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(D3R tha =4 vEled, JUddF TN TP= 2.372 ~
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(£ 1) AdAFA 59 AESTHAE FHF
Site April June October
JD1 | Oscillatoria sp.(66.55%) | Oscillatoria sp.(99.21%) | Oscillatoria sp.(88.79%)
JD2 | Oscillatoria sp.(61.67%) | Oscillatoria sp.(99.86%) | Oscillatoria sp.(79.89%)
JD3 | Oscillatoria sp.(60.89%) | Oscillatoria sp.(99.67%) | Oscillatoria sp.(71.97%)
JD4 | Oscillatoria sp.(79.58%) | Oscillatoria sp.(99.81%) | Oscillatoria sp.(81.43%)
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E93EE Halteria spp., Pelagostrombidium fallax, Urotricha spp.,
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AR SR L, FYERS 527t =4 LtEHHO| M2 FH0N &
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TSI(Chl-ay= 747 ~ 764" 75.6)2 1tHA(Hyper- eutrophy, TSI >

70)SEiE LtEFLRI, 2010HECHE Cha A LIERRS.
TSITP)= 793 ~ 802(WZ 79.7)2 TP7} ZAsH 10¥S M Qs MA|7|
Of YL (Hyper- eutrophy)MEjZ LIEIGISO, 2010E(E A 73.6)0 H]
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mZ 7252 DN s=240] 44ot%E.

ol
O A7IZbsst AEEEAE dEFE AFHS 1097 ~ 1266 x 10°

Phytoplankton(x 10> cell/ml)

.
=3
S

w
b=3
S

~
>
(=3

=1
(=1

o

cells/mb(ZAHT 1206 x 10° cellym)Z FLH<2 JDIANA =4 YEb
o, Al 1%2-‘5— 49(F4HEJDD): 3206 x 10° cells/md, =F(JD2):
202.2 x 10° cells/m¢, AHFH(JD3): 280.0 x 10° cells/md)ol 74 &2

fﬂﬁﬁ~ BRI J2-7F 2Aas 72 7Pt v dEEE B3

.
E=3
(=3

B
=3
=3
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SUMMARY

1. Subject : Technical development for prevention of algal bloom using

predators in the agricultural reservoir(Il)

2. Research Period @ January, 2011 ~ December, 2011

3. Necessity and objectives

O Exploring the characteristics of algal blooms in the agricultural
reservoirs

O Developing the methods of predator on large scales in laboratory
and field and introduction of the mass—cultured predators to natural
environments.

O Investigating the kind of prey and the feeding mechanism of
zooplankton on the algal blooms.

O The final goals of the present research i1s developing a method of
controlling harmful algal blooms in the agricultural reservoirs using
mass—cultured predators through diverse feeding and culturing

experiments in the laboratory and in the natural environments.

4. Contents and Scope

O Monitoring of JDI1(upper region) ~ JD3(downstream) were executed
for total 9 times from March until October, water temperature
differs greatly from seasonal variation than regional variation
compare to JD ~ JD3(range: 7.5 ~ 276 T).

O Chemical Oxygen Demand(COD) appears to high concentration in
JDI(average: 16.3 mg/LL) compare to JD ~ JD3(range: 7.8 ~ 204 mg
/L, average: 8.8 mg/L).

- XXV~



For observes the eutrophication quality of the Jundae reservoir, in
result which analyzes eutrophication quotient(Carlson’s Trophic
State Index and TSI(Chl-a), TSI(SD), TSI(TP) average were 75.6,
738 and 79.7. The result which analyzes eutrophication quotient
variability(Trophic State index Deviation and TSI(SD), confirmed

Hyper—eutrophy reservorr.

Chl-a appears to high concentration in JDl(average: 95.1 mg/nt,
compare to JD1 ~ JD3(range: 51.1 ~ 181.1 mg/m’). All the region,
Chl-a over algae bloom standard(100 mg/m’).

In the survey area, the range of phytoplankton standing crops were
109.7 ~ 1266 x 10° cells/mé(average 120.6 x 10° cells/m¢). Dominant
species were Oscillatoria sp. in Spring, Cryptomonas spp. in May,

and Oscillatoria sp. from Summer until Autumn.

The most dominant zooplankton was rotifer during study period at
the all stations. Rotifers fed on bacteria and some microalgae, so
have little effect on algae blooms removal. In Jundae reservoirs
found Moina in May which cladoceran have an effect algae blooms

removal, but under 10 individuals .

Three Daphnia species were cultured as grazing controller for algal
biomass, and D. pulex and D. similoides were selected as main
predators due to their high resistance for various environmental
conditions 1n the fields and superior grazing abilities.

In the laboratory experiments, D). pulex and D. similoides were able to
reduce algal biomass mainly Including cyanobacteria with maximum
algal biomass removal efficiencies of 0.74 mg/m’ for D. pulex and 3.17
mg/m’ for D. similoides under high initial algal biomass(200 mg/m).
The efficient culture methods for Daphnia species in the laboratory
was established for sustainable supply of high Daphnia biomass for

outdoor culture system 1n the reservorr.
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Mass cultured system establishes on the ground with 30 m'(10 m’ x
3 sets), and composed of organism filtering aquatank, phytoplankton

cultured aquatank and zooplankton cultured aquatank.

Respects the stable operation and a conditional experiment of algae
predators cultured system executed a test run under basic
establishment condition. The test run condition was HRT 4 days,
advanced in continuous cultivation format. The outflow net size of

zooplankton aquatank was 75 um.

Mass culture of natural predators was executed n 10 m' floating
cultivation from 13 April until 17 May. The water temperature of
aquatank was about 156 T(range: 121 ~ 232 ). The water
temperature distribution of cultured aquatank was not greatly
different.

Total nitrogen(TN) appears average 16.3mg/LL in inflow, average
2,705 mg/LL in phytoplankton aquatank and average 2.858 mg/L in
zooplankton aquatank. Total phosphorus(TP) appears average 0.271
mg/L in inflow, average 0.183 mg/L in phytoplankton aquatank and
average 0.178 mg/L in zooplankton aquatank.

The 64.5% of rotifers, 24.2% of nauplius, 8% of copepods and
some cladocerans were founded during study period i1n the
aquatank.  Abundances of aquatank’s  rotifers(56%)  and
cladoceran(60%) decrease than inflow’, and abundances of
aquatank’s copepods(189%) and nauplius(224%) increase than
inflow’.

Mass culture of natural predators was executed n 10 m' floating
cultivation and 30 m' land cultivation from 4 November until 11
November. The water temperature of 10 m’' floating cultivation was
average 167 T in inflow, average 166 T in phytoplankton

aquatank and average 16.3 C in zooplankton aquatank. The water
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temperature of 30 m lank cultivation was average 165 T in
inflow, average 16.7 T in phytoplankton aquatank and average 16.3
C in zooplankton aquatank. The water temperature distribution of

each cultured aquatank was not greatly different.

Abundances of zooplankton increase 152% than inflow in 10 m’
floating cultivation and abundances of zooplankton increase 134%
than inflow in 30 m' land cultivation. Abundances of aquatank’s
rotifers(160%6), cladoceran(83%) and copepods(193%) increase than
mmflow’ 1n 10 m' floating cultivation. Abundances of aquatank’s
rotifers(118%), cladoceran(180%) and copepods(41496) increase than

inflow’ in 30 m’ land cultivation.

After massive scattering for 23 days, observed the natural
separation predators in b, 10, 20, 30, 40, 50, 70, 100, 110, 120, 130,
140, and 150 m intervals. Comparing to average zooplankton
abundance and Chl-a each distance. Zooplankton abundance of after
scattering to increase gradually, highest level to seem in eighth
day. After scattering, Chl-a was on the decrease gradually.
Therefore, scattering predators was effective in removal of algae

blooms.

After massive scattering for 14 days, observed Daphnia in same
mntervals. Comparing to average zooplankton abundance and Chl-a
each distance. Scattering Daphnia was Ineffective in removal of
algae blooms. Because abundances of Daphrmia was insufficient,

which mass culture wasn’t accomplished in autumn.

In the outdoor culture system that was designed for algal biomass
control In the reservoir, the system supported high biomass of
Daphnia and possible release amount to the reservoir through mass
culture was estimated as 167,000 individuals per m’ as minimum to

335,000 individuals per m' as maximum.
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O After release of  naturally collected  predators and
laboratory—cultured predator to the reservoir, it was found that
predator release induced high density of predators near the
releasing point and lowered the algal biomass temporarily.

O The duration of predators presence in the reservoirr was within 48
hours for laboratory—cultured predator, Daphrnia and developments
of culture system and releasing method are necessary for enhance

the algal removal by released predaters in the reservorr.

O It 1s more appropriate HRT 5 days in predators cultured system.
The optimum standard appears 1,000 individuals per liter and 5 x
10° individuals in 5 m' aquatank. It's different predators scattering
according as algae bloom level. When Chl-a exceeds 100 mg/n,
scattering 24.8 x 10° individuals which reach to 25 mg/m’. For mass
culture optimum individuals, it need to 25 m' culture system

O Scattering 1.0x10" individuals of Daphnia pulex and 2.0x10° of D,
similoides, removed within 24 hour in algae blooms area(100 m')

O Scattering 5 X 10° individuals, removal rate of algae blooms i1s
61.3% at first day, 61.8% at second day and 18.7% at third day.
Because removal rate was decreased dramatically after third day, it
1S appropriate to scattering optimal biomass of predators at third

period..

5. Applications

O Techniques application for algae blooms prevention of agricultural

reservoirs.

O Application to water quality management and algae blooms of

agricultural reservoirs.

O Technical supply and commercial business realization environmental

technique using biomanipulation
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BEp s FAREAT ¥ FAETY GIAF AASH 9 eEY
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A SEEFAEY 2249)(grazing pressure)S S7HAITI AL A 2ol FE o
&3t AAAE Ao sk s ek (top-down controD®= & 4 9}
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A7 = W eld A 7)) (rainbow trout; Bendorf et al., 1984)
of(cichlid; Zaret and Paine, 1973)9} 22 EF7F o] 8- 3t}
EZHAE A2 o] F(phytoplanktivorous fish)E FQ5te] 2 &EZ%

AEo] dAEHS A WA T2 W A(silver carp; Borutskij, 1973;

Kajak et al., 1975, Januszko, 1974; Opuszynski, 1978, 1980; Spataru and

Gophen, 1985, Starling and Rocha, 1990)¢] ©]-8-3% 5. o 7]el HolH

(gizzard shad; Mummert and Drenner, 1986; Drenner et al., 1984, 1986)7}

o] 3 St

Z 21 o] F-(plantivorous fish)E FYste] =l +x2& =34

o7 AAst= WA= %o|(grass fish, Shireman and Smith, 1983; Wiley

et al., 1986; Small et al., 1985, Rembi et al., 1978; Del Fosse et al., 1976)

7F =2 ol&sa glew, 7|E "ely ol (blue tilapia; Hendricks and

Noble, 19794} 7+%F-(Room et al., 1981; Goyer and Stark, 1984) % v}u-+

(Center et al., 1984)7} ©]-€-% 3. )t}
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A Zo] FA A WH2F(thermocline) ¥ WAtAZF(oxycline) S AEY AFFo
2 ol%d £ glomr 77 AL H 35 (temperature refuge)tt AAAES
(oxygen refuge)7b vreEbUbH, WFE kg UloA = ZhAIAEYE gol E 2]
AgE R dF7)|8 2 BT HIAES A= F4 9 343 g2
A gl HAE8E S s 239 47 AFEE(ight refuge)E Wt
Ny AN WS Adeta S84 S IHoR A ofFe x4
S AgEte] FEZHAES A AR S (macrophyte refuge)E Wron 424

E oA S g xA7Rde wE  7Hd X S (interference
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= ot Meldow AARSE Wil gl Add=E =
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71 Seeke] AddEd 5 (bottom-up force)ol <3
oA = Hoz eldxo] vl (Straskraba, 1965). Wk A9 FddA
o Qd9AHd WAE Fsto s9l FGHAE WIANTI= FxA
(top~down force)o] 3t A4t 60 7R = NAGA L F0 AT
709 = HESHAEN W s EFHAES] 224 Y(grazing pressure)
X+ o]F9 AU A W &I (trophic cascading effect)e] #sE A7}
AL doy, -1 9 *o](grass carp)9t S %214 (phytophagous) ©F 9
wEA = AAC I A7 obEY o] FolA AESH sy H8H
el st R {5 AT

QU o] A= e A4v GUPT olF HAEe o] Ho|wo
TAET ] Y v B3 ASAES st W9 R FdE
Fojeo] on A AEHAYE stFxHET, FdaA U H 28 (trophic cascade
interaction) 3+ o] 4% Z(food-web manipulation)® H]Z:3 ojnE 7}z
o FHZole AREA WY HE dExH oI By FHAE oF
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BA7A HeE R
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A AEEFHaEd g sESHIAEY 2AYE SUHAIIEY 84S T
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g sEEHIEE Mdste] AH FYskes W (Theiss et al, 1990)
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=
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37 =R et
5

eEdias ¥ dAdETE

o] 1 L T
of olal 4457 wEel AREAIE o] HE o] BRILAES
o] we o] e dNE AuAow deiA g}

(raptorial feeding)< &9, oL =

7h gtow Hoisk A
Braband(1983)« A& &7 Oscillatoria agardhiiol W&l 4 R2E 5

Nassula ornata”?} 7€ 5 ~ 20 CToA A5HA LALS Holn Z248 o

&S ®arg vk 9l

i

Arnold(1971)+ &5 Anacystis nidulans, Synechococcus elongata,
S. cedrorum, Merismopedia sp., Anabaena flosaquae, Synechocystis sp.,
Gloecocapsa alpicola®} =575 Ankistrodesmus falcatus, Chlorella vulgaris
of W3 Daphnia pulex® Ad2&S vl A3 A3} 5x2F7FW1Y Hx79
ek A Eo] vegs HaLgk vk 9l

