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SUMMARY

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

predators in the agricultural reservoir (Final)

2. Research Period : January, 2010~December, 2012

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 1s 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

4.1 Characteristics of algal bloom in agricultural reservoirs and
monitoring of water quality in Jeondae Reservoir

4.2 Selective application of grazing controller and development of
optimal mass culture system

4.3 Development and improvement of mass culture system for
grazing controller

44 The efficiency of mass culture system
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45 The analysis of removal efficiency in the introduction of
grazing controller to the reservoir

4.6 Estimation of proper scale and design factor for mass culture
system.

47 Suggestion for optimal operation of mass culture system in the
field.

5. Results and Conclusions

5.1 Characteristics of algal bloom in agricultural reservoirs and

monitoring of water quality in Jeondae Reservoir

O Dominant species mainly causing algal blooms in agricultural
reservoirs are Genus Microcystis, Anabaena,  Oscillatoria,
Aphanizomenon.

O Accessive rate of water quality standard for agricultural use
defined as less than 35 mg/m’ chlorophyll -a concentration was 10 %
for all local water, and 1 % of reservoirs showed higher than the

chlorophyll -a level 100 mg/m’, indicating algal bloom.

O Results of water quality monitoring in Jeondae Reservoir indicated
that COD ranged between 7.8~28.8 mg/L(average 15.0 mg/L) and
serious organic pollution is proceeding in the reservoir with higher
COD levels than standard for agricultural water(COD < 8 mg/L) in
most seasons. Both TN and TP levels also exceeded the standard
level for agricultural water.

O Chl-a concentration fluctuated between 1.2~225.9 mg/m'(average 91.9
mg/m’), and phytoplankton biomass showed the range of 0.7~75.8 x
10° cells/ml(average 29.7 x 10° cells/ml). Both Chl-a concentration
and phytoplanton biomass exceeded the level of water bloom in

most seasons.

- XVi —



O Zooplankotn species composition in Jeondae reservoir showed typical
eutrophicated water bodies with dominance of small rotifers that
consume mainly bacteria and small phytoplankton. Large—bodied
cladoceran speceis which is able to supress algal bloom in the

water body has not been observed throughout the study period.

O Fish community of Jeondae Reservoir included 4 classes and 9
species(total capture amount of 649 individuals) with 4 species of
Cyprinidae, each 2 species of Centrarchidae and Gobiidae, and 1
species of Cobitidae. The dominant species was bluegill occupying
387 % of total fish captured, and subdominant speceis was
sharpbelly(Hemicultuer leucisculus) occupying 27.1 % of total fish
amount. The dominant and subdominat species are resistant against

water quality deterioration and degradation of habitat quality.

5.2 Selective application of grazing controller and development of

optimal mass culture system

O Efficient algal grazer species of Daphnia(D. magna, D. pulex, D.
similoides) were selected as applicable grazing controller for
suppressing algal bloom in agricultural reservoir, and their abilities
of algal feeding and adaptation in the environmental conditions in
the reservoirs were compared through laboratory experiments.

O Large-bodied cladoceran Simocephalus ventulus which was collected
from natural water of agricultural reservoir was also considered for
grazing controller with Daphnia species selected and increased in
the laboratory condition. Simocephalus ventulus showed competitive
ability of algal control and field adaptation in the laboratory
experiments.

5.3 Development and improvement of mass culture system for

grazing controller

O During the first year, mass culture system(10 tons scale) on the

artificial floating island was set up, 30 tons scale mass culture
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system was set up at littoral area of the reservoir.

O The cage culture system was developed and set up in the
reservoir. The cage culture system can protect grazers from fish
predation in the reservoir and allow secondary population growth of
grazers in the reservoir water.

O During the third year, the performance of the system and efficiency
of mass culture of grazing controller have been improved and

optimal management of mass culture system has been achieved.

5.4 The efficiency of mass culture system

O The efficiency of mass culture system was tested during spring
and fall. The abundance of natural grazing controller including
cladocerans and copepods was more efficiently increased in 30 tons
scale culture system at the littoral area than the 10 tons scale
system on artificial floating island.

O The selected grazing controller D). similoides was introduced to the
mass culture system, and high abundance of grazing controller was
achieved 2 weeks after initial introduction of grazing controllers to
the system.

O Under the condition in the mass culture system, the negative
impact of water temperature and nutrients depletion on the
population growth of grazing controller was not observed, therefore
the condition set in the mass culture system in Jeondae Reservoir
seems to be optimal for the high abundance culture of grazing
controller.

O The removal efficiencies of phytoplankton biomass during water
bloom were 955 % for the mass culture system on the artificial
floating island and 97.3 % for the system at the littoral area of the

reservoir, respectively.

55 The analysis of removal efficiency in the introduction of
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grazing controller to the reservoir

O Grazing controllers selected from natural zooplankton community of
the reservoir and selected among applicable Daphnia species were
cultured in the mass culture system and applied to the reservorr.
The spacial and temporal removal efficiency of controllers on
phytoplankotn biomass was analyzed.

O After grazing controllers selected from natural zooplankton
community released to the reservoir, the chlorophyll-a concentration
in the reservoir reduced from 1204 mg/m to 324 mg/m’, with
removal efficiency of 73 %, on 8" day after grazing controller
releae during spring. On the other hand, the chlorophyll-a
concentration was reduced from 243 mg/m' to 31.2 mg/m’, with

removal efficiency of 87 26, during fall release.

O For Daphnia, selected as applicable grazing controller from the
laboratory, removal efficiencies of phytoplankton biomass in the
reservoir were -4~32 % for 3 grazing controller release, and 3
5~79 % for 4" release. During 4" release experiment, the removal
efficlency was increased according to the time, and maximum
removal rate was highest as 79 %, and decreased thereafter.

O To confirm the structure of foodweb in Jeondae Reservoir and
predation effect of fish on grazing controller, stomach contents of
fish caught within grazing controller release sector, and their
carbon and nigrogen stable isotoe ratio were analyzed. The results
have suggested that bluegill, stone moroko, crucian carp and
sharpbelly are main predator having negative impact on the
abundance of grazing controller in the reservoir.

5.6 Estimation of proper scale and design factor for mass culture

system.

O The proper scale and design of mass culture system to reduce

excessive algal biomass in algal bloom area(Chl-a 100 mg/m’) to
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standard level for agricultural water(Chl-a 35 mg/m') have been
estimated based on the individual-level removal efficiency of tested
grazing controller species. The equation for proper culture system
size was developed considering non-increasing growth speed in
natural water bodies.

- The equation for proper culture system size=[necessary individual
number of grazing controller for target removal Chl-a concentration

x reservoir volume(euphotic zone)] / [release amount of grazing
controller(with consideration of non-increasing growth speed x10)]

- The equation for proper size = [ (Average Chl-a concentration of the
target reservoir - 35) x reservoir volume ] + 48,144
O Detail design factors are suggested in manual for field application
(chapter 2, section 7).
5.1 Suggestion for optimal operation of mass culture system in the
field.
O For the optimal operation of mass culture system in the field, the
function of the system, limitation and possible problems should be

fully understood before the field application.

O The mass culture system can be applied to the reservoir from
February, thawing period to December, before ice formation. The
system can be applied as algal bloom prevention(reduce algal
biomass before and early period of water bloom) and algal bloom
control(reduce increased algal biomass during water bloom)

depending on the characteristics of target reservoirs.

O Field application manual of mass culture system including
comprehensive planning of the system, estimation of optimal scale
and design factors, operation of the system, maintenance and
monitoring of system efficiency, and operating system was

summarized and suggested.
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6. Applications

O Techniques application for algae blooms prevention of agricultural
TeServoirs.

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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okadaic acid A€ €] 3}§=3 #o] protein phosphatase®] 7|52 A 3l
Zol  wax et promoter24] &I JISAE RuEa
(Nishiwaki-Matsushima et al., 1992). Nodularia 4°] A*}8}+= nodularin
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ol wzxAAAS dod= Anabaena %°]  AYAtE= anatoxind

A
Aphanizomenon®:©] b= saxitoxin 5©] o] 7]d &gk}

]_

of
rr

32,

o}

18

(£ 1.1) =224 42 AEFH 5F(Watanabe et al., 1995)

252 | 72 29 4A A7) £3i9
- 0|8, B5 It 402 @S
Microcystis =Mooz HMA|IF|IH |Qto=z
L=z |Anabaena Hol= " ZHME ¥4, 2z, HFAZHO| 2
ST |\Aphanizomenon|- 018 7120| BS, %2 Z2[8H
Oscillatoria Ole M5 Y=AH L= HIAQ|
Lhe M=
Synedra
oxa Asterionella - AZRE OF, HZM  BHR0l0] e Ho
pl —_ _ -
T |Oclotells |- BRE 0F, AHTY |3 24| o olRE
Melosira
Closterium - X0 E BEE =M
wxz= |Pediastrum - E, MEHSH =AM HoOA Zle H2Jors
ZTT
o Scenedesmus | » e XA, AR
BO/T)/OCOCCUS -0451 _T_EI '_"iélv_l-—ll-_A—lllI
2 L2 =4, Ho8Es
- = X ZHAH T ET oo
ISETIE Trachelomonas 042, S PSS TS ote o BpHfRt
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G Tl A UH S 525 dovlau FAH TAE FEsie
HrEie 1SR g vdstth SElvetel A 1 HIdskA x5
WA 7= £ IdEFo &3 Microcystis, Anabaena, Oscillatoria,
Aphanizomenon < (Genus)oll &3t FTEo|H. oEL HAuAHTH
(Anabaena, Aphanizomenon % ‘5, ©] 2 A3 (heterocyst)©]

oX, ol:o
o

N
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Lo
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D

(N9E 718 ZANH)E 14), FHEA FA T4 3
(cyst) ¥4A), Polyphosphate body AAGFAW < ZAAA AW
Polyphosphate body 273, HdAl ¢ %4 & AFA] o]&), Gas vacuole
’d (gas vacuole°]-§ 7 °ﬂ el 71 EWE gase] %S ZolAY EHOoR 3§
A FA ]57]'0 ek H]—x]) Lo e 9w B pH HeAd(thE 2FHF

o HlE HA ZALFLo] ol JEH 5y wmE 24 HA

T T A S T, =1 %/91 DHE
=ol FAdol wet ARE olitstetid wel 35 u pHIF e W
AT e 54 M), A 84 58 (Microcystis & 7, 7Rt
Mol MEZE A E-o o] FAl(colony) BA, A0 SEAHAZHA

£ 443) Fol Yor], B, GEFI W SAE FEYEFAEY A

e 87l A7 7l =A FA4 5 vk (Lampert, 1981).
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(Z 1.2) 39&AFA J &7t 27 =(FHFH, 2009)
Ct7| | &7 | H
e | 5011501 4 | =2
E=EXEHEC= CHES YIS AAEEA 21 45
HE=ExE JEEMAINO| 2HEQL SA|O] 12{E|0fofgt
(Biomani| G-P | E | L |HEfA TR 7|50 CHSE APHZEALZL MBS E|OfOFRt
pulation) AHAEOo| =1 F=AA
o2t dro| HisH 2dp Yoo FAIZL He
HDH AgRol 2HYSIL FRSI M2 X =X|
ol M&7Is¢
wess| £ | p | p | TAMES Bods 2T 0lxe 3RNY Xl
285el g0 st H4E Zo| =AY 52 84
sto] X8
425l 420| X2|WHo| +E0lof B
2l £ F UHERSHIE 2 2EY XM=X|0f HEIts
=243} TUWI|=E ofHy HE0| 022
==2#HE | E F L2257 30, REAEZF B2 XMEX0 HEts
" SMxE A8Itstt =)0 2120 X[t 22 A
oM E E QoL
o7|'3
S0l Z pEIF A2 M=X|of HE7ts
=7 ; . $§§é|i£§h$ﬁi§ol e WREESHH 2
(B o e .
AEE7|= WERESIECH= QFER5H7 310 40|
A2 MR ME8Its
St sy FEIF oot X=X|0 HE87ts
SEFY | E | P-G| H [.E7[ZtLO| 2 2HE 7|0ist=0 Fal
BUAXEE2 ¥2
”.“_L'i—'.*f. £ £ ;H—‘T'—ﬁ'—ﬁm 2 H#Xloﬂ_&*%ﬂ%ﬁm a2 X7t
E g0[et M==X|0 EX|7ts
=4 E | H |.==¢t0] &0 WWERS7L 3 HX|
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=20 ZX7t &= M=K
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Z)E=Excellent, F=Fair, G=Good, P=Poor, H=High, L=Low
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(X 1.4) Hzdd A& g AHYE JH °4F

