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SUMMARY

1. Subject : Practical application of algal bloom control technique

using natural predators in agricultural reservoir(Final)

2. Research Period : January, 2013~December, 2014

3. The background and necessity of research

O

Most of 17,543 agricultural reservoirs are old and shallow, and
organic substances have been accumulated for a long time. The
reservoirs are experiencing eutrophication and consequent
ecosystem disturbances caused by algal blooming due to

etrophication.

Management strategy has been focused on post-bloom reduction,
however, recent strategy is being shifted to prevention of bloom

based on the view point of efficiency considering cost/benefit.

Prevention strategy is more efficient because of reducing economic

loss, securing ecological safety and human health management.

Development of sustainable and eco—friendly management method
excluding phosphorus and nitrogen controlling is necessary for

bloom control in reservoirs.

Since major components of water bloom are primary producers,
ecological approach is important for fundamental contermeasures

for water bloom controlling in water bodies.

The present study i1s focusing on the biomanipulation method
based on Top-Down control which improves food web structure

of eutrophicated systems.

_iX_
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The biomanipulation methods recover and use the grazing abilities

of zooplankton which was suppressed by eutrophication.

The present research develops the useful method focusing on
controlling ability of secondary producers playing as main grazers

N reservoirs.

This method 1s sustainable and efficient by use of improving the
food web structure and the major function of zooplankton, and
consequently improve the energy flow from the primary producers
to top predators, and focuses on the recovery of sound ecosystem
structure and function.

To complete the development of method, it 1S necessary to apply
the present biomanipulation method to eutrophicated agricultural
reservolrs and secure the sound water environments.

This application can improve the function of food web and prevent
the occurrence of water bloom selectively and consistently, and
normalize the ecological food web of the system and ecosystem

health without secondary pollutants.

For the application of the methods to real systems, it iS necessary
to complete the several main procedures, establishment of
superior grazers(predators), techniques for maintaining biomass of

predators in the fields, and optimum management plan.

The present technique is developed through the previous project
[development of application technique of predators to prevent
water bloom in agricultural reservoirs] by set up the 10-tons and
30-tons culture facilities for the discharging increased predators
to the reservoir using the applicable predators that separated and
incubated, and 1its effects on decrease the water bloom

abundances were observed from the target reservoir.



O The present research applied the previously developed pilot culture
facility to agricultural reservoir with larger size, and development
of realscale predator application system and optimum
design/management system, and applicable completed technique
will be suggested.

4. Contents and Scope
4.1 Research objectives
O Development and completion of applicable realscale predator

techniques for algal bloom prevention in agricultural reservoirs

O Suggestion of optimum design/management of realscale predator

culturing facility based on economic feasibility

O Suggestion of industrialization of safe and consistent bio—

manipulation method connecting water quality improvement.

4.2 First year(2013)
O Application of mass culture facility with practical size to the field.

- Analysis of characteristics of algal bloom organisms and natural predators
distribution

- Practical size facility application set up and test application.
O Application of culture system and introduction of natural predators
to the reservoir
- The culture device operating and field discharge
- Mass culture of natural predators in the field and seasonal management.
- Development of efficient discharge and water bloom controlling
O Analysis of water bloom controlling effects and strategy for
consistent application
- Analysis of algal bloom controlling effects

- Consistent application throughout the year

_Xi_
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O Strategy for connecting biological control for high efficiency and
ecological safety

- Application of biological control for high efficiency of algal bloom control.

4.3 Second year(2014)
O The culture device operating and field discharge
- Supply and behavior analysis of predator
- Mass culture of natural predators in the field and seasonal management.

- Development of efficient discharge and water bloom controlling

O Suggestion of industrialization of safe and consistent biomanipulation
method connecting water quality improvement.
- Estimation of efficiency and applicability

- Corporative application with water quality improvement and commercialization

5. Results and Conclusions

O Chodea reservoir is typical middle sized agricultural reservoir
receiving the pollution of agriculture and livestock, and proper

sample for the application of algal bloom controlling method.

O The scale for the application were determined based on te article
10 m' predators organisms cultured family size 6 and size 20 m’
two series, a total of 100 m' scale

- Contents of the culture facility are using the eutrophicated reservoir water,
and separate and culture the natural predators, and discharge increased
predators to reduce algal biomass using Top-down control.

- Main components of the facility are inflow of reservoir water, selective
separation, culture of food for predator, culture of predator, and discharge
to reservoir

- The facility(boat-shape) was set up at the littoral area of Chodae Reservoir,
and basement construction for supporting the facility was carried out on
the land. Main parts were produced partly, and moved to the field and
assembled at the targe area

- Xii -



- Through the test application in 2013, the problems during the application
were monitored and main function was improved in 2014,

- For higher efficiency, cage and artificial island were applied to the
reservoir, and final applicable method was estimated.

O Realscale facility and function were improved and final applicable
model and design for the management was suggested, and proper
size of design was estimated

- Optimum model is house-tye one layer structure with temperature control
and management of predator

- Optimum design components are size of facility based on the suggestion
from the previous research(based on the chl. a reducing ability of predator
species) setting at final concentration of chl. a as 35 mg/m’.

- Based on suggested optimum design components considering proper size
of facility, larger than 200 tons-size facility is necessary for Chodae
Reservoir because of consistent inflow of pollution sources from the
catchment area, and serious algal bloom in the system.

O Target reservoir, Chodae Reservoir's physical, chemical and
biological characteristics are

- Water reserve rate was dynamically changed during the irrigation period
and rainy season, and all water quality parameters including COD, TN and
TP exceeded the environmental standard level IV.

- Biomass of phytoplankton was average 5.7 x 10%cells/m¢, and bloom
occurred frequently with dominances of cyanobactera such as Anabaena
sp., Oscillatoria sp.,and Microcystis sp.

- Average Chl-a concentration was 1464 mg/m’, more than 87% of period
showed Chl-a concentation of higher than 100 mg/m’, regardless of seansons,
and the trophic status of the reservoir was hyper-eutrophic(TSI > 70).

- The used natural predator species in the present research were Daphnia
similides, Daphnia galeata and Simocephalus ventulus, and culture facility
was initiated from February in 2014, and the first discharge of increased
predator to the reservoir was made in Aril.

- Maximum population density of predator was 878 inds./L for D. galeata,
and S. ventulus and D. similoides showed maximum densities of 534 and

- Xiii -
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256 ind./L, respectively.

Increased discharge amount of predators in 2014 induced the increase of
predator densities in the reservoir, however, their densities were maintained
low during summer because of high water temperature and possible negative
impacts of presence of aquatic insects in the culture tanks of facility.

Proper treatment for lowering water temperature and prevent aquatic
macroinvertebrates are necessary

O Effects of discharge of predator to the reservoir are;

In July 2013, total of 46.9 x 10° individuals of predator were introduced to
the reservoir since April, and average predator discharge density per
discharge event was higher than 1.0 x 10° individulas/discharge in Aril and
200 x 10° individulas/discharge in May. The discharge densit was two
times higher than that in 2013, and suggesting the improvement of
culturing facility was successfully made.

Discharge of predators was carried out one a week, and the density of
predators in culturing facility was checked 3 ~4 days interval, and the one
week interval of discharge is proper withough loss of population density of
predators in the culturing facility. The population was recovered after the
discharge within a week, and consistent discharge of maximum predator
density is possible.

The application of cage showed that consequent growth rate of S. ventulus
was 0.37, and suggested that cage is efficient in increasing certain
predaotrs in the system.

The application of artificial island as refuge for discharged predators
showed that the density collected near the artificial island was higher than

the places without artificial island, and proper area of the island was 50 m’.

The densities of predators were higher in the littoral vegetation area, and
the habitats for D. galeata and S ventulus are enlarged due to the
consistent discharge of predators.

Long period of discharge showed that the density of S ventulus of which
density was extremely low during 2013, was dramatically increased in 2014,
and their distribution was confirmed from the most of survey points in 2014.

The impact of introduction of piscivorous fish as food web

- Xiv —



cascade components in the reservoir was analyzed.

Fish community of Chodae Reservoir was dominated by Cyprinidae, and
Silurus asotus was introduced to control planktivorous fish.

- Juveniles of S asotus was introduced in 2013, and 16 months later, adult
fish with average 980 g biomass increase was confirmed, and stable
isotope analyses indicated that they mainly consumed pale chub and
Hemiculter eigenmanni; and their consumption on planktivorous fish can
work as biomanipulation components.

- Food web analysis using stable isotope of carbon and nitrogen indicated
that S. ventulus can consume algal biomass as their food, and it has been
suggested that S ventulus plyas an important role in matter cycling in
eutrophicated reservoir.

- For consistent impact of biomanipulation impact, local people can collect
over-growing fish amount from the reservoir, and improve the function of
food web of eutrophicated reservoir. The income by catching over-growing
fish can be used as management cost for sustainable management of
reservoir water quality and ecosystem.

O The present method improving the food web structure and
function of reservoir requires minimum 2~3 years application,
however, once stabilized, sustainable management using food web
function connecting phytoplankton—predator—fish matter cycling.

- 100 ton size realscale facility was set up in July 2013 at Chodae Reservoir,
and one year 4 months application suggested that efficiency of culture
facility and controlling effects of algal bloom, and stabilization of predator
in the reservoir. This ecological management requires minimum of 2~3
years of stabilization for complete application.

O Application of predators induced reduction of COD and TP as well
as algal biomass decrease, and synergy effects with sedimentation
facility and artificial wet land application to the eutrophicated

reservoirs.

O For further application of biomanipulation using predator to other

reservoirs, 18 reservoirs were selected, and water quality and

- XV -
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species composition of phytoplankton and zooplankton were
analyzed. Despite TP concentration satisfy the water quality
standard but high Chl-a concentration is maintained reservoirs are
possible target reservoirs. Based on characteristics of plankton
community distribution and composition, proper application scale

and general plan are suggested.
6. Expected effects and commercialization plan
6.1 Expected effects

O Application of successful eco—friendly algal bloom management
method which can improve water quality and bloom problem through

normalization of eutrophicated ecosystem structure and function.

O Obtaining ecologically sound reservoir with high water quality

through the application of biomanipulation

O Suggestion of realscale application of algal bloom management
method and transmission of new management tool to operating

departments.
O Preparing the advanced prevention for algal bloom and improving
ability to react against algal bloom occurrences in 4 major rivers
6.2. Plan for actual application to agricultural reservoirs
O Application as algal biomass management method to middle—sized

reservoir susceptible to algal bloom occurrence.

O Immediate application to highly eutrophicated reservoirs experiencing
algal bloom

O Application to recovery of damaged reservoir ecosystems to

ecosystem health

O Increase activity of inland fisheries through high value fisheries
resource development and improvement of inland fisheries

systematic structure considering local communities

- XVi —
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H1g M2

3 &5 #2] (Biomanipulation) = 2]4]o]F9] F<, ZHIAE A
A-JAA, a2 27 FY 5= 4 4
o w2 Ada YA S Aofst= dEFZE A (top-down control) ¥ FATEAE
oy} AMIA t1E FRAEFE ol&ste JUEELS AAToEA A

= [e]

FA Y] AEZEHAE TS JASE Fgx4d(bottom-up control)Z U T}

HIHA A FdLste] AsdES Ay Ag diEe =HES
FEEFY S T HEEFHAE T4 A HEE T AoE, EF
AEfA o] FZoll gk A F4E JIe JYEF - HEEEAE
— TEZHIE - ofFd o2 U] 2855 7S & ol

50dth et 60 d x2S A=l # A7+ FE sE2EFAE o
st x 2 9 S tist o] Feol ] FHo] AT Gophen, 1990). 7
A S48t oA e &5 YA 22 954 a5 AEEHA
= o S LA FI FEEHAE 2 o7 A FITHAE HHA

=] =

= gdurekol Az A 5 (hottom-up force)o] &l o] Folx= AHow <l
21%E]o] $kth(Straskraba, 1965). wWebA] 9 J&FTA Fx2 <l 21 =
sto] sk9 FUTAAE HIAT= stk 5 (top-down force)ol] #HgH A4+
60t 7hA = AHGA S el ATk 70 el = AEERAE HE F
EZPIES %2 (grazing pressure)ol]l T A& o Feo FSA HHE G
(trophic cascading effect)oll 3+ AF7F ALEEHJoH, 1 9
carp)¢} 2 Z214 (phytophagous) o179 &A1& A A ik A7 o=

A

2] o] FolA AEeA FxaEo A&H B svE HJEEAch

Qo olF AEHTS AT+ FLAF ols AR} #Zo] Holwte]
TARAAE ] YEbde E33AQ A5AE&s dTste HYAR gdE At
Folo] ouo A AEHYE tFxds, JdDA W H 2L (trophic cascade

J

=
interaction) T+ o] %W %2 food-web manipulation)®} H]<=3F oju| & 7}ZI T}
o= AEA Hbge] B3 9 AFxdeoly B STHIAE ST xR

=
o7 J4AF v & (nutrient-mediated effect)s ©]
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j3)
—

¢

e EFAE £
A dvdl 2FH glon, e Agxe A dE g7
A5 SeiM = dFeds R FRATl #F 5FAL vl 24

'
s Aol o] dAol HF5¥ = d&Fol A Gophen, 1990).
AA7A Agd e e
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SUSHAK| SXYKS St HAMS MBI A7D UBSHED)

<O 2.5> BOMSN L7I0|1MPY QUEY NY

- ENTE 9 2w
(B 2.1) 2IEN Y5 AN YY
Parameter Method Preservation and Materials
pretreatment
W.temp. Direct measuring YSI ProPlus
DO Direct measuring YSI ProPlus
pH Direct measuring YSI ProPlus
EC Direct measuring YSI ProPlus

COD Acid digestion by KMnO4 add HzSO4.C0nC‘(<pH 2) -
preserved in low temp.