Takayuki(1987)+= ¥ 9] Kasumigaura 24 ol|A] 83 Microcystis
aeruginosa® WSt X Z+F{ Moina micrura® A45S 13 ToA Adg 4
¥ Microcystis A& AA7Fsst A7 EY st AHAaekA] ot
B3l¥ Microcystist & 2.3 2ojo] L Hisrt,

Heimbuch(1978) &=  AtstA oA x5 AASY] $189  Daphnia
magnas FUT A3 TN, TPot 384 FiaaEde] AAZHN 55 B
Sk BEAEGAE Adx: ofF AFANY Adste] FgAd 5
lom olm of WAEAe v 4 2
t}. 18]35l Daphnia magna B %% 9]
« A

FE AAGE A PRI 4%



Inamori(1990) = Microcystis viridis®l| 2]8le] A&+ cynoviridine2]
90%%E Biofilm reactordl HEF3S  Aelosoma  hemprichi(Oligocheta) <}
Philodina erthrophthalma(Rotatoria) 2] X202 A ASFG T Sudo et al.(19%9)
< o ANELE s APMIEEF] Phormidium tenue B3] A ESH
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o] Philodina erthrophthalma(Rotatoria) MAPAE 33 ZAA1(4,000 lux)ed 3%
AdAZ FEste] A3 AF FAGAS A FERAAC nvlEs] TOC Al
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Aotz Ao 2ARAA FlE= Frle SUE AdFE S, A

Al M. wessenbergii®] €& FHXA71= A&< ol gs AAEATH
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HRIEANAE w53 Fr7b Ads] duksr Hoj vk (US EPA, 1990; ILEC,
1995; NALMS and US EPA, 2001).
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1201] ‘/}E}‘ﬂ e HERFo &st XFST Zelekal d 7 A
25 AY SAAANE St 52T E FlstooF dth(Takamura
1988)
(3 1.2) 2204 A2 A& 54 (Watanabe et al., 1994)
=T 2 £9 2 A7 =09
- 0§, B8 E= 02 22
Microcystis =Mooz HMA|IZIH Q02
<= [Anabaena Holz i 2N E & 23U, MFAIZHO] 71
el i . — _
=T |Aphanizomenon|- 0|2 7|20 BZ, 2 Z2stH
Oscillatoria Ol= ME &= £= HiAO|
L= HEM
Synedra
axz Asterionella - A258H o F, 2L SIMRR0| e FIUY
ey o o —_ _ -
Cyclotella - ZRH O, AWM 3, Z47|o| s sl
Melosira
Closterium - X0E, B =M
wx= |Pediastrum - g A8t 54 X 2 23U,
pell i
=T |Scenedesmus | » e x|, o
Bortyococcus -8, =0, g=M
O OIO &SA HSLQA
Trachelomonas |- O{ &, X Zt M I &2 =4, Seidr
of| LR o o Oi? = A SRV
Euglena - AS5H 5 x
=
1 1ol _ =] = SEZFA (o]
9|-E4E—7|<—‘|§r Perldlnlu'n?' %TE-I O:IE: %}72 _||'|’ |I|EOF -|Qr0|:=0| E“'g §¢_ E|:|.|I§
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okadaic acid AE9 3= o] protein phosphatase®] 7]5S A&t
Fol g8 x e promoterZA] #-8E 7hgAdE XM aH L L TH(Nishiwaki-
Matsushima et al., 1992). Nodularia % °] A3%+8}+ nodularin®= microcystin
I wpzrbA o] FERol B ol

T UE F7FY IdE2F 544 S A F5oR 9A A Ygstd 9
A E=REAE dod|E= Anabaena o] AAEE anatoxind
A 1

Aphanizomenon%:©] AAFsl+ saxitoxin 5 ©] 7] &3k}

T

(% 1.3) 5 9x7F¢ 1 5 (Watanabe et al, 1994)
RS Ux& MM E40 R
Anabaena Anatoxin-a
A. circinalis Anatoxin-a, Anatoxin-a(s)
A. flos-aquae Microcystin-LR
A. lemmermanii Anatoxin-a
A. solitaria Anatoxin-a
Aphanizomenon flos-aquae Saxitoxin, Neosaxitoxin
Coelosphaerium kutzingianum Anatoxin-a
Cylindrospermopsis rachiborskii Anatoxin-a
Cylindrospermum sp. Cylindrospermopsin(7t%t =)
Gomphosphaeria naegeliana Anatoxin-a
Microcystis aeruginosa Anatoxin-a
M. viridis Microcystin-LR, YR, RR, LA &
Nostoc sp. Microcystin-RR YR, LR, LA
Oscillatoria Microcystin-LR &
O. agardhii Microcystin-RR &
O. agardhii var. isothrix Microcystin-RR &
O. formosa Homoanatoxin-a
Oscillatoria sp. Anatoxin-a
Umezakia natans Cylindrospermopsin
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UHEE 20119 39 249 ~ 109 129714 9 18 o) HAEY
oW (i 2.1, & drudA e @312 7134 (httpy//www . kma.go.kr/) #F
2 F A7PdU e AEE01TE 38 1Y ~ 11€11Y)E ] 838t
2UHE 7)17E 5, V) 3 ~ 49704 10 T mRke] vre 7128 1
olth7} 6 ~ 9€o] 20 T o449 7]1&< wygrh mUHY A APA9= 7
YH (1495 m)S AlelstaL, 27l 20 m "o m FFgof o
o

L
@ Ao BRe G UAA FUAe Aew FUHATT

(X 2.) 2UEY A7 2 874z

4| 2UEZ A7 1200 | g a2 g TR
1 32 244 2.7 16.0

2 42 6Y 8.2 0.0

3 44 13¢ 9.6 0.5

4 54 19¢ 17.8 0.0

5 63 17¢ 210 0.5

6 78 29« 25.7 149.5

7 8g 24 22.7 35

8 9¢ 5« 217 0.0

9 108 12¢ 14.7 0.0

bAoA 54 R wuEY A
H

2 AFHEA] AN TA = 9 EA 234 ha, ¥rH A 1558 ha,
3™ A 105 ha, A|W=o] 7.8 m(15.6 EL.m), 54 3.77m, =4 5% 619
%

Am'(FFEATE: 587 Hm')e] &t P& AA ot
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3/24 4/06 4/13 5/19 6/17 7/29 8/24 9/0510/12
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<g 2.2> ANAFA 9
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¥ 54

A2l A7

2 ArdAd A A

A EEFAEL

5

ol
ES

TP, Chl-a
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3

#F(DO, mg/L), 4025 =(H), A7]%

Al (depth, m)2 & 7ol 4] N
%xg sl e, Secchi diskE ©] &3}
= 2

4124 7] (SPEEDTECH, SM-5& o] & 6}

= 1
'T

St =4 22 (YSI ProPlus)E o] £ 0}04 T (W.temp.,
A= (EC, uS/em)E SA AT

Z(SD, mE =AsAH

1~n

©), §EA

AN PR A AN S 3T HCOOD, ), -
=2 (SS, mg/L), FAA(TN, ng/L), FA(TP, mg/L), A APO4,-P, mg/L)
FE 4 -a(Chl-aq, mg/m) F&o| g X< *‘/\] shaor, EAUEE ¢4
QATAHAANHZ (B, 201D = on, T 229 2}

2 5& %3 (Phyto., cells/ml) A5 500 m¢ Sl A5 Hol
lugol’'s solution® @ 2%7} H A nAsICH, &% %EE(ZOO inds./L)&
2 L ¥olAE 019“3}04 A ¥ FFASHECTE 63 mel A== 49
% 53 WEate] 3 10 L A3 dske] dgaN 5% Lewdor 1yt
AREN = *E‘/\]E}ME}.

(3£ 2.2) 434 &5 2 Oy
Parameter Method Preservation and Materials
pretreatment
depth SPEEDTECH, SM-5
SD Secchi disk
W.temp. . .
DO - Direct measuring
YSI ProPlus
pH
EC
COD Acid digestion by add H,SO. conc.(<pH 2) i
KMnOy4 preserved in low temp.
Ss Filtering method of i )
GF/C
N UV Spectrophotometric | add H,SO4 conc.(<pH 2) | Spectrophotometer
method preserved in low temp. HP 8453
TP Spectrr%%?ﬁ(’g%metnc add H2SOs conc.(<pH 2) | Spectrophotometer
(Ascoribic acid) preserved in low temp. HP 8453
PO.P Spectr;g?ﬁ(’;%metric Filtered by GF/C, and |Spectrophotometer
! (Molybdenic acid) preserved in low temp. HP 8453
Chi-a Spectrr%%?ﬁ(’g%metric Extraction of filtered | Spectrophotometer
(Aceton extraction) | GF/C by acidified aceton HP 8453
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Carlson(1977) 2]
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(Trophic State Index, TSI)
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=
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T

Kratzer and Brezonik(1981)2¢] A
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H = (SD)

=

=
T

-a(CHL),
%!

) B
.
PN

TSI(TN) = 1443 x In(TN, mg/L) + 54.45

TSI(TP) = 1442 x In(TP, pug/L) + 4.15
TSI(CHL) = 9.81 x In(CHL, mg/m’) + 30.6

TSI(SD) = -14.41 x In(SD, m) + 60

A 2 (TN)
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=
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1 mm

Daphniamagna D. similoides D. pulex

<9 23> AANE THWE(Daphnia 47)9 JH 9 A7) ¥l

AAAE FF FRFoRE 9 BYAEWA BAAA F 4EE
s8o] oy Daphnia magna, Daphnia similoides, Daphnia
2

pulex & Daphnia 3F& oz st oA S2A4ES EA489 2

o, @Ee] A gol golaha, TALI} Hold F& AW A% w)

& AFS AASAY. D. similoides®t D. pulextT™ = WolA A3, vl <

2E T8 AMESH AL, D magnav Y HEoE SAAAEE AHTE J|E)
A 5k fAE AN A Al ARSI

Al FRZFC] 7[EA AERE va, Hrtelr] 98] wEe vl (@25

T), A4 Hol|H(EF=zHAe}, 66 x 10° cells/ml) ZZNA MA T 4L v)aLs}

=

Atk w3k thdet Holxpy 2moAe S vasy] s Holw kg
AEE(33 x 10° cells/m), FEE66 x 10° cells/ml), TLFEQ2.0 x 10° cells/
me) ZZAoA, 4 20, 25, 30 TE WA 7] 2 AE3 § Frlehvh
39 AANE TR FTEY SxATHS Frtshy] YalA 532 HA
A719) Beddstd AgAd EAFAYL ANAFA Y dFE o)gste A
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A7 F 2 (Witemp.) W3 Hd 207 TEA, 75 ~ 276 T
HAZ et AdEE DIY 22 i 206 T2 81 ~ 271 T
HAE Hon, D29 22 it 208 TEZ 85 ~ 270 T HYE B
AL, JD39] e it 206 CTE 75 ~ 276 Co WAE Ho AAd A
o] Wt AAA Wolrt AA Y

pH Wl Fat 9124, 7.7 ~ 989 HAZ Yeluth A P2
JD13} JD2% 9.1, JD3 9007 AHW Aol HolA Owowﬂ, A 7|E 2 e
As-o 59 J) AR 79 77 ~ 849 WY R $e pHE 1 AL A

e

& HolA gkt
NAZZ(EC)E Bt 232 uS/mzEA, 156 ~ 325 uS/ene] W =E o}
Bt} A Ad¥ 2 JD19] ECE Hab 227 uS/emzZ, 157 ~ 293 uS/cme] WA E
Beow JD2¢ ECy i 233 pS/cn® 157 ~ 305 uS/cme] WY S 1Y
JD39] ECx #HaF 237 pS/m=z 156 ~ 325 pS/cme WHAE ®Ho #9)
(JDDoA A SU(JD)E Z45 A Frtete AES Bt A7EE
257 A 742 sA @l ofs) Wt 157 uS/mE vERY, 6o H
284 uS/emE GHER Aol vl A% FAastdon, o] AR FrlskAT
EENLZFDO)S o 115 mg/LEA, 66 ~ 168 mg/Le] M= e
wh A¥E 2 D19 DOE B 120 mg/LE 7.8 ~ 164 mg/Le] W E B
Fon D29 DO+ it 115 mg/LE 66 ~ 168 mg/LY WIS ®HL,
JD3¢] DO+ H+F 110 mg/LE 71 ~ 155 mg/Le] WS Hol, xdd &

EEH‘I

al
H
15
it

o2 Holx ok}, w3 AlV|HREE AFW3l 98] M gasit =
Fg-o ot gEkS w2 7o s A yEston o] & AFUt AT
3}akA A4 QT =H(COD)S Hd 1657 mg/LEA, 7.8 ~ 196 mg/Lo H

