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Convergence technologies development and application
for agricultural water treatment
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Summary

1. Title : Convergence technologies development and application
for agricultural water treatment(1St)

2. Period : 2014. 1.~ 2014. 12.(1st of five year)

3. Necessity and Objectives
3.1 Necessity

o0 Recently, agricultural reservoirs are considered as a useful
resource for recreational purposes, tour and cultural amenity for
regional people as well as irrigation water supply.

o However, most of the agricultural reservoirs are showing a serious
eutrophic state and high level of organic contamination, and some
of them have frequent algal bloom and offensive odor problems
preventing from sustainable water use and recreation activities.

oIn nparticular, 44.7% of the aged agricultural reservoirs that
constructed before 1945 exceed the water quality criteria(COD 8.0
mg/L) for irrigational water use.

o Although korean government has started water quality restoration
programs for the agricultural reservoirs since 1998, it takes long
time to make them effective because most of the projects are
focused on natural purification facilities such as artificial wetlands
and retention ponds, which are not suitable measures for a prompt
treatment against algal bloom events.

oTo cope with the algal bloom events, various physical, chemical,
and biological techniques have been developed recently, but there
are still a greate deal of limitations between the techniques and
the real worlds because of limited spatial scales of treatment,
operations and maintenance issues, capital cost, and sometimes

ecological impact.



3.2 Objectives
0To develop a cost-effective convergence water treatment
technologies for preventing eutrophication of the agricultural
reservoirs, and securing technical capacity for in—-time treatment of
algal bloom events.

o0 To secure and supply of high quality of irrigation water.

4. Scopes and results

4.1 Selection of an experiment reservoir and Survey of the
water quality and sediment contamination
1) Selection of an experiment reservoir
0 Maehwa reservoir located in Kyunggi-do is selected as a test
bed reservoir for this study after reviewing 3 reservoirs
(Maewha, Buddle, Gwarim).

2) Water quality survey of the reservoir and the inflow rivers

0 The water depth of the Maewha reservoir is 2.0~2.4m. The
average COD, TN, and TP of surface water are appeared as 12.9
mg/L, 1.425mg/L, and 0.121mg/L, and the those of deep water as
11.1mg/L, 1.433mg/L, and 0.126mg/L, respectively. The water
pollution level is high regardless of the survey period, and the
water quality appears to be no difference between the surface
water and the deep water.

o0 Main inflow rivers of the Maewha reservoir are the two rivers.
The average flow rate of the Maewha-1 and Maewha-2 each are
472.2m'/d and 982.3m’/d. COD, TN and TP of the Maewha-1 and
Maewha-2 respectively showed 5.4mg/L, 5.161mg/L, 0.284mg/L and
5.0mg/L, 6.467mg/L, 0.340mg/L. Therefore, water pollution of the
Maewha-2 appear to be higher than the Maewha-1.

o0 The water depth of the Gwarim reservoir is 2.1~3.6m(average
29m). The average COD, TN, and TP of surface water are

_Xi_



appeared as 185mg/L, 2.726mg, and 0.186mg/L, and the those of
deep water as 15.7mg/L, 2.485mg/L, and 0.176mg/L, respectively.
Gwarim reservoirs showed a high pollution levels, and the
pollution level was higher in the surface water than the deep
water.

o Gwarim reservoir has only one main inflow river. The average
flow rate of the river is 9285m'/d. COD, TN and TP of the
inflow river respectively showed 31.5mg/L, 8.456mg/L, and 0.820mg
/L. It is showed a high pollution levels. This being judged to be
due to the continued inflow of untreated sewage from watershed.

0 The water depth of the Buddle reservoir 1.5~2.6m. The average
COD, TN, and TP of surface water are appeared as 14.9mg/L,
1.622mg, and 0.195mg/L, and the those of deep water as 14.0mg/L,
1.742mg/L, and 0.275mg/L, respectively. Buddle reservoirs showed a
high pollution levels, and the TN and TP concentration was
higher in the deep waters than the surface water.

0 Buddle reservoir have a sewage outlet and two rivers like a
agricultural drainage. There is little flow at usual, except for one
main stream. The average flow rate of the river is 1,483.5m'/d.
COD, TN and TP of the inflow river respectively showed 4.8mg/L,
6.506mg/L, and 0.264mg/L. TN and TP concentration was very

high in the main stream.

