human body regarding to several toxic
materials in the environment, using epidemjological and analytical techniques
—Project research report in 1978-1981.(1884)

68 * Studies on the environmental effects of the application of sevage sludge to
soil—Research report in 1981-1983.(1984)

69 Fundamental studies on the eutrophication of Lake Chuzenji — Basic research
report, (1984)

70 Studies on chironomid midges in lakes of the Nikko National Park
Part 1 .Bcological studies on chironomids in lakes of the Nikko National Park.
Part Il .Taxonomical and morphological studies on the chironomid species
collected from lakes in the Nikko National Park, {1884)

71 » Analysis on distributions of remnant snovpack and snow patch vegetation by
renote sensing.(1984)

72 % Studies on photochemical reactions of hydrocarbon—-nitrogen oxides-sulfur
oxides system—Research on the photochemical secondary pollutants formation
mechanism in the environmental atmosphere — Research report in 1980-1982,
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Part 4, (1985)

73 Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur
oxides system—Final report in 1980-1982, (1985)

74# 8 comprehensive study on the development of indices system for urban and
suburban environmental quality—Environmental indices—Basic notion and forma-
tion. {1984}

75 Limnological and environmental studies of elements in the sediment of Lake
Biva, {1985)

76 A study on the behavior of monoterpens in the atmosphere.{1985)

77+ The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1983, (1985)

78 # Study on residents’ role in conserving the living environment. (1985)

79 Studies on the method for long term environmental monitoring- Research report
in 1980-1982, {1985)

80 Hodel%ng of red tide blooms in the coastal sea—Research report in 1982-1983.
(1985

81+ A studies on effects of implementing environmental impact assessment procedure
—With particular reference to implementation by local governments.(1985)

82w Studies on the role of vegetation as a sink of air pellutants—Research report
in 1982-1983. (1985)

83 Studies on chironomid midges of some lakes in Japan, (1985)

84% & comprehensive study on the development of assessment techniques for health
effects due to environmental heavy wetal exposure—Final report in 1982-1984.
(1985)

85 Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters. (1985)

86+ A novel retrieval system for identifications of unknown mass spectra.(1986)

87 % Analysis of the photochemical secondary pollutants and their toxicity on
caltured cells—Research report in 1978-1983, (1986)

83 x A comprehensive study on the development of indices systems for urban and
suburban environmental quality 0 —Environmental indices— Applications and
systems. {1986}

89 Measuring the wvater quality of Lake Kasumigaura by LANDSAT remote sensing.
(15886)

80 * National trust movement in Japanese nature conservation — Trustwvorthy or
illusion?(19885)

91 Economic analysis of man’s utilization of environmental resources in aquatie
environments and national park regions, (1986)

92 # Studies on the growth and decomposition of water-bloom of Microcyctis.(1986)

83 # Studies on the environmental effects of the application of sewage sludge to
s0il(1 ) —Research report and papers{(Part 1)in 1983-1984, {1986)

94 * Studies on the environmental effects of the application of sevage sludge to
soil(H ) —Research report and papers{Part 2)in 1983-1984,(1986)

95 * Comprehensive studies on effective use of natural ecosystems for water quality
management { I ) —Drainage and floving dovn of pollutant load— Research report
in 1983-1984.(1986)

96 * Comprehensive studies on effective use of natural ecosystems for water quality
management (Il ) —Structure and function of the ecosystems of littoral zone —
Research report in 1983-1984. (1986)

97 = Comprehensive studies on effective use of natural ecosystems for water quality
wanagement (I ) — Self-purification in stream and soil —Research report in 1983-
1984, (1985)

98 » Comprehensive studies on effective use of natural ecosystems for water quality
management (IV) —Development and application of wastewater treatment technolo-
gies utilizing self-purification ability— Research report in 1983-1984, (1986)

99« Effects of toxic substances on aquatic ecosystems—Final report in 1981-1984.

(1986)

No.100 * Studies on the methods for long-term monitoring of envirconmental pollutants in
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the background regions—Development of highly sensitive and selective analyt-

ical methods for measurement of pollutants in the background regions—Progress

report in 1883-1985, (1986)

Experimental studies on the effects of gaseous air pollutants in combination

on animals. (1986)

A reviev on studies of the global scale air quality perturbation. (1986)

Technological assessment of electric vehicle from the environmental protection

vievpoint.(1987)

Studies on chironomid midges in lakes of the Akan National Park.(1987)

Part [ .Distribution of chironomid larvae in Lake Akan, Lake Panke and Lake
Kussyaro.

Part @I ,Chironomid midges collected on the shore of lakes in the Akan National
Park, Hokkaido(Diptera, Chironomidae)

Formulation of the dynamic behavior of vater and solites leaching through the

field soil.(1947)

Appraised landscape and thier environmental value in Tsukuba Science City.

(1987)

Studies on remote sensing for spatial and temporal analysis of environment -

Research report in 1984-1885,(1987)

Studies on the role of vegetation as a sink of air pellutants—Final report in

1982-1985. (1887)

Studies on environmental information system for regional environmental

evaluation, (1987)

Modeling of Red Tide Blooms in the Coastal Sea — Final report in 1884-1985.

(1987)

Application of X-Ray Photoelectron Spectroscopy te the Study of Silicate

Minerals. (1987)

Study on the Organic Aerosols in the Photochemically Polluted Air — Studies

on Formation and Behavior of Organic Aerosols — Research report in 1983-18986.

(1938)

Studies on the Organic Aerosols in the Photochemically Pellited Air ~— Final

Report in 1883-1886. (1988)

Studies on the Assessment of the Hazard of Chemical Substances to Aquatic

Ecosystems — Progress Report in 1985-1986.(1988)

* in Japanese
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