[e)

Az vewrh AREERE FY5< JDlIOA H 163 m/L= 7HE =
el om, 96 ~ 196 mg/Le HHE HEATE U9l JD32 H 150 mg/L
2 vEen, 78 ~ 180 mg/Le HHE Ho, sUE A5 AA gae)
AES BA AVHEREE A5 9 s anz 79 P 87 meg/L
Bel AL AYsla, BE A7 120 mg/Le Z3}etE Ao R e
& $£47]5(COD < 8 m/L)g I+ AA3 {75 298NS

.

lo

0

oo o rr

32 2
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BREASS)S HiF 139 ng/LEA, 1.2 ~ 227 mg/Le W= »}E}y}
v} JD1S Wit 147 mg/LE 2.8 ~ 220 mg/Le WS Bgon, JD2+
141 mg/L= 32 ~ 227 mg/Le] ¥9E B, JD3 Hur 129 mg/Li
1.2 ~ 227 mg/Lo] ®9E Ko, AHEEZE CODS vix7HA R 974l
JD1 A 7Hd =A JElE e, AlV|d R A3 SUhske AEgs B
FAX(TN)E= Hit 3.086 mg/LEA, 1.922 ~ 4771 mg/Le HA=Z A
A7 HEEF FA7FE(TN < 1.0 mg/L)S x3es Aoz vebwt
JD1S #Hit 3295 mg/LE 2297 ~ 4712 mg/Le) WS Bgow, ID2E 3
T 3.008 mg/LZ 1.992 ~ 4363 mg/Le] HHE XA, JD32 Ht 2954 mg
/Lfa' 1.922 ~ 4771 ng/Le] Weol& Ko, AdHE+= %?Qlﬂro JD1el A 747
| LheRth ek A7 EE 39(E T 4535 mg/L)d Aﬂi]% Hel &
6%( 2047 mg/L7MA AR Fastda, JEAee] d¥eR 7dHdE
3757 mg/L)e 543 F7ks o= vERETh
Z(TP)S it 0210 mg/LEA], 0.079 ~ 0.438 mg/Le W= ekt
t} JD1S i 0.218 mg/LE 0.090 ~ 0438 mg/Le] HMHE ®Hod JD2+=
Fa 0207 mg/LE 0087 ~ 0.391 mg/Lel WHAE B, D3> Hd 0.205
ng/LZ 0.079 ~ 0411 mg/Le] WS ®ol TN vpa7lA 2 952 JD1
N 7HE =A vtk ES AVHEE 3 ~ 99714 F Y
(TP < 0.1 mg/L)& ZFHste= AHom vewow, 53 748 F
Fgow WE M)A HIXE B}
212+ el (POs-P)2 Hi 0.750 mg/LE2A, E4F ~ 0265 mg/Le 99
#Z Yewth JDIS B 0.092 mg/LE B35 ~ 0265 m/LY H9E 2y
o9, JD2% Bt 0.069 mg/LE E3F ~ 0251 mg/Le] WHE XA, JD3
2 Hyt 0063 mg/LE EHE= ~ 0255 mg/Le WHE Ho, TP vizhrhA]
2 FYEd JDIAA 7 E=A dERETh e AVEEE 5 ~ TE7HA
0.005 o] ez A vehyron, 799 0257 mg/LE 71 ¥ FS 1

TN:TP ratiost Q77]7Hs<t Har 18024, 72 ~ 3739 ®HYY= v
Byt A dw == D13 JD3 ﬁﬂﬁ 183, JD2 H i 1752 & o] Ho|
) owgb} N71E 2= 499 Hit 3442 HIANE B F TE7HA Ht

912 7A2d = 109714 Fik 3312 27189} oluf, 3¥ ~ 49, 108S
¢lo] ATH(TNTP > 16)o 2 ALsPort 59 ~ 998 <o Jgde =7}
Z 93 AT BA(7 < TNTP < 16)9 93-S mx= Aoz eyt
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TN(mg/L) COD(mg/L) EC(uS/cm) W.temp.(°C)

PO,-P(mglL)

30
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. SR
| —— up2 B -
e I i
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///_l D
15
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300 1 U:D\ ‘/'“\
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L - L AN
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3 |
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A QNP A2 X R 2P 0B, v
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a2 N A2 N1 02 2% 95, g
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TN:TP ratios

1

10

DBe B
™ BN o2 W1 02 g% 7, gt

20

16 - f

12

4 . . : : . - : -
AP N G2 T 4112 gt 05, i

30

20

sl

10
o2 AN A2 N1 02 0> 900 T

0.5

0.4

0.3 -

0.2

0.1

0.0 —
>

a2 2 G\ 402 b o5 g

40
P-limitation

a5 TN:TP > 16

20 -

10 -

N-limitation TN:TP <7

0 ;
2>

ke



3. FdYs #H 2 AdF

7 AWAGA G 5

AA A o] FASFEALS  Febelr] fl8ked, Kratzer and
Brezonik(1981; TN) % Carlson(1977; TP, SD, Chl-@)ol 93t Y- %I3}x| 4=
(Trophic State Index, TSI) 2415 2 A &}¢lc}.

100 100
Hyper-eutrophy —-@— JD1 Hyper-eutrophy
—9— JD2
90 - — JD3 90
s 2010 Ave. —
Z g0 0 go
= L %90
= —
(/)] YOREITIT * 00, oocd_?::ﬁoc (7] 70 secccecscccceee (TTITTYT TRy
- - A ~
60 - N 60 -
Eutro h Eutro h
50 phy 50 phy
Mar Apr. May Jun JuI Aug Sep Oct Mar. Apr. May Jun JuI Aug Sep Oct
100 100
Hyper-eutrophy Hyper-eutrophy
90 4 90 -
T
—
0 g0 = 80 R
= o R
w 70 S000000080000000000000000000 00000000 e : 70 2008000800000 0000000 0005000000000 4
- (/2]
-
60 60 -
50 Eutrophy ‘ ‘ 50 Eutrophy .
Mar. Apr. May Jun. JuI Aug Sep Oct Mar. Apr. May Jun. JuI Aug Sep Oct

<Y 211> ANAFA 9 g AsA 5 (TSI) 4

TSHTN)S it 70224, 639 ~ 77.09 9= #9428l (Hyper-
eutrophy, He)®= YEoH, 20100 Hit 67.002 H-of oAl (Eutrophy,
Ew= et Zlo va) Fggst7 g5 dd8d Aoz vepsv, 3 A
A EZ = Dl A Ho 71.2), JD2oA Fet 69.9, JD3o A H+ 6962 Y
Foa 7b A Jebdth w3 Al7EE 398 Hd 7639 3 S
(He)® Hixg K<l Wi, 6‘%33g it 6479 FFFHHEWE 77T S
A E B, A7 Zol 7t AA vkt

TSI(TP)—‘: Wt 79724, 672 ~ 9199 HYYE 10€9& Al ¢fsta, d
A 7)ol I el (He)E vebwtow, TN wpxbrbA] 2 20109 3+

b
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7362 YERE o we] F-FdEUt B AdE AeR et 13 A
HAEE = JDIoA Fd 80.2, JD2A o 79.6, JD3NA H 7930 %
AR A 74 mA e e A" EE 79 Hi 9108 HxE
Hon 10€9S Hi 6828 H2AE HYot Awdon Reoksist A
P Ao vEy
TSISD)E Bt 738741, 67.4 ~ 8069 W= vetgton, 64 3
682, 79 W 6952 FIYLUNENE 1A AE Ak, AR A
o FFPFElHe)Z et on, 201099 HE 7369 A TSISD)E
Btk AMERs gIdFete &8 o] 7 w2 JD2(FF 74.3)1 A4
7 g AEE Aom yE
TSI(Chl-a)+= Ht 75.6%4], 69.2 ~ 81.69 W= v, 7€ 294
]

[

_1\1

of JD3eIA 6928 K<l ACo® AelshaL, dAA ]Oﬂ dg F g (He) =
ERntow, 2010 9] vt 7483 wlalsfA tha Al YERou, & AolE
Holx] okt
A AFA 9] FdFatAes ddgor dgFLE(TsI > 7102 u

Ehutow, 53] 9452 JDIdA ol
= Oﬂ?EH”X]J FielA T sleke FEAEFA e B AFA
f%oﬂokiﬂrﬂ g AHa 9l Aoz g AT B3 Chl-af] A71E
= SDoF FAFS BEFS Bddol wel, Chl-a®t 22 #7145 +&(VSS)d
ofs & AarhdAe FH ©

7 B2 9Ee = Zloex ddHAe
H, TN % TP& 2o FAF+ Chl-a® v=W3 43S AL e A

o7 FIehE
Y. Ao A FA] ] g5y

SD+= Hit 04 m=ZA, 024 ~ 060 m B m§ ¥ FHEE B
Ao A FEE D12 H 040 m= 030 ~ 055 me HHE Hion,
JD2+= o 039 mE 024 ~ 060 me HHYE A3, JD32 o 040 m
2 026 ~ 060 me WHHE Ho, ¥ WHsHE Al7|E %5}7} Z A
o2 Yeutt

Chl-a= ¥+ 1042 mg/m#A], 51.1 ~ 181.1 mg/m'®] W= e
JD12 3t 1131 mgy/mE 743 ~ 1811 mg/m'e WHE HHoy, D2+ H
T 1046 mg/m'= 570 ~ 1469 mg/m'e] HHAE E-}J\—L‘ ]DBg g1 95.1 mg/
mE 511 ~ 1427 mg/m'e] W E Ho, AFEE= FHUFC JDIANA 713

il
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= e B ATV|E R s AAAT]Y 98T 27]5(Chl-a < 35
mg/m)S ZHEPIL, E3 dFEA7dE HiE 100 mg/m'S 2HEE 2H74

B FES 2y

0.0
ﬂf-\
0.2 £
c I=)
E 0.4-(]/‘1\‘,\;‘ é
n \0\ -1 | ®©
0.6 1 . ol B—
—D—:LJ\D3 %)
ve.
S R e SO N D Y e
A W g gt 402 g1 A1 NP g QN 402 g 0 g
<y 212> AR SD 2 Chl-a ¥3}
o AFAEA ARATA Y] 52 (Chl-a)¢t FH=(SD)e] Watdd
< AR, AZIE LR Aol glov, vaA dAEs e Hdol W
gf, A o3 F=A W {F7IA4 e S7tR U FHEVF 4%
Wi Qe AoeE AaEdnt. 53], Chl-av v 100 mg/m's 2948t =
S FEE RYov, SDE Hd 04 mo "g W FUEE Bl uk),
o ATHAA Y mx27E AAT FEoR LB

.
=3
S

B
=3
=3

JD1 s Anabaena sp.

@ icrocystis aeruginosa
=== Oscillatoria sp.
— Bacillariophyceae
mmm Chlorophyceae
=== Cryptomonadaceae
—= Euglenaceae
—= Dinophyceae

JD3

300 300

o
(=3
(=3
[ w
[=3 P=3
(=3 S

=3
S
=3
L=3

Phytoplankton(x 10° cell/ml)
Phytoplankton(x 10> cell/ml)

Phytoplankton(x 10> cell/ml)

o
o

Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Mar. Apr. May. Jun. Jul. Aug. Sep. Qct. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct.

N

<8 213> ARAE A7A A EZHa

i

[4

.
=F "2 T4

AF7I1Zbst 2 AFUEAe AeEdas dEFS Hd 1206 x
10® cells/me(109.7 ~ 126.6 x 10® cells/ml) = EFGE

A7 2= JAS75-7F A 79 (JD1: 31.1 x 10° cells/mé, JD2: 22.7
x 10% cells/m¢ JD3: 214 x 10° cells/me)o] 7F w2 dEFS wgon 4
H(JDI1: 3206 x 10® cells/ml, JD2: 292.2 x 10° cells/m¢, JD3: 280.0 x 103
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cells/m)ol 7} =2 d&=FS YeiTh

BH(3 ~ 49) = FEZF(Cyanophyceae)?l Anabaena sp.7} 7438+
o 59 ZAA 25 (Cryptomonadaceae)?]  Cryptomonas spp 7} JD13%
JD2o| A §-Ast R e, stAZE HolEWA Oscillatoria sp.7} 538t

(3 25) ARAA AEEFAE $H4EF 54
D1 JD2 JD3
Mar.| Anabaena sp. (88.9%)| Anabaena sp. (92.3%)| Anabaena sp. (89.9%)
Apr.| Anabaena sp. (74.6%)| Anabaena sp. (63.8%)| Anabaena sp. (75.2%)
May | Cryptomonas spp. (61.6%)|Cryptomonas spp. (61.1%)| Anabaena sp. (61.8%)
Jun. | Oscillatoria sp. (70.7%)| Oscillatoria sp. (65.4%)| Oscillatoria sp. (72.7%)
Jul. | Oscillatoria sp. (49.8%)| Oscillatoria sp. (44.8%)| Oscillatoria sp. (39.6%)
Aug.| Oscillatoria sp.  (73.0%)| Oscillatoria sp. (70.3%)| Oscillatoria sp. (78.0%)
Sep.| Oscillatoria sp. (74.9%)| Oscillatoria sp. (67.7%)| Oscillatoria sp. (71.2%)
Oct.| Oscillatoria sp. (76.4%)| Oscillatoria sp. (77.6%)| Oscillatoria sp. (65.1%)

A2 FAgstsavE A e AEHEd 3 ° A
E AAste &% &7 I Ak, dAske 52 E AT F A=
AABEZANY 755 7F AE A 457 EX64] v 2= YEuy
A7 T sEEHAE oFHEE JSHeE AV EYHHT X
A JD2A e sEEHAE Y AN E AR, sEEHAE T F
2 428 57 Polyarthra spp.$t Keratella cochlearis?7} A% $-733h4,
AA sEZFZAE MAITE 5944 69 HIXE Hola, 79 o] F 7As)
v Aoz vERTE 53], 5994 69 Aol A FEEFAES] A

7} 8,000 inds/Lel &ét= LU EE YEWITHIE 2.14).
stAIRE FHo) JRAI7E 5000 inds/Lell  @elye HoE YEY

-

Keratella cochlearis &2 43 57 AQ ddd 2RSS FEohe
FxFe AR Rk Aew duAdT U, 57 F x4l §
e R . ' &

T b

ge 71 joi AEHE T OH2 d¥
Asplanchna == <« =
Foll vl AF e AT YRS UEitH Y 2.14).