3) Sediment contamination survey

0 Sediment contamination survey was implemented to assess the
contamination level of sediment and release rate of nutrients in
the reservoir.

0 The grab sampled sediments showed a high level of contamination
as TN 4,629~6,152mg/kg, TP 1,145~1,228mg/kg, and incineration
rate of 13.27%.

o The phosphorus release rate under anaerobic condition was 3.19mg/

m’'-d in the Maewha reservoir.

- xii -



4.2 Review on the water quality restoration techniques for
agricultural reservoir
1) Domestic and international R&Ds

o0In Korea, research for the development of water quality
restoration techniques for lakes and reservoirs has been lead by
Korea Rural Community Corporation(KRC) and K-water.

o0 The techniques that have been studied by KRC include design,
construction and operations of artificial wetlands and retention
ponds for the reduction of pollutant load into reservoirs, in—pool
algal control techniques for a short-term emergency water quality
management, ecological re-engineering of lake shore areas, re-use
of wastewater for irrigation water using membrane techniques,
biological control of algal bloom using predators.

0 The techniques that have been studied by K-water include a
curtain wall for preventing algal spreading, algicide made of
natural materials, algae removal ship equipped with collection and
filtering processes and ultrasonic treatment.

o For this study, numerous domestic patents were collected and
analyzed, including 165 physical treatment techniques(membrane,
centrifugal, absorption, filteration etc.), 62 physio—chemical
techniques(ozne, ultraviolet, ultrasound, photo-catalyzators), 52
electro—chemical techniques, and 84 biological techniques.

oIn other countries, diverse techniques for the restoration of
reservoir water quality have been developed at the catchments
level including point and non-point pollutant control. Non-point
sources control measures include wetlands, retention ponds and
pre-reservoirs. Point sources control measures include upgrading
wastewater treatment plants by introducing precipitation and
flocculation(tertiary treatment), or adjusting biological treatment to
increase phosphorous removal.

o In-lake techniques are those that are conducted in the lake itself

and include physical, chemical, and biological measures. Physical

- Xxiii -



techniques include aeration and water circulation, dredging,
dilution and flushing, water level control and sediment dry,
bottom capping, selective withdrawal, curtain wall, ultrasound, and
micro bubbles. Chemical techniques include algicide, phosphorus
Inactivation using coagulation and settling, and barley straw.
Biological techniques include biomanipulation, biopreparations
containing saprophytic microorganisms and phyto—-remediation

using plants.

2) Analysis on the application cases of the techniques

o Several domestic techniques have been commercialized and
applied to test-bed ponds, reservoirs, or for the emergency
control of algal bloom events in some reservoirs.

0 The techniques and developer are summarized as follows.

- Physical techniques: Sola water circulation system, Contactless
plasma systemcs), Ultrasonic algae control system, Integrated
submersible pressure flotation technique, Portable pressure
flotation device, S-DAF flotation separation, Multistage pressure
filter waster purifying system, Ultrasonic algae control system,
Clay spraying ship, Hybrid electrochemical stream diffusion
system, Aeration and agitation circulation system.

— Chemical techniques: Natural inorganic coagulant complex
method, Ozone micro-bubble method, Chlorine dioxide
processing, Natural algicidal agent application technique,

- Biological techniques: Predatory natural enemy utilization
technique (RRI), Algicidal Medi-Tide, Complex microbial agent
application.

- Combined techniques: Combined system with underwater
coagulation—flotation and plant island.

oIn Germany, the most effective phosphorus elimination plant so
called PEP has been constructed for Wahnbach reservoir. The

method is based on phosphorus precipitation and flocculation by

- Xxiv -



ferric ions and following removal of precipitates by filtration.
This method 1is extremely efficient, capable to decrease
phosphorus concentration in effluent to 5ug/L, however it is very

expensive.

3) Limitations of existing techniques

0 Most of the existing techniques are not an integrated technique
but a single purpose or fractured method targeting control of
partial process of algal bloom.

0 The main limitations of most of the physical techniques are low
efficiency in water quality treatment and algae control, difficulty
for applying to large scale(spatial limitation), and sometimes high
maintenance and operation costs.

0'The main limitations of chemical techniques are a short time
effectiveness, and potential side effect on ecosystem.

© The main limitations of the biological techniques are uncertainty
in the effect of water quality improvement, seasonal variations,

and site-specific effectiveness.