HMAME (BF) =HETAT H
Karfodinium veneficurn (QAEEF) Oxyrriis marina
Skeletonema costatum (MZRT) Profoperidinium bipes

Gyrodinium dominans

i, HOF . :
Prorocentrum minimum (2 ) Gyrodinium spirale

Heterosigma akashiwo (BEHEF) Oxyrriis marina

Gymnodinium aureofurm (2AHEF) Polvkrikos kofoidii

Oxyrritfs marina

Teleaulax spp. Myrionecta rubra

Oxyrriifs marina

Dinophysls acuminata Pliesteria pfiscicida

<I¥ 110> A3 AFAA Add AHAE WHEZA

<Y 111> AFPES o] &3 HAx AJEFH(A; 200L &%, B; wlFZ=x])
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1 5d8A5Ae Sz24 54 2 AdASA FRALUHY

YR ERS BT EAETAL B

seree] wEnA 54L 5
P8t Qg 28 FUFFAAFAG G2 el 19999 ~20119 744
FA8 B Fo) ¥AS FA54T 2AANE BEFe] FYEASA
O CIEES S ENE A E S B SR

(1) 2EUER A7) & 714=x4
TUHELS  2010.3.24~2012.
11.217h4] 4 13] o]/ AA|sdl e
W, EYHY 7t TR
7142 (http://www.kma.go.kr/) 9]
AAab7]1 2 A3(2010.1.1 ~2012.11.
30)E o] &5ttt
(2) 2UHR A
EUHY AHLe AFA A
F YFel JD1, TRl YA

D2, A%A Fgel Aol 713

71 JD3o.® g on, 94
AR FESAT. AT7IFE
¢ TFSF(JD3)Y] FAHS 3
0~40 m(¥E+ 35 m)e +X&
HAow, A4&E 856~100 %
o] WM (E 953 %)E HATH

<29 21> 2UYHHE A
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(3) ZAIZE 9 EA4Y
BUEE FAREIES =40 SD, 42, DO, pH, EC, COD, SS, TN,
TP, Chl-a ¥ - AEZHIAESZ AFUEXAA AgAFH e Al71dE =4
el AEEHAE W 9 28K B4, FEEFIAE BX 54 g

A ST
T4l (depth, m)& @A +=454 71 (SPEEDTECH, SM-5)& °]&3}
ol F74sk3len, Secchi diskE °]&3dte] FH=(SD, mE A A
gt T AS AR (YSI ProPlus) & ©] &3+, F&(W.temp., C), &4t
F(DO, mg/L), Faol+F=(pH), A7 =% (EC, uS/m)E FA At
Ao A A Almes Al g4 Ak -=H(COD, meg/L), -
EA(SS, mg/L), TAA(TN, mg/L), FA(TP, mg/L), A4t 1(PO,-P, mg/L)
HEA-alChl-g, mg/m') el digh A4S AASA
A

|
AANA7IE (@, 201D Fstler, & 219 2o

Hr

B>

-
i=] [e] 2=
o EAWHE 4

(¥ 21) F2AEY I5 &L 944

Preservation and

Parameter Method Materials
pretreatment
depth SPEEDTECH, SM-5
SD Secchi disk
W.temp. . .
- Direct measuring
DO
YSI ProPlus
pH
EC
COD Acid digestion by add H,SO,4 conc.(<pH 2) i
KMnO4 preserved in low temp.
<s Filtering method of i i
GF/C
™ UV Spectrophotometric | add H,SO4 conc.(<pH 2) | Spectrophotometer
method preserved in low temp. HP 8453
TP Spectr&ré?ﬁécémetrlc add H,SO,4 conc.(<pH 2) | Spectrophotometer
(Ascoribic acid) preserved in low temp. HP 8453
Spectrophotometric Filtered by GF/C, and | Spectrophotometer
PO,-P method g
(Molybdenic acid) preserved in low temp. HP 8453
Spectrophotometric Extraction of filtered | Spectrophotometer
Chl-a method difi
(Aceton extraction) | GF/C by acidified aceton HP 8453
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T FHIOZE Uy FHIAENHA A & AEF
] o\t Daphnia magna, Daphnia similoides, Daphnia
To Ao E I oA FAAETS FASAC
%%%Eﬂ] Ago] golatal, EAEAI Hold TS MAHsty] 9g i
S similoides®t D. pulex:= =Wol A %, v, =

=

= 2 Atk D.
98 £4 AR, D magna= AAFow FANYE ~uTs e
A Ratd AANE FAAA Gl AHgsar

Al FRF] 7EAQ SRS v, Frish] d sds wldeE(25
C), AR Hol|kEF=A}l 66 x 10° cells/ml) ZANA JRAT A3S Hlws}
Ak ek thket Holxd x| S Hlasly] fa HolwkE
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2 A7 27190 7€l M =2 7S ®Hth COD9 Chl-a= 69 °]%
Z7htel 1249 744 A%HoR we e FA%T gd, ot FAEA
FAANA Z2FAAF] FHAe FARUE 29 Wkl F09o Fdd o
Fg wa Qe AR Bt

<9 216> HZ 537 FHEF FRASAY AT €¥ F34H EAF Chl-a

,44,



2. AA A S =874

A

3

7142 8= 714 (http/www.kma.gokr) AA71 A e ) 3dzE
(201048 1¥€~2012¢ 11¥) AHE o] &3} FAI3FAL.

<29 217> ARASA 9 7 FE7

AdA A e 728 -100~299 C= 1~2¥e] st v 7S
Holal, 59 ~10827H4] HEEdase] AHYELE 15 T o] 7|&
& Holed, ol ER AHAE 48 HAH 207 % Sk

2 4

Az F S 2010 2,141.8 mm, 2011 1,704.4 mm, 20123 (~119)
% 15772me  Aerr A ow, AZpdEEE 2010d 7~9€el 727
9%(1,556.1 mm), 20114 6~7¥l 65.7 %(1,119.1 mm), 2012 7~9¥el 708
%(1,1162 m) = Z¢7F JFstdvh ok 2 std7le HsH A=
Jaf 7] AFAF] ofelge] AN, JEAF ofF AT R
s Ao] -2 E Q]

A Wt dFRAZEE 2010 2011l ZH2E 54X 7H/ A (1,98441 7/
d), 55ARY/LQ007AIZ/ ) ®= vEbskal, 2012d0l= o 6.441H(~11¢
2130717 0% 20120 YA S dEARS Ho mdAe] FHokgh %

,45,



d 223517 918k, 2010.4.5~2012.11.21
o F(W.temp.), &2t (DO), F40lF = (pH), A7 HE=%(EC), 3
AL TFZFHCOD), FTHEA(TN), FA(TP), <JAAJPO,~P), TNTP
ratios(N/P) & tldo=2 4 RYUHYS AA5H

T 75~323 TET 214 C)o HAA= AddE ¥olE Btk DO
T 28~171 mg/L(B 100 mg/L)e] HLAR Z9-7]e] wl$ e DOE H<l
Ag AQlstd HwrH oz #Hxst oo #& DOE HUT pHE 71~
10.3(3 899 WH=Z veld, DO FAHgE 43S Bt ECE 156~450
aS/em(Bt 274 pS/em)HAE 97 olHAAA FUbele AEFE EHAo

o M

<29 218> AUAFAY &, DO, pH, EC ¥ 3}

,46,



<2g 2.19> ARWAFAY COD, TN, TP, POs-P ¥ TN:TP H] ¥3}

COD<= 7.8~288 mg/L(E 7 150 mg/L)e] WA= Hsd5-71E5 A<l o

2o A7l e FE7IE(<8 mg/L)s 23 A% FES BAh

TN 1.353~4.771 mg/L(H 2.715 mg/L)e] ®MAE AA7]0 sHE&F

THA71= (<1 ng/L)s =3 ew, TP+ 0.044~0.534 mg/L(F 0186 mg

/el WR & 7he dRAVIE ALt A7l sdEa 27

(0.1 mg/L)S ZFHA o AAE (PO, P)S E35~0.308 mg/Le] M=,
A

TPst vl$ 412 AP mgor), gle dF wEe 43 AL 39 o
FA FHdFel Bom(Qb F, 2008), TPe s%7F AFH 75 A=l 9

3H A7 % 3L(An, 2000) TP W&ol TNEG -9 o 2A (¢} Al 2005)3

HEEA H %i%%%—gl dololl &= vA= ATFFA HHA

,47,



#.(Fugimoto and Sudo, 1997, Smith, 1983)2 &%= TN:TP ratios= 3#
1865 UEFYOm, 549 %7k TN:TP > 162 9lo] A|gaclo = 407 %
7F7 < TNTP < 16% 21, A&7} Al Agtaclo=z 2831

At 3Wd7H201045~11.21)e] SEAAEE Hfgo® Kratzer and
Brezonik(1981) % Carlson(1977)9] 2] 3t {93 %3} 2] 4=(Trophic State Index,
TSDE &435te] A AFA e FFIFsE5ELS dotstaxt stk

<Id¥ 2.20> ARAFA S FGFEASF(TSH £4

TSITN) Ht 68.4(588~77.0), TSHTP)= @t 77.4(58.7~94.7),
TSI(Chl-a)+= ¥+ 73.4(55.3~83.8), TSI(SD)+ 1 75.3(67.4~90.6)= i

,48,



[e]
=3 §9%el DIA RAgst A A2 Aow yEh, Ao
o dFPFol ol AxA e FAdEs)

al
TA U ddEF Hed o3 mx2dA 5A4(Chl-a) ¥ #5394 %=(SD)
male] HA3 AWS 93te], Carlson(1991)] 23+ F-of F3}x|4= HolA]
(Trophic State Index Deviation, TSID)S #4138} t}.

<9 221> 9 Y¥FAF HAEA (Carlson, 1991)

-2 9] Al7]e] TSI(Chl-a)7} TSI(TP)¢F TSI(SD)el|l H]af =A e
u, FAg Boe I(TP)o] F8 Agdale=m &3kl em, TSICHL)7}

TSISD)ell Hlal] =2 Al7]els LAl z=7ot 22 A7 2 /71857

(VSS)e] 8 Agalo=m zgs Aoz Fasdrt. Tk, A5 A
A= JAFd5-ok B3 o F3Fo] wws7] 91, o|A|7]d & nA g
F 714 -5 (Inorganic  solids, NVSS)ol] 23t FAsto] HmzubAlS o 4k
Aoz A= on, o FA AdAH uwel, TSICHL)7F TSI(SD)XH.th
S 7vetal TSUTP)REt} Zfopx], o] A]7] %‘1_% e sEEHA=(HAAE)
o Aol o AFS ThsAol v Ao®E dATE At (Havens, 2000).
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(2) ARAFA Y 522 B5A
EUE R 7]12H2010.45~11.2D) FH=(SD), §5 4 -a(Chl-a),

-A71¥ SD 2 Chl-a W3t

<39 222> AYAFR g AHE

T 037 me] He2 AE

3

0.12~0.60 m(

SD+=

ﬂwo
B
iy

—

<
o

1|

0|/
K

]
M
..mo
W

o]

—
fi%e)

ol

2] =

P
T

, 2009), A tHA

(& =

7 919 mg/m)e WYE AA 914 %7}

FH9E&T 747 (Chl-a < 35 mg/m')S 23

™, 391 %7} 100 mg/m’

£

3

1.2~2259 mg/m’(

-
s

Chl-a

.
fite)

mni%
0 o
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0.7~758 x
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cells/ml) 2]

FAth A7
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Ht 196 x 10

cells/mé(
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(Cyanophyceae)”} $%
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o Al71ell Oscillatoria sp.7t $-A3stA o™, 3~49 AHF-A| 71l Anabaena sp.,
9~109 A HFEA|7]o Microcystis sp.7} 3371 %= 3L, 20123 11€9+=
Z 7} - A8k T

=
221 1 2% 5 (Cryptomonadaceae)?l  Cryptomonas spp.