SEEYIE JPH2 (x 102 inds./1)

™
IHF‘| |
- [ m
1l “ il

3/24 5/17 5/19 5/21 5/23 5/25 5/27 5/30 6/2 6/9 6/17 6/19 6/21 6/28 7/29 8/24 9/9 10/12

E 26) AdASTA F8 £A FEETAE TR AT L FANE
T= =8 5§ Hal gt EHUT
=B85
A% | Polyarthra spp. BHe|Z|of U AMlE2ZE3E il
Keratella cochlearis HiE|2|o} & AlEZ2TE ni
Keratella valga HiE|2|o}F & AlEZ2TE X
Pompholyx complanata HiH|Z|Of & AIEEEI3E =
Aerunopsis fissa HiH|Z|Of & AEEEI3E ni
Filinia longiseta HiH|Z|Of & AEEEI3E =
Brachionus angularis HiE|2|of Y AMEZZUFE =
Brachionus forficula HiE|2|o}F & AlEZ2TE X
Monostyla spp. HiE|2|OF & AMESEZIE X
Lepadella sp. HiE|Z|OF & AME =23 E pS|
=9 | Brachionus rubens AISE=E X
Euclanis sp. AISE=E X
Philodina sp. ASEEIE X
Schizocerxa diversicornis AISE=E =
CHE | Asplanchna spp. AISERE i
Brachionus calyciflorus AISEEIE X
INEAESS
e | Moina sp. ASEEIHE X
=9 | Diaphanosoma brachyurum |HtE| 2|0} X
A% | Bosmina longirostris ASEEIHE =
Alona spp. 2k gl BN X
Chydorus spp. 2x Ol A nl
277 | Cyclopoida(d %) X|2tg =gt ini
Cyclopoida(# %) ~Y =Y sz il
Cyclopoida(g44) HhE| 2| Of
9
8
=nauplius
= Cyclopoid copepoda

= Tricocerca spp.

= Pompholyx complanata

= Polyarthra spp.
Philodium spp.

uPhilodina

= Keratella valga

mKeratella cochlearis

= Filinia longiseta

= Brachionus forficula

= Brachionus angularis

= Anuraeopsis fissa

mAsplanchna spp.

m Schizocerca diversicornis

mBrachionus calyciflorus

=Moina spp.

= Bosmina longirostris

<9 214> AU AFA Y sEELAE L9 AAL 2= ALEs
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EZxAo] T et 29 sEEFFIAES £F &TF0TE e}
- . 1. o = O = = = O = =
AEEdas A 5240 T8 ¥g), T8 a5 2 dE &5
FAaE 44 A1) 9 ARl g} w2 Q)R el we,
(e} 5 ] A S =z, =
Aol TEdE 7 E AZHFe] S Moina%e] o, E8A7
=7169)2 dA4H, 29 /AT EE% 10 inds/L #Tro R w§- o
Ao vyt v, whg ol ¥ EajE AEEHAES AAsE 7
R 2y (Bosmina longirostris 9% Diaphanosoma %)9] &3 A7)+ Aghdoe
U oEe AT HEE Hole AR YERTH I 2.16).
5000 - T
A S .
4000 1 —e— Polyarthra spp. : ;I_ < -,r_rg-::-r’.
3000 A © - Keratella cochlearis =1 E'" El OI' ES
A=z gl
0 ME 94
1000 -
0
200
=H OXE.
150 {  —®— Brachionus calyciflorus SoTSTT:
O Schizocerca diversicornis tl!'E‘il ElOI‘
- 104 A=A
5 0] ME MA
vy
© o lo
C T T T T T T T T T T T T T - T b T
= 3/24 5/17 5/19 5/21 5/23 5/25 5/27 5/30 6/2 6/9 6/17 6/19 6/21 6/28 7/29 8/24 9/9 10/12
1400
il o exs.
<I_ 1200 —8— Asplanchna spp. EH %:! EE"TE
= =xeolE
800 - gloxg=
~ 600 A TS
400 a4
|||-|] 200 -
m
3/24 517 5/195/21 5/23 5/255/27 5/30 6/2 6/9 6/176/196/216/287/298/24 9/910/12
-I'IIII-O 70
60 1 Z 5 x
—#8— Bosmina longirostris 7ZiE.
“IIII 50 - ©  Moinaspp. Il T
40 —¥— Diaphanosoma brachyurum
o FREza0
0 20
o =7 TR
fo) o @
0 T T T T T T T T T
3/245M175/195/215/235/255/27 5/30 6/2 6/9 6/176/196/216/287/288/24 9/910/12
250 —t
200 4 o HEB2 =.
—8— Adult ° dEHE:
150 4 O nauplius kAl A
100 4 H=O
0] 9 E Al

3/24 517 5/195/21 5/235/255/27 5/30 6/2 6€/9 6/176/196/216/287/298/24 9/910/12
Date

<719 216> ARAFTXA
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AA ZYH

e
e va 243 23, 4

AR(D1, JD2, JDeIA A o ol @
AAT 2% E2XE el FARER ZEo] UM A AA4F
Moina spp.2l 7S, D204 7} =& /AT U= Hol: oz e
@ ourd g2 2UEE AH(D, JD3)NAME AT LEr g e A

o7 FAHJATG (™ 2.17).

1000 3500
; ¢ soxz=.
o Polyarthra spp. Keratella cochleans | ann ﬂ:%’! Ez,-%
' = 2tE|2]0f &
—— D1 L 2000 o 5
oz [ | A=A
B AHE A Al
L cE HE
e S e 0
24 527 628 7/20 824 99 1012 324 527 628 7/20 824 919 1012
" Sch; diversicomis Y, o
Brachionus calyciflorus  © IZOCErca GIVersiComis 7y = oxpD,
1 e 4 | s SAEEHF
; HHEf| 2|0
— 30 4
- o | e
J o
S5 @ 9 =X 20l
- 100
10 =]
g ME 4
c 0l —%—%—v — L EE S ——% 0
Han) 24 527 628 T/29 824 99 10/12 324 527 628 7/29 824 909 1012
1000
Asplanchna spp. —oxg
o VEEEES
s | (=] =
K £ =TS
400 e oloxg
~ + 13 U255
200 4 ol
] o a4
0 —% ¥ = ¥ T
ITI 24 527 628 7/20 824 0M 1012
. 70 8
7
ni0 50 Bosmina 2 : 2 :
o ! , S —e— DA Moina spp.
“Im s04 longirostis [ ..o yp3 —+— D1 6 XZE:
40 4 {0 —¥— ID3 i 2 jg; i
R : 3 = F = =]
i o ;3 225580
|.|'|0 0 L2
; : A2 A A
w0y ; ;T WS
o——¥—F ¥ ¥ ¥ % 0
24 527 G228 720 824 99 1012 Y24 527 BR8 720 &24 09 1042
300 300
g | Cyclopoida cope%oda 5 D nauplius s L 250
200 4 us cefre JD 2 g JDeg : 00 g%lﬂ:‘%
150 ' ' L 150
AEALAM
100 4 - 100 H=1'O
50 4 - 80 =
0L +——F 3 T 0

%
24 527 B/28 7/29 824 949 1012 324 527 626 729 824 99 1012

<IE 217> D1, JD2, JD39 A9 SEZFZaE AATY A A3}
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A o] Holwt Daphnia magna, Daphnia similoides, Daphma pulexs
3% Daphnias st ow, vfst oM F248%S EXeta, d%
EAFHRTL Hold FFAEE S AsAPE S AT

Al FRFY 724 AFEEE v, Hrhstr] 98] 25 T, A7 o]
F(ZFzHe), 6.6 x 107 cells/ml) ZANA MAT 434S vasdch 25 T
ol A& iAol A2 D. magna > D. similoides > D. pulex®] =032 7)A)
717y F5% Aol & Aom Yriwth "ol AAITE Asste] Abestr| vt
A A EE A Z2TE A S AEs R Fdd D, pulex
7V 7V wmE Ao w YElal, D, magnat D. similoides A &E FAFSE Z o
2 Yety D pulex7t A AREA GAZE JRAT By B R S 0E 52
Aol EHAYA AoR AGHATH(LH 2.18).

AT A AbRE Al @9]AA] ko] HETT) = BT VAT
A SR mEn AEE A 24 JUrEHEE JAA8E STFEA T8
Q4olty, TSk AN X D, similoides”t o oF TE 7S B9
oW, D. pulex 67\, D. magna’t B 4= 7V AL Ao=w yEhy D,
similoides”7} 7V #2]gk 21082 BT AL,

2 Ao ARSE 3 $RF] Daphniay S91484S S8 H“}—E‘ AIZE ]
AT EEE SN 5AS 7HAAL e (FH T 2006), & At A
M va 2ol o, @Al FAEE SRR Al Ee ?7}7} o] Fof
A= Aoz yepwda, AFEA SHAXNE D similoides ¢ D. pulex?} 55
24 e Aoz ddE

A4 7 FRTOR Y FEEFAEOR WA § 2
=
]

_—

e

D. magna® 735, SlAFdFToIn ARG ASoAA Aaste ol
Eol sl FAAEAL HEAl AeNA HHg, Holw we Fo] FA|H o]

EAlete, A E T FERZAA vlA AT
U A D. similoides$t D. pulex 27) $HFS tAtoz Holx7d
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FEE ZAsle] HIUEer A3 D. similoides$t D.
pulex & A AT AL AIEA] HolEEd HEE(3.3 x 10° cells/ml),
FTEE(6.6 x 10° cells/mb), L x 10° cells/m)Z 79 A FALSHA Lhe}
wow, M7EA Ho] sz ER5A gFEg viA RS Bt L5
ME 53], 1wk Hol A JjAe Ar|7F g & Ao RE dEseT
(1€ 219), Daphniat =< AEZHaE A A A7 el
+ X3 (Porter et al. 1982)9} AFnkE &

2400 Growth of Daphnia under 8 25 °C & food conentration (mid)
middle concentration of
2000 1 Chlorella
£ o 6 -
2 1600 >
=1 5
4 £
ic’ 1200 g 4
> £
T 800 =
@ 2]
400 —&— D. similoides | ol
—O— D.pulex
—w— D. magna
0 . : . .
0 2 4 6 8 10 12 0-
Days D. Similoides D. pulex  D. magna

i

<7 218> AAAE FuE Aol YFAN L TASE W@

1800 1800
Daphnia Similoides (20°C Daphnia pulex (20°C

—~ 1600 | P ( ) P P ( ) 1600
€
2 1400 |
£
)
o) 1200 |
c
9 1000 |
>

800 1
-8 —&— low
M 00 —— mid

—v¥— high
400 | 9

0 2 4 6 8 1012 14 16 180 2 4 6 8 10 12 14 16 18
Days Days
<719 219> TR AARNE(Daphnia) 22 #ol% % (low: 3.3 x 10° cells/ml,
mid: 6.6 x 10° cells/m¢, high: 2.0 x 10° cells/mé)ol] W& A3 W)

,55,



o]

AN vt D. similoides$t D. pulex®] 115 ®o]x

249

eom, &
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D. similoides %}t
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o

NN A<D A

==
[}

whebd, ] e AFA, B4

SR

D. pulex

A

T2 Daphnia®]

&kA|

}7]1 = 3H(Burns, 1969).

)

Daphnia & A A

@] ul- ©
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s
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S
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i Lol AT O] 7A4] =

ks
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A &=
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b1 918
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yeEbeh, 8 28 T 74A

HP o, 30 Tl

Ao w Vet (d 2.20).
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Daphnia 52 &80 A4S

=
=

o
A5

At Bt

D. pulex, D. similoides =

1
) .

o] A 25 TelA
vrebi o, 30 CellA

W D. similoides™

@)

Sr7b AA FastATHTI™E 2.21).

Food concentration(mid)

D. pulex—

1
) .