SS Filtering method of GF/C -
™ UV Spectrophotometric add H,SO4 conc.(<pH 2) Spectrophotometer
method preserved in low temp. HP 8453
TP Spectr%%?ﬁé%metric add H>SO4 conc.(<pH 2) Spectrophotometer
(Ascoribic acid) preserved in low temp. HP 8453
Chi-a Spectrr%pé?ﬁézmetric Extraction of filtered GF/F | Spectrophotometer
(Aceton extration) by acidified aceton HP 8453
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FoAREGAEY ARLH SARNE Sdolsety 54 A7
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SUSHAK| SXYKS St HAMS MBI A7D UBSHED)

o 2ATE 9l BAHH

21 & 2 2} 3 = (Phytoplankton, cells/mﬂ)% A & 500 MlE AFE
of 217 o} lugol’s solution® & HZF5 % 2%7} FA AR on A
2 &A, #4984 £gA7 F Sedgwick-Rafter ChamberE o] &3}o] 333}
& u] 7 (Zeiss, Axiophot) oFejoll A 200vf = A3t 400v = 5 A 3FA o1,

4(1993), = AH9) AT 2(20000 59 FHL Faetoch
&% 7= (Zooplankton, inds/L)&= &3, AZ4H 2

%]—iil;]]E(ul-E 63 = A% 05 m °|4 A

= %% (Casting net, & 7 x 7 mn)¥} = (Kick net,
4 x 4 mE o]&ste] 7tEdsE ZAEota ol e FheA =
Ao, FHEASFE 83)/AH(F 323)E dAstA AL, S
T2A AR dctoel] o] oA &&eth Hgh 5~83F 1/\}‘)1]
Aoltel 9585 x 5 m, @ 065 m, 3 m<S F7F HEa o,
Z2=ALZE o el A AR HES o] &3 24A17F 2AME AN 0}
/A (F 42D E A ATH(HE 2.7).
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>
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<Od 2.7> 0If QIYRNKY: £Y, 3: B, 2: ASY)

AR o] F = Nelson(1994)e] EFAAE wxtom, 73} vH2002), ©
% QOO SN 5 R AS F ok FAFE Ag dde2 F4,
L .
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XNPEt 22

[ Ry w—— i

WA % EA(Tolerance guilds)> 2 % A 2% 9] A=A Aslo] wlzhslA vt
S35l Ao wel wWzE(Sensitive species), & 7FE(Intermediate species),
WA F(Tolerant species) &2 &3} T},
FA Ul dyA ZE5s wrgstes dSFEA 4 (Trophic guilds)&
o

o
7 =2 JGEAE AAsE 52 F(Carnivores) Y T2 G4

A el A of] A
THF2ES AAslE Z24 Z(Insectivores), ¥ - A 228 7] Ea A4

st A F(Omnivores) .2 g ste] FAstlom, Ao E/R7|E2
ek Holo] EAE w 7zt Fo] 7pF HAEd= AU (Primary source of
food)ell 7 &ttt

(2) =O|M X ==l Ol 2HA E4

b wzUA B4

ZAFA ] mx28A EAS AH ey 98 5 =(Secchi depth, SD,
m)¢ Chl-a, A EZHIE dE=HS E435to] vustd E1r SD+ A& 30 cm
= 2 B3y Za(Secchi disc)E ©]-&3dte], HAGA

o] M A U= ZHo|r FFow slulerd EFuwlwle] AL Myl s Mo A
el zell T % F4l(Secchi depth)s F43tom,
Chl-a®= A5 250 mE A3t GF/Fel o#ste] Wesrn#ast & Fd04
SAAI7IF(E -, 201D F3Ferel o A AR 2.1
(h) Fdst 54
2 AFA o] FggFst 5SS Lolrr] fste], 79 FEA 5 (Trophic
State Index, TSI #A1& Ao, TNS Kratzer and Brezonik(1981)
o] A2k wHAS wgkal, TP, Chl-a, SDE Carlson(1977)2] A =44 w
2ol wpgkty,

TSI(TN) = 1443 x In(TN, mg/L) + 54.45
TSI(TP) = 1442 x In(TP, ug/L) + 4.15
TSI(Chl-a) = 9.81 x In(Chl-a, mg/m’) + 30.6
TSI(SD) = -14.41 x In(SD, m) + 60
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AAWA AARE wze] AoEaE FASI S8 2013524.~1118,
2014.2.25.~12274A 4 23] o] WIE=Z F 913|d ZAAH WA FdF
(CD-0), 4B EFIE WPEAI~ARS AHAZ WFEBI~BYS F 17
AR For zASRGON(TY 21), NGRS Chl-a ¥ 54
SEoE BAMYE FRPRAG FA5A st

ZAA LS 2 PPN BAE Chl-a gt HBE
FAE AEFL PO ofd 4 ol gstel AN

i
ot

(2) Z=CHXN ==X
AAAE dFAE g m240 aHEAS 95y, AHNE HE
o] ¢l WERFHCD-0), AEAH Ao Fd9F H5H(CD-0), A¥xA4
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Mg =2

(2) FAOF =8 X R Hat

ZHAFA Y AExds 93 A2 E9S Yt 22U AFA
FHO A AAB O] FZAFQAZA} 7]H)E g o7 oFaAdeAuS =434
thooju], A = A SE fste] HAFAEAAS] HEL 5% W9
7b gk, okdg 2uE AAsle] U AR =4 ol FAL Fe 10% T
Fow E4sAr

OFEXNHEEFY) = (B M=/ ol7 ZHA) x SHEHEY
(0l ZHY = EUISHEY x EUENZ| 4]

Y, S2olF =¢] Al 22kxAH20135.27~28)9k =Y Fo TUA
711 62k2AH2014.5.29.~30)¢] o} F FxAIH FUTHE(RA)E ML}

%205 =qlo] mE 2UAFAY R WaE Boln it
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7 m, TEIE 3 x 20 m, 3E), AN EAT7 x 17 m, FLAT 3 x 25
m, 35S ZF 14 ol &AL 2.10).

_41_



=
<oy

- MW )

L A

5 < N ~

mmm i No oo

ol ™ @

x W o A

x o my o
OF; or - oo T N

< m N _ o A e

_ RO : __u.a D B

Kl » o T 5
a____..—lw = f1INS ._

R BT TR R g "

4300 S Eow g
X i = ol X

7 1Al _” _ﬂa oy IR B
w.;u_n—._m v n NSO T

pt . o Raes
i L
< O oo Wk ®

K Z0 o -

250+ T O 3% o

=T do 7 Homr
X

\.. [ +AL =0

MHH __A_._ . ‘M_l o

.._._o 1_Pl a _H”_Aﬂ_ .Ho_.lwwlﬂ

Te) att]

I AA
- 42 -

p==%
[}

A€

;_I:

=
ol

9/]

A%

2=
=

73

A1) 7]



3le] 100

& Ve o=w

e

deulE = W= AW 10

o
N

Ton

e

o e ZxAe &3 &

x| 24

SR

L =g

o

—

0

4
O.,o

_Eo

—_—

A A F

16 7] 2] A

A= 17k 8

o= 20149 59 ~11€74A

A&

yel 197 A4

747

N

XA
=K
)

ﬂwo
B
Al

—

I

™
=
ﬁo
w5
A

)

o]

—_
o

VEo g ¥4

Kol
=

(Chl-a: 35 mg/m’, COD: 80 mg/L, TP: 0.15 mg/L)

ofy

B

o

e

A

=
=

of tHak Ab}F-EA|

e

_43_



X=X

—

AFO
(=]

N

A
e

X
12| A0

o =
HA
iTE
—

)

|

=)

fla g2ol

EHAH

=

=

o
1 IT
22

HAQE pgA A A8
(o

&
A

|

d

gl

=]}
=x

[ ]

=

=
7k2010 ~ 2012) Chl-a H#&%=7t 70 mg/m’ O]

25 m O|Ab X=X

CEXE

A
O

o
[
7t

—

|__;1

|
=
o

£3t
x|

VS

AT A A
H

g
FA]

IN
TAIE 2 gL o] A agho] difEglomz ujAls)

- 22 3

A2d AR
1.

FA T

gy

o
_%_

°

—
fi%e)

N

Jo= zUjA

4
= 5 A

B

Aoz 7t E o]

KeN
=

o]
2R

PN
T

g

SgHIE

ST B

0.252

4912

1275

15.6
- 44 -

2.2).
126
206

=
It

299
1,040

HA = ek
(B 2.2) AR2 MYYS HIYIN HE Y 28N

SEL
2.5
43

=

A&
U
ISEN|
e
ISEIN

o~
T




19759 A=<

1
.

elol SRS 2ol AFA

g Al 2~ "l http://rims.ekr.or.kr/).

s

e

2)

<
ol
Br
o

ul2H®9 m)

e

[}

282114 m), %

—~
fite)

~
fite)

m_.o,.o

el
Br
ok

"W

¢+

o

)|

Fed A=) 9

)

& 927k A5 Q1

b3
o

o
il

ARG 27}

SEEE!

ol

ﬂ_mo

Qs (2g 2.11).

s
=

T
=
T

]
=1

=ENE

O

<a% 211> ZOINMSN RFMEE

_45_



a7

L=
=

QA ANE WA 72 A E

LS

Z
@) 7l=&zl

AR

2.

R
. o N
T o ﬁmm wf. ¥ g ﬂw
T © 5 =/ " < —~ o I = Ho
o0 T o ® gﬂ 2 _.H_.m . ® AR oy
TR T .A:lw ﬁmﬁ%m i _xt " m| ~ MXW % oF =
T iy o s fui® oo B = T T
Do i ..VA@;AEE_ p PTEERT
T iy % g ;@i ;o =
o Wm oﬂmw.ﬁ mm..g N\ ‘!.@ \n i “,.mc 5 ® £ er ﬂﬂ m
TN o o O .m. # ¢ O g 2w
) E Y & im E y mv KO Ay o~y O
o° g o VI @w Ul o =y
I = % 5 W o
= E 3 o) I T Ry
"R A 3 =g o TR
T T g T o~ N Fm o
) & g o T M
LR e & § VX g2
oz T 2 ¢ T i
i ¢ -y 5 & oF oy
™ ® T | = o E
oy % e a & X o M
NN 2 ~ B iz 19 a = [
bo Hr M- % = u = w2 z8l=¥ &l = A o Hp o X
T — = Tymmle 8 5/ NS 2 4 X ow
RS S5 B %o 24 | 3 B E S o oy
e camlg (Y gt S zhex,
2 = = T N
of T mm % - m_m /]\ " = o = =
PR = B x 87y
e S 34 o T T P
LT g I g M
oo No %o~ 8 mm K e
Mo Y % o R
Bl oy o g Cwoe
@ﬂﬂﬂu | . ® I A B

_46_

et 19 213, 19 2149 2o



2%

Br
5 <+
4k 2
7 : T
= = _._H_
3 T Flo Ao t b
K — oM Ho 2
<k gy Fo ~ [
3 m W B & "
X il T ar o )
ol i a0 ol o S
o o 50 ED =0 (o'
Dol | XE| mE | B S
Do | (| Wy TR R T
o
T g0 i
&+ ﬂ_.. 14 F <N
IR m o o
o Hu = T
o b o
=<r

83&

MYYE MEE

<319 2.13>

|
|

o | (K

= _|» = |8 2

o™ | =0T Mol._

ﬂu-t l._uu..um_. HM.__._._._

M_.l._ _-._im—. Of =0
m | ap oo | Zo Kigy

S o D EE AL

of 1 _'.__ﬂﬂ. X uo

e

K e

o

ol

<k

ord

HYME (S=2A4d
HE4BO £E BALHA

=X U QY

54
2

<Ay 2.14> MABY 20E

AT A8

&t

_47_



o 5 Hofof

U H T B o
moOR K To of) T U
CER T oo M
B o AE 6 o
T o— X ,.,m.x_ﬂmo,
_EWOJU_M &omélnﬂ%
X ' '
IR " R o
y OB D
= o P T X
r ‘mﬂ _ X HT
K4 %AT S W
£ Thw BEhwE
£ _éoon_o\/ 1__/|n_Um_|.c|
22 PEE pm®
= " Yo ™ ﬂuﬂoaaowc
oW =T o H S
£l LO?Z.ME]EE_Eﬂ
ﬂwA ~.UIX.X T
= o B
A & @ ot AF o ¥
- o ® oy ¥R
o =
= T = K x = X
M Bk o XK T =
N N
.Eﬂroﬂﬂx_vmaﬂmnﬂmﬂqor
S ot F AP BT o H
DNy W
— B- R
™ oLoLlﬂ_.oWHTo_a
~— N -
B W e 3 R
T by T RN
Ry ol wos®
o RC W H No &

A thd 2.16).