<39 223> AHE A7E HE2EFIE FEF R TEA

(£ 26) d=d JEETZIE +HF 54

2010 2011 2012
Mar. Anabaena sp. (90 %)| Oscillatoria sp. (45 %)
Apr.| Oscillatoria sp. (63 %)| Anabaena sp. (71 %)| Anabaena sp. (86 %)
May Cryptomonas spp. (53 %)| Oscillatoria sp. (98 %)
Jun.| Oscillatoria sp. (99 %)| Oscillatoria sp. (70 %)| Oscillatoria sp. (98 %)
Jul. Oscillatoria sp. (45 %)| Oscillatoria sp. (98 %)
Aug. Oscillatoria sp. (74 %)| Oscillatoria sp. (97 %)
Sep.| Oscillatoria sp. (44 %)| Oscillatoria sp. (71 %)| Microcystis sp. (81 %)
Oct.| Oscillatoria sp. (80 %)| Oscillatoria sp. (73 %)| Microcystis sp. (73 %)
Nov. Cryptomonas spp. (74 %)
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<Z¥ 224> AYAFA(JD2)e TEEZTIE MAT 2= AFHS

ARAFA FSAHRJ] JD2A S s2EFAE 7] AL E 4
HEWE 201199 4% TEZIHIAE 23S 28 &5 7S Polvarthra spp.
9} Keratella cochlearis’t A% 439 o, s2&daE MNAT= 59~6
doll HuXF Kl F 795YH FAhde Ao YERTh 53], 59 ~644
3= MAST7E 8,000 inds./Lell @38t L EE LERU o] o] A]7]
FGAE A2 HA 20E& BdS & F AATHIH 2.29).

-

A% £FRE 24 02 AU FERE A48 BehE Ao e
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Brachionus 4,

|
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of)
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Asplanchna %

AAT D=S WEFHTHLE 2.24).

4000 inds./L%= 8000 inds/L<]

o}
<3

i

2012
2011 B uHA

e}

20122 6¥ ~79 =2 tha Aolzh v Ao, HAuAgA ] 4g 5

ey

A9 FEZTHIE TXH AUFTFE

¢+

<I¥ 2.25> XA}

A Z3 JD 1, JD 2, JD 3, JD 49]

)

dato] SdsE-S 20119 ¥ 2012
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Keratella cochlearis, Polyarthra spp. Diurella stylata,
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angularis, Pompolyx complanata, Keratella valga
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2~8el Bosmina
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<3¥E 2.26> AFA

(Bosmina longirostris 9% Diaphanosoma 4:)9 %

A A

Hol= Ao R yehwthi(1d 2.27).
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<3¥ 227> AWAFA FEEFTIAE AT £X54((20119)

A7 2 201232 20113 W] s}
SR vAa Adolaloy 4% &R dF
Atk 20114, 20129 A77)7bEt HAAAER 28
FEE Moina 0] frdstd o, Aol /A "WE7F 2011 7 inds./L, 2012
{28 mds/L 2 g votow A¥ Az} Bosmina longirostris’t 69
ZHd 100 inds/LZ =A WES O\ Diaphanosoma brachyurum®)

9
off
e
i
o o
1
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1o
Al
1=}
Il
o

Daphnia®l 73, 643 109 4

d =4
AE AEND T AEAY A2 2AHAA AgE A ool A
FEI R A Ak A= SRAEA %S, Simocephalus ventulus %3+ A



X2 A% A #AQI} ofF AUNEEANE EFH o AAdGHE A4

st A= FRJAEA Gob AHAFA A M= seEdaes 45 A
= -

AFH HALFozE 2 Aojrt RS Qo vehyvt

1600 (A_ ] o=

1400 —e— Folyartira spp. o l_l_ [ B
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::\j _;_ ﬁ:ﬂ’;ﬁus jléll %H:‘ _—E'-T

100 Jél—}\_l)é

- 2 EZAY

I 47 &7 43T &4 B00 4T3 AW 4 B 0K AT B[ T4 TOE TG BN DN D04 B 04 50EEE 000ITI0IE0T

<Y 228> ANWAFA FEZHIE HATL EXEA(20129)

= H sy =
gt o7 TEA B BEEA

A A A ol A 2]
I ARATFA FEF, A= A2
20123 4€ ~11€47+4], % 3@ Az A2 AN EAT

ZA AT FdolFE £ 43 9F 64970 A 241, Yo I (Cyprinidae) 4,
774 9-9 7 (Centrarchidae)®} 5 ] #H(Gobiidae) 2%, w42 #H(Cobitidae) 1
ol AFHAAG. o5 oF T doAH AR/ FHFF = 553 %= UEE

,57,



=, doj# ofFY T L vl Eo] =4 YEhUe A2 A - FElE s2E
st oF T EAI LASTH(H, 1980; Lee et al, 2008). =& &
o] $HFLE EFAHEBRT %eolH, A (271 %)7F ol A=, o5 F
Ao 2 A4 FAASe] @ WHol Fatrl, 53 BEAL FA%
HolA FE AMAste= Aom deA] Aok =g AEA g EF (3
B OoREAEREWOR APF BFAR W45 %7t AA AAFY
432 %o =& H|&R FdeeE Ao E e
(£ 28) AWASLAY o7 BE 54
A E(2008) Apr. Oct. Nov.
- RA
=y =3 [ g4 TNET
WAE| E4 JF-I{JF-O| JF-1|JF-E[JF-OJ JF-1|JF-E|JF-O (%)
Q0] 2H(Cyprinidae)
QA (¢cyprinus carpio) TS (0] 0O} 2|0)|0] 3 0 8 | 1.2
20{(Carassius auratus) TS (0] 33| 4|6 (13,7 |0 3|73 112
*+20{(Pseudorasbora parva) TS (0] 10| 7 | 30| 5 9 |18 | 10| 13 | 102 |15.7
X|2|(Hemiculter eigenmanni) TS (0] 6713821 (10| 9 |11 | 6 |14 |176|27.1

0| 2| 2H(Cobitidae)
0|2} X|(Misgurnus mizolepis) TS @) o|ofl1|]0|0]O0O]O0O]O 1|02

A 2= IH(Centrarchidae)

OooT
$%—?—?E(Lepom/s macrochirus) TS I 3 5139| 8 [24|21|84 |67 |251]387
*Yy i & (Micropterus salmoides) TS C 0] 0| 4] 3 2 7 | 3|10 29 | 45
£ 0 2HGobiidae)
B XF(Chaenogobius urotaenia) | 1S I 0] 3 oOol0|0|0]0]|O 3 |05
Z 2SS (Rhinogobius giurinus) TS ) 0|3 0 0.9
TNS 6 | 6|7 |5|5]|7 5
TNI 91 | 88 |101| 32 | 57 | 70 | 103|107 | 649
F QEf=dF, TNS: & B, TNL & 7iK|s= RA HIZEE, TS WHE, IS FUHF, ¢ AT, L AT, O AT
7] ATEARE, 2009)0] o F ojFe] AHEH B4 F UAE ¥
Mo =, =4 H H*‘XH AA Astol = E ot T 2 LxWTL
Zrkste WAEel 995 %9 e AAF MEe AT ww, £ ogE
= o

of wheb A AbeRA = WIRFL A3 EdskA] B



Fol BRAE YEhgy] wEoln, 874 2o YEdEe wolgAd 9
of A £4AF EAA HolH5oz AuA W AU 5§ wek Aol
HoH(a &, 2008; M2, 1997).

A7y FdA o, dof, Fol, Fao], A, EFH F 5T AV|ERE B
F74 Wl 490 8/0AI45 %), 102 71714374
%), 1149 172702614 %)= 33t FFH-=7t A2 F7hsk
ARAPRE JF-IAE 8% 2627012 22](37.8 %)7F 43t om,
JF-Edld = 5% 136042 EF4681 %)o] $Hdd9x JF-0OlMe= 7%
2N A2 EFA(381 %)o] 3kt

)

m-(o
—

cyprinus carpio Carassius auratus Pseudorasbora parva
Hemiculter eigenmanni Misgurnus mizolepis Lepomis macrochirus
Micropterus salmoides ~ Chaenogobius urotaenia Rhinogobius giurinus

<a¥ 229> AYAFA 28 AF

,59,



AAAE T THRITLS U FE2ZTFIEUA G & 529U
258 o] WolY Daphnia magna, Daphnia similoides, Daphnia pulexs
Daphniazs st om, s A FA4¢s 2, a4
golsta, xA g7t FHold TFALS A% AS5ATES AAsA T

Al FRFO 7124%1 AEEE v, Frtstr] 98] 25 T, A4 Hol
FEFzHe} 66 x 10° cells/ml) ZZANAM MAT A4S wwstgdet. 25 T
oAl A<MAY A4S D. magna > D. similoides > D. pulex®] 2% 1A
A7y 45 Aol & AoRE YETh Bojd JNAIZE dsste] Alestr) 7t
A af¥E AR @esTE N S AESs FRol FE3H D pulex
7V 7 w2 Ao R UeW A, D, magna®t D. similoidese A2 AFSE AL
2 YWY D. pulex?t A AZA GAIRE WA 35 9 i FA0E 5%
Aol EAAY Ao FAAHATHTH 2.30).

o

& 9A =A JrtHER 88 E TFEA T8
: = D, similoides7t Bt °F TH= 7HE Wk
ow  D. pulex 670, D. magna’} B 4N= 7P AL Ao= ey D.
similoides?} 7V reld 02 A AT
ool to]| A} SHZFO Daphnias= TS F3 wE A
SAS 7HAA oem (3 T 2006), B AT Aol
Aol AR SR WA B ST o] Fo
ZWHA XM= D. similoides 9 D. pulex’} &5
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D. magna®l 75, ATl FA R AFAA A EE
Zol wul FAAEAIY A AEAl g, Holwd wg Fo TA o]
EAste, AAAE FF FRTNA viASHA

U A D. similoides®t D. pulex 27) FRZL iAoz Holzx7o
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7ver A3} D. similoides} D.
pulex 2] WA A A = A% (3.3 x 10° cells/ml),
S5 E(6.6 x 10° cells/ml), L5 %(2.0 x 10° cells/m)ZAo A FA8HA LhE
wow, A7EA] o] FrRxd RFolA FSgk JHA AEES Bt 2%
ME 53] sk Yol % A717F 7bE 2 Ao ® vER e
(¥ 231), Daphniac =& AEEd3E AAFAA AGAs07F Uebdot
+ Hil(Porter et al. 1982)¢} 4wty = A3E B AL
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<39 230> AYAE FRF AP FEANMY 4FIH L TAF vu

<3¥ 231> 38 AA AW E(Daphnia) 29 Hol¥ X (low: 3.3 x 10° cells/m,
mid: 6.6 x 10° cells/m¢, high: 2.0 x 10° cells/m¢)o] W& AF v
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olg gt A A3 54 B wFo] FgfstE Aol A8 524
E oo wE A g AAAEY] d448 a8 & TS v
F don B Ado Yebdt D, similoides$t D. pulex®] 5% o]z
Ao gdagt JFe FIS AHe S2IA oA o8 FE& A8
W 2kl AEEEAE sEo A&ste] FiEd Aol adE JEd
T A= A S

kA U] B2 AR &4 SOl AR MASE D. similoides<t
D. pulex= AW TF W AHAE SR d=F oG dAE AH FoA
dslo] HxIAl oo XVG A& 2 M 2]

A go] 753 Aow AdE AT
G2 Daphnia®l 373 & 4FS vA= 8%lolH, 53] o FH]
N B Daphnia FANA WA o= 2838175 T Burns, 1969). 317
Aol AR AARE FEA oA st fAsiA= 30T —’F oll
M A Al glo]l AAlTte] fAlEH= Aol dexdolet & & vk FH
AR E] 2o dg WAAdS Hrislz] 98] 20, 25, 28 £ 30T A <]
70 A o

Ao 20 T 25 C ZHAANME D. pulexSt D.