ﬁo

-
N

o

& 7R R

mmmm Daphnia similoides

=
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J

| === Daphnia pulex

© © v o
66a jo Jaquinu ay|

o

30C
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Temperature
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©
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AbgEo]l wtou, 30 TolAl Abdso]
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= 28 TelA

3}, D. pulex

7}

Feq 7HA)

)

S

o] D. pulex® .t} vk

&
o] D. pulex® Ut} =HA

D. pulex®t} D. similoides®] #-&o] &3}

30 CellA AT A
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oksl M3} D, similoides?t D. pulexol] Bl ZF24&o] thh 2o A

o oo Al7|eF 2 wet T TS AEe] st ARES AL E§ske] Al
ot giFulSS LolshAl shal, A AEA] =S AEEE U 5EA
o] a¥% SUE Aow AEHT

Daphnia RS FREY SFA0 FH3 Hrtslr] H3) x4 2
ANEZSHIE Ao g2 7 SATR L} AgAGA] 9 %% 014‘1’3}04 247
of ¥

J
H =
& A v Z2ARS C, %}iﬁ, Hl 7]

E =Asto D. similoides$ D.

ATFA &7 Daphmag
W Abs)oll A vl ks = Az

Tl
pulex®] V=W mxAo FHES

(£ 2.7) AAAE FRF A8y JrtE A A A3} 27 AAF

x7| Chl-a OMAE=Z2IgE o Al x| T A k=] n =
= SEA=EYAE F= RN ES PNES A& Daphnia &
o
, . . - Daphnia pulex
~20 mg/m SR 2 (Microcystis) | 7|1E 4K phnia p

Daphnia similoides
Daphnia pulex

~ ’ HRE ] ] ML e L
200 mg/m =F R 2 (Oscillatoria) MO X=X Daphnia similoides
=R = (Oscillatoria) .
120 mg/m O} H 2 X2 (Ceratium) i X=X Daphnia similoides

<Y 222> AAAE T HZE9 H}\]_Q__J,} 230 A} EFH ANEZGHaE £

(AE&KXY Microcystis, Oscillatoria, Ceratium)

Microcystis7t 3% 718AFAe && 500 m &7]d ¥o] wdF
Aol HEg F AARES A, &, 1EEe] IR FAsto] T &
ZxAAEHNE FHrsk A3 D. similoides$y D. pulext= X2 A 5%
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Aol 5 AR e AeR et 2827 Chla $E7F 20 ng/n
o 749, DaphniaS ©]-&3 A0 Elﬂr% B7] Y= D. pulexr 40
inds./L, D. similoidest= 4 inds./L °©]4¥ 749 Chl-a =& Axto]d A%t
A7l Aoz yepstow 48A17F B3 £ 10 mg/m' o8tz AZESlaL, faT
o} wwst AF Daphniadl 93 A@# U Daphnia®] A3} s}
7™ 2.23). D. pulex®t D. similoidest™ A)7go] A= 2t 7]
g AA ] HEY] it B A T AR Hes AATE
ZAstat. MAIG WA+ D. similoides7t Bt AL Ao = E
Tstal JRA] B AT Ho] Eof ERHoR AEEdAE ABAEFSE A
7l Ao ® e

24 240 | p, : @ control
i aphnia pulex
Daphnia pulex 7 P P & 16 s
& 20 1 200 V 20 inds.
£ 16 V 50 inds.
g  — S
o € 160 | e .
" o ] - —
© g 12 | _@— control P Ny ~ \ﬂ
g - —O— 10 inds. 120 | "\\\,,\ ¥
5 S 81-v 20inds. e
= E —/— 50 inds. \
oY 4 80 v
o T
Xc
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FA3t o R Oscillatoria sp.7t 338k Hx7F B A AGA|
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Aege ATEHEAL BA 5% AA F 625 me) 9o 2
43t OU% ¥ 159460 40 me] 297 A
2(W.temp.)2 AEXZIEA7F &< Hd 222 C, 201 ~ 2564 T

9] ‘ﬂdHi e T AF-E R JD24A Fa 2201 T2 201 ~ 252 T9
W2 wgon DloA] Bt 222 TR 201 ~ 256 T WYE 1ol o
AN AEAHY = A fllow, Alzte] Ass Frteke A
< BYrh

38td A TH(COD)S AXFIEA V|7 Fob HiF 169 me/L,
144 ~ 216 mg/Le] H9Z e |2 JD2 A H 161 mg/LE
136 ~ 184 mg/LY WHE B, D101H Hat 176 mg/LE 132 ~ 27.2
ng/Le WS Bk < JD2E 0¥l 160 mg/LolA] ol F & w3}
o]l Se vt v, A EAHA DI AX Al 272 mg/Le] E2
we BHYov, A 29xke] 132 mg/L7HA] FHAastAed, ol AEd A
g ot A Hxo Ao wmE {F7E T=vt TAE FUEEe A
o2 dekE AT

FALA(TN) = A gyHEA7zr 5 Hb 3126 mg/L, 2.359 ~ 3.686
ng/Le W E vt AEdas JD2A] Wit 3.091 mg/LE 2242 ~
3713 mg/Le] WS HYon, DI Hu 3161 mg/L= 2475 ~ 3.836 mg/L
o MHE Ko AWHon 2 mg/Le ZHSHATH Uz HAE A A
TN W&t M2 FASHA e A-E o= A Ao, A7[E=E
AdrFol= JdA oy, HA HFase= AEFS HA

FA(TP)> A ayEX7)zt %OL F 0279 mg/L, 01710 ~ 0.370
mg/Le] WHE veEut AFdEE JD2 1 Fy 0267 mg/L= 0163 ~
0.313 mg/Le] WHHAE HAom, DioA ﬁéﬁ 0.291 mg/L=Z 0.176 ~ 0.438 mg
/L] HRE B, AXx 04dAE AlLetal, et Axxde] TN Wl

N
ri

pry

 AMEZ FAEEE T AR RS 0YAkd HAaAE Bl & 169 A7k d A
st oy, ol 543 F7bskA T

AN (PO, P)2 AxEI £4713F §<¢F 0004 ~ 0123 mg/L(F

0.042 mg/L)¢] M= yEET AREz= JD2eA 0003 ~ 0115 mg/L(H

7 0.043 mg/L)9 HeIE, D14 0.0056 ~ 0.130 mg/L(H+F 0.040 mg/L)= A

A o7k A9 fllew, A7IEEE 04t 0123 mg/LE FHixE K
162744 A gk & o5 TP <7ket a7 e S7hslth,
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Chl-a A g4 7)17r 59 F+ 1039 mg/m’, 30.0 ~ 1759 mg/m’
2 eyt e s D2 H 871 mg/mE 29.0 ~ 1337 mg/m'e W9
E HYorw DI Hy 1208 mg/m=E 309 ~ 269.1 mg/me] WHHE Ho,
A A 9] Chl-a7t #=A Webdth v gz 4 JD2+ A2 dA 827
mg/m oA 24 =Fel| 107.7 mg/m= F7FsE Wi, A ¥ X HQl DIXHL Ay
Al 269.1 mg/m ol Al 2 xbell 59.8 mg/m' 7FA] AT AT wel, AXAAE
gt ze] M SxA0] 32 7| 5525}, D13 JD2¢] W 3tefido]
TPe] Watel dAatde=d, Y s=Wstrt Chl-edl 93FS 73S
Aoz I AT}

F

o MY

A= 3 A A

A Fo g AExg & 217 AAE s sEEHA
v "EWste] g RYUHHS AAS A3 AYESH, HEETH 2 X
2t AER Qe AxAH FHAA SeERas ARV va Sbehe
Aoz vebsvi (" 251

AWt o ® HxF 9 JE2FE Aoy AoE 4Hx gi¥ &F5F

Asplanchna spp. ¢F 5%, Td¥ F2FE A ez I8z &F
A 2}5F Bosmina longirostris®] 7% AX 3 MAT HEVF St AHS
2 eyt

53], 2F8A 72 B longirostris-‘ﬂ ﬁ—or, AE Ao AEXH F

AQEE wiefete]l dxd TEEFHAE] MAlss AAeHe] Ho
@ AR Fo] AL, A= v ﬁgi UERAIRE, @ A 3d o
Well LA Hl JhAIe] S7F dAste] dAAE dxadr) sle Aem
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HEEIE AEE FAEYE, 4 CEl(E gy A= A
, 297 787 mg/m
8L A 150.6 mg/m'e] = A
ou O sEEFFAE %4?3] 17}0}04 130”/19 #3129l 14,114 inds/L
F5Q 31.2 mg/m' 7}HA]
Chl-ax= WAl F7}st

E290E gdFF AHEE Ayuy 24FA 956 inds/LolA AE
T ¥z F7ksle] 294 767 inds/L, 494 1208 inds/L, 8LA 4,877
inds/L, 1395 #3219 14114 inds/L7}A ZF7kste] AX A3 vwge
o, 1,604%7 4] 5 7Faksivt

DEfI (A W&o M= A2 AR A EF
m olFed, AE 294 69.3 mg/m A HFh .2
A ZF7bste] 8 A 147.3 mg/me] HAo 1 F FEE
7veke] 1394 Hxe 12890 inds/L ¢ w, Chl-gx A%
85.7% HAadte] HA F=<l 310 my/m 7MA EFAEUTH I F FEZYA
E AWAFIE Gastial Chlas U S7heke $4S 2o

FEZHAE FFEF wsts dund A3 A 250 inds/LolA AE
F AA F7Fste] 294 259 inds./L, 494 605 inds./L, 8 3,424 inds./L,
1394 Hzxel 12,890 inds/L7bA Z7}ste]l ¥ A3 nm@e
5156% 7+A] <7+t ATt

AnHoz Adie AT A o)F P AHH oz A
7 S7keto]l 1394 Cebolell M= Ax ol wle) 16048 <7k 14,114
inds/L7} 2423, Dol A 5156% <7k 12,890 inds/LZ Hi @&
e By,

ABZZAE gl Chl-ar FHIFoA EHoz 7Faste 1394 C
gl A= AE A 243 mg/m'ell WS 87¥] AT 31.2 mg/m &2 YERYLAL,
Defelo A= A A 217 mg/moll A 85.7% %43 31.0 my/mzE AAXNE B
A},
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160 250 160 250
[ Zoo. [ Zoo.
140 + # Control 140 + {0)_ gholntrol
-0-Chl-a -a
=5 4 200 | 200
S 120 120
[72]
T —
c L L @
£ 10 150 100 150 £
=] =]
= m o <
S el 1100 g | 100 g
E o
= 40 4 -
Q.
1 50 50
o
Q20 s * 20 - .
* hd U s y B
o mm | me | \_1 1 1 1 1 1 o 0 J 1 0
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Days

<Y 253> o AE = A3 AYYFDE)A G GF(CEN 2

AT aE AgEr 248798 5, 10, 20, 30, 40, 50, 70, 100, 110,
120, 130, 140, 150 m 7+A 0% 1 ~ 23¥ =<k #HZarh

N Z37F o Holyd Delelox Agd BAS srnegks u 5
m A A Ad AEZHAE U2 Chla’l 269 mg/m o =,
A 294 598 mg/m 7HAl AT 294 o] HH a4 FTEke 6
AA 1636 mg/m'o] HJLo} 11 F FEIFFAEC] F53] TUIsle] 1394
3122 14,076 inds./L ¥ i, Chl-at= X A 88.5% *FAadle] A
A =Rl 309 mg/m' 7hA] FAAEUTE 1L F FEEZFAE AT GG
WA Chl-av= WAl S7hete 43S EAth

TESIYAE dF%F WelE Avud Ay § Ha Tt 294
314 inds./L, 644 3,011 inds./L, 844 4,722 inds./L, 13¢ A & 31x3] 14,076
inds/L7}A F7vete] A A3 vw S wf, 4482% 74A S7Fskith

10 m AFANAME Ax Ad AEFFIE 4A Chl-a’t 2683 mg/m
olRdl, Ax 2¢A 746 mg/m’ 7FA FAaSEATE 29A o) FHE ZFH
S7Fste] 8dA 152.8 mg/m'e] HAJo 2 & FEEZAEC] F53] F7t
sho] 1394 H31x <2 14,076 inds/L & ], Chl-at= A Ao 03] 88.3%
daste] HAA FE2Q 315 my/m HA S EAT L & seEHAE A
7t st A Chl-av BHAl S7hshe S Bt

TEIYIAE &Y HIE A¥uEd, dx F HA Frhete 2494
262 inds./L, 4294 459 inds./L, 644 2,871 inds./L, 1394 312 15411
inds/L7MA S748ke] 22 A3k mads ), 5036% 744 F7Fskh

P
2
-3
R
ol

4
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20 m AFANME dx Ad AEEFas & Chl-a7b 2594 mg/m
old=dl, X 294 715 mg/m VA FAasATE 2
S7hete] 8YA 1689 mg/m'eo] HIASW T F FEE
dtol 139 #H3=Ql 15,040 inds/L ¥ ®f, Chl-ai= 23X o nlsf 885%
Haetel HA F=Q 299 mg/m' b4 FOEAY. O F sEEHAE A
T7F st A Chl-ax= WA S7Fehe e Bl

TEZHAE dFEY WHIEE A¥EY, AX §F AX Frtsle 2494
262 inds./L, 494 400 inds./L, 644 2970 inds./L, 13¥# 332 15,040
inds,/L7}A] Z7}8te] A2 A3 v wdlS ul, 4423% 714 Z7}ak gl

40 m AFANE= 22 A AEFFAE 42 Chl-a/t 2156 ng/m’
191% A, 2% 294 708 mg/m 7FA FaE 2%_17}]] o) ZEE] 2