4.3 Development and design of a cost-effective Convergence
water treatment system
1) Basic considerations
o Capital Costs
o0 Easy operations and maintenance
o Removal efficiency
o Applicability

o Potential for negative impacts

2) Development of a hybrid water treatment system
0 A hybrid water treatment system including physiochemical and
biological treatment processes is designed for the reduction of

pollutant loading into reservoir. The system includes a combined
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coagulation and filtration device, string type media with aeration
system for biological removal of organic pollutants, and
phyto-remediation process using plants.

0 An integrated movable water purification system is suggested for
the control of algal bloom in reservoir. The system consists of
artificial water circulation device with micro—bubbles, electrolysis

device, soil filtration device, and plants for phyto-remediation.

5. Expectation and utilization of the results
5.1 Expectation

© The results can be used to develop policy by government for the
water quality restoration projects of agricultural reservoirs, and to
provide an effective alternative to make maximize the benefit of
the investment.

0 This research will provide a useful guidance to make decision on
the possibility in the increase of water quality criteria of the
agricultural reservoirs to be used for other purposes.

o0 The suggested hybrid water treatment system, through optimized
design, can overcome the limitations of individual physical,
chemical, and biological water treatment techniques that developed
for the restoration of reservoir water quality.

5.2 Utilization plan

0The hybrid water treatment system will be applied to the
agricultural reservoirs that require urgent restoration treatment to
confirm the benefits of the new technique; low cost, high
efficiency, easy operation and less maintenance.

©0The system can be used as a core component of the Best
Management Practice for the water quality improvement of
agricultural reservoirs.

© The hybrid system is transformative and can be applied to many
other agricultural reservoirs and four rivers to deal with recent

algal bloom issues.
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FASAY AR F 2006358 2013@7HA] 9/fde] FolE Ay H gkt
(£ 22-D& dx=dE A4 AFAE Z7/HE A 43 A 79
Huolgk, Ak, B, HedAdd gg SAXE FEAYEEE 72 UE
Wi, <9 22-1>8 FATEER HAg, Hug, AR, AT,
FT9ak, Bas dA e Box plot)Z FAEITE Box plotd & ¥E 9
WA, A5 SAAA, X X, B A JF8E, oA
T Tt ¢ e AAS UHx m@i oy, Aol M= ARE
SN ol w 5%, 2%, 50%, T5%, 95%9F L WelE Holw
oA E 1T F Ae FHES zra JAHAFS S, 2006; Paul and

Linfield, 1998).

Feo] AA HFL 168CLo=Z 20101 o]F o Hit FL0] thh o}
A= AdFS B9, pHe HFS 782 2008~2009Wd 9] 79~81% A<
st AASIA yEbgY. ECY d=d H2 136.0£11.0us/cmo =

—

2000t SRkl mla] 2010 =HEH Zasks Ao® uEysid. CODY
Axd A HFS 6.0+£04 mg/LolaL, 20008 F=F o] H+ COD7}
6.2~6.6mg/Lel Bl& 2010~2013d9] 1+ COD+= 53~58mg/L=E 7%
ARV HRAoE FHAdeE As & 2ATH SS, TN, TP <A] 200
5~2007d %o H HE7b b =grom 1 o]ZoE thAh AsE
&S Hola 9t} Chl-a: 2006~2008d =0 it 19.3~21.2mg/m' <]
S B, 2009~2010@ ol = Hit 12.2~139mg/m’, 2011 ~2013d =0l =
Ayt 147~153mg/m' 22 YElETH BE FEEgE A 2005~20081 of
vl 20094, 2010 o] F-5-E dwkAow FHQ @RIt Yol Ao
UErstth ol g3k Al 20008 sk a4 FHE Ao A A
TAZ dFedas FAMAAY gd 5 JH-A oA = st Az
dow JotHETl

¢

T
P
T

=

=

76]6
X

N

oL
N
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(® 22-1) 598 AsA d=4d 28F