53 E-Cr e JRA AESs dEblT =3 28 T 7HA = Al
Fol A A eSS Hd o 30 ColAe= D. pulex®] 745 AE
&o| A oA = Ao e T (IH 2.32).

<29 2.32> $H JA AW E(Daphnia) 2% 2= B A%

4
2
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A

FEgh a2oA Y] AEES ”qo]}—ﬁoﬂ Al FEgFs H
Aol BEE] S AoR YEWe
- 30 ColA °1E Daphnia 2 HBE&°] A
ETFo A 25 CoAME D. pulex, D. similoides R
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<39 267> B~c182 AAAE 379 RFAY] BE AFAFIR
FAEBHE: FAMEFA 10 w, % FFNFFA 30 m)

Chl-av= ¥i71zF &<t , 05~204.6 mg/m (¥ 51.2 mg/m)e] WA=
e T fF9(60.6~2046 mg/m)7E A=EHAE wYFE25~1250 meg/
m), AL GG AmEdA 0.7~334 mg/m’, S EFA 0.5~985
ng/m)E EHEHA @A Chl-a #FAE AT F AUt

TN 1.180~2968 mg/L(33+ 1.900 mg/L)e] WH=E i1se FYF
(1.314~2.705 mg/L)7F A=&d 2= wlFZE(1.180~2.479 mg/L), %
F(1.156~2965 mg/L)= o]F¥ A thefgh WMolE Hola o
= el Zad TNe 292 YehA okt

Ho
N
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TPE 0.052~0.200 mg/L(F+ 0.101 mg/L)e] MY = TN Zo] 1%L
o] #944(0.086~0.200 mg/L)7} AEZHAE wjd=(0.058~0.147 meg/L), H
AAE 1] FZ(0.052~0.145 mg/L)E AXHA TP A2¥L YEh}A] &9

B-ol83 YA FF PRGN ALY 80 Fee 3
A Z7hsih Chl-ats 4ol sl AH AR vFzol ) AR we 5
8 Bgov, JYGF FEE KU L MFRIN ANHoR ke
8 FAse] JFGF AN G

N
\V]
N
\\]
3
=
o2
VY
©
,_A
o
e
N
N
o
i
N’

2012.9.26 %4 ~10.2971 A1 = 3 m) Fod =] o K u) =] ol A

Fo =S dsAdS 3393 73] AAlE)

Chl-a, TN, TP &0l st FaAwstE 3ottt

2o vl Bk 128~219 T(HF 178 )9 WIAZ #FA4<=U5.

3~228 C, Wyt 184 C)7} A E&ZFaE mFx(145~209 C, 176 C), A4
1 5

AT W FE(128~219 T, Bt 164 C)2 o] F3huA HAh Feo] gadts
on, AAYE 4L AR e & BxE Bl g

Chl-a= w713 &<k 1.6~130.8 mg/m' (H ¥ 39.7 mg/m)e] WE H
Fdom, F97 21.7~130.8 mg/m’, AEZFHAE wEE 57~1025 mg/m’,
AAE gz 1.6~18.0 mg/m‘“i Q‘%%E‘fﬂ% ko M= Fd5o FrAFS

10 mg/m' wvte = {50

jus)

TN HH%U]Z_} &<t 2487~4.758 mg/L(E 2904 mg/L)e] W=
1 5(2,667~4758 mg/L)E 13 WA mh HS B SRS ngen AE
9 A= W Fx(2487~3.030 mg/L), AAAE vl Fx(2.577~4.043 mg/L)ol A
& gasdon, A44E A Baw TNS %3 I35 Aivh
TP+ w71t &<t 0.041~0.281 mg/L(33+F 0.157 mg/L)e] HAZE
215(0.087~0.203 me/L)E TN vha/b2 28 $E2 f95or, 4
=Y aE 9 gx00.041~0. 281 mg/L), AAAE v F=x(0.093~0.265 mg/L)el
AN v o FEE TP RS molF o)

B OISR AR FF GG E AP 290w £ g
4 7.4&6}9201:4, Chl-z= 3% % F950] s A4S HFzlA 10 ng

%
R, FEAF T 1A wigel vl AwbA
.ﬁ.

ut

_4

X
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TR EFLTA 10 o', ¢ S FEA 30 m)
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= o
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Joll A a1
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mE oF 1.6 x10°7/0A Aoz AFREATHIE 2.25). AHAAE v S
29 Daphnia similoides®] & A3 AA wjdzd Ha /AT 2=
800 inds./L ©]’do] At}

o[-

(£ 2.21) AHAE W FZFAAA W ¥7t s Daphnia R AA AAPE AA=

HNYE HIFA | A0 15 2R | A6 15 252
D s 5 m =X) (me)
Daphnia
similoides 835 inds./L 4,175,000 inds. 167,000 inds./m’
(FAHHYE)
Moina spp. . . . ,
(KA H R A 2) 45 inds./L 225,000 inds. 9,000 inds./m
Bosmina
longirostris 1285 inds./L 1,285,000 inds. 257,000 inds./m’
(AAXE W F)
) 4= AFH QFEHX| (2012.4.14~6.8)
% 5000 200 —
c —&#— Rotifers —>— Copepods —#— Daphnia “_I"
% 4000 - L 150 &
-§. 3000 g
g 100 %
8 2000 :
L =
ﬁ 1000 %0 -E_
] ]
E o1l e—a , . Lo Q
nC:’ 0 10 20 30 40 50
S AMHY 2%FX](2012.5.10~7.16)
7000 - 200 -
= 6000 | —&#— Rotifers —#— Daphnia ﬁ
= °
4] =
2 =
= a
I m
= 3
= S
o =
o 8
Q

Days
<ad 269> 7N F S8 2 FAMERAANN AP E FF9 d= W3

2012 HAA= L2 A A= wFEA e WS FE=
IR e I R = B = s B S R s I R S R € = il T o P
lE’_

A g
, L A AANE FFQ Daphniad Wl SE =7 %7
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F 200x10°
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F 100x10°
I 50x10%
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68~78 HYAE ME

140 m Others 600

120 A7 M Simocephalus <00 BZ
- ® Daphnia
~ 100
@ 400
T
= 300
200
100
o
6/11 6/18 6/25 772 79 7716 7/23 7/30 6/11  6/18 6/25 772 79 7/16 7723 730
=) = — m Others
108 NELE 4=
400 M Simocephalus 150
A7 H Daphnia
300
- 100
~
(%) 200 -
el
= 50
100 +

0 0

9/19 9/26 10/3 10410 10/17 10/24 9/19 9/26 10/3 10/10 10/17 10424

<Y 2.72> 20129 FAH(AZ) @ SABZMIEZFXY AHYE FXA A3

4. ARAAE NFFAY =2AA 54

AAQE MFFAE AHYB] g 0 FEF Fo| HBEYa
E(Chl-ae] Fsolobstn], AM AT WYahg Fob ANYRe] wHow
Mol FHE ABEGAES MAPEET FABFE WHE SEZ Pa
A Rkt A4 HFFAE AR M5t F9E 4B
EYAEL AASE 5T %

5.30~10.247}4] #*J RS FEAe 74
Chl-a & =¥}
g oA <) 7g—°r, F950 Chl-as%t 511~1689 mg/m(H it
93.8 mg/m), AEZFAE wjFE 25~765 mg/m (it 260 mg/m), WY E
gz 0.7~155 mg/m (B 58 mg/m) = UEtsk o, %2(Chl-a) A7 &3
B oAEugzdd §995 de BE 726 % AHAE WFRe M Bt
93.0 %2 HAAE wFze] Chl-a AA EFH7}F v]$ ERTHLH 2.73).
S FgA e A, FY95e Chl-as % 56.3~204.6 mg/m (F
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T 30.6 mg/m’), A

7 3.9 mg/m)E HEREO T,
T 687 %, HHAYE

[e]

|

Ry
3

A (28 2.73).

=

=

7}

3

N F5 o)

(e}

3

= 13.6~47.1 mg/m'(
I

] 0.5~12.8 mg/m'(

EEYAE

]

/_\1
<39 273> AABE EFEFA 9 5x(Chl-a) AA &3
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gl

HoE =2 uj$ go]y Chl-a A7
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CEIE
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7 15 x 10* cells/ml=
%, AAAE W FzdA

[}

]

hy2

Y25 Oscillatoria sp.(6~7

BEQl

ol
)} Microcystis sp.(109)7F &34 o7 A A%

o

e

—_—

o
-

AT 2.74).

5]

|

gl

=

[e)

=

- 110 -



<Y 274> AEZHIE A&F W3 L Ao &7
(AE: AEZHIE WIE, FFAE: AP E W Ix)
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X+ 2010.10.2

ARy AAPEY HxAo] aHEAS 9% 13}
z jon, o

A
1~11.27}+4] 13%17& ZX} e 2011517~6.97FA 2447F A A

Olr
e
>0

7 1A gyu l 51~160 T+ 106 CT)o A= e
, 228 AE 7|7kl = 142~21.2 CT(HF 179 C)2 WA= 14 /\1—4/\]7],]
] tha A dERgT) 13 A2 $ mUEY 717 FolE 29U A

FA kko 22k A2 F 7)tbell= S5akElel AA F 625 mel Ae-7
154 2Fel = 40 mne| 7&%7} BT dzAE 13
71Zbel st 8.0A1XH(B.3~97A%) o= yE e, 22k AT
~12.44

, 27F AETIZRE -]

=13

)
ol HJ?L -
T = A S|

o
Q2
og_

-
Y

E
o
HU
o
o
;
oS

=

2] s,
<I¥Y 275> AdEH AHPE AZLE A - F I FEA
@) +87 54
(h 13 RE(2010)
maal oo A AAse WAARS WGER Y AARYE F
3l TG m x 2 set, 10 m)NA i F m2IA oo
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AA] AE(2010.10.21)3Fe, 11.2U7bA] 13U 3F X g3 B4 S A 80,
Al ek AX 5mAIFH(C) E o ANEE AE 5mAH(D1)e] G
7} Chl-a 59 Al7Hd wWols R4 39t
2(Wtemp.)& 12.1~17.9 C(#EF 159 C)o W92 veyton, Cl
139~179 C, D1 121~179 Co& A 7to] #AF2 7hirsts AFS BT
Chl-a= 713t & 34.0~131.6 mg/m' (B 91.2 mg/m)= el o™, Cl
340~110.4 mg/m’, D1 432~131.6 mg/m<] WHE B, 2¥olF 8UX7}1A]
495 mg/mZ FE3] A T A FUteke AEFE BATH L 2.76).

<I¥ 276> AAEY AJAE FLXE e FAWES(1A 2¥F)

(b 22k AE(2011)

AAdEy WA= S FAMEGAANA ket 5, Al A 4
3E(2011.5.17)3k, 6.9U7bA] 2443 Ax gy A4S AAsgled, dET
(JD2)¢F Ax2Ad (DD &, COD, TN, TP, PO,~P, Chl-a ¢ ¥W3slE HE

Eites

F=(Wtemp.)& 20.1~254 T 222 T)F A¥ERE= JD2A
201~252 C, D1ollA 20.1~256 T2 WHE B, vz~ dxAqe] =
= 2= A9 gl

COD+= 7|3t & 144~216 mg/L(B 1 169 mg/L)E JD2o|A 13.6~184
mg/L, DIlellA 132~272 mg/Le] WHHIE HYow, tix+< JD2v= 0¥A}
(16.0 mg/L)o] % + 24 mg/L A= S-S &S vk A2l DI 0
AxH(272 mg/L)oll vl 2¥ Aol 515 % 7HAgh 132 mg/L= YEly=d], o
= AHAEC A7 Hxo Ay wel fU1E w27 A doew g
Q}V\T:I_.