Aasted HAA FEQ 317 mg/m 7HA EO)EJT O F SEZIHIAE A
F7F ZFastd A Chl-av BA S7Fshes s B

TEERAE dE% Wgs Avad, ¥ § HA S8kl 29A
221 inds./L, 494 590 inds./L, 845 4,325 inds./L, 1395 ZH31x2 17,536
inds/L7}A S7kebe] A A3 vagd o, 6518% 714 F7het A

70 m AFAAE X Ad AEEHIE 49 Chl-a’t 2363 mg/m
ol AxX 294 67 mg/m' 7FA AR 29 o|FRY a4 F
7Fsle]l 8U A 154.8 mg/mo] HUOU 1 T FEEHAE F£3] FU)s
o] 13¢4 FH31xQ 15232 inds/L ¥ ©l, Chl-ax 23X Aol Hla) 87.3% %
28l A F=e 3001 mg/m A 2 EJT
7 #aedki A Chl-ax WA S7Fshe Se Bt

sEEIYAE &Y WIE AYRY, d4Xx § dA Frhele 29A
284 inds./L, 4944 3579 inds./L, 844 4914 inds./L, 1394 312 15232
inds./L7} A 57Fslo] Ay A3 vjaigls o) 9,120% 7FA S 7FsF A v

150 m XA AM&= AE QA AZZPAE % Chl-a’} 163.7 mg/m
ojF =, Ax 294 712 mg/m A FAAasEATE 2dA ol FHYH A4
S7Fste] 64 1323 mg/m'e] HAJoW 2 & FEEZAEC] F53] F7t
glo] 1394 H31x 2 16640 inds/L 2 wf, Chl-ax= X Ao ns] 81.3%
Aaste] HA wEQ 306 my/m 7FA FolEQTE 1 ¥ sEEHAE A

o
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i
il
o
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ri
>
al:
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7h 48w Chlar WA S7bete 94e mah
TEEHAE dEF WEE A9Ed, Ay F A Frree 29 A

198 inds./L, 427 707 inds./L, 844 1,920 inds./L, 1394 #3121 16,640

inds/L7M A S748ke] 22 A3k mags o, 8237% 744 F7hskdh
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2. Daphnia A AR E O FAE 3374

HHARE 5 D. similoidesE A E v 2o A o] et &
5264), 7FEEA0Y) 2& e HA I tiRiEs i
g A AAEN g3 HiE B2 SFA A Hrhe

7V 13 A EeE, B
AABE TFA D. similoides® 743 w110 m)oll Al o =Fa) &
g Aol QA dxate], 62 1795 E 64 28U 1227

%

- il
drxga B45 AAstdley, AR JD2ok AH e AEA 3] DOA
J

Daphnia 12} 322 3EX 73 ¢ ¥ & 263 me] JT457F
dAstl o, A4y 493 B4 F, Ao AEE) dEFR AAA A7)
WAoo, 7 ~ 8de] 1915 mrt HSske], £ ZdEA Aol =
g FFE mH

T2 (W.temp.)2 AEZFIEA 7|7 5QF Hat 264 T, 244 ~ 280 T
W= veld AHER JD2: Hy 2601 TE 238 ~ 282 T HYE B
Fom DO HiF 266 TR 250 ~ 277 T WS 1o Add $L&40]
= A9 A A7IERE AEGA JD20A 264 C, DOAIA 271 T4
T2 49t JD2e A 282 T, DOOA 27.7 T7HA ZE7Fst R ou, HS7S-
o A 119kl &= JD2o) A 23.8 C, DO Al 25.0 CT7FA 748kt

COD: A ¥ gy 77F 59 it 176 mg/L, 144 ~ 226 mg/LY 9
A= vt AFEZ = D244 Heb 165 mg/LE 94 ~ 220 mg/Le] HE
2 1elow DOS Wit 197 mg/LE 156 ~ 232 mg/Le] WHE 1o, xXA
Hof| nl&l Ao =A yElskth A3 Al JD20A 17.2 mg/L, DOoI| 4|
20.0 mg/LY) =2 By oy 29Xt JD2o) A 22.0 mg/L, DO A 23.2 mg/LE
718k & 49 D20 A 9.4 mg/L DONA 20.0 mg/LE-E #HAhde IS
vk ¥y Az gizA"e] CODWsY] Aol7t AA vERsEd],
o= DOA A9 wlEwEre] Alg Al wehg o7 gy oz ds v
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FAR(TN)= e}ziﬂv‘i—ﬁﬂ S et 2325 mg/L, 1.797 ~ 3.338
mg/Le] WelZ e RS © JD2elA Hir 2236 mg/LE 1.797 ~
3421 mg/Le) HAE EMJJ% 02 i 2413 mg/LE 1672 ~ 3.254 mg/L
o] H9E Ho, A H]oﬂ A A A A YT AlVEE O]
247 JD2¢F AXAHQ DO wke S BAvd, fzxHel JD2

AF A 1.922 mg/Lol A 4L xbo] 1.797 mg/L7HA A4 o, A FEAH

DO A A 1672 mg/Lol A 49xbe] 2513 mg/L7HA ZF7Hstg o, 3
F 11Y Ao = JD2oA] 3.421 mg/L, DO A 3.254 mg/L7kA] 5718}
2 VS B

FU(TP) = Axa v
3|
=

£ oy ro rlr
o
o
o

2717y ek Het 0235 mg/L, 0171 ~ 0.317 mg
/LY W9z veyth AEdaE DA Ed 0220 mg/LE 0139 ~
0.312 mg/Le] HAE EM#U% DO Hi 0.251 mg/LE 0160 ~ 0.321 mg/L
o HE R, dERA"d ns] AEAFA E=A el AEEA
JD21 4 0.193 mg/L, D04 0.160 mg/L=Z vtepton, 2¢ 3o+ JD2d A
0.234 mg/L, D04 0.320 mg/L)7HAl 78t o, 49 kol = JD2o Al 0.139
mg/L, DOSIAT 0.202 mg/L7kAl ZFAsldvh. o] TN#H vpz7hA| 2 1194}
= JD291A 0312 mg/L, DOOIA 0321 mg/L#E HASAE Ho] RY 2o 27}
FS B

AN (PO, P)2 AXFAEA7IZE &< Ht 0031 mg/LE, 0.005
~ 0.046 mg/Le] WHHAE eyt AHEEE JD2oA Hd 0.038 mg/LE

0.008 ~ 0.060 mg/Le] WA= MJJ% DOS 0023 mg/LE 0001 ~
0.037 mg/LY WS Bl AEXFAl D24 0.060 mg/L, DO A 0.031 mg
/LE YERg o 4U Aol = JD291 A 0.008 mg/L, DOIA 0.001 mg/L7HA %+
28R ol F 4dAFH A AT HFASY JdFgeozm 11LAd+= JD2
0.046 mg/L, DO 0.037 mg/LE BT =& w2 ey g

Chl-a&= Axa3Z2717F st 965 mg/m’, 49.2 ~ 150.7 mg/m'e] ®H
Az el Addzs D204 B 857 mg/m'E 401 ~ 1354 mg/m' 9
HolE Belon DOolA 107.3 mg/m= 582 ~ 166.0 mg/m'e] B = Lyt
vl AE A JD2 A 764 mg/m’, DOl Al 137.1 mg/m'ZE Vel on 293}
of JD2NA 1354 me/m’, DOSIA 166.0 mg/m'7}A] —%7}} J o} 49zt =
JD2o A1 91.0 mg/m’, DO A 67.9 mg/m) = ZFAsIvt. AE %7, AE A
DO A<l JD2o) Ws] 27 Z7kgke] A5, o] & %7—%61 AarsteE A
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Days ays

<Z1¥ 256> Daphnia AAAE AFLE & 23304 4%, 69)

AW F e AQAE Daphnias 69 79 AR E

A o T, 69 14de] sxdgeoel 7 AdxEdon,

F 19z AFEA] AAAAE Bye AEEgalE d&gs B9
AAAE v FA AN dFuefsle]l dxd AT T ST

D. similoides(235 inds./L) 9| D. galeata(¥FEHEH 49 A% Ey=
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225 inds./L) ¥ Moina spp.(35 inds./L), D. pulex(20 inds/L) 522 42}
224 =zAo0] g7t = Uy 459 A7 & 515 inds/LE 1
WA Fe WTE BT o9dd 4~¥ Xz}l Bosmina longirostris

= 1,885 inds/L&E =2 /AT EER =28l Ay Aoz ekt

Diaphanosoma Bosmina longirostris

<9 257> AARE F5 AEZ T A AZ4[{(Diaphanosoma, Bosmina)$}

235 A XNE (Daphnia similoides)®] & 7HEE

HAAAE wYgHAXNZ2EY Axd HAYAWES D, similoides, D.



similoides®] A3 F3HAE Ietslr] f&) A, FIHREE 45 Ay}

X 24N B F AfHew F9€ D similoides7t X AR Htol
AAEAT. AN, 1ol AR A=A D, similoides7t 23 = A
G Aow vehy, A¥xd AAPES Ay F oajawd g VS 9 o
W) Ao A AEZHaE Ha289 S 1.

H™TI—16= Tﬁg—g}f Zi-(—j‘i %%}4 %q

Polyarthra spp.
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Z349 Chla 3% 764 ng/m’Bt} 2713 %71 121.2 mg/m’2 2 =948

T Eqeta

AE AU R} =

%7 91 mg/m’o] &L

. D line®] 681 mg/m’

o FxeM ¥ w2 Chl-a &% #F8k *E}i 1042 o] F714]
FIF A EE = e AT (" 2.59).
200 = 200 4 : a o o o
lgo]l D line —~—0% W22 =42 =112 g, | Cline —+0= —W=2= =emas Sells
;\160 1 X A &’,@H\mk 160
£ 140 - PN ~
“6120-
£ 100 -
E'so-
T 60 -
Y g6 -
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0 T T T 1 0
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| Dline

20m  =—me=30m \ D line
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180
160 B
140
120 TN
100 3
80 -
60 -
40 |
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<71¥ 259> 4
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=E59aE dEF ¥WsHChl-a)

v 2xF 22104, 7))

AL E T2 D. similoidesE
FA(B0 moA tEFE e §
HH 11/347kA4 1893t A g s 2
A Hﬂokxkj]_oq g_rﬁ;qxqo] Do;qxq, SAE A A AE HHO }j]o
E0X " 2] 4=, COD, TN, TP, PO4 P, Chl-a &5 )&
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o
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[
S
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VSt %4 W
dA] AEste], 104 1701

A<

1) =434 s}
ke A FIRATE B = 31 me F$oF dAgstgon, A
12¢ o] 25 mel Z9-7F HASF oY, 2 gyt s n xR &

™ 165 C, 157 ~ 175 T
166 CT= 156 ~ 175 TY

T2(W.temp.)< AZ g 3E717F 59 3

o Welm vEhdth AWt D24 W

O
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HE Wgow DoolA Hit 166 CTE 151 ~ 182 T HYE Wi,
B0 A Bt 162 T2 143 ~ 169 T2 HAE 1o, AdH el <3
20 C mgke] $2& HAPTh, A AT 5= 2ol 109 =2lof| DOolA] 16.8 T,
EO0N Al 143 T2 25 T Aolg Hl A& ALsta, 1 T W99 Aolg K
Fom, AZIERE 3 T U9 Aojhg B upeh, g 9)g -3t
FEFe Qe AoT FE g,

COD¥ Axaai4 7|7k 59k He 160 mg/L, 123 ~ 19.1 mg/Le] ¥
AE Ueut ARdEEs JD2A e 1566 mg/LE 120 ~ 180 mg/LY
HAE 2Yon, DOYA H 163 mg/L= 132 ~ 20.0 mgy/Le HAE HS
31, E0ol A it 161 mg/LE 116 ~ 192 mg/Le WS Hol, txA o
vla A oA A yEuty A GA] JD20 A 168 mg/L, DO A
17.2 meg/L, B0l 4 18.0 mg/L#= »}E}MJJ% 1 kel JD2o A1 18.0 mg/L, DO
ANA 200 mg/L, EOIA 19.2 mg/L7HAl S7ke &, HAF e AEgs B
At

FAL(TN) = A g yHEA77E 5 Fb 2161 mg/L, 1.948 ~ 2.410
ng/Le] W9lE vebwth @b zE D2 A o 2102 mg/LE 1683 ~
2.460 mg/Le] WLE HIom, DOA B 2.167 mg/L=E 1.910 ~ 2.411 mg
/LY WS K, E0S HiF 2215 mg/LE 2.043 ~ 2486 mg/Le HAE
Hol Awronz =S TNHEHYIES vk AxgA] fxA"LS 1683 ng
/LE e oY, AEAHS 2 mg/Les 29eeE 52 v5E BT A] 714
2 JD2% 3¥Ate] 2157 mg/L7hAl F7betd o, A A DOSH E0-
2ol Zv7} 2355 mg/L, 2.256 mg/L7FAl E713F ¥ fAaste AES EM#L}
74 o] & A ZF7FsE AT