[€)

SERRE
— 48 —



G Y wONE oo gy T oo T oo T
woE A TRNERNPSG R o0
TR Yo =3 W e
e I T
AR e SO T = e O
W 7 TEF gy B ROER  RW
o K o oo o B F R g WU
n
“mHw I
Uy ;O‘;N T ‘_Ll‘I_Hl o._LO||__
_ EZ o HE T em R EY L mE
TN o H._.JI,O_ Xﬁdﬂ__o 1l i o_u_.lrMmE
e R0 XD W R~ oF g s o o
= W o= M m or M BX om0 o & ok of
R TRON: sl e eEx® 5 g
Zu i r Mo g W - X Bl o
S o o = T o oo
c o ,UI k) JH o :#E Z..ﬂ N o = A_l WK o
Mo T W B O® oo oD o 2
= 7 28 g , s A R 8 X
_ ﬂEXT%A_o; A_lmiﬂ_.u_,ﬂﬂ%ﬂro i & T
£ o = : — ~m R m =
g YT xS oW .Aﬂ%wﬂ &
E DN = | e T 20 K< 9" = % X
a3 X W ® oMo & e ook ¢ Ho up F
6 TOFT _o Zmosow_ TN w omEQ
S T8 o 2L EMBT g K<
N om0 g ﬁ,ﬂhw X MO ow oo Mxmd - 2
e S WM ES X T o 2 KT o
g < o o~ X 0 oA H T o T T R
Vv ~ =~ ‘ZL.oﬂ_HZJ.LI‘me _uiE,._ K =
XN AP N ~y RO E & o o A = = OF ok
™ o o o X, 90 T . F o Ko<l I+
oW DEigNa® X gw 5 =
M T B X = Hﬁz. iaﬂATﬂ_on;a .Eﬂ%
KT o = 2B  M8ERT i K
% 5 KM T Py o T ko
So e 5 o) ~ W= Mo 2 ofp 50 =3 ™ 00 K{ i
ER e O ® PR W Z o T FRIJ
B e T T METwIE .
oW g 9° 3% K X BT T B
i e N TSR E WK TR

_49_

g Walkway?l 2|

© 2X OI’3X| FH2

2

o



Sian o R)Sk Blitvie uRBie <LTT BT

_50_



Hem =2
| obels} zro]

slold o g7)%e &

1

=

44

]

Kl

(th) FoA
o) 4 54 of

=

—_
fite)

oy

oA HAE A

= ANMESHA M

ol
=

oF

ojn

|3 2= 500 ume| Cage

[e]
5

ojn

00
0
K
o

Ho
<r
=
i
o3

€2 100 m' FEA0 m’

H| o

A % -

P
T

2.3).

hyA
ar

ATk

st on A

S

°©

(B 2.3) MHYS HIYIN AHAN

Al

2 A 2 X

=

(1) BRI A AKX}
A

e Ao=

S

]

2

I

6 set, 20 m' 2 set)=

Sl

S
=

20 m

_51_

HiZ¥ZE : 4.0 day
|4 Package Type

10 m
E Hj¥x : 25 day
(2) BREKX ME2A

2X Ag=s
M FAIZE




 DRAIN

_52_

>

c

ML 300 Lo

o O#E ,IVI —= i E
& o H o I lW of T
A X Woor X W
— — ~
N 7 o? ﬂpﬁ R o NME .
\_M_Oi ‘mvl OO MWM _lnr_
s H i o o= 1l
K > = o pig _ o 5§ M
ﬁE @© © UT.E IR Ire)
o o o T oo Ty o g
< < —_ ° L =0 .w - -
o 5 W o g =X H L &
m_uLO oI o OT 5,0 i = -5 1&! o o8] =
o E = o Al e H ar
A o ol A T B A= ,
£|= g8 THN T T g
dﬂ m 11 m 1 J_'NO OW EO —_— 11% ;0
H =3 S| LS —~ o = R ¢
lal =30 I Dol < g v B o W 0 N
A gk T | e T 0 o o m ol
o w |7 = ® v | oH 1 PR B o
«  B|alE sl o T
y S| ho| S X %o T o W o= M
ol do| E | oo| N S I ﬁ
o ok wiglalr ° M = 10 L]
~N I ERIRIK 0| T o
o~ = S L B e L e
s “ i I W ﬂ” S - = - X
~ " a B - o
P mio s & PRI
S oo |oe| . ™ o RO =
" o = s1| e M % Mo wx |
< M oF | B ow M X AT T |
o~ X - o w L oo W% %
g w o | K| A o X < X T ;
- o OF | fuy| ok | ml 00 L Y iR ] ;
0 J_,mo ol <l |on| =l b\_ ‘H.Al e ‘mﬂ HT O#E Efl n“mE /
N Okl |okE| ™ PN o T M o x
o T4 Howl  ~ o o N o =
= o - B R T ooy W A ) “;o N Mo S
i K | © I B 0 <k L
~ = = L JXI‘_ I~ Lt &N J
N o ERo | Egol o T ol R ® 3
- SPIRY o g T H
o i I BT M
B o &8 ® B © a

clY 80um

=
o

SSHIYX ol



(B 2.5) 24X AHeL: A 2UinNA

a4 A4 x4
7 = ]
10m’ 20m’
Soloat 1.74 £/min 3.47 {/min
HFAIZH 10 min O] 4
mnogsf 0.017 m' O] At 0.035 m' O] At
<! 1.0 mW x 1.0 mL x 0.5 mH
d+EHo 25A x 4.2 ¢/min x 029 kw x 7 MH
- 89 Hj 32A
- SSHIY=X 0|8 32 A
A A - AZHIYX O]&E 32 A
N = - 9MEs IR 15 A
-. DRAIN 5! OverFlow 50 A
- 22| 25 m(FHF 80 um)
(th) AeZHdaE Mgz
AEEFAE g AAVIE AFAIZE] 256924 AESHAEY
}AzAE selste] FEFAS 05 m oY B fHeta TR Az
SRS ¢ JEE AR NEE F2E SATGE 26).
(B 2.6) NSEFIAE HIYRE MHLQL N 20NN
A=A
T o2 Hl 1
10m’ 20m’
goloat 1.74 ¥/min 347 Y/min
M= AL 2.5 day
= . , FUFE
nogsf 3.125 m' O|4t 6.25 m O|At o
50%
o7 20 mW x 3.0 mL 3.0 mW x 45 mL
- x 0.7 mH x 0.7 mH
Al gar 36 m 6.75 m’
S A - 9= HyT 32A
T - 3 DE|(02%w $FHI ALR)

_53_



—_
0

rvzel

al 44 1/3x] " el Ceramic

)

_(H

A
B

‘m.o

o
%

I
0

]

W

3 FAe 1/3A Al

L

]

2.7, 1% 2.19).

CERAMIC &

223

(B 2.7) NHYE HIYD AHRY N 20NN

Ay A
It

b eh

°

mﬁ_U 10
M w o o
— oF S ol
—7n LN
o 5l N
oF ol
|
IS
< U S
- M © |0 £|E
o= e X |0
S o |2 7R
™ o e X
N
il Q
> on
K oy
J— o < =
471=_ < o %WW
T = L2
" S Ao
= IS [Ctman
£ 5 |2 || flald
- S o LN e ﬂ.tO_H .An_
EIS " Lo oo
2 < E xS o il my
N o |2~ |3|%Fmm
— o X |._.A... <
= | E <0< e
i TS
2 . . . .
nio | N a0 Rl
14 N Al X
; o_”A_ﬂ A
ol = i
T ok = <t I+

P Falal-lNcl) Y

G ITELT S
< oRAIN

Ofu

<33 2.19> MYy

_54_



—

A2

2 FAF A

3 74

HARAE MEFFA A

=il

AFE

3.

T

B

3

&

]|

Ae gz 449 349 o

AT

S

K

=
Tl

8&_

E 28, 11" 2.20).

] 2~3}

ato] dA WAS F

T

(B 2.8) MHYS HIY'IN| UL JY, 2YQ2 A s

T 23
ro = 3
o n = K| zE |
=3 IH © 0 F|
%0 Slom| Ao | fz 1o =l & _Lm
00| K| 20| | K o | Ho K X |on
F ok 2| ko == R | % X og | (3
[e) =0 = A_l oll_m._ 20 <0 = o__._._ - — | K[
do| B |30| 5 J1| o SRS t+ 2| o7 5 | o
ol R Hlu o | Ho " = |@r| ol <k Sk me| B
— — | O | SIS H ' —|F N
N | Kluw Bl _| ||| s|%|lo|d HIZK|I=|2] |
Rl ou| OF| _| X || K i o 7R T v L R N (L ) =
T A el B Y B TR G e e S T T
_u._A = _._._._L - E._._ = ._.Ano E._._ = | = | 5| % = ...MO LN o | =
M__.l _ ok m 3 m IH | o1 ._AH_._.= do| ml | K4 T | T |<d| %0 | ol = OF | = | ok N K
R x| a0| g o o | & F | a0 | ar| o) ou| o o ow| | w0 = |o| |
K KO [ Hiu | o | Hu | = {F|{=<|Hu|Ip| 20|20 ¢ |20 Z0 00| A DR 00
<F| HI | o | ofu | AT | oj | &r| o | & o | oh | <F | R RM| S| &R &R [ KR |3
| E|ok|zr |z |®|ok| ||| o0& & @ | "R RO <F|oE| & Hr| =
A
© © m|© 0 0
- =] | B (ke
H 4| @ Rl |@® K
N EINEE R T
o“_l_m__.__ o E__ilo N %E__é__ﬁlx_a.&_u K| K
70 oK | bl m|© Gw_n_ o :._ov K0 | OF | 70 70 | OF
|| 2w | Mo o ) By = | 0| o | o i | B oo o
AR | <|(m Hu| 0|5 | ol | Fl| KO | K{ | Hu| A Z0 <N ol|OF|Z0| 50|l | &
ol | OF | E |70 | & | of | &M | nE| | uo | | |oh| X[~ | &M|do| 7| Ko | &M 3F| T | OF
oF | IF| & [ M| = | <r| & | om| ul || /=& | DR | 2| <F|Ho|®I| | ul || &= | HI| Ik
| 1 1 1 | | | 1 1 1 | | | 1 1 1 | | | 1 1 1 1
il
3 K ﬁ Ohu
| o a %o Ki o K 9
ol P i 20 @ Zr o0 @ ®
o ok <F _“__Em.nn T @)
on o

_55_



il

WL 500

WL 1,000

<O% 2.20> MHYSE HIYIN Y=

St

K
o
it
<

ol

Al

—_

<

A}
N

i

o

B

o
W
o

oF

o)

o
B

<

o] AeA 2

i

e
B

o
ol
by

!

o

el
=0

H} 25 mm

o
‘_Iryl
o

S

_CH

&

S

A
A&t F71H 02 2F Al

J

A
=2

B

ol

el

o
cy
o

_56_



Hjn

K
o

—_

<

%

Ho

Gl

e

—_
fils)

pase
B

ﬂwﬂo

FaAlk 4 50 em o] 8k

S

SER )

=
R

B

ai
<

i

B

M.

—_
fils)

e

2l
Al
!

AL
OO

2!

L

& 4

98l Ao 1/3x -] Erel 1

al

g
Mo

_57_



STS

1

)

=

o

+ 4
1.0 mW x 1.0 mL x 0.5 mH

(B 2.9) 8’38 3 QAH|

g2 SHAY

=N

70
H |G v 2 E Hl Hl | 5
| o o A fd
AT A A AR
T - - e < e O LA - R V2 B I O
FH o a E < |2
wm
T T T I T B O T I T I T I I I T I T I I AR
= T
T |z
- el E|E
X © | @ | m
2 ° |2 g | -
a4
0 M_ N s | N M_
S| S|« |<|<|<|<|<|E|E|°|<|5|2|E
-~ o~ o~ o~ LN o LA o = o~ o c | o
m QP oo ||+ || R | & E | Q|E| A
> X ind NS X
g o
(@)
S 2|9 n |2
N IS - A S
-~ A -~
o < LN
< ~N | Y
S x :
Al .| 3 1| B
do|do| BT do | K
ol lwm| @ o|a|B|g|® N| | @A
oo | @0 H|F Ho O | K| K| K| &0 |y
o |3 Kip KL qp | 2 [ 30| g0 | i | K| OF | 2| %0
ol | gp | R0 | o1 | 60 | 0 | o | BK = | Ko | 90 = | F
ok T ok|F| = & Qo= E) o | X | =
| 2| 5| AR
R | n Al
a) <+
4
X g
ol [} OO
of p) Hin ==
o o
r

25 A
PVC
Ceramic
STS, PE
STS
STS, PE
PVC

1
3
1
1

25 A
250 mm
65 A
75 um
65 A
50 A

25 A 0.12 m’/min, 0.2 kW
— 58 —

Blower

Air Hj 2+
DRAIN




2%

&

2013.4.8 ~ 5.12 7+#] & = A o}

-
R

A]

A

O

3

w

A7t ddHeE 7 2FAE

ral

AA AR A E A

1) 7|Z2SAt

(

S

Lo o=

]

At 7

3

A el AA A

14

£
°F 60 ¢

+ 2013.4.8 %

A

m

=
=

*E

e

d

A48

Sz 2.21).

5

I

ol Wolx~g A=

: ol

@ EE HA

® 7% Hlo|A M

<A 2.21> |

B2
HH

]

FATH g 2.22).

)

W o] BEXWER 7t

_59_



SHEXTA| ==LX|

i
10
o
2
1
0%

0
1
0
N
>
>
4]
H
>
%
F"
+
M
i3}

111111}

N F - W

=kl

T
“a

<3d 2.22> &SN N3

:] 0
§ 18
Tz
LH |2
&1
ol
.
(L]

A
il

100P

L1
O O 00K

[feest

_60_



2%

(2) BiEX HEEA

o
A
el

el

okx W= A}

Ll

313

Ave} 7170

Hj ¥

FATHH 2.23).

AR D

&

7

=]
=

A

A&

o

® H

<Od 2.23> HHYIN| NN ANy

_61_



o
=]

<3 2.24> HIYIN AN 2

_62_



._ |

HeE =

FRATH(ELE 2.25).

d|

EX:

w
“
!
.” m
'
{
!
m
|
|
d
:
_ﬂ
I
|
|
m
it
1
ﬂ

ANl N ANLE

Jyn| Ay

<3ag 2.25>

_63_



)

=
=

t(Z|

=l

72 A8

A

K| =ZURIS 2

A
AL

Ao AAEol Fulel =AE FE(EE,

=N
[¢)

2]

)0

Ak

A

ol
g
oy
<
Mo

—_—

0

Floating Island)= A

3
al

ko] dek A e 25 MG m x 5 mE X

-

(=t ANIANI(R)

Fay
=]

<OY 2.26> YRUY N ASASY AN2

<d

OH

(5) Al

]

E S

7}sll

4

S

A A

|
ojn

o)
olo
!
o
o
o

el

X7

of

AT Al

]_

7| & 7|t 7|AEE IS T} Tests Sl

<o

1T

=]

o

e & 2o} Test AA

oo
==

Z=0f

HY &

!

2
2

| timerE Edf| Settingstd 527t

ol

E]
=

-

KI

&

K

OH
%0
oK

kio
pal
ok

=<

_64_



A48 WFIA A5 AA

i)

4. %

)

ZO

El
N

N
H
B

o

o
i

%)

~X

]
H)
R

Fiet. A A A o A

g

A 7}

=
LN

o] 9m7}A]

O

=0

OF %

Fed =

d|

o}, odrct Agel wl

3l

e

9] upgrade”}

3 X
) el

EN

Nlo
)

ol A 4]

d

—~
file)

G

Uy
0

ﬂ
4r

o

o

M

il
JJ

A
BR

Gl

B

{|o
<0

Hm|_

WA A5 o

=
=

TEZ Ao

Ho &
mh %

—

)

—

O

o —
o 0
0

o %
M
)

T
fo B

HoA

<.