TN 2.359~3.686 mg/L(33 ¢ 3.126 mg/L) o= JD2ol| A 2.242~3.713 mg
/L, DlollA 2475~3.836 mg/Lel ®HAE Ho|, 7o dEAHANA M=
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FrAbsHAl vEb A3 zpol= A QIlaL A7E R dFAbo] 7t Ve

TPE 0.1710~0.370 mg/L(H+ 0.279 mg/L)= JD2e 4] 0.163~0.313 mg
/L, DIe1A 0.176~0.438 mg/Lel W95 B, sk AEA A FALs
Row, A7HRE = 169A7HA] A 5 v F7bskdth

PO,~P+& 0.004~0.123 mg/L(H¥ 0.042 mg/L)= JD2el4] 0.003~0.115
mg/L, D1¢l4 0.005~0.130 mg/L= A5 Zfo]7} A€ glom, A7EE+=
0L =Fol] 0.123 mg/LZE HAAE Bl F 16YA7-A HAF 743 )

Chl-a= 30.0~1759 mg/m'(H3r 1039 mg/m)= JD2 29.0~133.7mg/m’
(H+ 87.1 mg/m'), D1 30.9~269.1 mg/m’'(H+ 120.8 mg/m)e] HWHAE EHIS

hZT¢ JD23= AEFA] 827 mg/m oA 2¥ ol 107.7 mg/m'E ZF7}3h

A1 DI AxeAl 269.1 mg/m oA 2 2Foll 59.8 mg/m'7FA] =
weh, AN E oAz e FxA ZHUt vEd S

<3™ 277> AAEE AHAE FFLE ©wE FAUIFQA AX)
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U s dd T & Chl-a % AEE5daE ¥g

(1) 12 2= (2010)
AdiE BB HxAA gs TAE] & H2IA
¥ F Aed, A Chl-a 2 AESFaE AEF
12 dxe diEg g ARdes A Ax
FC) T A D)o R 5, 10, 20, 30, 40, 50, 70, 100
(2010.10.21~11.2) &<+ #Z3}FAT)

150 - L (o) | H| sk (D) 150 - L s (o) X EHD)

120 - E 120
- 3

S 90 9 9
£ >

T 60 = 50
z X
o

30 £ 30
=
o

0 0

o 1 2 4 6 8 12 o 1 2 4 & 8 12
Days Days

<Y 278> ALY FAYE @HALE IE Chl-a % HESFIE
w1 4 ¥)

Chl-a= 393HC)ol A AEwA HF 1023 meg/molA 222t
121.1 mg/m'7bA] &% st o, 84 Ao Ht 495 mg/m 7HA] 7HA 3
o, AURED) e AEGA Fit 1047 ng/m oA TS WHESITE 487
mg/m' 7k A ZF A Ee] gk Chl-a AlA7F 1= AH L 2.78).

AEZFAE dEdS FYFO)AA AEFA Har 13.0 x 10* cells/
el A 129 6.1 x 10* cells/m7FA] 7HAastd om, Abdak(D)ol A Az
Al B3 116 x 10* cells/meel A 129 54 x 10* cells/m7HA] 7HAske] =}
Awd HAYE Z2AAA=] AAd THH S A5 THLH2.80).

(2) 2z A¥E(2011)

22F AE A= AED)e R 71E Al 100, 110, 120, 130, 140,
150 mE F7Fske] 249(2011.517~69) 5¢F Chl-a9t A EZFaE &
L= SRR R g=

Aszol 3 A FER(D) ol A ¢ Chl-aW b= A2 Al FF 243.0 mg/m ol

’84 o,

It
o

P>
ol
ol
£
U

F_EL
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2Foll 150.6 mg/m’ 7FA|

(e}
=

+, 8

s

15 B3t

]

T 787 mg/m =

3

by

A 2 A}l

7}

;OO
=0

=0

Ho]‘éoHC)E Zﬂ

<]

Axfo 31.2 mg/m=E FHAX

tdem, 13

S|

T 69.3 mg/m =

|

i

|l
toiom, 134 2kel 31.0 mg/

S

SF

o 217.0 mg/m' ol A 2

|

FHA 2, A LA %

Z
il

(D)<} v}

7}

=
[}

Foll 147.3 mg/m'7FA|

(<35

=
QLN

7]

ITH ™ 2.79).

=
=

m= FHAA

Chl-z W3 (23 &)

=
=

<I¥ 279> AAEY AJYE AFLEA
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o
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<39 280> AAEY A= dFL XA
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89 %ol et
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T
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Weratils cochlasris

Keratella cochlearis)® 71 A

ASH(EEA A DO)

Bosmina longirostris
Bosmina longirostris

’

5
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&% 7 (Asplanchna spp.)®t 238 A2/ (Bosmina

(¢}

longirostris)® WA WH(Z XA DO)

4 2.8D).

Keratella cochlearis

Asplanchna spp.

Asplanchna spp.

S 2 YER (L
<a¥ 281> &%
<3y 282> A¥F



drAlow =xF{ 9 R2FE AAee AoE 4Exl ud &5
Rl Asplanchna spp. < 7 % #ald dx/E Hse Aoz 4o
2P A7) Bosmina longirostris®] 745 ¥ % 1 AT DRV S}
st o, 53], 2AYR 22 B. longirostris®] 735, A Aol & A¥ A
FHAA AT FRAE A Fk ot wFA A wi, dx F 7 4H
oA AMHEHJ oM HIAHoA =2 UeE, FIXAFIN HAAFE JhA

F WEs} welAE Aol HAHATHIY 2.82).

g A E AT E 52400 &

AAPE AYNE Aot BETL O 4 APl FEAR F F
E ol

ste] 2010.10.21~11.270A] 13

50 - 150
—
f_ 218 SE(C) OZoo, ©Chl-a
g w0 - Q — - 120
£ ° ° 0 -
o 30 4 Leo £
= £
-
w 20 | - 80 T
S . £
S 0 - D |:| L 30 O

O 1 1 1 1 1 1 | — 1 1 D

0

1 2 4 6 8 12
Days

<39 283> AAEH HHAE ZX 9 ALTFOF ARLFD) <44
SEETIE 4 Chl-a 83 (1a &%)

A gaE AFFERE B EWH, Chl-ac 0¥3F 102.3 mg/m'oll A 2¢
b 1211 mg/m'7HA] S7ketdoen, sEEdaEe] 0Y }(Jﬂ? 1,308 inds./L)
u] 302.1 % F7FsF 8YxH(Zoo. H+ 3,953 inds./L)oll C = 516 % 4
stel HaAQ BE 495 ng/m JE, AAAE zﬂ_o po] WE mzA
of avte FAsrhLy 2.83).
guFC)e NFow

Chl-a®] BTHS vl e
3,781 inds./L%Z, 100 m+T

100m74 AslEE Aol Ao glom, AT olF qu} Z Aow

g



Elykth. 3k Chl-a 9A] 27] 2 sEoA 8Uxte] 5 mAF 34.0 mg/m’
(69.2 %), 100 m A 512 mg/m'(57.8 %)=& HAXE Ho|l= 5 A¥Y &
100 m7HA = A& Ax a397F ety I8 g2l

<39 284> AAEY AHRAES HFLE o FYFHO) AHE
SEEHIE % Chl-a ¥sl(1a &%)

(2) 2z Z&E(2011)

Aty JARE 22 Ax ZHE BAS] 98 A4 A Ax
Bdadret Aedr AABE 3 Chl-a W3S Blalsto] 5247

WEHC) b Chl-a®] 4% 0¥3F 243 mg/m'oll Al 29 A} 78.7 mg/m,

13 kol 31.2 mg/m 74l FHAste] 87 %] AALES HAoH, sE&HA

AR 7t 956 inds./L)olA 13¥atel 1476 % S7hgk Wit 14114

inds/LE Hol= & T=Z@ase] HAUAE Hole Al7]d Chl-a7t HA&
TEE Ko TEEFAEY HxAo] EHE A THH 2.85).

A D) Chl-a 04k 217 mg/m' oA 292k 69.3 mg/m', CHaF}

& 2 310 mg/m=z HAAE Kol 857 %4 AAEES HAF3

th TEZFAEL 0dAtol] Hat 250 inds/LAY oY Chl-a7t HAAE Ko

+ 13¥9Ael 5156 % S7FsF 12,890 inds./Le HWEE Ho] dxd dAAE

o] mxWAY FHA FHHoR ZZAE BE A AFS e AS

1%

2.85).

i
fo
(@)

i
Y

A A Ao E1hE BAF A3 5 mt 150 mol A A
2 §AHE Chl-a 2 $8EFaE A5 WstE Bel 1448 4T &
$7b 150 m7AA PA T e BT S AATHLY 2.86).
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<39 285> AAEY AHAE FEAE 9% ALLFD)F FLFOY
=

dY FEEZIE % Chl-a2 B3 (23 & X)

<29 286> AE FEEYFIE 4 Chl-a 9 4% 573QA &%)

100 . BUE© 1o HLHEO)

-]
o

o

o

o
o
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o
I

o+
o

Removal(%)
&

Removal(%)

[
o

[¥]

o

2 4 6 8 _ 10 13 16 23 HZ 2 4 6 8 10 13 16 23 "
Days Days

<Y 287> AdEY AIYEY ZXH0Y) iy AZE Chl-a BT AAE

W)

2. DA RAE ZF Daphniad ZAE FIEH

21 Daphnia®) R L Lo wpE =

= =3
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d

EA87] 98k, 12 AE = 2011.10.17~11.37FA] 18Y 7H 272} AEXE AE
A2l 2012.6.11~8.14(656¥ 7H ¥} 7421 2012.10.8~11.21(45€ 7H)oll A Al
ow, o] 7|3t Fre VAEALE GolE AT

71 12k AE7|Tb] 82~16.2 T(E 1 128 ) HHRE YERo
o 22 A¥T|ZH = ofEFE 212~299 TEHT 250 ), 7I&%H 23~162
T(E 103 C)o M= vey, AdEA & S3s 23

A 1A AET) = 37_434]"1] A3 31 m7F HAAEA OU% 24}
FdE7IEY] AFHd = 192 A4 & 565.3 me A7 HA A
5 34%1 2l 102.2 mm, 62¥€ =2 161.3 mm= FFstA T 7t Hol = 674'34]01]
% 1789 me F$-7F HAyEg ar, 1392 544 mne] A--7F @A sk

QA FE 13 AL 7k] BT 654 7H0.0~10.14 7)o LEEO

W, 22 AE7|Zbe = o FHe Hw 72A7H0.0~13.0A1%1), 7heAEel Ht
6.3A17H0.0~104A1 TH) .2 EFS T

|
m}L Jlm

Ol

2

<Y 2.88> Daphnia AZJAE AXEAE A - F 7|3 EA

(2) =384 EA
7h 1xF A3 (2011)
HAARE FTF2A D. similoidesS T3 EA=(10 m')et S8 4=
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(30 m)ell A st & AN ES Aol Il AxEste] 2011.10.17~11.3
7hAl 1843 Ax gy A4S AAsilen, dEAA] JD2st Al A
o] AxAHl DO, s/ gAe] F4xEA4l E0° 4+, COD, TN, TP,
PO,~P, Chl-a @0l tig £4& dAsdt

T2 Wit 165 C(157~175 C)= JD2oA 156~175 C, DO 15.
1~182 T, E0 143~169 Ce] He= HATh

COD+= it 160 mg/L(123~19.1 mg/L)= JD2elA 12.0~180 mg/L,
DOl A= 132~20.0 mg/L, B0l A= 11.6~192 mg/Le] WM& B, thxA
Mol vl es]d AEZAHANM 2 YeEbEt TN H3t 2161 mg/L(1.94
8~2.410 mg/L)= JD21A 1.683~2.460 mg/L, DO~ 1.910~2.411 mg/L, EO
ol A 2.043~2486 mg/Le] WIS Ho] AWMAoR & FEWE HTh
TP= vt 0177 mg/L(0.146~0.216 mg/L)= JD24 0.135~0.218 mg/L, DO
ol A 0.138~0.211 mg/L, E0°lA R 0149~0.224 mg/Le] HSE R, thx
A el wiel] A A A e T

<39 2.89> Daphnia A A E FFLE e 238301 &4X)

- 123 -



PO+PE #Hir 0001 mg/L(E#HE~0.006 mg/L)Z ]JD2oA EHE~
0.009 mg/L, DOllA E3HZE~0.008 mg/L, B0 A = AESA ekt AxE
F U4LANA = A AFGANA QA A(PO,-P)o] A& A gkt o=
A FooA AEFFAEC] 7S YRR ANAJS BT S5
o2 Algdnt Chl-a= Ho 1100 mg/m'(94.0~140.1 mg/m)=E JD2 76.
6~146.9 mg/m’, DO 90.9~1425 mg/m’, E0 884~147.9 mg/m'e] WS HIth
XA (DO, B0 Chl-at A% Z7]dE dzT(D2)9t o] T7ists 4
FS Hooy AHME AF 3~5dx 0] JD20] Hla] 72 qdTh