FA(TP)2 g 7|7k Fek o 0177 mg/L, 0146 ~ 0.216 mg
/LY W9z eyt AEdzs D2oA He 0174 mg/LE 0135 ~
0218 mg/Le WS H3lon, DOoM Ho 0178 mg/LE 0.138 ~ 0.211 mg
/LY WHE B3l E0olA B 0180 mg/LE 0.149 ~ 0.224 mg/Le] W
E Hof, iAo nvla) AEZAHAAN EA e AEEA] D20 A
0.135 mg/L, DOl A 0.155 mg/L, EOoll Al 0.149 mg/L= »}E}Mﬁuﬂ 3 2714
Z7tete] 02 mg/LE &3 5 74x] JD2o1A 0.160 mg/L, DONA 0.162
mg/L, EOl A 0.165 mg/L7}A] st o, o] & AF7et st

AArAA PO P) A EA 77 5 F 0001 mg/l, EHE ~

R
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0.006 mg/Le] W= vEsth AFEZE= JD2A Her 0.001 my/LE &4
= ~ 0009 mg/Le HE HAoW, DOlA B 0001 ng/Le =4H= ~
0.008 mg/Le] W& RU3L, E0AM = HAEHA St X o5 144371
A= A AN JQAAJPOP)O] HE 5A woker, 16€atort JD2o]
A1 0.009 mg/L, DOlA 0.008 mg/Le] ks vreb

=)
1 P~
AT o]lv WA 9o
- O = -
A AEEgaEe] Ed hRrd ‘iﬁ"é‘ﬂa R R
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20 - I 0 24
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14
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-~ ~+-JD2 =D0 -*-E0 —Ave. e DL — e
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=
5l // B
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St // =100
A= 0.004 3
~t // —
S 0002 = 50
- P-H—O—O—O—Lf U
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0 2 4 6 8 10 12 14 16 18 0 2 4 6 10 12 14 16 18
Days ays

<% 2.60> Daphnia AAAE AFL ¥ & 5283422 4%, 104)

Chl-a= AEXg3EA47|7F st Hi 1100 mg/m’, 940 ~ 140.1 mg/m’
o] HolZ yEluy XEHEEE JD2A Hat 1095 mg/m=E 766 ~ 1469
mg/me WHHE HIow DOAA Hat 1115 mg/m= 909 ~ 1425 mg/m'Y
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HAE EA3, E0A e 1089 mg/m'= 884 ~ 1479 mg/m'e] HHE B
Gt A 2H (DO, E0)e] Chl-at AX x7]d = s (JD2)9 w3}
wgt F7beke BEFE B, ?ﬂ@/‘g% ¥ 3 ~ H5YAb giEAH 9
Chl-qol wl&] vud FAHste &S Aok EzAFA JD2v AEZFA
111.0 mg/m'ol A 3= 146.9 mg/mW}X] <7k 3 149 A9 764 mg/m' 7}
A acte e BT $AE G EA Y AEA A DO AEGA
1126 mg/m' oA =W AWH<Q Chl-a 3%=57Fe A 143k 1425 mg/m'

AR del gasty] AlAste] 5 At 974 mg/m
, o % 7%_]‘}(104.4 mg/m’) 7+ A] XH%J}O}U% ?:Le Bl

A7AA 2 33 1479 mg/m377 A FIbstd o, o] & 5‘”74011 88.4 mg/mfﬂ'

AARBEQ Daphnia®) =xzA0) &3hg 437 98 10 m 729 30
m RS HARE W FEH AglA A WSS Daphnias 52 9
of A AxF F Agd A8 JHAPE 2 Chl-aE 2430
AxeIE AZHERE EASE A7, DEI(10 m AX) A= A A
AEZAE %o Chl-g7b 1153 mg/m' o]+, A4X 294 1005 mg/
m 7FA] ZFAskEvh 494 1093 mg/m R ZH ASSdol), 1 ¥ BB
FHAE] F7sle] 11Y A JJJ»X] 9l 530 inds./L ¥ uf, Chl-a+= A% A
va 20.9% sl AA FEQ 912 mg/m 7HA FolEQTH 1 F HEE
FAE AT ﬂié}ﬂdﬂ Chl-a¥= TAl Z7tete &S Eath
d=% WaE Ayry, A4¥ A 217 inds/L ol Al
194 513 inds/L 3A Z713 5, 54 A714] ¥ 7
E‘aﬂ zqﬂ‘m 530 inds/L7FA Z7}ste] A% Az vluis

—_

i
i 2

N
e

ok

FF/}O](BO I %}4) e Ax Ad AEZHaE % Chla’} 137
ng/m ©l @y, AY olE 5AMAA ALHow 7Hadte] 945 mg/m 7FA)
OB I F FH Y #ZAadd 11YA FEZHAES 450 inds/L ¥

. | w8l 315% 7FAste] HA FE9 938 mg/m VA
FEZYAE A7 A A Chl-ax= vHA] Z71s)
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TEEYAE €% UsE A9Ed, 4X AF SUheke] 194 Ha

291 513 inds/L& K% SYA7FA] FHAsAaL 7L 5 TA] Srtete] AR
1494 493 inds/L7FA Z7Fetdvt. A% A3 HuxE nusgdS o
202% 7HAl S 7hsk

AR or HE A HANAN Daphnia sp.©= ¥WZEEA] &gkl

et E
gEe ARG wake BARAL 10 m G AE 45 @EFo] 2743
o] A% A 217 inds/LolA 513 inds/Lo2 F7betgior}, 3 ~ 544 i

P 77 ol £5Y 17dA 7HA] 447 ~ 530 inds/LoE L3

AT #FE AT 30 m v FRo A vl A EES AE g A 4
X A 253 inds./LAA A¥XAF 513 inds./LE =78t oy, 2 5 594
321 inds/L7}A] #F48vb7F 1494 493 inds/LZ A F7FskA vl Chl-a&
A A3 10 m' R e A= AE A 116mg/mel A 1194 91.2 mg/
mE Yol 30 m Wk M= AXE A 137 mg/melA 119 93.8 mg/m’
2 A vobdt

6

6
s el 10m? - 10 =Zoo. +Chla 30 m3{ 1490

g ] { 120 5 ¢ 0\* = _-
) Al n Y .
= /\ = o)
= i T £ T3 =
) e — 4 80 ‘a, > - 480 %
Y E e g
5 60 g_lv S 60 f_?
f 2 r 5 T2t £
K] 140 g 14 ©
[ a
g 1 20 8 1 20
N N

0 L L 0 0 I % L L L 0

0 1 3 5 701 14 17 0 1 3 5 701 1417
Days Days

A D)9 30 m AE(FSQ) S 249
TEETAE MAS ds

Adrxaste AgEE 24871998 0, 10, 20, 30, 50, 70, 100, 150 m
HASE 0 ~ 179 TS #EI 1H 0 m AR AE AH A5
A= g9 Chl-a7 1126 mg/m' o] A=dl, &x 144 v S7lstdvrt o
T A& 0T fardte] FEEZAE] HAE S 1Y H5rH<l 691
inds/L & w, Chl-av A3 Ao ¥]&f 19.3% st HA w%Z< 909 mg
/m HA FOlEAYE 1L & $EEFAE ANAFI FASHA Chl-ax T
Al F7ree ¥dE R
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TEEHIAE AEE HItE AyEd, 4x F utE Frlete] 19A
432 inds./L, 4944 544 inds/L, 7944 616 inds/L, 11¥4# #3120 691
inds/L7MA Z7}8te] A3 AF nugS wl, 204% 744 Z7}shd o).

10 m ARNA = dx Ad AEEFaE FA Chl-a7t 118 mg/m’ ©]
R, A 1dA v FUFETUr oL % AEH o R fHaste] 119A,
Chl-a+= A3 Aol w8 264% Fraste] HA & 86.9 mg/m’ 7}A| Fo
=3t

oo
T

o |

WEtE AloEW, X & R Frhste] 14A
AT vhA] E7vele] 79A 554 inds/L7FAl =
o, 189% 7+A S 7t3F AT
A AEZygaE %< Chl-g7b 1215 mg/m
o, A% o]F A&EHow 7}Ahde] AFE 1194 Chl-ax= AE Ao
vl el 25.7% 7HAaste] A =9 90.3 mg/m' 7HA EEUY. 1 F BEZ
FAE WAF7 ZFAEEA Chl-axe A F7betE A2 B9

TEIYAE A& Wate AWEY, Ax F oue Frlee 194
508 inds/LYgvh7t 71 & thAa Z}i;} 2k 79 A H a1l 612 inds./L7FA
S7tste] A2 A} vagdS wf, 345% 71A F7Fel T

100 m A QoAM= Ax Ad HEFFAE 42 Chl-o7t 1184 mg/m’
o=, AX HAZ FAadte] AF 194 692 mg/m' oGyt 1 F Z7}E)
- YAE E‘i’i‘?} A3 A Chl-qoll W&l 41.6% 748k 5-%] o]t}

2 E% W3E duud A¥ § ontr Z7hsle] 194

439 inds/LRT7F 2§ Sk A WEEGIE 1198 Hax ) 567
inds/L7HA] F7bete] A2 A3 vuwgs Uﬂ, 489% 714 273kt

ANHoz A FTEEHAEY dEFY Chled HdT#E vl
P& o 10 m AZAHY sEZFAE A ﬂ$L 3 ~ 5gA i oAt
7F 79 o] thAl FTLEEATE A&l

3
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W
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)
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=
>
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55
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R
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E94aE 99 Chlai 10 m A4 A
ta welyed 02 ARelde QYRR WEo] ANULh 30 w AE
AR FEEYALEY AAGFE AL AT FARGOU 594 AFE P
Fth7h A F718r T Chl-as BE AR 24X o] F 7xdly] AFE

o 10dA7IA A&H oz 7Fastgu)

- 118 -



(cw/Bwle-1yo

(=} w < Lyl o~ - (=]

(rsput z01%) 00z

(cw/Bw)e-jyo

~

=] w =t Lyl o~
(/'spui 01 x)-0c0Z

—

Days
7N A

Days

<% 262> 10 o

Chl-a W3}

ol
=

e~
T

=

(cw/Bw)e-1yo

[ =3

(cwyBwe-lyo

4 140

(=)
o~ o b=3
- —

T T

~

©0 w - Lar] o~ -
(71'spul ;01x) 00Z

uw <t © o~ - o

(/sput 01%) ‘00z

Days

Days

i 5}

Chl-a

ol
=

Hl!

<719 2.63> 30

- 119 -



237F 45 dEstth

HRgboll A 52 A o

1 C, D line¥ 30 m'

719

B

o

=
T
W)
X
i)
i
ey
i)

Ho

Chl-a %9

B

33

Wy

e

o4 100 mg/m' ©]%el ¥ Chla ¥

5 Chl-a

=
©

A7

JESER

Chl-a #=% 4WEUAY. Z4d Chl-a #%=+

o
o~ -

XC}

2 UERY(CLE 2.64).

Chl.a &
(mg/m?3)
150

aull -d

SIRRREE R

100m

C - line

10720 10022 10/24 10031

10/18

10117 - &I

wpsi

o

suj| -4

100m

E - line

) 59

]

717 H10¥ 179 ~ 10¥ 31¢

To

B

(D1 ~ JD3)el M= ALz

7] mUEY A

19 <7t

o

AN

A

ol

or
o

el

B

- 120 -



4.9

f .m?%ﬂu
o) & IY .‘m#udﬂﬂ
W mv@%ﬂ @Lu_%ﬂ
S ﬂw <
woor S LRI ﬂaw_/rﬂ.wﬂDﬂ,n%
— — 12}
1y o5 5T T XM%gﬁ%a%
m ﬁedﬁﬂq oTﬂ_OI 3o nﬂrﬂﬁ S
o iy CR = x_n#_ouw1ﬂ
5w %m%m. ﬁomw@wﬂéwmiﬁmm@
ol N = _1r1_11m» I .mooi].ao
2 e Mx,m.yw%ﬂwgmawwm%
g %%%@&E ﬁrﬂ%lm N
o g =) =& i eWJ.o]]MJ.ﬁ NS
© 5.0 —_— 7L Lil N OT X X ) =K ll .._O#E i
mm ~ R ﬂOﬂ]uMﬂ”ﬂiTﬁTﬂmﬂlmﬁﬁoc}Jﬂ
G ,%Ma% o Jxlﬂw_@_%z_/_x
0 ® = W Nuo7/@oow7r%imﬂB é%ﬂu.m
g 0 o T = 2 o| o il )| TN my S
S & T A P R L 5
anﬂ 00 [ BE ° B nﬂula
mmul_n% s ﬂmﬂ%ﬂm%ﬂwV]mﬂmo S
X R %%m«mr%ﬂmoﬂ%urxwﬂmi%
1SS : %ﬂa%ﬁngiaﬁ}i; v
Sy T m%a%no%ﬂﬂ7Lg¢%ﬂ471
°r " 1L C%ﬂﬁ#aﬂ S t_smgahﬁ
@ 3 © o 0 X }Mﬂﬁi X L&o o - Qe
3 © Sy mﬂ%ur%_ﬁ_/a‘%mu%% mmut
T b o No = LR A= " =
2 o N R o ﬂgﬂ}yﬂ%g}ﬂ
ewﬂ% N ﬂﬂ%;ﬂ_ el 7utﬂ1r&m7an
5 o 74i_§_%ﬂ%x§.w R
0 3 B K o ~ = - o 5 W ,1@1_ —~
sm%ﬂ o - W = @ﬁ&co%z | o <
0 % 4w .fu%o%ﬂﬂ
R et ™ %z%%mﬁh%@mﬂ@ﬂ&@
2 i S = omom@}ﬁq T
g ¥ A o R W H D W oo 4
< N o I ulxﬂJ_%n 09 =
> < @ G A.Z_iJnﬂ WE
2 A - il iﬁ = = N @u = h = N
N . 8 @Eﬂﬂu = = 2 - ¥
2 T LG Iy S
8 s f 3 T e
T T 3 W wm% A
N © "|yQ Boj G B <o