)

\A

{lo
<0
ol

At

o
-

~
0

il
<

o-

_

<
o

—_
fie)

~

Tzl

el

63:

Bo

oF ool

I ESe= 13

7Iggel 2 wA AU F

2E

b sagkel s

5|

A7y 2

PN
T

pEe

17

Z
vl

Ho

o)/
@

g o vEhd

B

_65_



A

o

T

A

KMTE RFQFFTN
) o]
vET. thegiow
qwﬂﬂM ,__Ao] ,Dv&rm.MWm
g L gl MEH®RM
Z..# .AOE ol Wrﬁ X X X EW.Q C-_
LL@%J:NO‘I qq%._:._n_utlllo
OO‘HOIO_EO ﬂwl‘m,x‘mx X
) o iz o W
= 7 NE T oo OO
=2 Kl o Y | WE ﬂﬁ s
N N B - B i
"o 7w No mp O N o=
& H iw_,muoru_.nh
3w oo X OB W
oy WK mow O
ox =1 — H_T_ :i fite) ‘WL HT_ = Of
®o o W or S
® JA oo B
gy oo B _ N g
~ . mwg ¢ R Y
=8 T REE o om
o = K R~
oy o N T ook B8
mﬁ}ﬁamﬂaui]_s ~ % S
ﬂmxmﬁzﬂwgaﬂuﬁ%
e - Y
TRl e = S )
lloﬂul.l_mia_u = o 0l
= gyl i LtoLéo
HT._ ﬁo_foLiO ,.LL‘L'
T oop o R Wy
i RN TR
gor S® e E LMy ™
. ¢ R— ~
%ﬂ%ﬂ%%ﬂﬂ%%%%
~ e — o Uﬂqu.El_a
o EN T B g B
Hﬂwﬂ Sy e ©
N RS ERwTHEW

G A (3 mm

-

R

- 2(R)
AL wl Fzo

E

S
ol

_66_

<ad 2.27> 249 It AN W)
Pl oH(TL” 2.29).

O]

 56%, 23)e AASAIL(LY 228,
4

[e)

=



Mg =2
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1

~ 0 pg/L

Ostracoda

{

Moina weismanni

40-4 ug;g

Daphnia pulex

~ 317 ug/L | ~{0.7 pg/j

Daphnia simiolides

EZE2HAZ U — 1
Chl-a & = 100~200 pg/L

(%12t

Daphnia pulex

~l0.16 pgi.

9]

imocephalus ventfulus

Si
~0{68 pg/t| ~0.5 pgj

ZR NN UE - N

(Z7] A
Chl-a 5 & ~30 pg/L

Daphnia simiolides

<™ 2.34>
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14 pg/L

8
FE2 242{%l 0.252 7pd(Lurling, 2003)

PSP
(e N}

= HH

4

piE
o

similoides, D. pulex, S. ventulus)9|
o M MEEL HERF(Microgystis)?t Ef

| Z[CH ZHH

ol

dN/dt = tN(K-N)/K

ol

)

o
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200&
140
70&=
40=

280E
180
100=
60=

3008
260E
140
80=

(B 2.11) Chl-a MYIY MLEN J0| IHE HIY'IN 72 LAY

a

0
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Chl-a 5= N

200 — 35 mg/m’
150 — 35 mg/m’
100 — 35 mg/m’
70 — 35 mg/m’
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<3OF 2.36> HHYIN|Y AMYPEN(THA M™HBEN(SR)

(2) =& 24 AXt

(B 2.12) MY MHQAL N N AHUN

T = 448 2 4 A 2 Xt
- Y4mHm 1Al/1X 2 350 w, 11 m, 200 ¢/min | - FAEEZH

o - 22)9k 1TAI/1R 0 500 um AHQIZ|A HAIZY | 1.0 mW x 1.0 mL x 0.7 mH

aox |- H49 R 5271 Qo dHMEl WY | 05 m fEY 05 m)
O MESHA| H= MY A=z SYIAE HY | - MFAIZ 0 10 min O]
X2 2 0|5 - oQLeak: 3697 {/min

- FABY)

AS - mHEFET JAI/1IR 2 200 w, 9 m, 150 £/min 25 mW x 45 mL x 0.7 mH
EY3E |- YAN IS @50 IR BEIF Wop M| (675m, RESH 06m)
HQZ | MUZo| MYl UK YAl IS - HFAIZE: 25 day

- ooloar : 1.87 {/min
- HZ29F 1Al/1X : 60 &/min, dHMEO| M
Z0| a3t MAE HEUE HIYZO F | - 14ED)
57| 2|5t0] AX| 30 MW x1.2 mH + 3 mW
HEME | - MK 441 0 DYAEH, 22X | x 07 mH)/2] x 54 mL
HY F & AAME D sHo wHtE FHoE HX| (20.65m", &4 1.6 m)
- Hbs=0F SAI/IR C HIQFR AMEON 2 mW x 1| - HFA|ZH: 40 day
mLE HZE HEUE X dHE= | - FYFE 0 3.59 /min
0.5 mW x 0.4 mL 24 Itz AMx|)
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], FA(2.905~7.983 mg/L, Bt 4461 mg/L)E T Z$-A1(1.328~27.106 mg/L,
T 5193 mg/L)el =A YER T AgAelA = 0.851~7.961 mg/L(E 1 3822 mg
/D)ol WMel2 HAARG 9 dElgten, iAok w2 FA1(1.970~7.601
mg/L, 3+t 3935 mg/L)ETt Z+-9-A1(0.851~5.135 mg/L, vt 3544 mg/L)ell 23]
2 SA et

TP= A olA 0.138~1.818 mg/L(Bt 0419 mg/L)e] HMHAE HAS
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0.711 mg/L)olA 7HAadte]l -137.7~880%(B 19.0%)% AAZES miﬁ}
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dol =& AFA, AR A AFAIT A Ee F&o] Wl AAAE
frao] ddd Ag, AALE WFFA] FRIF A Zol AFAY F7t
S0 "Bk Ao &Aooty W, FFo f71E e dEEdo] ¥
2 75 cageo W HzeEte] EFES WEFoEA] cage W FAX
AL st F dom g ol fig fA A E As}slor st

T 74~188 T(B+ 145 C)o HHAR yewton,
A=A ao=w A Faste AFS B, CD-Cl2 Hit 145 T,
1 Ht 1

45 CT=E cage®d #ol7b gl <l
146 C)Z cage W<l #ko]7t A<
ATt

DOE cage WollA 51~164 mg/L(H 120 mg/L)2] HHY=Z YEWS
o, 2 Qe dxAIZEe] 0.6A17 /Yol E 2013.11.15.0 H+t 55 mg/LE
Hl AL ALstar 10 mg/Ls 2343t th caged® CD-C1& H+ 119 mg
/L, CD-C2< H 12.2 mg/L, CD-C3> H1t 119 mg/L= & #ol]7F gl o
o] A A<l CD-2% 69~164 mg/L(B it 126 mg/L)Z cageR T} Tha
=okout & Aol= ST

20 - 11 -
~ 15 10 4
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g 10 1 o cp-c1 I 9o
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2 51 —cc 8 A
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ECE cage WolA 322~400 puS/cm(H+ 350 puS/cm)e] HY = yE:
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Cage Wl AEZHAEY A AE 279 2013.10.28¢] Hi 7.0
Hl&) A% $7]9 2013.11.1100% H+
39 x 10" cells/m® Z7]e] nla] AT PolAE AL B £ ggon,
Chl-a= 2013.10.28¢ 33+ 1479 mg/m’, 2013.11.4°1 3+ 1483 mg/m,
2013.11.11¢] 3 151.7 mg/m'= & o] S Holx] ekokrh(1¥ 253).
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Q1FH B G40l vrop Aolfrel wEH A 249
A, wwAdn 5 AHARe dEse TR RED 4 I
FovMEoR AR fdo] AT Ao d4d % Fo nsHow
=98 5 v

A

F2& PlolA 17.0~29.3 C(Ht 239 C), P2olA 17.0~29.7 C(A+
237 C), P34 168~31.2 C(H 238 C)¢ WA AgdzxaAd & Ao
b A9 gllen, EpA A 169~30.0 CT(H 238 CT)Z AFAW A7t
T2 ZolE A fAATh

DOE PlolA 55~204 mg/L(HE 127 mg/L), P2olA 58~19.8 mg/L
(33t 126 mg/L), P3olA 47~21.3 mg/L(BF 126 mg/L)e] M= Az
d DO ztol7F gllem, BlXE-E 54~20.1 mg/L(BF 132 mg/L)= ¢l&2]
B A&AA- vlE AFA dellA] tha EA UERETH

pHE PlollAd 82~10.6(F 1 95), P2olA 82~104(H 9.5), P30l A
81~104(F 96)2 HWAZ AxAY pH o7t e, gxHLe 8
2~106(3 ¥ 952 AFAW A3 pH #tol= A< lAoh

EC+ PlolA 383~618 nS/em(B 546 pS/cm), P20l A 384~599 uS/
em(B 1 542 pS/cm), P39l A 383~614 uS/cm(3 i 543 uS/cm)e] WY = 7 g
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AbSE S BHY
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125 mg/L)=2 YEFSTL
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7he P1 AR A AT EE7F & ARG %71] WSl S, ventulus
o] A P2 A AHA EXHRLG AYHoR =2 AT DES e T

AFAEAS] WA & Pl A=A /H(25 m), P2& A& 27150 m),
P3= A=A 4701100 m)2 WA S 99 o] Fo= HAAEo] ¥y = CD-1
ARE AL ebxgol vls] A=A S ventulus®] NAE D=
7F = ‘/PE}‘)":} O]J‘”%’é HAA ] w2 JhA T “E]EE S. ventulus7} <l

ERRERE 73% 9 AAAE DA AAAE AEAZ H5D A

- E
U FRAN £AIRA AAE 42T+ e P2

Ll
=

- 100 -



3

EE

R e D

3l

Kl

4.

il

™
&+

7] wiitel HHS Tastth i AaA e

)

™

o

ﬂu.o

o

of
B

=
"o

ol

£ X

A
[—

2

$

Ch. 2217| 2i8fM= 22/%0] R XA Lt

=l
50

SN 52

3E HLZOM By

=13
=]

A

=y

e
o
[

F2|8HOF

prul
—

U=

(o]

St
st

.
o

| X =300
X X|SHof

o
o
=]
x

o HiQFZ= LHOA HIE

o] A= NAFE Ad WAFE 35

=

oF

il

=]
=

A

]
A

a

e

%
2|
.

2|
.

3

ot

k)
yl

- 101 -



Al BiEEX| S| THMz BEES 2{ofof

100 inds./L

| -

—

MM 2

.I

=

]

9| 3=0
C}.

F

—

e

o Hi K|S
(s}

SUBTAK| =EUR|

o HO

e

ol

ook

Of =~HtE|0{O}

~
=

Ki

O] XMZotct.

11 2{s}|of

ujo

- 102 -



Mg =2

A4 =zA) &R $4 D AF B
1 2 A5 87 % 5204 54

b EZRAFAL) £ BY B

L 71 A Mg o
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G712, A 2 XA ARE o) Estd o, AFs Wil daw
=3 A FA 71Nk A BE] Al 2~ 8 (http:/rims.ekr.orkr/) 2] AFE&E} AR
&to] 2013.1.1.~2014.12.177h4 2:6d3F £S5 AASEATHE 2.55).
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: 20 | ESReY
R (L L M TR 2013 : 2014
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B FMAMIJASOND JFMAMI JASOND JEFMAMIJ JASONDIJFEMAMIJ JASOND
Month Month

<3O 2.55> mOIMLN WY N ™

-1>
o
2
a®

H
= R4
A~29¢ dale] 7ee ugov 59109 NEIFaEe] A

Ll
AZF F A4S 20139 10227 m(ZF-$L9S 1189), 2014 984.2 mn
(T 129)EA, 45% o]7+e] 7971 7~949el LAt =dl, 2013l
= 47.1%(481.8 mm), 20149l 50.9%(500.7 mm)e] -7+ HEskd .
A7F F XA 201333 20140 ZHzE H 654171/ (2,3834]
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SUSHAK| SXYKS St HAMS MBI A7D UBSHED)

), BE 642H/AQBEA N/ Doz = ol
2 JFGFE B TR =
o ]

4, 20 A
Joll -5 e 3 iﬁ Xﬂ%@}ﬂ
2 22~100%(F T 747%)= 7
H, 53] 7hed ARt Adedv. 201834
oleh(H 1t 354%) = Fasto] 11130 HAaX|Q1 22%7bA] A shE lew, 2014
doll = 11.65-8 30% vIRH(HE T 23.8%) 2= ZHAskqinh. o= <l 1A%

1

FA(Es ddel)e] Age@dzt i 95.7%)3F Hlusto] & Aol
S HAth o2l Ags Hae AESTdaEs AHYES seIHAE
] J]*Jﬂ 2 AR HAE FIA7L, o= 9]

H
A ASA frEw A AAAE AR @A A adew 44
3

zAFA 9] FHolgsty EAS #A387] $1%ke], 201338.~
2014.11.1829] 7]17H&<t F9H(CD-0), T4+ (CD-5), F+&+*(CD-11) 371 A
oA =2(W.temp.), &E423(DO), Fhol2F=(pH), A7 A==(EC),
g}t A Ak 2 F#(COD), FZ A&(TN), 2 (TP), TN:TP ratio(N/P)<] &9
g =4 RUHYS AAIEHA

<7H 42 DO, pH, EC 54
& 33~343 T 205 C)o HIAR AdE Wolg HIow,

6}%—;!_71%1 6~99 L 25CE 278l 4LV 2 YET, 20139 3.3~34.3
T(EF 207 C), 20143L 36~31.4 CEHT 203 T)= Yeryth AAAH
oA FALZE o] Fol 20135~2014.119] AHE $2& FIE(HT 205 C)
of Hla] FSF(E 209 CT)¢F FEF(F 21.0 C)ollA Blud =4 e}
fra=y

DO¥ 0.3~23.2 mg/L(E 3 124 mg/L)e] HAAZ Z971(7~8¥)] 4H
A7l 5 mg/L 9o vEE Hol AS ALfstH HE3 FEidon, 2013
H@e 16~21.3 mg/L(F3F 106 mg/L), 20149<L 0.3~232 mg/L(HT 136 mg
/L)E UrEM CAREREE FURET 120 ng/L)7 F9R(HTE 123 mg
/L) FrEF(F T 12.8 mg/L)oll Hl&) wEokoy & xfol& HolA eEdth