(Wb 22 A32(2012)

HAANE £F2 D. similoidesES 73w %7%](10
(30 m)ell Al ohgFal ket & wjFgaFo] 2/39 HANES
Holl AEsto], oJEH(20126.11~814)0l=  65U3E
11.2D)oll= 45947 AxaaiAs HArsgen, gx
JD3¢] 4£ COD, TN, TP, PO,~P, Chl-a ¢] #W3}=
Aoll= dlz79 JD2 A o] AxgegdS ol IDIZ thx

O Ol EXH(6~8F)

F2(Wtemp.)& B3t 272 C(251~323 C)& JD2olA 255~32.1 C,
JD3ol A 251~323 Ce] HM9IE ®mow, sdr)e] AdA arle 3] 84
BEE 30 CE 2389t CODE Hir 173 mg/L(12.0~21.7 mg/L)Z JD2
o4 120~19.6 mg/L, JD3oI A 132~21.7 mg/Le WS Bk TNS Hif
1.971 mg/L(1.392~2.379 mg/L)= JD2¢ll 4 1.392~2.367 mg/L, JD3ol 4 1.428~
2379 mg/Le] WYE Ho] HuHom =S w2 Heow 79 o)X H
wF FrreteE AES B TPE #0139 mg/L(0.083~0.269 mg/L)=
JD2¢1 41 0.083~0.256 mg/L, JD3el14 0.083~0.269 mg/Le] WS wHPom,
624 2ol A HF49-(161.3 m)olF A3 S7HE BT PO, P 3
7 0.011 mg/L(EHZ~0.067 mg/L)= JD2oIA 73 ~0.030 mg/L, JD3ol A
EAE~0067 mg/Le WS B, 64435 AQdsta A HE 0.004 mg/L

el zto]lE BTk Al7IEE gt A7l BEAE Y, ol
E=ZA FoA A EFYAES] JMEE gFEEY <l S FFEHA
o2 AlgElow, TP ®stel Xttt Chl-a= H1t 89.0 mg/m'(
494~204.6 mg/m)E JD2eI A 53.7~204.6 mg/m’, JD3IA 494~147.6 mg/m'
o] W& Hol gz ns] AAME Axe] Je jhi= AELFoA ]

)

&

m
= 13(vi5 4.4d)

-
r o
—y
< 0
fo
i
=
-
ro

4
il
g
o
_0|L
3‘.&
v

f

ol

2
uits

Ir
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WA e Chl-a B8 Btk AVER s AAAE 2¥o|F, 16U/
Mk gastel A2xAE Bl F, Aol o JFdF ke 1 3044
M A2k F7betel HuAE Bl &, AzF ZHas AT

<29 290> Daphnia AAAE dAZALTd & FANI23 4 ¥, 6~8%)

O 7t8H(10~112)

F2(Wtemp.)S Hi 157 CT(78~220 CT)Z JDIoIA 79~220 T,
JD30l A 7.8~207 TY WS BHYow A7|Ez Ha #FAisgch CODE
A 114 mg/L(84~16.4 mg/L)= JD1o1A4 9.6~16.0 mg/L, JD3oIA 84~16.4
mg/Le] WS nyown 31Ax7A A 7As T DIL FA3] 2715
HAuANE BYgov A¥el D3 238 #HAaste HAXE HYth TN
S Hit 2.895 mg/L(2592~3.148 mg/L)Z JD1olA 2592~3.148 mg/L, JD3el
A 2672~3.067 mg/Le]l WHE Hol AwrHom =2 FRWIE HAth
TP+ ¥+ 0.152 mg/L(0.044~0.199 mg/L)E JD1olA 0.068~0.199 mg/L, JD3
oA 0.044~0.199 mg/Le] WHE Ho A7|EHZE HA 43T POPE
B3 0.011 mg/L(E732~0.029 mg/L)= JDIolA B33 ~0.029 mg/L, JD3ol A
EAE~0026 mg/Le] MHE HIow, gzl JDIAA Bl A e
Wal, Al71E R teke wats Bl Chl-a 3+ 79.8 mg/m'(22.3~171.5
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mg/m') & JD1ol A 284~1715 mg/m’, JD3oll A 22.3~1209 mg/m'e] WS 1
Fom AubAom 7 (H 93.0 mg/m)oﬂ Hlg] AANE Axro J&Fs
W= AEFH(HA 665 mg/m)ol A b2 Chl-a B = EOﬂE} 171%§L A
QAL Axol$ Uz e 23%172}011 A9 302 mg/m, = 3193

of A%l 22.3 mg/m'7HA FAsHAT

<2¥ 291> Daphnia AABE AFLE & 23023 24X, 10~119)

U S dAAE ©E Chl-a % A&EdaE W3}

el

10 m' JrE gl o] A gt 2473191 C, D-line} 30 m' f
wel FauikgAle] AXEIH FAHTA]E, Folined] ¥¥ F 1497
(2011.1017~10.31) 49 Chl-a §=9 LS 24530

AR BE AR O)F Chl-a w=7F #adte Aol #aFEe
W, A2 A4d AdAEAe] A2 o el 100 mg/m ol del =
Chl-a s&=& Yehla dgle, s AF5E Chl-a §&=7F HA s}
7] AAEre] gk mEelA 24X 39F Jbg Se Chl-a $=E WE
oth. A4 Chlma s olF thAl Aak F7bste 23 25 B3t Fol



1

= A¥olHe %& Chl-a 355 Hole= Aoz YeEytHd 2.92).
wpepA] AT A Chl-a W3st2 L@*ﬁﬁ e A2 olsl =24
of 37 RS AT F Ao, dx T 3UA o] F XHZ7}OP€‘ A

= %
o mol A& AHAYRY PFAT LTHE Aow BUHAT

WA E s ASEFAEe] T Waks AZAFAA 150 m

o "ol AFolE ETetal fETEE e AEFE wel o] 7ii7tA

A e e s i 9l AoR yehdon, 53] 42 1094

WZ?Q} Hlﬂéhﬂ 470 %] AAEIATE EREE WrE oy gl |
ol Bk aw AANE Ay ne SxzAcass st

<39 2.92> Daphnia AZJAE AZAFX W& Chl-29 Al - 37 EF A3}

<Y 293> Daphnia A AE AX o|F AEZTHIE T4 W3
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(2) 22 2%(2012)
CORCEE TOREEN
WA $F) 2 HE F o
8

5 H aIEAL 2012.6.11~8.147HA
60L 7 + 13)(¥ 2} A} 3T

e s
Ad), % 98 AHAYET APLES} WAse] ARPYS

0|

A7 R A HFt Chl-a s=% 23X AOLA, 6/11) 72.4 mg/
m' el A 1Y 2H6/12, 69.0 mg/m')~3L2H6/14, 66.3 mg/m')7HA] FAsF ow, 7
2H6/18) A3 ol 831 mg/m'=E st H o, 99U xH(6/20)0] 755 mg/m' =
gk - 1493H6/25)°0 511 mg/m' 7hA] FHASATE ol A& A< AxE
A o 649 2H®/14)l = 57.8 mg/m'E YENY 2 H¥x HA & Chl-a
a7 R A

<29 2.94> Daphnia AR E AZHE 2474 (Chl-3 6~89)
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T3, A= dFel gl xRl JD2AM = Aol HE]

= Chl-a H9I(H+ 64.1~2046 mg/m)E Hol, JAPE] F7]4 dx 5
T3 A=Y Hx2Aoz AT vtdE Aoz ARSI o5 dAA
= o3 dx gy A8 e dEAH B O A, AFA FrER A2
THGETE 35 m ol)e] WL b, AgA s b AGF(FA 25 m
olsh) Fxd 5 37l 53] A 5 JAATHIZH 2.94).

H ANEZFFIAE dEFS AX HJ0YA,
6/11) 179 x 10* cells/méol A 1L 2H6/12, 156 x 10° cells/ml) ~3L 2H(6/14,
10.6 x 10° cells/mO)7FA] #HAstdlon, 792H6/18) AE Ao 11.7 x 10°
cells/mZ 4F F5 st o, 99 3H6/20)0] 102 x 10° cells/mZ A3
T 6492 (8/14)° = 5.9 x 10° cells/mb7HA] ZHAashe], Ax AA] T AEZ

FaE dE=Fe] FavF FFHAH(TH 2.95).

>
N
M.
tt
i
Fel
N
jaa)
1o,

<Y 2.95> Daphnia AHAE AFZAE FHEX(AEESHIE, 6~8¢Y)
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olof wet, HAAME F740 dFAEE F3 Chl-a9t v7HA =2
AEZHAE AT SHAAME dAAAZ 93 SxAaxns g +
AN

SxUAAE 2 HAAE Fx W gz JD2¢ Ad 9 JD3,
J1-2¢} J32(FEFRsFAY) AHSE Adsidnt. d5Hole B A
Aol X Oscillatoria sp.7} %4 3R T2 Hit 973 %= BT A7)
S8 E 3 Aoz AFAYY. ofFFH X 19AAA D3 0YAtHh of
33 %9 Fa&Es UERUAINE 2R E = F7Fe AE WSt EoE A
o]F HoFA X3 Zom {AFY JI-29 J3-2A4F 2 1LAFE FUHe}

oy
o S
il

i

ek ArhE AolE melFA Rakd

<39 2.96> Daphnia AAAYE AX o|F AEEFFIE T ¥ (6~8¥)

(h) 7FEEA07119)

AARE FTF9 22 HE F 7F&EH G242 2012.10.8~11.871H4]
3143t AAstg e, st AHAES T 13|(vF 98d), F 43 A2
st s A 5ATh

Aol Wit Chl-a %25 2% AL 10/8) 211.2 mg/m ol A 2
A 2H(10/10, 116.7 mg/m')~16Y2H(10/29, 46.2 mg/m)7HA FFAd o, 23
2H10/31)ell 51.8 mg/m'® Tha F7Fskel o, 319 2H(11/8)el 33.3 mg/m= U}
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Bt 7 ME A4 F Chl-adl a7t #EHAY 27 79344 E Chl-a

= T
7b 100 mg/me ZAEE wle nFEEE BAEd, e 27 Hx7b uj$
o]

nEEE WA FUgs] MEclM, A£HA AAYE L] 3 Chl-a
of FAT e HAGG N, A E Holi Yol = HE DO
o H]3l 178.0 mg/m' (Ao} &3} 843 %) AALE HATH

ARAFA o) AE 779 Chl-a SEAHE w9, o 5H HEA 79
tha golstAw, AR HEAMANA AFA fFEY WFOR o] FHA
Chl-a #4E7E Wel Ao BAH, o= 8ol 553 FREYAES

<29 297> Daphnia AR AE AFZE T3 E2(Chl-a 10~114)

¥

AEIRe) AEBZFAE Byt dEFS X 093 108) 161 x
10* cells/meell A A3 5 14 XH10/10)l 115 x 10* cells/mb 2 7HA3HA 2,
o]F 168744 552 x 10* cells/m7bA F7bsklon, 31U abol = 209 x
10* cells/me= e, Chl-aot @2 X 1935 Alstd HxA0lax37t
e Aoz Ustirh(1d 2.99).

NESHIE dEH9 HHAEZA Chl-a7t o] &¥ AW dx2/7eo F
7l AEZwaEe A%y Chl-a9 S99 dclog d#x glow (vt

5, 2006), 53], Microcystis%2] %< Chl-agol W3] dEaFo] 3
7He frdele Ao®E ¢l th(Horne and Goldman, 1994).

Wt A, Microcystis sp.g A3 AEZFIAE d=FES B8 £
A3}, AXEA10/8) 108 x 10* cells/miol A 7L =}ol 85 x 10* cells/ml7}A]
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sty o, 9d Ao 97 x 10* cells/m= A S7Fst oy, 319 Aol 3.1 x
10* cells/mé7}A] #2438k, Chl-a®t A oz FHihstes Aoz yE
S (2™ 2.99).