- 121 -



7 Ao =

&
o AN
o og o~ K
X 8 N o I
R = Mg "
5 nmr - ﬂm_ B
— v 3 O#E _EM
ﬂ SICE Wm o
ﬂﬁﬂ@l & ; | = R——
o B < Z r— ) P E B R
M A N . . =) o M w
~ o - WA_,E s n R —_—
7Ufkliw N a m s X Zﬁdovior_
— ‘_Jl — 0
ﬂmﬂﬁmﬂﬁg I ) am@yf%
Q ~ UT.C o " Z.ﬂo ~ to] E]# 70
O#Ei%ﬁno | & uoﬁu )
B G ol X I I_ 8 W < 1m,|, c],_ 7o
BT ’ | l R =
.ﬂ#_ou%ﬂﬂw% (51 o " e ﬂ%&ﬂw%
B N N 1192 40T 03k = K B R
" ,E. 1# youk it o X R
T o8 Xﬂ ,m.n__ M s § N ) & I_ . o & o o W
< =3 m“mem & X A BE OF
5 S s B — i o o T o
S ow s L i . avvoia i W s
oo S = g mwmm- ) o = B o 2
B e iy o | i g K T
o S T =o g . & iy o] W N
®E R 5 E a5 B
ﬂxﬂﬂmﬁﬁ ¢ I_ S mﬂﬁzﬂgﬁ
Laoo — s T X
. X " < 5! X o N e =0
Ay nE N o g £ o = A —~ X
0 (o . (=] <] = X =0 T “WH ,.Lﬁl _XL X
mzf.mq — ! — = T3 5
2EENL < wmggm%
a 7U17NMQ .5 5 fﬂ@@Mm;h]
T o I | I PY oW %= § %
= X o & ~ o S <
ﬂ:wg%a S ﬂ%_é ng
) X ?_.._cwu ) 7 ” ‘ﬂl WI ‘Mﬂ_ =) T
i v I & o < o P b
o S = N e
’ A = 5 = o °
Am_.._,.wu ° ‘aﬂ. [ ﬂ)MO ﬂ@d — 0
v ek N 7w T 2 e
v N Jo &
g
= 03 ol
= 20 = o
bo = = 3
= & ~ o
< o
05

- 122 -

o
2 Aadent



=9

ERE

il

Daphrnia

=

e}

Aow e 718

i

T

37 W E

o A}RET
whebA], ) A 5 ol A

X<N

Z Ao

al

i

K

=7|=t ot THHYS A A

Do| 80% &

_EL

F

Of

=

3
Kr

s

ol

Kk

ofl

H

<M
4

cage

=N

H

Pt 20114 10

)

=

& 2Al)
1

44

3

il

&

o

i

T
i

b1 9%

5 Z 7| o] 9

o =7

=7|=t 5tof i i

ZQIeho] 7t

Nk

Al
=

O|X] HM =

o=g

S|
S

Ao} WS A

7 W

A
—

=

=

E X|

=]
e

|

2
=

%
o

ol 3
<Y 267> AAPE S D FA cage ML

o| 80
2 HEAl cage

7

Uz B2

Hi

er s
=

) H

iz
=

= 7

A

]
S|

X

- 123 -
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AABE cage AW HES S @ A9 B =S Wisto 22 52
F o5 Asar £4x0 B ERE BEHEA A5 X240
Ado mgo] & ZHolgt dadnt
f-"\lo [ O ® nauplius el
en waters i Cage
ﬂ P ’ u Rotifera S ag
% 8T ® Copepoda = -
E H Cladocera %
- O =26 |
e — -
o —
- 4 — . =
\fx L - ot
- — S —
d 2 _— d 2 | S—
SUEERNEERS =
0 0 J
0 1 3 5 7 10 14 17 0 3 16

Days Days
<9 2.68> AAAE cage 83

A= Ax A5 AgFFolre WA Folurirl HA g4
I Z ) 493 inds./L7MA] F7FeldaL, &5F 67%, A

QOH 7% o7 HsA
AAES cage o) AEEG] AAAAE MAFE &Ql3)
A¥, AE A 213 inds/LA A AE 1694 861 inds/L7A Z7belE <
S HYY EHFddEE AdEEd, =232 2100% 245 541%, A4
534%, &7 285% T7IY e Bol, gl dxd ARy AHA

AARES A @ FxA ofFziy AAPES Hosha A%
Bg Eol7] 918 cage APS HAISHA= cage Lol A ?4& Aol A
SAste] For 9 g8 AAFE SR 5 St FHE o8t &
T gt mAe] ded Fon AT}

TR A= FLE cage FAE ©1-8L BF AT
A FHAA HgHd = dow, g AES AL 55 uT A7H
A WFE AASEA cage Wel HH O AAFE A FAT 5 d=E B
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(2) AdeE A= AF SR

Chl-a =7} 100 mg/m ¢ ] 24.8 x 10°

o
N
Gl
Ho

~

~
fils}

e

E%(Chl-a)& EYH

© 2 100 mg/m -7kl

s
QLN

Chl-a 7]

Chl-a 25

ﬁo

AEE 30 mg/m' 7R B
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A %) ) F 4
Chl-a(mg/m’) 100 90 80 70
EQIZKIIN)) 248 x 10° 20.0 x 10° 15.8 x 10° 12.1 x 10°
H 2 2 () 25.1 203 16.0 12.3
Chl-a(mg/m’) 60 50 40 30
EQIZFINN) 89 x 10° 6.2 x 10° 40 x 10° 2.2 x 10°
HY 2T 2 () 9.0 6.3 4.0 23

AR AEQ Daphnia®) 2293 E AAHF AA =< 2
S ArZ=el Y $3¥ Daphnia?l Daphnia pulext 100 m' A
1.0 x 107e191ew, W& Daphnia?l D. similoides® 100 m'
A A Az aFo] 20 x 10°2 Flebd 48417k ule] Al A = 9},

(3 2.22) AAAAE o3 HEEFaE AAF AA) F29 e AAPEF

A
Al B2 = Cli= 3 Ak
=z oy 5 | e | MHSS x| smmoray | 10T THY
RMol|  mmMe (wy, |SEEENOR Lo |mouxy | HASES
L EH Z=rhAh SE |(mg-chl-a AzH| 2o (10 m =i
<= =SS mg/m)|/m/day) | VS| FET A HHMEYR)
= Daphnia . 10,000,0007H A
%7 (Daphnia pulex) R 0.16 100 inds./L (1,000 inds./L)
- =730 48hr
of
M tspaphnia | Microysts) 068 20 inds /L | 200000074
(Daphnia similoides) ’ ’ (200 inds./L)
= Daphnia . 10,000,0007H A
(Daphnia pulex) Lbox = 0.74 100 inds./L (1,000 inds./L)
x5} ( Os?//_/:?;gr/la ) 200 48hr
CH&™ Daphnia 317 20 inds/L 2,000,0007 |
(Daphnia similoides) ’ ’ (200 inds./L)

* ABEBYIE PNFE DA 4 B4 A

- 126 -



2. AA A= MFZA L 5240 A5 B}

AARE NGEAANN AAWY FED 5 x 1008 F2TgFde F
AHE Al A 1L 100 m7hAl H 5% A AL 61.3%A 3L, A 3
Ao = Hit AAE0] 61.8%F o, 5UA = 187% 2 AAE F43] #
EGITh o] AdE MR O R mx WA 39 FUIR AL E HAH A
EEFS Fiete 3o 5xE AolE sted Adsiva dddr

(% 2.23) 4 xwto WE 5%(Chl-a) AAE

T HEIYA | HE3YA | AZSYUKXE | AEIUXE | HEI4YK

5 m 52.0 67.0 6.1 6.05 9.91

10 m 52.1 58.8 (-2.1) 11.0 8.16

20 m 53.7 60.5 16.3 16 12.83

30 m 52.7 60.5 10.9 (-0.1) 13.12

40 m 61.5 60.95 13.7 (-9.6) 7.58

50 m 63.5 60.1 114 55 5.54

70 m 57.8 63.0 17.54 9.8 12.24

100 m 59.4 62.0 22.04 174 12.54
110 m 61.0 62.8 27.6 21.2 7.58
120 m 67.5 62.7 315 27.0 5.54
130 m 73.0 62.4 46.25 31.1 15.45
140 m 71.8 61.5 24.85 38.01 496
150 m 70.8 60.7 17.05 2521 10.79

3 61.3% 61.8% 18.7% 14.2% 9.7%

w mx A P mxAel] g AA4E dxdd dxEd A% JhE 99
AA A% AE 0 50 m, Chl-a: 100 ng/m’ — Chl-a 25 ng/m)
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H3% 22

AL ARAFA 5204 54 2 £87 2 dY

AN EAR] ANAFA o] s2LAELY] F34 EAS B
e 20119 3€¥ 24955 10€ 129714 F 93](& 13D 24 RYHAS
AAEHed, o d5S 42 SD, §=4, DO, pH, EC, COD, SS, TN,
TP, Chl-a ¥ E-AE2Zaazoz Ayd ddz BAsd)

AL F 7] BEXE 90 ~ 279 CT(HiF: 164 T)E 39 g3}
o] e 72, 1Yol Hd SUAVEY 2 V2R EE By o 54
~ 99 I3 1199 ARzt 15 Tolde] 7S Hoja 9lo] FxuA)

2
of f88 4L Btk F2WEle 75 ~ 276 CT(H 207 CO)E ey
ou, AHE oKt AMA wWolrt AA ek

CODE A7-717F B¢k 7.8 ~ 196 mg/L(HT 157 mg/L)e] W= M3
749 1495 mE BHYY 794 7.8 ~ 96 mg/L(BHF 87 my/L)E F43 AL
ALt LT 271508 mg/L)S 23+ 12 mg/Lol ez =4 e
gon AFERE FY98 JDIE T 163 mg/L)olA 71 =9k51, 354
Aol JD3(H T 150007 242 7as9rt

ARAGFA Y ANy 4L rE FZoH FHdL&5 75L& 35
2 Eedoey, 53], dxdEo] Fdd 593 A9 AFE 79 GUdS
F7F S7vela, FYEe FEvF =4 dehde] wEl fHoA FAEE
SAEL] o AFE A= AR AlRHAY

Chl-a+ 511 ~ 181.1 mg/m(F 1042 mg/m)=E A 7] &4
T4 7]=(Chl-a < 35 mg/m)S ZHatdon, 383 7S AT i
1716 "+t 100 mg/m's et 2FHEE 58 BAFa s A
H2= JD1 743 ~ 181.1 mg/m'(3F+ 1131 mg/L), JD2 57.0 ~ 1469 mg/m’
(333 1046 mg/L), JD3 51.1 ~ 1427 mg/m' (B 951 mg/L)= F+4 4 D1
oM JxA ol Aztekitt.

A7 Ed AEEHas dEHS AP 1097 ~ 1266 x 10°
cells/ml(AH = 1206 x 10° cells/ml) = FH <1 JD1o A =4 UET L
A7 2= 49 (FHHF(DD: 3206 x 10% cells/ml, &7 (JD2): 2922 x 103

O

v
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cells/ml, ASH(JD3): 280.0 x 10* cells/mb)el 7HE & dEFS LA F
A7 A 7ol THY v dAEFS BT
EHEB ~ 49 = FEFYA Anabaena sp7} HsF o, HHdd =
& Z57<¢ Cryptomonas spp.7k f+944-(JD1)2 =F(JD2)ol A -3 8k
3, 695 Y 10974 Oscillatoria sp.7} $343te] w352 Anabaena sp.<t
Oscillatoria sp.°| 9|3 @A i A3k Aojrete] s=yo] & asirt
A AFA o Aaetil v sEEdaE T2 44, 945 &5

7 FHe: FRELAE GF o] ARIYAE 4 vhelolE g4
]_

o= =FA oo THHQ] HAHAAEo] AR =
Aoz oy AntHow 4 W A ox A A nx&= I
oAt HAWEZA Daphnia spp. & 5

o] %1
= elsgn

AAAE 59 FAELYN A=
3} D. pulex®} D. similoides?} vFsE % =2
i, AEEHIAE Y 9o Hojd Aox uywoew, 53], D
similoidesv &3 1142 Z7AE o
A Row deEy

AWATA BE ol &ste A E 93 HxAo] AU A3 A,
AAB= Daphnias ©1-€% 3% 7AAY Chl-a ¢ Hul A &3 257
kA 7] @ACl 50 mg/m' oA D. pulex’} 016 mg/m', D. similoides 7}
0.68 mg/m'el| o213, ZFFUHWA Al Chl-a(200 mg/m)N A D. pulex?} 0.74
mg/m’', D. similoides”} 317 mg/m' 2 YENY, ZFEA Ao A e Ao
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