- 104 -



XNPEt 22

[ Ry w——

40 12 - 2013 2014 —+-CD-C
—m~-CD-5
30 11 ~ ——CD-11
~ H P
v 10 i
~7
o I
g 20 T 9
2 8
Z 10
7 -
0 T T T T T T T T |E‘ T T T T T T T T T T 1 6 T T T T T T T \E| T T T T T T T T T T 1
MAMJJASONDJ FMAMJ JASOND MAMJJASONDJFMAMJ JASOND
25 ——CD-C 2013 § 2014 700 - 2013 | 2014
-m-CD-5 H ? A 600 - H
20
= E 500 -
=
2\15 L 200 Lend B
A
S 10 2300 - :
fal 2 200 D¢
5 100 4 -m-CD-5
——CD-11
0 ¢t
MAMJJASONDJ FMAMJ JASOND MAMJ JASONDJ FMAMJ J ASOND
Month Month

<ad 2.56> ngiffan 22, DO, pH, EC Y

pHE 72~106(3 1 9.2)¢ MY =Z DO FAFSH Al 7|8 WstkAtS |1
Fom 20139 7.2~105(3 1 9.0), 20143 80~106(F 1 9.4)= e
o AFEE2E FYF(FH 9.0 vl TSF(H 93)9 FE5F(HT 94)

oA tha E=A YERR
ECE 192~666 uS/cm(Ht 434 pS/em)= W= 27|90 wH(4~5
o

)el 500 pS/em olAbe] F& e wel F, FAIN(7~9)el [EL Sl
sk sl g R 300 uS/em We 2 FFAsG om, 201312 192~553 uS/cm(33
7+ 331 uS/em), 2014 309~666 uS/em(33 ¥ 495 pS/cm)= 2014d o] ZAwt
Hog ZFrbstel tebgrh 2t AR AW WEPEde fASIAOL, #

[e]
AHFoll A= WstFo] 474 uS/em=Z FYF(313 uS/em)y F=5(335 uS/cm)ol
vl =2 betged, olv #9oERRH FidHe dEH Gol AA
FEFS F o Fe FA(HF 15 moeE HHE gk 93 o
B3l Wyt 27 gEog Ay
(1}) COD, TN, TP, TN:TP ratio 54

COD+ 10.3~56.2 mg/L(HE 21.9 mg/L)e] HAZ AA A 7] FHE&F
TA7FE(< 8 m/L)S 2He= A4S S BAon, 201392 129~
56.2 mg/L(H 1 20.7 mg/L), 201412 10.3~42.6 mg/L(F 23.0 mg/L)S=2 1}
Btk AdEREE FAR(EHT 21.0 ng/L)ol v& TS o 226 mg
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pSEEHN STUNS A MR SR MR dBtERGE)

/L, F&5 220 mg/L)ol A =A YERS
TN 0.851~27.106 mg/L(BF 4.306 mg/L)e] W= 2014.7.21.5 A<
3 AAA 7 FHEF FRVE(S 1 /LS xFsgen, 20133
1.825~27.106 mg/L(B 4.481 mg/L), 201412 0.851~7.983 meg/L(F 3+ 4.137
ng/L)E YEbsth A7 R BHB~49)0E B 5 mg/LS 2HeE B
TEE BAou ATl g & AFT|Ql bl vl Fhek A, A
AER = FdFolA Bt 4858 mg/L(FSH Hat 3836 mg/L, &% B
4178 mg/L)E 7F =A JEbgen, 53] 2013.11.11°1% Hul 27106 mg/L
M A S 7FeF A Th
TP+ 0.105~1.818 mg/L(F 3 0317 mg/L)el M2 AAA 7] 5
7 FA7IE(< 01 m/L)S =3 on, 201392 0.105~1.681 mg/L(33
0.325 mg/L), 201432 0.106~1.818 mg/L(H 0.311 mg/L)=E YEFETE Al7]
HE2E TN g s 79712 F7he & dAaste A% 91—_—31 o] &=
TPe] %7} o5FH 45 A=ol 9a] 2745 i(An, 2000), TP ®&o] TN
Hoh 99 o "R} 4, 200584 YERdThE Bael A gt A A
HEE FYFoA Hi 0412 mg/L(sYE Hir 0280 mg/L, =5 Har
0263 mg/L)&2 7H¢ =4 vetwen, 53] 2011.11.11¢1= H o 1.681 mg/L7}

2 Z7hhgl ek
64 | —>cp-C 2013 : 2014 12 4 —+-CO-C TS o014
56 | =05 —&=CD-5 013 i
— 10 1 cp-11
g 48 — 4y
B 40 T'&.’ 8
§32 E 6
| el
g = 5,
O 16 =
8 2
0 T T T T T T T T IE\ T T T T T T T T T T 1 o T T T T T T T \:I T T T T T T T T T T 1
MAMJ JASONDJ FMAMJ JASOND MAMJJASONDJFMAMJ JASOND
80 - 2013 | 2014 —+-Cb-C 20 - —+CDC 2013 | 2014
A : —=~CD-5 =a=CD-5 H
260 )
- il
T
-
E4o .
-
= 20 A
0 \||\|\\|E\\||\|\\|\\I 0.0 |\ \\\\|\E||\\|\||\|\
MAMJJASONDJ FMAMJ JASOND MAMJJASONDJFMAMJ JASOND

Month Month
<Y 2.57> IOIYLN| COD, TN, TP, TN/TP ratio £
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Mg =2

S2UA 9 5290F9] ol JEFE WA= AFILEE HHAR
(Fugimoto and Sudo, 1997; Smith, 1983)% &&%+ TN:TP ratiox 34~
739(F 18 1D)E YEetytom FA oy 2387 5 50.8%7F TN:TP ratio >
162 Qlo] Ao F2 g7l gy = 155%7F 7 < TN:TP ratio

2 A AR 290 Fgaich

N
wn
I

m Anabaena sp.

[ Microcystis sp.

W Oscillatoria sp.

# Bacillariophyceae
[ Chlorophyceae

i Cryptophyceae

1 Others

N
o
I

-
w

[
o

w

o

=
o

Phytoplankton ( X 104 cells/m@)
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AL SUSKMPA| SZUXIS ot MHME MEUIS e HgsEE)
ZAFA e ABZFIE] FE2FLS 1.8~2059 x 10° cells/ml(F 1

496 x 10° cells/m) o2 U EYFO

CAFEZ CD-C oA 1.8~128.3 x10°

cells/me(H 1 40.0 x 10° cells/md), CD-5 oA 9.2~2059 x10° cells/ml(3

55.7 x 10° cells/ml), CD-11 ol 68~1425 x 10° cells/ml(H

cells/mt) = AFA TLH<0 CD-5 oA 7Hd A detsth 2013Lﬂ(§ﬂ%

53.1 % 10°

7.6 x 10* cells/md)o] 20143 (4.6 x 10* cells/mt)el]l W& =A YEIREO T,

F oS CD-C oA vda 9A yewn. Al7IEEs 2420 443 6}7#1
o FAER SojM= 8€~9€ %741 UelvE AES Bt d 258).
( 2.20) ROMYRNQ NP NESYIAE QS U WS
v Im Dominant Species
CD-C CD-5 CD-11
A Anabaena sp.  (87.2%) Anabaena sp.  (57.2%) Anabaena sp.  {(89.1%)
M Anabaena sp.  (63.6%) Anabaena sp.  (88.7%) Anabaena sp.  i(73.5%)
J Oscillatoria sp.  (46.0%) Oscillatoria sp.  1(60.6%) Oscillatoria sp.  (78.7%)
2013 J Chlorococcum sp. ((88.9%)|  Chlorococcum sp. {(87.6%)|  Chlorococcum sp. ((82.2%)
A Oscillatoria sp.  1(69.2%) Oscillatoria sp.  i(57.6%) Oscillatoria sp.  :(68.2%)
S Oscillatoria sp.  (60.6%) Microcystis sp.  i(42.8%) Oscillatoria sp.  i(54.1%)
(0] Microcystis sp.  (59.6%) Oscillatoria sp.  i(56.9%) Microcystis sp.  i(50.4%)
N| Stephanodiscus sp. (90.0%) Microcystis sp.  :(34.5%) Microcystis sp.  (63.2%)
)| Stephanodiscus sp. (43.8%)| Stephanodiscus sp. i(43.8%)| Stephanodiscus sp. i(43.8%)
F| Stephanodiscus sp. (68.5%)| Stephanodiscus sp. i(65.5%)| Stephanodiscus sp. i(49.8%)
M| Cryptomonas ovata (40.5%)| Cryptomonas ovatai(68.2%)| Cryptomonas ovata:(48.2%)
A Osciflatoria sp.  (65.2%) Osciflatoria sp.  :(47.1%) Anabaena sp.  i(54.4%)
M Oscillatoria sp.  (67.4%) Osciflatoria sp.  1(78.3%) Oscillatoria sp.  (59.7%)
2014 J Microcystis sp.  (84.7%) Microcystis sp.  i(83.4%) Microcystis sp.  i(75.4%)
J Microcystis sp.  (81.4%) Microcystis sp.  (80.8%) Microcystis sp.  (92.3%)
A Microcystis sp.  (55.5%) Microcystis sp.  i(53.5%) Microcystis sp.  (38.5%)
S Microcystis sp.  (77.4%) Microcystis sp.  1(69.7%) Microcystis sp.  (63.1%)
(0] Oscillatoria sp.  (67.6%) Osciflatoria sp.  {(57.9%) Oscillatoria sp.  i(80.6%)
N| Stephanodiscus sp. (80.7%) Osciflatoria sp.  {(58.8%) Osciflatoria sp.  1(52.6%)
D| Stephanodiscus sp. (64.8%)| Stephanodiscus sp. (54 6%)| Stephanodiscus sp. (41 0%)
T =X e e AHAM thHE @=57(Cyanophyceae) 7} 318}
Ao v 2o 797k Y 20139 7¥€l= = ZF(Chlorophyceae) 7} $-
Aok 4%e Bath GRS Sed A7 F R 49-599) 3
T2 Anabaena sp.7} s o, tE Al7lde dlFE Oscillatoria sp. 7}
LHeATt. 28g, A" CD-11 oAM= Microcystis sp. 7} 5 Ut A3k
Age mgom, %7h2d 119 A4 £95e CD-C olAE FERA
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Stephanodiscus sp. 7} 33t Ao ® vEebykth 2014d0 = B4 7]l 1~2
%Oﬂ Stephanodiscus sp.7} 3% & 1 29 Al7]dl& 20139 22 4

S wolu tH& Oscillatoria sp.+ Microcystis sp.”F $3F o2 eyt

ZUAFA L FEEFAE T2 AFAQ FILs 2 T2EE
UERIY 8 TEEdaE 135 2652 R4S T2 o=

WElsk o™ Keratella cochlearis, Brachionus angularis, Filinia longiseta
5o &8 §EFF7F $HEA K™ 259). A ZHF 2= Bosmina longisristris,
Diaphanosoma ¢ 443t A4 F2 FAst= FTEo FHAH
(19 2.59).

Y & E

Keratella cochlearis ~ Brachionus angularis Filinia longiseta Polyarthra spp.

Trichocerca spp. Brachionus calyciflorus Keratella valga

Diaphanosoma sp.

Copepoda(Cyclopoida)  copepod nauplius

g\ I

Simocephalus ventulus — Moina weismanni

<3 259> ZUNAN =20 xQ SSSYIAE

Rt

- 109 -
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‘l o-dHo

(H 2.21) xgin4enN SSEF3AE NNY 3 Y BT E2(%)
20134 44 5 62 7€ 8 9¢l 10 11¢
=5 | 98627 | 96928 | 94.721 | 95.363 | 90.047 | 85.596 | 96.017 | 98.984
NP =S 0.003 0.399 0.130 0.024 0.346 0.274 0.023 0.003
zZts 1.369 2.671 5.148 4.612 9.606 14.128 3.959 1.012
20144 44 5 62 7 8l 9¢l 10€ 11
=5 ] 99622 | 97.761 | 98.011 | 94.825 | 91.876 | 96.093 | 96.986 | 94.291
X|Zt& | 0.0001 | 0.0062 0.089 0.326 1.011 0.328 0.137 2.676
2= 0.376 2.232 1.898 4.847 7.112 3.578 2.876 3.031
UubH o7 RoJofsl 9 =& ofF ¥ty Hol AR Foz 2l
577 A8 A4 F FelAE 7] 2L AAA T fFAEE &2 A4
| FtH(Obertegger and Manca 2011). ZTth A

Bosmina longlrostris7 A A
TA Y A G §5F T TR FAYs S0 dPHQ) EHAE
T 24E YERUTHIE 2.60).

HH| S2SYIE T/ (20134) HH S2SEYIE T/ (20144)
'Hf,ma% e8aF

245
0.0004 2%

4%

— x|z
0.2

225 228
96% 98%
<39 2.60> zOian sE843E & Y

ﬂJE

ZAF AdgE 20139 49004 11L744] &5 77 A4 sEEHAaE
ol 96%E AASAL, LAF 4% A4/ AAtE wee @

= A]
0.0004%° 1A= AezZ YElWth &5F TolAE 428 857 Keratella
cochlearis7} %7+ QX9 3RB%E AA|H AF +Hs= A= Yesga

B!

e
AA g

ﬂl

Brachionus calyciflorus 7V 17%, Filinia longiseta’} 10%%=
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Mg =2

Polyartthra spp.2] AZEREE 8% = eyt X257 #Zos Fodoks)
FAo| A HsI= Bosmina longirostris?y 71%= $-Astg 1, 2248 &
7Vs 3t Simocephalus 2 Moina2] HilE5 5+ =4 &S Zoz Yerutth

20149 A 29 5E 1197HA 2AME A S5/77F AA 5
=TS A 98%E AASi 2247 2% R 20139 R Eo) =3
I AR A 0.2%2 20131 0.0004%°1 BlE] AA FIFEIAT &5
ToAME &8 &5F< Keratella valga®t Brchionus foficula?y 27y 23%,
= Aoz yeiudg. A4F dHAAE  Diaphanosoma
AR, AQAE=Z &8 7ted S oventulus 2 D.
galeata®) JNFTHEE =4 &L Aoz YERTH(d 261).

o
8
g
<
=
<
3
o

Keratella

Brachionus 2013 22 RAETY 2013 X127 #HEY

valga
calyciflorus e
5%
Tricocerca
Spp-
T
Polyathra

spp.
8% Filinia

7IEt
11% Simocephalu

5 vetul

Maina sp.
0%

Diaphanoso

ma

brachyurum

longiseta

10% &%
Brachicnus Daphnia )

oFxa xRN P Bosmina 2014 A|2H2 AAIEA
calyciflorus 2014 285 24X Daphnia  similoides langirastris 45 2ALd
7| E]
3% 1% Keratella galeata 0% 13%
%

valga
23%

Tricocerca

spp-

Simocephalu
%

) s vetulus
Brachionus

forficula 1%
15%
Polyarthra

Keratella
cochlearis

Diaphanoso
longiseta spp. ma

10% 10% 10% brachyurum

<33 2.61> ZOINMLN SSEFYIAE Y JUS RS

2QASA ) EREGaES 20139 ARREE $YR(CD-02 4%
AF &FFH7F AA AT B 90% oS A s $HsPon # 7t
72 a7Re UEE A% Uit AX FEEFaE URE 109 oF =
7bato] 2013.10.8. 6,319 inds/LZ H)A 2 nglom 119 oF 748 gadt
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d E=UE 2013108 A &FF O MAITIE
BaEe grEe X Aow eyt
F(CD-0)¢] 4% 2013d Bt} 5719 s&53&
Fage WEs el 59, 69 FEEFAE AT} AW w4 5
KR ez |
R AN

0000 | E[JK 4| (CD-C)

20000 -
10000 I
0 I T - T T 1

May Jun. Jul. Aug. Sep. Oct. MNaov.