<% 298> Daphnia AR AE @HAE ZJEHNAESFIE, 10~119)

<9 2.99> Daphnia A8 E AFAEX A} RN (Y EZZFIAE[Microcystis
sp. A1), 10~114)

7heE Ax s g2l JD 29 HlEl) Az 71 JD 3, J1-2, J3-2 A
Aol ANEZHIE dEFo] AMHor Frsion, AXT 23U7A =
JD29} ol FFeteE A-7F UEA &skth. £3], JD20 M= Microcystis

sp.7b A4 SFAAN, A TR J1-2¢ J3-29] B$- Microcystis sp.7t
icrocystis sp.2] A&7} =& AL & = IAh

e
rlo
-y
M\
o
fr
Au)
i
S
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<39 2.100> Daphnia AZAE AX o|F AEEZHIAE T4 ¥Wd(10~11%)

(1) 1= 4=(2011)

A=

B

gl

A AWE FF Daphnias 6/79

A

al

o

B
il

e

Daphnia similoides(235 inds./L) <]9 A}

== =
ST

=
=

sk X =AY
2 HAAAWEQ D. galeata(225 inds./L)

OF3

AR A

=0

Moina spp.(35 inds./L), D.

]
=

H FGA oA el F o

pulex(20 inds./L) S°] 4
#9l Bosmina longirostris® 1,885 inds./L¢ =& 7

K

) <

2

7z}t

3

b1 9

A5

SRk

=1
=

A=

A7EA 2] Al

Al A

ksl
pul

&

=
=

|

,ﬂl
w

ol

el

o

B
W

B
iz

UERR A ekt (L™ 2.101).

- 133 -



&l

<)

_CH
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HAES BURE
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Kl

A 24X %k
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kel
pad
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RYA

>

A A Hol A A G AR, 244 5F o] F-9
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Kl

<za¥g 2.101>
similoides7} )3 % A

D. similoides?} %+

ol

)

—_
o
o

¢+

el

NI
<
X

I}

ﬂwo
]
A

Sl Ao Yelth(1d 2.102)

=} O
2

3

Daphnias

o]

Daphnia®] 7V

N

12 ka1 A&

= 7]—6‘
TRl A Daphnia7t 3

o

=71

A

s
a

FA o, o el A ol A
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Ed

el
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8
g
o
2
g

Polyarthra spp.

Bosmina longirostris

Asplanchna spp.
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<Z¥ 2.102>

(2) 22+ & ¥(2012)

HAAABE AT+

A2 o) A
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Z AR )

7} 7hs st
23570 A =2 i)

-
X
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g1

35454170 A ¢ 2 A
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Aol A 7Hd = A vErskTh
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9 3-19 4 =
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(% 2.22) 2012d AHRBE IR JHYE 22 As

TR SHHSTA
MEORt | MAYEY [ Eguss MHUEY | =gusey
6/11 149,363 14,936 192,723 6,424
6/15 59,745 5,975 444,745 14,825
6/29 59,745 5,975 637,468 21,249
7/2 597,452 59,745 3,602,436 120,081
7/4 284,501 28,450 7,624,204 254,140
7/9 604,920 60,492 889,490 29,650
7/11 877,212 87,721 1,600,142 53,338
7/16 89,618 8,962 1,378,710 45,957
7/18 403,043 40,304 4,376,858 145,895
7/25 213,376 21,338 10,636,235 354,541
8/1 142,251 14,225 1,209,519 40,317
9/19 189,667 18,967 1,044,798 34,827
9/26 853,503 85,350 1,656,617 55,221
10/8 2,133,758 213,376 1,270,701 42,357
10/10 2,299,717 229,972 1,543,666 51,456
10/15 1,564,756 156,476 1,044,798 34,827
10/17 2,062,633 206,263 814,190 27,140
10/22 1,811,323 181,132 2,155, 71,849
10/24 1,446,214 144,621 2,842,604 94,753
10/29 938,854 93,885 1,374,239 45,808

789l A5, /11 J3-1A Aol A g HY 1,500 7NA o]de] =2 AT
=7 #EE F 2AA AR fHolewA 8 sEIHAE AL
A7 A A H-AAM Thstes AES BIuh o Al7]dl= Diurella stylata,
Keratella cochlearis, Keratella valga 2 Polyarthra spp.l 2% #5577}
AR, 847 FAE =2 AT 2EE YEATHIE 2.104). 53] 8
=AY dFeR J1, ]2, J3 o EE AHAAAN sEEHAE
i st Aok HEe d¥For Aol sHHAL,
3

AT A2 108 A

<

ool

2 Fox AEAS Y 10/15 o] F J3-1
2438 MAT LE7} ZF7bete], 10/240= Ao MA T 2
d 2105). olF 1195 He F29 Atz d A HolA
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FEAY e S AN AR A Aol AExE HAAE
% Daphnia similoides®t A1 3] HAXAWE  Simocephalus ventulus®)
Al, 3 EEXEE 4% A9 20119 12 A XA = A% 81E Daphnia
similoides=" 1A A AT A7 HED 3 AA=Z v LA vHepd g,
20123 =] 22 A& AX A= UEY 10704 o] de] w2 AHAE
Lre7b 6ol 79 Atel #EEAD, 53] 10€(10/17¢ 4B Daphnia
similoides®y Simocephalus ventulus’} J1-13} J2-1°1A4 W E 3 5070A o]
dom g =A Yey

<agY 2.103> 2% 9E(69) XV FEZFIEY A, TN EX

<9 2.104> 23 JE(7TE) AEV|7He] FEZFIAEY AT EXE
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¥

Fi

<Z¥ 2.105> 2% 71&(10¥) X7 FE2EFIAEY A, T30

<Z¥ 2.106> 2% 7F&(109) A2Vt W8 AARAE Daphnia similoides,
Simocephalus ventulus® A, &7t ¥

0114 17 FEA el HA 4B ¢13] Ao Hxua o)A
Hgo] o e el ao BerE e, 20129 27 Axe] A4 wRgA o)A
AR Bl MBHow Axso] Aol HgH AAF FHE Ao o
ZEE N DA zmas}oq A ARAE AAGFE ol wEow N¥

Fg 5 9e 7

g AT B dAASE g FAe AAAES X, e
=

o7 AluHY, 27 A%
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(1) 1z 243*(2011)

AARE AL = AExA3 U 72 A-A Ax A3dSsd
e JdAANE AT R Chl-a ¥stE vlwste] 2011.10.17~11.37k4] 18Y
I AAEES EASA. o], ¥ EAAHS Ador 53l

T SAA (10 m') XM= Hr Chl-a7}F 0€=F 1153 mg/m’ ol A
292k 1005 mg/m7FA] Ak o, 119 3fol= 209 % 7HAaste] F A%l
912 mg/m'Z YElYt TEZFIE MAIFE 043 Ht 217 inds./Lo] %)
o, Chl-a7} #aAaQ) 11¥€ A}l 244 % 5 7FsH it 530 inds./LS H

S FFA(30 m') Az A= Chl-a7t 042k 137.0 mg/m' oAl 5=}
945 mg/m7}A FFAastR em, 119xbol 315 % FFaske] HAXQ1 938 mg/

m=z Je} Sx2A0E 77t 209~315% %2 vl w2 Yoyttt EEZHAE )
A= 0ol Ht 225 inds/LA o™, 11dafo] 202 % S7Fsk At 450
inds/LZ F7Fs Aoz Yehy Ae7]o JAAES] &5o] tha Aokt
= AoE ARHAJAT(ZH 2.107).

<Y 2107> ARAE 12 AXo| 98 SE2EZFIE 2 Chl-a B3

Tl kA AEAH I SAR G AE G 7 A F
A AAEgon, A4 A FEZHIE JAELY Chl-a9 HAHS
Hla & B ok},

TR AR (10 m') XA += TEZHAEY MAIF= 0€A9 11

6~338 inds/Lel W92 Yetsrew, ol% F7kste] 0 molAM = 114 ]
691 inds./L(204.3 %), 10 mel A= l%’ﬂoﬂ 620 inds./L(151.1 %), 30 mell 4]
= 79kl 612 inds./L(332.1 %), 100 mol A= 119 kel 567 inds. /L(4885
%WI7HA kst on, MAAE A olF A FEZFAEY JNAF
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7V g1tk Chl-aw= 0¥ Akel 118.0~121.5 mg/m'e] ¥ Chl-a& H
o, 0~30 m7kA] FA A= 119 Ao 86.9~90.9 mg/m' =2 fHAshe], A
A el A w2 E AAZATE YERETH(E 2.108).

<Y 2108> 10 m* AXE Q3% AY STEZYIE 2D Chl-z B33 A¥X)

F3E % Chl-a ¥s(1x & ¥)

i

<29 2109> 30 m AE=E A% ALE F=

S FEA(B0 m) FEA TEEFAE] AT 04 Al 78~439
inds/Le] ®PIZ YERdow, Hx o]F T7}she] 1%174011 10 m 550

inds./L(707.5 %), 30 m 581 1nds./L(289.0 %), 100 m 525 inds./L(210.4 %),
150 m 656 inds./1.(149.3 %)= HEZAHOZRY 150m TH7HA] A A& o]
S7keta o, AEAF A9 10 m A F A UH% == MAF S &
o1ttt Chl-a= 0¥ =l 134.8~1425 mg/m'e] ¥ Chl-a& R o, 30
m7HA] FRre A= 5Y ko] 85.2~94.7 mg/m' = Qﬁ:s}fﬂ, AIEAF QlFoll A
S2Ad= AT HEbeH (2™ 2.109.).
(2) 2z 432(2012)
AARE a4 a3 Ax770 i 28 AN Adxdy & A3

Ao we HAAME 9 Chl-a ¥W3tE #laste] o FHQ 2012611~



814(65¥7H 3} 714l 2012.10.8~11.21(45¥7H 2] 7|7te] AAEZES 4
b=
Mo A= Chl-a7t 094 3
fra~ste] 5t 511 mg/m7bA] 7HASHS
o} A dAANELS 0L A Har 820 inds/L= YEREC ™, v nlF
1 A

_?r
S48 22 Aol o3 Ao adoe

A= Chl-a7} 09=F Hr 219.1 mg/m'oll A 31L=Fel 844
342 mg/m7HA] AP Y. sEEHIAELS 093 HA
389 inds./Lel A Chl-a7} HAAE Hol= 31¥€akd 403 % S 7Fste] 1,568
inds./LE YeY, FA7F b g 7HEH o= o F -l vls] F3ld HxA 0

gE HAH(ZHE 2.110).

<I¥ 2.110> AZHAE AFAF o3 AAdHI) BE dd FEZHIE I
Chl-g ¥g(2x &)

AHAAE dF4Y g XTI W Z4 A HolA AEA} T Ao
Ao W2 Chl-a H3t= H]ﬂé]'oq AAZEES FA% A3 o952 Chl-a
© 0¥9A Hat 721 mg/mell A 14D Aol Bt 511 mg/m' 7HA] FFASEH o,

232 2}ell 104.8 mg/m' ol A 64°‘z}°ﬂ 0.3 mg/m7bA] FHAgkqith tx=-(JD2)
hu] AE7he) 7 A7 A AZES AE 393 34 %olA Chl-a7t 7}
% el 23~37¢ ko] Hdl 383~39.2 %7HA Zo]lE HATE E
sz EUHE A FAA R AXE 0dAF ] A7t W& Chl-a H+t

2 9.8~405 %= YElt 7S Hd = Chl-a= 092 Hyt 2191 mg/
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m'ol A 31 xfoll it 342 mg/m'7bA] FAASER o, tix=FH(JD2) v A
T3kl 2 A7 AARES AE 9U Ao 14.3 %ol A 214 xke] H i 54.8
%A A EHor Sk 3, 4 RYEHYE AFolAM g ZXE 0
2 iH] AJRbel & Chl-a B AAE&S 266~788 %= e, A&2 <l
AT Ao o ol mxAlol axs sl (2d 2.111).

<Y 2.111> Daphnia A XA E2] AX A, T Az7to] B} & Chl-a ¥ 3

<29 2.112> Daphnia AFRAEL X A, T Azt & COD ¥3H(2012)
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T3 AHAAE FAE wE COD WatE Hlaste] A A& ¢
g AARES AT 23 81~46.3 %(F 1 225 %)o AABEC] HERY
o

o, %A BAAE Axe| Wk COD AATL] WA FAsAT o
of weh, AAAE x| WE HxAL A5A W) f71ELd AL F
EE AoR BHHATHIY 2112)

S i¥
FAFES A AF *.:_}E A &} H]E_%%ﬂ 0}7] o3 AAYE HFL
=36 m x 229 FRE AAete] 289 3111 500 m WAt = o] Zep

IE YEZ o|FoH 5m x 5m x 1 m(25 m') 752 A2 cageE A2
sto] A A THE 2.113).