40000
Z=L X ==X] (CD-5)

30000 +

20000

iy
v 10000
uHJE

i o - .
I'IllIJ '{l— May Jun. Jul. Aug. Sep. Oct. Mov.
A
___ 40000
o = Z=L A ==A] (€D-C)
o &= 30000 -
20000 -
0_ T T T T f— T T T ._‘
Apr. May Jun. Jul. Aug. Sep. Oct. Mov.
40000
Z A =4A] (CD-5)
30000 -
20000 -
10000 -
e B il B B e
Apr. May Jun. Jul. Aug. Sep. Oct. MNaov.

<ad 2.62> NI 5 OMLN SSEF3E 28Y WA 22
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_________________________________________________________________________ ?__'__'___*
IWkAQl AEZxHe] B9 ofFeo xEAgto]l vrotd A9 A 7HF 9

S7tE AN 27 YEUAl Hy 2 ATA o] A e dste] A4

Aoz FHAMA a3E 7H4H & A ool &2 Bosmina longirostris

B AL, 2F 44 SEe AN AGFR AAF Mg e A
Uehdeh weba 2oah A, GubAel SN QA we

3 F2E QMRS AAAE JRRES @ A94 WA
i

o

ZAFA o AAsts o7 T4 2 AUSAES 3otstr] #15ko,
A4 FYF(CD-Fl), A& = FE2AH(CD-F2), AAE FExAHd vy
S QHCD-F3), Zii',\—X] FTEF(CD-F4)¢ 471 A-E AdAste], 2013.3.11.~
2014.11.7744], & 83](43]/9) dFEALE AAlsadt

ZUAFA 9 oFE F 108 175 5690447 s o, Jot
(Cyprinidae)7} 7%, 45 o] ¥ (Gobiidae)7} 2%, v 2] #H(Cobitidae), 5 AF71 2}
(Bagridae), "l 7]12(Siluridae), &AFH] J%(Adrianichthyidae), =32
(Synbranchidae), 7 A -2 3} (Centrarchidae), 5A}2] #(Odontobutidae)2} H
5o #(Belontiidae) 7} 2H2F 184 AFJH A ol & oF T ol 77
7% 5587/ A(982%) = @A Hst= AR YEyEd, doji ofFe F
F R Hge] 2A UEYe Re A - gElE 52E sl of 24 5
A3} AR FeH(A, 1980; Lee et al., 2008).

$H1Fe 5ol (Psuedorasbora parva, 477%), oF¢-HE A€
(Hemiculter eigenmanni, 23.0%)% UElskow I 2tv]|(Zacco platypus,
11.8%), &°ol(Carassius auratus, 72%)7} +2 $AFTSZ YEST. XA
TFA= FHAFTH obAFol HA ofF e 5% ol s AAGE A4

st Aol dojue Aew glElon, ojgf 2 A4 F HFEs)
AdS BAAY T4 dubAl 540w ddA dtHAH T, 2005).

HEgol TS AT A E (AT AT AHERSTH)E A

2~(Micropterus salmoides, 02%)E W] &3), gl gt e A
wero] $¥E = wWRo|(Carassius cuvieri, 2.7%)7F &8skl & 29% H| &
= A las & ATl AP EA e, AR WA= 147~225
me] Aol 7hsdk AoEA, BE 179 s gl ~19Ii7tA Y] s
Abgketn, R0l A X0l E BHEsE A4S 7HA L 7] Wil (A g
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SUSHAK| SXYKS St HAMS MBI A7D UBSHED)

2002) ¥z AT SR Ag AFA] AHu(FE dest T)ol 5 H
At

S I fE2 A2 (bR F), Al (Abbottina springeri), & 55 A
(Odontobutis interrupta)®] 3% °| %645}04 AA 175 T 176%9 F H&
2 et 1HFF v8(225%; ', 1996)E. 0k GAl LERSL

TAEA AZE 2AAE +E B2 AR(EE T, 2008)0 EF7]=el

d

1=} =

oJAG o F AHTH 54 F WAdE EXd w24, 31 9 AR 9
24 Astele Esta T B BERAIE STske AT (US EPA,
1991)0] 99.8 %9 =2 /MASG vl &S X dbid 31 Qg kol wet 4
A A E NRFe A FdeA Zdrt

NUA] 55 Wdste DA 54 FA o mEHEHE R, 2008),
2 F(Omnivores)©] 986% = ©@dl =2 /A4 HE&S B, & - 4E
A& 7HA ¥ AAske FAEFS 719 EEY FUte AR g
st = Erakal o]9F e A A HAAS5oldEs Holr] witoltt
FAFHFEES AHAse  F4F(nsectivores)S 5 AN (Pseudobagrus

fulvidraco), W= %] (Macropodus ocellatus), 2 ] (Rhinogobius brunneus)2]
35 OZNA, 0.7%), o7+ % d& HFs=S JAse 524 F(Carnivores)<
W 7] (Silurus asotus), W22, S5 &AM, =532l (Monopterus albus)® 4%
(4070 A, 0.7%)°] =3ttt

AxERE dol, 5], "&o], &, dgn], A7t AAAFAA
5 S5t AFA FdFEA Fale]l & 4w 2 CD-Fl= 9

2= Al
T 128270 A7 =3kt o, e-o1(55.1%), A2(15.2%), 32 (14.6%), &
°1(11.1%)7F 10% o]/de] FFH==2 FAsHA Heputa = & A4
2 ow

o qut Z3d3tgtl. HHANE AEAHo A rpokdt FAAEo] BRI
CD-F2+= 15%(1,22670A) 0] &dste] 7Hd thdst Fo] AP¥e AHo=ZA,

SAe](Oryzias sinensis), =338, HETo = & A FAwt A=A
ouﬂ, A5-01(48.3%), A12](21.9%), &1(10.4%)7F -AtA YUERST. 2 A8
I Ao wkdsote] $x3% CD-F3& 12% 145870171 &3l o,
7301 (45.9%), A18](38.2%)7F A EA HERTh AFH] FEFEA FA 0|
28 AT A CD-F4& 146270 A (9% )0 83t 71 22 A
7b A E AFo=A, 28(389%), e 01(33.7%), I (17.8%)7F A8}
Al vERSE T
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M2y ==

TTT~TEOTETOC U TT~0T'6°€T0T ‘PIE BT~ LTS ETOT PUT Hm.m.m.ﬁom 3T

TE=hE Y SRR 0SS 1 SERE D S22 ST SR SIL Slklle 2 INL ‘2 2 SNL ‘26T « SRIRDE F
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XNPEt 22

J o1 (Cyprinus carpio), 5-°1, 3%, F&n, 2] 5% 0]
BE Edstgon, duix= 4%, =838 e 53, Dol 8ol
th 1&bol = 5% 47T A 7 Edske] X18](48.9%) 7 F-H 8t o,

7t AL T3 A AREAEH, o= Al71ABE)SE 10
= | 9FE vHE Aoz AAFHAT 23 = 9F 660
dste], AY7t 674%% Ao, 3xkl= 105 2147047 =
El 2(68.7%)°] +H&ES v F7tstde=d, o] A7lde AFA
Woll wbF(Trapa japonica)w:=to] Wit i WA skl FAbol] of g wo] A&}
Atk 4xkolE= 115 67070 A 7F 5akellE= 115 7017047 Edstgen, 2g
= ZF7} 485%, 38.7%, #eole= 77t 33.6%, 308%= A=, e

FTHEF AR SUrske AES B 6abd e 11E 159270 A, 73
105 68670 A, 8o+ 11% 8587 A7t =&t o, 507t Zhzt 64.2%,
67.8%, 55.0% % -3t

FAAE o] wE FHEALY ofEE FEI A oldAlel 9
& T A 6xFHe 2AIETE F7HEE

)

kAT AT E
F7Fek 6~82F AL A Ty ZddAE F 115 143270A17F =435t
501 (44870 A1, 31.3%), F&Hr (37170, 25.9%), 2] (324704, 22.6%)2] H]
&o]l =A delwen oEWoME 12F 1,704MA7F Ed3ke] FEor)
83.7%(1 51171 ANE @A -3 ATh. Ty ZulE o] &3 AP A= w2
(3714, 0.2%)7F, €& &S o] &3S wiE nFeA(97/hA], 05%)<F 7] (21
MA, 1.2%)7F F7F=2 A = Aok

-a W3}

T AR 79 E(SD) 0.18~0.58 m(3+ 031 m=E 7
FYdEE mgoen 20139 0.18~0.50 m(Fit 0.30 m), 20143 0.18~0.58
m(F 1 0.32 m)=E 20143 7~ 8%% AejstA tha Ao e

AFAe] st B osedel o 1A EE b & wdst
2l Chl-ai= 42.8~340.4 mg/m' (B 1464 mg/m)=E s4E&5F 72
< 35 mg/m)E EF ZHstew, AAAZS] 87% o]de] 100
mg/m' S FIste] AW st] Fdglo] AubH o 2FUHEAH £ w2
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b~ Bt e et S R R Sty sy R e
TEE BEATHE 264).
0.7 1 2013} 2014 400 7 2013 2014
E‘ 300 -
>
200 -
£ .
T 100 | —
: <
0.0 T T T T T T T T T E\ T T T T T T T T T 1 U 0 T T T T T T T T T I T T T T T T T T T 1
MAMIJJASO JEFMAMJJASO MAMJ JASO J AMJJASO
Iwljonth WOITE#

<13 2.64> DOMAN| £YT(SD) U Chl—-a #ig}
() ztﬂ A 47 Chl—a94 2013 7} 2014 A7) W3}

F7]13k1 6%(n 56)01] Hat 121.0 mg/m' 2 AEZ e Hvl8)] 31% FAastse
a7 (271701 84 (n=70)01+= B 1332 mg/m’, 7H&H AE7|3EL 10
H(n=126)°l= 152.6 mg/m =2 HERRETH

2014 HAAYE ¥ A 449 0=90)l= B 1525 mg/molA FH 4
E717091 69 (m=112) Bt 1652 mg/m' = v F7Fskl ey, b (W
E717HQ) 89 (n=28)° = Hit 1157 mg/m, 7F&E AE7]| 7= 1049 (n=56)
o 123.8 mg/m' o & A Hel wlsf 19% #AAHAch

AARE A 23dx20 20149 Chl-a9 W3S 20139 7% 2 A

L | )=
A gashe Aow UEd ¥ A%5H AHAE 2L} o TG

A EIAF HE S7HE Ao TE

400 400
2013 2014

w

(=3

o
L

i

Apr. Jun Aug. Oct. Apr. Jun Aug. Oct.
Month Month

<3O% 2.65> OIS Chl—a2 NI #2KH2013'A vs. 2014

Chl-a(mg/m®)
8
HIhe
H[ H
HIHe
Chl-a(mg/m®)

=

(=]

o
o]
=
(=]
o
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EAdS B3 A3 Anabaena
sp.E T
¥al, TP7F 05 mg/L ©l8t=Z vAi vS u 3= AEFS EYth
Oscillatoria sp.i= AEZFIE AEF] 40 x

ratio’} 30 olstY uwj, T TN F%=7F oF 2~6 mg/Le] WHHY w =+
3= EAS WU Microcystis sp.= AEZTHIAE FEZHo] 20 x 10°
cells/m¢ ©]st= H]A yvri1 N/P ratio’} 10~30 HHYY W 2 Fdst=
E4E BYon, 2014do = EdNETF A SUHsEA T

rob

©

30 A %

'-; 25 ' % @ — 07
] ® =5 0.6

£ 20 T
& s | 3 % ? Eos
[ [ ] 0.4
] ° - = o
4210 . ® Anabaenasp. H @
= 5 | O  m Microcystis sp.

- O Oscillatoria sp.

34567891011121 234556 7 8 91011 8
Month

350

300
250 o
£ e O =1
El 2

e
£ 150 ® e
_— &
2 w0 o > =
e
S so0
0 + T T T 1 v T T
20 a0 60 80 0 20 a9 60
Phytoplankton (x10* cells/mg) Phytoplankton (x10? cells/mg)

<3ad 2.66> NSEFIAE W30 ME 22, N, P, Chi-g, AEY HL Y

6 - r 0.5 180 - -
YN =P =Chi-a B
w Phytoplankton | 30 =
° 04 160 | NJP ratio ®
25 E
4 4 - 120 | N
- £
] ro3 = = O -
B o) 5 r 20 X
E 34 £ E - 90 g
= L2 = § 3 F15 S
2 - = 60 - s
o F10g
F 01
1 30 - 5 2
o
0 - 0.0 0 0
Anabaena sp. Microcystis sp. Oscillatoria sp. Anabaena sp. Microcystis sp.Oscillatoria sp.