<Y 2.113> HAAYE B35 L HX cage &

AR E cage AEWHLS ddG @ IMES Rt 23 4
T g Ao, oy EAARl EIVIEFEH HIEHEA AEHAQ =
ZAo] Ade] Efo] & Fojgt AU}

S GG A oA v gt HAYES cage W] Axste], 2011.10.20~
L7744 1793 AR AAE AL54S doli it A= %ﬁ 25
FAdAE MAF7E solunrl AA A T AFTkste] 149 Ao 493
inds./L7FA] S7F8t 1, /T EEE 57 67 %, A4 14 %, ==8 5



211 %, 8727 7 % o2 s
& cage Stoll Axste] JHY=o MAFE Sl
13 inds/Lol A 232 1694 861 inds/L7HA S 7Fshod om,
Z992 2100 % 7HF 541 %, AZHF 534 %, &% 285

Fol Mg Axun AAAE F7FEo] =ATh(IE 2.114).

<79 2114> AAAES cage 4§ EH201D)
g st AASe] 2Hzhe] Mg Az
% cage® ol% - AMAT L&A WY
5 H

AW ES cage IS A= F4Y
)

2012¢d9= S H
Hol g FdH=
A HARE Ax A o
]

el FFoll AAE F cagedlHd HAY=ZY 45

|

<29 2.115> CageW] Chl-a =93 2 Ao &3

dAYE BHEE cagelolM e =zAlo] AdE A ET %ﬂ
2012530~8.14%<F S EEA  cage(eld T4 cage)ot FAY
cage(ol3t %74 cage), Z=F(JD2)ol ¥ Chl-ad) FEWIE £As
™, cagetol Al Chl-a Aol & 7S A k9t

Zz7<2 JD29 Chl-as%=+ 60.6~109.7 mg/m'(HF+ 819 mg/m)e W
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A5 BHIow, FA4 cagers 41.3~624 mg/m (B 505 mg/m'), ¥4 cage
266 ~62.7 mg/m' (B 466 mg/m)=E YEFY, 54 cagers HIF 372 %, 4
cage:= Bt 427 % FAdle], cageWolA Chl-a Alo] &35 A sHelst
AoHL® 2.115).

<Y 2.116> Cagell A EZHIE dAE=F A3 L Ao a3

HAAAE HEE cage?] AEZIFIE BEFTE mx2A49 a9E 49
B7] 9138 6/11, 6/25 FAkdlol AA 7 cage®t 57 cage, W=7 (JD2)l
ek AESEaE AT Hee AEEHAE AdadEs A8t

272 JD2AA AEZHIAE dEFS 1066~2125 x 10* cells/ml
2 yestor, =4 cage 84.4~101.3 x 10* cells/ml, 5% cage 103.4~
1166 x 10* cells/mt= eI 4 cage= 20.8~524 %, 57 caget= 3.
0~452 %9 HAZHNE Ho] cagell H=FTFAE Ao 2345 4F &<
st om, £ BHoh 4 cagedll A =& ZHE BATH(E 2.116).

ek, AR ES] o FAE cage FAE ol €T A9 MATF K
A WA bHAAd = o, At A=Y ALA &

il
WirE AAISHe cage el HA ] MAFE A FAD

2 AT AANE FFE &8s Daphniase +% 59 3749
stoll REZshel AL A E=7E Mstdt AAAE g A e A o
wEste mE F2ush, dabd B Ade-Fe] Wste] w=Fuo] Aol A
ks Wg FE ATt

F5e dA FEd fE5S STHAA MAACN EAes dE =
B AT YRS A= AR g AR 34 g AFA 9
A5t =S AAT 2o AFA dFE A= A= BaHA



VS

s

i

1t

7F ABE A

v
>

2 tH(Basu and Pick, 1996). &<}

A7)

o

] 9 tH(Pinto—-Coelho et al. 2011). 20123 4+

(o)

o
)

&
SH( " 2.117).

XA E Daphniast

T

2

%

<9 2117> st47] B¢ JAF7179 B+FH

SimocephalusE& X3t

o] 4% 30 T °

ol

A
2l

o

ol

o &

)

»AO

std7]e] 30 T o

o] Z7ke} o]z A7 ofF

e

2 A

o & &

= 2<2lo]th(Benndorf et al., 2001).

a1 A17]

A

R,

&+

5

ol A

49

A

¥l Daphnia similoides+

48

3

ra

At

B
oo
N

o

FE| A e (2™ 2.118).

7H A

il

0]
yal

-

ol

QQlow

w3t Simocephalus ventulus= <7490 &2 A Fo| A4
Hj Al A o] AL 7 A

=
=

27|

)

o

o] Aefor Ao AX = t

Az &3 =
- 146 -
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(1) 2]

FAgolol b, AR, AX o], £ARF, Age] A o, 7]
5 Ad BE §7182 A48 Ao AL o, 1994) ?01—‘5 RE
F9 119 24 JF-EE A9detn AXdelA Fdstdom, Aol 100~

250 mnE 6704 (100~140 mm)oll A1 31d(200~230 mm) o]de] vhFg A=t
WAZE Z- ek

ol A A HARE AF A< 49 FJF(JF-Dell =33
A ENA &5 F  Brachionus angularisB+ 65 inds.)9t Q7zZFF<l

cyclopoida(H i 7 inds.)7} @A Jdon Ax Fo 1094 AZF7H]JF-E)
of Zd3 MAENAN LZF(HF 243 inds )9t AZHF<Q Moina sp.,
Bosmina sp. Diaphanosoma sp. & °l(E1 190 inds.)7} @A I(2H
2.119), ol&e] vmA] A7l B A A EAE A= FEIAY FU]E
2 AEZLEA7E UL Ee] dFES AA Y v E B2 AAA ulEE
13} = Zatgl oy, A27)7F 5 JF-EollA Hojo 93t xz79 v}

%
o E40] el
(2) 3ol
FARE, 2904F, BARY 4718 5L FE YAsE gA40
FHA(H 9} ol 1994) BRI 342 24} T DALl AQHY e,

= (

-t el 100 mm el e 294 ZhAlate]l =5 o St
Feoe AZFE F2 AAsded, A9AE 24X A 496 e

JF-I9} JF-O°ll M Ztz} s+t 15 inds. % 17 inds. AAstgon, 4% F2l

10€ el JF-0°1A 10 inds., 2% %<9 119 JF-IolA 16 inds. JF-E<}

JF-001 A Zk7} 2 inds. A4 8HATHd 2.119).

Faols B2 A= olYX|NE FEE] A A4R[FE AR oH, T2
Chydorus sp., Alona sp. 53 1< %o oAl AZ4FE AAAstes Ao
2 Uey, A5Gl AAA 543 #do] S AoE ddEAN

(3) A=

Az A 27bo A u o
(e} o], 1994) A o FE D] 100~150 m o) = 2~3134
Fo] & ol g}

fr
= 1
2
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Ao AoIs MANAR AAFE T2 YAstgon, mesh §7)
g27 ol FARUh AHE AR AAFE AHYT HE A 49

o= JF-IolA Hit 84 inds.,, X 52 10899+ JF-I, JF-E, JF-O°lA
Zy 3t 45 inds., ¥ 112 inds., ¥ 48 inds.7} A= oH, Ay &
1199 = JF-0ll A 3t 308 inds. EA A oH(2d 2.119).

710 ezl mpel]l Hlal, X2 AZF A ES v =S HoR
el o JF-I A = Simocephalus sp.E, JF-Odl M= B. longirostrisE,
JF-Eol M= Moina sp., Diaphanosoma sp. &< = 4123} t}.

0 N

4) 54
EHAE, 2% 2 AN ETHFEE, o Ao 5 EAst= A
og dE EFZALE 33 A F AAFCAA AFEHAeH, AhA A
o F8 $HFTLE Uy
A E AE A 49ol= 27792 cyclopoidags JF-Io 4] 177 inds.,
JF-0°llAl 412 inds. A2stglon, 1093 119 8778w ofyg,

Simocephalus sp., Moina sp., Diaphanosoma sp., Alona sp., Scaphoreberis
sp., Chydorus sp., B. longirostris®} %2 % T/ A4FE v A

28kAth 53], X T FEF(F-0)A A-E EFHAA= 2 A9
FQ WA AAWEQ Daphnia similoides®] E2¥ Ao &2 ERY

B oo]Fe dAFzA oA AE A 4900 45 %9 AUTHEE B
ow, 1d WWHCAZ 50 mm PIRH)e] AT AFEEE BAou, Ax F<
1090l 50~110 me] AAT AuEFA 1~25d 02 Srjuglon 2%
2 11¥ell= Hof 210 me] 494 o] MAIZE st o9k 2ol
EF4LE B AFNEA AgAFAdA g AFREEE BHYon, ¢
A& AYE Bl wel, FF A FHom A dto] TS ThsAol =
S Aoz FaEAt

(5) AFY AU EE B4 O HAEA

AfAFA19] A7 AU EE ZAA3dd mEd, dA8E 4 o
= Aol ME &FFe a4 ol dE A o] E=A YEwoy WA
AE 27|t = AXAHJF-E) 2@ FE5(F-0)9 A7 A2 &0l
S7hstd e, a7Ruk AAsad EF4e AR g dAngo] o
Asl F7he As &9 T F Qddr Ax TR F 11gde HEFI
JF-E9] A7 AA=FS dA8 =Jow, fFEHdA &F4do] F8 X

|
—
I
©



A THL® 2.119).

STA O BFlol=
ZAE gels

HAAWE D. similoides®

of, )l ofFel o

T
], oldATH(HE

S|

=+
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I, 201D ¢35

3
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7!

X
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z:;l_

<Y 2.119> HAZHAPE FR XojF o
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el
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]

A 715(35 mg/m') ©]

A= A

ki3

Hges

=
=

= 9 ZF (Microcystis)
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= ZA oY
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23!
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ni0
Al
o

=

<
K
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X & AH
— 1

4

(2224, 65 mg/m’) /
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geb] AHAE NAY 2RALEFE B ALE He] mzAof
Mool MEA HEkR) 108 Fahol AddE Aol ARAY Aow ARY

ek
M 1m TH) = (MHYS HEIxHSR 7

- HBHAERAM, =4
=
S|

EHEE E]xk(=10)

(£ 2.24) MigZA R & AHPE ZXEF % =AY

H{QEREA| 2 20E 30E 50E 100E 200
HAEAME Al 2k

dﬂig =ES 176105 |11 x 105 | 18 x 10° | 35 x 10° | 71 x 10°
A=)
= R 0] & 2| (m’) 740 1,110 1,850 3,700 7,400

*Chl-g 100 — 35 mg/m’

L A gfR g s A e mE w A g A

AFAFRsl 2 Axe] hE FA4E P FRE ol
43t gke] AHgatgict,
- FEAHA=(XY Chi-o0] M2 B HHYE JHE x 28R
5) / HEYE MTZHISHSE 10x L)
- FEAEAL = [ (KX BE Chl-a 5E - 35) x 3488 ] + 48144

A8 E MEFLA FEAES B2 sk Chl-a Aol Zadh A4
BeE WA T F33(FIE 29 45 BE s bl @Y,
FHE(SD)e] 2~254 % TS gz 3 Aite AR

i Jbarel 92 & itk

[-‘IJ
o
1
AR
ol
o
s
r>~l

(% 225 A¢A 72 2 5294 =0 B8 HPFR 72 (m)
JSESUN =2

;5%@@5(1_'_-' ™ 502tE | 70BHE | 1000HE | 200%HE | 3008HE
50 mg/m’ 52 73 104 208 312

70 mg/m’ 156 218 312 623 935

100 mg/m’ 363 509 727 1,454 2,181

150 mg/m’ 675 945 1,350 2,700 4,050

200 mg/m’ 1,194 1,672 2,389 4,777 7,166

“Hoj =& 35 mg/m’
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