<ad 2.67> NSEFJIE W30 LUE FYEHF 5
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(2) 2Lt £4
2O AFA 9 Fgdst 54 248 98 TSI #4915 TN, TP, Chl-q,
SD 47) &&o =33 A3} TSHTN)S 52.1~839(F 1 73.3)2 el
TSITP)+= 715~988(F+ 83.6), TSI(Chl-a)+ 675~87.8(H 79.0),
TSI(SD)& 84.7~67.8(3 77.002 et olgg Axe BE FHolA

71#S Z3etE 3o %A El (Hyper—eutrophy, He; TSI > 70)2 eSO H,
53] TPoll o3t st 7Hd Alzbet Ao = yeryt

2013; 2014 100 1 2013; 2014

L e e e e e LA A e e s e )
MAMJJASONDJFMAMJJASO MAMJJASONDJFMAMJJASO

2013; 2014 100 ~ 2013;:2014

L s s s sy s S B S s s L s s N A A
MAMJ JASONDJ FMAMJJASO MAMJJASONDJ FMAMJ J ASO
Month Month

<Y 2.68> BUNMAN| RFLRALR(TS)) 2M(50<Eu<70<He)
2. 5ZA o &3

7F AAABE wF g o] mx2Ao] g3
(1) Chl-ao| Hgt 9 H O =}
T4 Chl-a= 45.0~2351 mg/m' (B 1447 mg/m')=
Uehdon, AEZSaE wjgzo s 429~1720 ng/m (BT 127.7 mg/m’),
44~105.8 mg/m' (1 40.7 mg/m' )= e

A7 2 20139+ 959 Chl-a 45.0~167.2 mg/m'(F+ 120.2 mg/
m)E Ehgon AEZgaE gz AE 429~165.0 mg/m (F i 1025
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mg/m), HAAE wjexzolME 44~558 mg/m (B 23.9 mg/m) = EFS
20143 = FY2 Chl-a&= 108.1~2351 mg/m'(H+ 169.3 mg/m'), 2
ZH3IE W EFE9 Chl-a& 86.0~172.0 mg/m' (H 1352 mg/m'), A&
Zo| A ¢ Chl-a&= 6.3~105.8 mg/m (Ht 575 mg/m)= YEFSTE 2014
Tt SUMetEA AAHAE vz v= TS ohh FUts)
A3 AAANE wlgzolH Chl-as 959 A2ZHaE wWjYgx
HA8] LA JdEbRTHIE 2.69).

180 -
160
= 140 -

2013

<3dd 2.69> Chl-39 sk B}

— |
2 2013
=100 -
o 82.3
S so0
L
£ 60 -
[T}
© 40 -
>
[=]
£ 20
[
x o . T . . .
5/24 6/26 7/16 9/30 10/28 AVE.
120 -
9 2014
= 100
2
o 20 69.7
Q2
E 60
[1T]
‘© 40
>
Q
g 20
[}
X o ‘ ‘ , ,
5/14 6/26 7/21 9/17 10/20 AVE.
Date

<3d 2.70> Chl—a2% Myt
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40
ol
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1
0%

0
1
0
N
>
>
4]
H
>
%
F‘“
+
b
i3}

82.3%, 201412 Ht 54.1% = 2014 5¥ 14l 96.6%= 71 =2 #
AT E 2.70).

o 44

Mloj= 1t
Wato] dis) 43 A3, <)
oA 42~59.0 x 10" cells/ml(HT 225 x 10" cells/ml) = YFEF O™, 10E
BafeFzo] Al 1.8~22.0 x 10" cells/m¢(F T 7.7 x 10 cells/ml), = A=
Zo A 14~22 x 10" cells/m(BTF 1.6 x 10" cells/ml) = ¥ 3}at gt} 20%
Bzl A 22~360 x 10" cells/m((B T 12.3 x 10" cells/md), HA A E
Fzol A 28~20.0 x 107 cells/m (BT 109 x 10° cells/ml) = FEFRETE.
A7 20139 6€ ol A 37 x 107 cells/ml & UERG #E o)
108 A EwgdzoAd 22 x 107 cells/m, HZAHE wjFzes 22 x 10
cells/m & W3latgdom, 208 2B dzols 36 x 10° cells/m, A YE
gzl 1.2 x 10" cells/m 2 WAstatAh FU<F tu] A AE wj gz
A AA FAEP e, 53 5x2E FHA7= 2/ Oscillatoria sp.7}
HeHor A gads AL
74 S9FANA 1.9 x 10° cellsy/m = Ve @& o] 108 2 Ewjdz
oA 33 x 10 cells/m, AABE wFzolA 1.4 x 10" cells/m= #3513+
om 20% AEujkzolA 94 x 10' cells/ml, AXAE wjkzoA] 1.3 x

Z > o2 1

10* cells/mt= WstalArt. 95 v AHAE wjdzoA A A5
on B3 HzxE FEAY = GE2FC Oscillatoria sp. 7F A8d oz A7
adte AL 2 5 AT

99 FUFolA 9.7 x 10" cells/m = JERTE #E o] 108 2 En
oA 3.0 x 10" cells/m, AAAE wFzol A 1.4 x 10" cells/m= ¥ 313+
om, 20 AEu|FzA 57 x 10 cells/ml, HAAE wjFzo A 20 x
10" cells/m® Wdatth. F95 oo AAAE wjFzoA 27 Fas)
ow 53 mFxE FUAIE GE2FQ Anabaena sp., Microcystis sp.,
Oscillatoria sp.7} &Aoo g2 A4 7AstE AL 2 5 gk

20149 39 FYFolA 42 x 10" cells/m = UERG @E o] 108 2
SujFzol A 1.8 x 10" cells/ml, HHHE vzl A 1.7 x 10" cells/m =
wslalgd o, 208 AEuwdzo A 22 x 10* cells/ml, A AE njFzol A
9.1 x 10° cells/mE Wdatth. F95 vl AAAE wjFzoA a7 2

2 N
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;(ﬂzxr 2=

[ Ry w——

Phytoplankton { X 10* cells/ng)

Phytoplankton ( X 10* cells/ng)

3 ®Z2E FEAIE 9EFQ Anabaena sp., Microcystis
P Adaix oz A iste A4S B 5 AdTh
10 HiE= 20= BiY=
mAnabaena sp.
40 mMicrocystis sp.
-‘6!26 : = Oscillatoria sp.
30 4 | | | mBacillariophyceae
s oo | zChlorophyceae
; nCryptophyceae
Mg . HHE
7 7 94.0%
Vi /. et
ABHAE  HHYEHYE < ABHIYE  HYYBEHAE
20 - 20 -
i
10 7 HHE 10 M HHE
04 o i 92.4% ~ . . 93.2%
U+ HBHAE HHYSWYE U5 HEUYEE HHYSHWYZ
"® Jarzo ** Tar30
10 - - 10 -
54 | HHE 5 :!9’;:
| { 85.9% :
o | — _ — 0 5 —
Y= HEYE  HEHYEHYE Y MEHYE  HIEHYSYZE
20134
10= HiY= 20E H|Y=
6 6
3/13
4 4
HHE
2 59.0% HAE
78.3%

20 +

15 4

10

2 4
T T 0 A

7Y%

5/14

;. 5
| 73.6%
1 . o

U

R+

-

HEHYZE HIYYSHYE
20 -

15 4

10 4
HAS

AEUHYE HHYEHEE

A

95.3%

HEHYE HHYSWIE

AEHYE  HIYFHIE =X TP

20144

HHE
86.3%

ASHYE HHYSWEE

<O 2.71> HIYIN| W HSEFIAE nMiHay
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59 4950l 59 x 10° cellsy/m @ UERY dFEFo] 10% A Eujx
oA 11 x 10” cells/ml, FHAE wFFzNM 1.5 x 10" cells/m = W3}st%
om 208 AEwjdzdA 1.7 x 10° cells/ml, AAYE wjFz)A 2.8 x
10° cells/m & Waatglth, F95 e AHPE wjgFxdA 24 F2s9)

on 53] mxE FIA7IE HE27/Q Oscillatoria sp. 7} A8 o2 A7
Arde AS 2 5 AT

79 FYFelAd 6.1 x 10" cells/mE UERG A& 108 A EuFz
oA 52 x 10" cells/m, FHAE WMFzAM 1.9 x 10" cells/m= W3}st%
om 208 AEudzolA 38 x 10 cells/ml, HAAAE wWjgFzo]A 85 x
10° cells/m 2 W3tatgich. f 45 Wu] AGYE Fzolx 2A F2e3

= fUA 7= 9 X272 Microcystis sp., Oscillatoria sp.7}t
Aerew a7 gashs AL 2 5 A

[e)

=

: FaEe] AAEES 506~953% WAR Lehid)

201393} 20149 2F 10% wjgznc 208 wWFxo A b B AL
[e)

Hol oA rE7F 2 208 Wit A & 5 AT

AR AL kAol e wors HAAZO oAz o
(CD-D)ol 423kl oW, 2013.9.30.~1087k4) 927, 20149.29. 1023744 25
Aol AAYE A¥o] WE Chl-g ABEZLAE &Y TE2ZLAE |
A Wste} mxAogdE AT

(1) AXMME Ax0f (2 Chl-g H3}

20134(2013.9.30 A3, 997 @FAaxo] wel, Chl-a FEE
(093 BT 2004 ng/mol A 223}l FF 1328 mg/m o2 skl Bt
366971 A Aem Euth Agun A4 IPe] gl x2T
el CD-ColA+= A A 1096 mg/m oA 8L =fol] 2331 mg/m'SZ 213% =
Zrhat e, AR HEAMCD-DES AE A 1672 ng/molA 2270
81.8 mg/m' & 51.1%7F A Ao, AWl Z(CD-11)e A% A 3954 mg/
moll A 84 xko] 985 mg/m &2 751%<] AMAEES BT

2014:1(2014.9.29 A=, 25647 Aol wel Chla s%v X
AOLA) Ft 259.7 mg/m' oAl 24 =fell ¥+t 90.1 mg/m' &= FFAdho] Pt

- 126 -



Mg =2

60.3%7F AAE AL= veyoh AHAER JAAAE AEAH AH(CD-2)
2 Y A 2468 mg/m oA 24L Aol 683 mg/m' R 72.3%7F A AENSH,
AYJAZ(CD-10)> A A 3834 mg/m'oll Al 244 =} 915 mg/m' &= 76.4%

7} AAE, AFA Ao AA 41.0~764%2] Sx2AEH}E HoFT)

Chl-a(mg/m3) Chl-a(mg/m?3)
2013.9.30~10.8 2014.9.29~10.23

1015 -,
(162AD) |

108 . 10.23
(B | 4% |

(2) HXd= 220 ME M== =

201311(2013.9.30 A3, 93 @AL L] wet, N=EgaE dAEF

Ax A09x) Bt 7.7 % 10" cell/meel A 293kl 55 x 10* cell/me® 7t
skl 3t 29.3%7F AlAE Ao dEth AHEE JAAEe] Gl

© &< CD-CollA= A2 Hd 1.9 x 10" cell/meoll Al 8d=kel 7.3 x 10*

© B oo
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SUSHAK| SXYKS St HAMS MBI A7D UBSHED)

cel/m o2 375%2 FT7FstR oy, HAAAE AXAH AZ(CD-0)olA= 4
X A 175 x 10* cell/meol Al 2 AFe] 39 x 10* cel/ml& 77.9%7F A A= A
o T FTUF(CD-H= A¥E 1568 x 10* cell/mloll A 84 =Fe] 53 x 10*
cel/mZ 66.2%2] AAEZES R}

2014x3(2014.9.29 A3, 25Uz%h) G4 x me, AEEHAE o
& AE HOLA) Hit 55 x 10* cell/mloll A 24L&l Hat 3.3 x 10* cell/

[-ll
N

I QIZ(CD-0)ell A 54.0~65.3%, W FTLHF(CD-5NA 65.7%, FZEAH
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Hi 137%7F 7k Ao =2 et 53] A QoA 186~223%2]
T7He BAa, FREE uE) 200% Hel2 F7Mehe AES R T

4) Z7|&4=0 mME HEYE e

A AABES D. galeata®t S. ventulus® S EZ(GQT7|T F oz

e w4 MAFE BH, dXEAH d3E THoE VAT HET S0
= gestinh

D. galeata= 2013139 A H¥ 0~0.057 inds./L(Z 0.181 inds./L)7} A
AE Ao 20143 = A HE 0.008~0.538 inds./L(F 1.095 inds./L)Z <7}
ston, 53] AxAHE ATS FAHOE 0.068~0.538 inds./7HA] =& s A
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AR T D. galeataB.th A& MAT LEE HPor 2014 &= 0.387~
2.831 inds./L(F 11.522 inds/L)2 AgA Hddte] Ax & F o2 FIsto

(¢}
N

_

rot

W, BE 24} Ageld] BEehE oz HAHYT ol 201340l wa
2014 9] - A7E wpE Al7]el] o] FoH Al A 3% Aardyel AA St
7l M Aoz ALRE A,

2013 Daphnia galeata 2013 Simocephalus vetulus
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XNPEt 22

/m)E DEAFA AN 7B =A vEsker, 59 32~107.0 mg/m'(H 281
mg/m) =2 FFAFANA 7 =A YES I, 89 46~1734 mg/m’ (F 1t 41.0
mg/m)= 7] EAFA N 7 A vEbS T ™ 2.95).

COD&= 3€el 4.2~221 mg/L(B+ 100 mg/L)= LLAAFA A 7+

=7 vetwen 59 48~165 mg/L(F 1 103 mg/L)= FEAFA A 714
= YEhytal, 89 4.2~16.3 mg/L(BTF 95 mg/L)E 71 EAFA A 7 =
A YERSETH Y 2.95).

TP+ 3¥°l 0.016~0.778 mg/L(H 7 0.118 mg/L)Z A Aol A 7}
=4 vegon, 59 0.019~0475 mg/L(H1 0.104 mg/L)E H A GA] o A

7 =A dERsE L, 8¢9 0.016~0.324 mg/L(F 1 0.137 mg/L)=E o TA G A o
A 7V = A JER T 2.95).

o uE 180 1o

R*=0.4796

Chl-a (mg/imi)
Chl-a (mg/m)
8

15.0 200 0 01 02 0.3 0.4 0.5
COD (mg/L) TP (mg/L)

<Y 2.96> SNSEFIAE SY0I ME LRNMLNY LAF X Y 47 28 M

(B 2.34) 22N ZA(TP)t Chl—a2 YA

= =3 g S=x RENEREEY
I | W 2ol o sxuy e, ¥ Mg EtYN 53

g 7t
seEE e o4, 83, 8%, B, %5
v | R els el oz s eHE| me}
SZUH Ths ° %8 7t
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SUSHAK| SXYKS St HAMS MBI A7D UBSHED)

2] < 0.15 mg/L, Chl-a > 35 mg/m'°l
, %%) AFA7E LA AT EdFY AFHA
2 AARE Adst AR g oz AdEAThGE 2.34).

Q) sA=EEIAE S40 e ENXL sxgd Ed A A=
=338 534 e
FHAY A7 AEEHAE 4 A Y AFelA BE A
o ¥x®F7F 7MY B2 HsEs AAstke A B o UMY 9 xR T
Microcystis sp. 7} 42 %, Oscillatoria sp. 7} 22 %, Anabaena sp. 7} 5 %2]
HZFo 7 AR, 2x72 Cryptomonas ovata 7} 20 %9 $H&S ®
o AZIE R AR 2265, 69)A 7= olgATA A 7MY w2 dAEF
Holow, sHAR 3xH7, 8F)A7Iell= 71 EAFTA], o|HAFA], FEATFTA
Oﬂ/q E2 dAEFS BT FAQ 450, 109)A 7)ol = ol FAFAI 7Y 7HE
=& AEHS 1o, BE A7 ogAFAdA M =& S el A
= B T AT E 2.97).

(B 2.35) SN=2F3IE SY0I ME LERMLNY NE NESEFIE WS

Site Dominant Species

2X}H(5,63) 3XH(7,83) 4X}(9,108)
1t Cryptomonas ovata Microcystis sp. Oscillatoria sp.
712 Microcystis sp. Microcystis sp.
gH O Scenedesmus spp. Microcystis sp. Oscillatoria sp.
SA Cryptomonas ovata Anabaena sp. Cryptomonas ovata
A7 Oscillatoria sp. Oscillatoria sp. Oscillatoria sp.
=1 Nitzschia spp. Microcystis sp. Microcystis sp.
AlLEE Oscillatoria sp. Oscillatoria sp. Microcystis sp.
o] Oscillatoria sp. Microcystis sp. Oscillatoria sp.
23 Microcystis sp. Cryptomonas ovata Microcystis sp.
O|Et Microcystis sp. Microcystis sp. Microcystis sp.
g Cryptomonas ovata Anabaena sp. Cryptomonas ovata
=3 Microcystis sp. Cryptomonas ovata
AKX Microcystis sp. Microcystis sp.
24 Nitzschia spp.
St Cryptomonas ovata
CHoH Nitzschia spp.
o= Microcystis sp.
Ink; Oscillatoria_sp.
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SUSHAK| SXYKS St HAMS MBI A7D UBSHED)

() SASEYIE SN0 02 SEXSX O SBEYIEC 2z
U HHMYE 54

2 Chl-a %7} 20~50 mg/m Alole] AFA oA Eds=
o, AR TFA, wAAATA, olHAFA B 7] A A o A
T AATA = 300 inds/Le] #=2
ek rch 1y 2.98).

2
)
ox
(il
ro,
)
g
g8
Q
N
)
i
g
ol
;9“
)
J|m
ol

Stress: 0.18]

B
sS4 1
@x o e
2471
0 A
g6 1
o} y—m=
- | 0ld g==m e 100
. :
0 2000 4000 6000 8000 10000

Inds/L

<Y 298> 28 OIY¥N SSSFIAE Y A MNle 2R MYYS = NS,
2HRY U BNE UHEHHE 221282 B MDS(Multi—dimensional Scaling)

a
o 7t &40 FH<t 3dzt Chl—ag]r TP 5% #3x%o| Chl-at A
A71% 35 mg/m’, TP= 015 mg/L 7|+¢ Aoz &3 23, 2% 2999
Lol 4] ERTeE T —F&Q AT

[ 7-3bel e d == AFA+= Chl-a 35 mg/m' °]%, TP 0.15 mg/L ©]st
of AeAz 5TL7E Zaxsen, add AgAZ ddAsAt 7%
AeAZE o iR alel ogh A fddo] gle= Fom ARHAL
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4
L
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A,
rlr
2

I 3 A& Chl-a 35 mg/m’ ©]%, TP 0.15 mg/L ©]d2] A
TAZ 14047 FExsF e, dxAd Xi—rx]i ZWATAZE A &
2 At Z2TA 9Fo] =& Ao= YErEt M-zkel &
=3 Chl-a 35 mg/m' ©]3}, TP 0.15 mg/L °]Ae] AFX =2 Hd
5t VJXVF A 1MAa7 BExstgoen, Vizke AFA+=
15 mg/L ol A=A = 753/ a7 EEFY
T2 o]§slr] 2 %fi A A 2= e

Chl-a
5914

o IO R =06744
I
E3x I
: L]
105 . .
. : .
~ .
E
E', « "o . ¢ *
70 A H
5 et @ * My
E‘ e ® Poe -
(=] . % . .
O\..' ..-;“_\ﬂ% .
b--.----.-.-n.--l ...... 9 .................. U
m
L]
T T \
0.2 0.3 0.4

TP (mg/L)

<3 2.99> M2 8257 SYY MAN|Q M2 3T Chi-a, TP 5& £

(2 2.36) Chl-g, TP 550 21 EF AN EY

e 2571E fors =4 HEME H8Y
Chl-a > 35 mg/m’ 577 4A o
= (o] O|&t = xHHAH ML EjEbAM
Chl-a > 35 mg/m’ 14702 e QAF A Solg =AY M2
& TP > 0.15 mg/L (1.7%) O|5t =R EHM =T e
Chl-a < 35 mg/m’ IV ES e 4y 9|t =X x7E Mg}
& TP > 0.15 mg/L (0.1%) HE =2 = °
Chl-a < 35 mg/m’ 753704 | ax o _
M 2 s
& TP < 015 mg/L | 913%) | ©° == ° =28
FAEARA H2YAS 9 AHMYE H871% FuAS A
A SAY AT HolHE &&sto] FHAS £4% 23 111l 3
= AFA7F AAAAE 487 AFYSE BdAdo] o ddE A o]
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SYUBKIK|

= AgA & vee] ARzl 7IEste] 2Rk A3 =A4AFAE Y
A

.]
=3 6NATFAE AT AAFE AFAz AASFATGE 2.36).

[

7H2012 ~2014) Chl-a Hd-&=7} 35 mg/m O] A0l X=X
t(2012 ~2014) TP WHsE7} 0.15 mg/L O|&}Ql X{==X|
5 m O|Ab =X

e XM=X|

M AR O K=K

r\l

r

El

_|>' w w
0> I

N

4> o ok
A oA

(B 2.37) ?12 |0 0190t 5'8Y M4LN|

53 e 29| |8 |t |HE ~

D mre | 3el | M e e e em sy O | TR M| 2 eux
= MR | iz | | (ha) | (&) | (ha) | (my| "7 5

1 =4 O O [&Y]850|1357(397|34| 125 | 0120 | 921 [&=MA| O
2| =Y O =44 143 | 615 [23.8]26| 13.0 | 0139 | 838 |[ZAtH

3] ©H O O |&Y[234 | 587 |156(3.8| 139 | 0145 | 643 |=AtH| O
4| 24 430 | 1,073 [204|53| 98 |0.102 | 575 |[MEH

5/ 2d =8| 724 | 619 |122|51| 106 | 0133 | 519 |ME

6| 8F O O |&7|| 500 | 715 |247]29| 109 |0.103 | 51.8 |=AH| O
7 39 O 4512660( 1,451 [33.0| 44| 114 | 0106 | 50.3 |=AtA

8| H¥ O =51 256 | 898 [10.6|85| 12.1 | 0099 | 497 |EX|H

9| 1 ZA8(3,500] 1,036 (24343 | 86 |0.079| 495 |Ai=tA

10 A O O [BY[257 | 404 |97 |42]| 130 [0.095 | 474 |=AAH| O
12| &= O O |47|/ 303 |1,395(43.0(3.2| 88 |0062| 454 |ZAA| O
13] o O 27|/ 380 | 894 |254|35| 80 |0.060| 432 |A=A

14 oF O =752 | 622 [182(34| 93 | 0085 | 431 |[MEH

15| & O 27|/ 700 | 1,128 |37.7|3.0| 85 |0.065| 420 (A=A

16| O|E O Z£52|535| 644 |17.8]36| 108 | 0.114 | 405 |[Z=AHA

7] 8% O 47|/ 710 | 483 |145(33| 70 |0.075| 392 |AMztA

18| 7| A H) Z7|| 872 | 1,162 |142(82| 7.8 |0.077 | 375 |EX|A

19| W =44 260 | 758 [133|57| 86 |0053| 360 [Z=At

20| 2t(RHd)| O A7|| 375 | 614 |223]28| 105 |[0.095| 355 |EAtA

21| %8 O O |&=Y|750 1285 50.0/26| 99 |0120| 353 |Ai=tA

i) Hd 4 2.5m o]sF A<

i) FEAST 1500 o) A9
i) FAAAAG A A BAT A9
iv) A e A5 A
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L xXHIX

SESXTA =ZUXIE PAst THUE XMV I= Al MgeiEE)

(B 2.43) RENAN WYYS Mot
somy | TUEE | REXSY | wRE¥ | Ry | 3
NEERSED . (ha) (EHm) (ha) (m) el R
X[ A} 303 1,395 43 32 =4
1 HRAM$E 1 51.5% (X]X:14.1%)
oge Yy
A M58
HYME
HE 4
20 -
15 +
-
- 10 5
387 | B E 3
3} <3 5 E
8 % =
L
| %) EI 0 0
© 3% | 6 | 9 |12¥|4¥ | 6¥ | 8 ‘11221 EE ‘5% 8y ‘10%
20124 20133 20144
Hager Chl-a & & (mg/m) HEme(m’)
HYME = - Zinl
g ot = YEEE) [2tieo14)| BR7|E | A7|E
1,395 454 127.8 70 600
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2=

[y

2%

22| Z=H| FHEHY *EXNFY | D=0 a4 T
Aldme | T (ha) (& m) (ha) (m) oagl
GE4R| AL 5,300 11,630 231 5.0 WY
| 00— . —
80 N T
. n
£ w0 \ ]
] \J
QEe Hg %‘ a0
9:' X-I _/F% ° HEM & : 87.3% (X %:48.5%)
o

FM A M J J A 5§ O N
Date

47| 82 7|87 A0S

60 1 —+—Chl-a —=-COD —TP » 703
a5 L oa
@ L 03
45 304 -
su8y | D E 025
k) a3 B L0l o
o . |l
(W) Erltl [P I — gy g * e T 0
v 29 | 5% |8 |10¥|3% | 5% 8w 109|222 |5¥ |8¥ |10¥
20124 20134 20144
xaga Chl-a 5= (mg/m’) Hed2(m’) e
3 — — A1
HEAE (Hm) YFEE) [£H2014) | BRI|E | ACH7IF
He o 11,630 455 576.8 10 320 | 98X 8H
' : : 201.68m 7=
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s el AT EPAAFAE FAHA 860 ha, FEAGTTE 1,357
Aui

2 om, vk A 397 ha, HrAE 34 molH, FAHA 7 Fod dolt

%:%9}94‘31, COD+= 9.2~19.3 mg/L(%‘E 12. 5mg/L) HHZE THE&T 7
< st ST TP+ 0.060~0.210(33 1 0.120 mg/L)2 5 &
F& 2ol A5H o9 welt 2T, BA AANBS
S AEH FAR P B0 BRF Ao AmHc

(W) A Zi TA]

=

pzs

2%

=
€

> = 9
m', YA A 156 ha, HHFALS 3.8 mo|H, SAHA7E F Jo]‘ﬂr.
=

H 397k Chl-a= 10.0~1534 mg/m (B 64.3 mg/m)=E Fx Ay
287F 9o, CODE 82~189mg/L(H 3 139mg/L) WY Z s8¢ 7+
S et YAt TPE 0.064~0.331(F 1 0.145 mg/L)E 59 &5 +47)
TS 2B AEAR] o 9Y #AETE 8 FHY, TA AARAES o] &g
e A A Yte] a3 oz Alm

(th) &35 A5

7] ol el AXT} EFATAE F9HA 500 ha, FEAFTHF 7154
m, WA 247 ha, HEFAlS 29 molH, A7 Fod Yot

< 33d7 Chl-ax 25.8~83.7 mg/m' (F+F 51.8 mg/m)Z =F &4 §
H7F =9kon, CODE 82~153 mg/L(B i 109mg/L) HY= sH&F 7|5
S 238t YAk TPE 0.047~0.246(3 1 0.103 mg/L)&E 59485 F47)
TS W AEA o 9Y #ATE 8FHY, TA AQAES o] &g
e A A gte] a3 Zloz Alm

() 74 %A
Fd v AN ATAFAE FAUH 257 ha, FEAFYF 4047
L RHEEA 97 ha, BHFAL 42 mol], FAA7F FodQolt).

m

A 397 Chl-ax 153~1369 mg/m (Hit 474 mg/m)=E =z 94
287t =kow CODE 6.6~27.2 mg/L(F 1 13.0mg/L)HAR 5485 7|+
S st YAk TPE 0.038~0.228(F 1 0.095 mg/L)E 54&F F27]
TE S AAR 20 87t ol HAAES ol &g AEHA +4
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XNPEt 22

[ Ry w—— i

(oh) EEAGA
A7) Gl AT FEATAL FAWA 303 ha, FEATT 1,39
A w, WEAAE 43 ha, BHFALE 32 m o)W, 4707 Fo Aol

< = A
Fe7F Eokov, CODE 48~21.9(B ¢ 88mg/L) WAR TH&F 7S %
Jhetar itk TP 0.030~0.104C3+ 0.062 mg/L)= sH&F F27ES
WA R 97t wol AAAEE ol 8 A A
ool Bad o Atmd.

(1) 7184 A

A7) g6l 9AT AFATAE HAUA 5300 ha, FEAFD
11,6304 m', WA 231 ha, B4 50 m 1 datk AFAZ AL
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