- Temp. EC DO BOD COD
Year | N | Varable | “coyt | PH | (/o) | g/l | (/L) | (ug/l)
Max 325 10.9 1,099.0 26.0 16.8 34.0
Min 6.2 6.1 17.0 0.3 0.2 0.3
2005 | 1,320
Average 19.1 7.8 131.7 8.3 3.4 6.0
SD 4.9 0.7 115.6 2.4 2.3 3.7
Max 325 10.5 1,800.0 19.0 18.7 35.0
Min 4.3 5.7 30.0 2.0 0.4 0.2
2006 | 1,220
Average 16.6 7.8 149.9 85 3.2 6.5
S.D 5.6 0.7 139.5 2.5 2.0 3.9
Max 33.1 10.6 1,620.0 18.3 12.0 31.9
Min 6.2 55 24.0 2.3 05 14
2007 | 1,320
Average 18.6 7.8 150.4 8.1 2.8 6.6
SD 5.3 0.8 140.3 2.2 1.7 34
Max 326 10.7 1,520.0 25.4 16.0 28.8
Min 2.1 2.0 25.0 0.9 0.3 1.0
2008 | 1,928
Average 17.8 8.1 144.8 8.9 3.0 6.2
SD 5.9 0.7 127.2 2.6 2.0 34
Max 28.1 10.2 1,760.0 15.6 8.6 20.8
Min 1.0 6.1 25.0 1.6 0.2 1.0
2009 | 3,172
Average 16.5 79 142.7 9.0 2.6 6.3
SD 6.5 0.7 134.0 2.6 14 2.3
Max 30.0 104 2,040.0 19.3 10.1 18.6
Min 2.0 5.7 18.0 2.9 0.1 1.0
2010 | 3,180
Average 154 7.8 127.1 9.6 25 5.8
SD 6.8 0.7 122.9 2.2 1.1 2.2
Max 30.0 11.7 2,800.0 17.6 9.0 194
Min 1.0 5.7 7.0 1.2 0.1 0.3
2011 | 3,180
Average 156 7.8 123.6 9.3 2.4 5.3
SD 6.1 0.8 150.9 2.6 1.0 2.1
Max 32.3 10.6 1,330.0 17.1 9.4 20.9
Min 1.9 5.8 23.0 2.1 0.2 1.2
2012 | 3,180
Average 15.8 7.8 122.0 9.3 2.6 5.6
S.D 6.5 0.6 914 25 1.2 2.1
Max 31.0 10.7 1,930.0 16.4 85 24.1
Min 1.9 6.0 26.0 0.3 0.2 14
2013 | 3,180
Average 16.2 7.8 129.9 9.1 2.6 5.8
SD 6.5 0.6 136.6 2.9 1.2 2.4
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(X 22-1) 598 AFA A= SAEFAS)

. T-N T-P SS Cl Chl-a
Year | N Variable | o) | gL | e/l | (mg/L) | (mg/m)
Max 9.194 2.800 2785 288.2 273.7
Min 0.020 0.000 0.1 0.4 0.2
2005 1,320
Average 1.406 0.048 8.1 145 184
SD 1.0 0.1 12.0 26.0 274
Max 39.899 2.484 176.6 430.8 335.4
Min 0.017 0.000 0.1 0.7 0.2
2006 1,220
Average 1.473 0.049 9.4 159 21.1
SD 1.7 0.1 11.5 29.6 33.3
Max 8.893 0.394 132.1 460.6 479.7
Min 0.153 0.000 0.0 0.4 0.3
2007 1,320
Average 1.546 0.039 8.7 14.8 21.2
SD 1.1 0.0 11.3 32.0 29.1
Max 9.574 0.626 75.9 3709 386.6
Min 0.037 0.001 0.0 0.1 0.2
2008 1,928
Average 1.332 0.037 75 129 19.3
SD 0.9 0.0 8.8 215 28.1
Max 7.272 0.153 53.6 428.0 142.4
Min 0.052 0.001 0.2 0.3 0.2
2009 3,172
Average 1.131 0.033 79 13.6 13.9
S.D 0.7 0.0 49 27.3 114
Max 8.592 0.274 92.6 564.0 89.5
Min 0.059 0.001 0.1 0.4 0.2
2010 3,180
Average 1.264 0.032 6.8 12.1 12.2
SD 0.8 0.0 59 29.7 8.7
Max 6.655 0.385 41.6 883.4 165.3
Min 0.064 0.001 0.2 0.3 0.1
2011 3,180
Average 1.395 0.064 7.0 10.8 15.0
SD 0.8 0.0 49 42.3 11.9
Max 7.888 0.376 148.0 281.9 164.7
Min 0.216 0.003 0.2 0.0 0.4
2012 3,180
Average 1.386 0.041 94 10.5 15.3
S.D 0.7 0.0 8.0 194 12.6
Max 5.837 0.188 66.7 748.8 123.0
Min 0.213 0.002 0.2 0.4 0.2
2013 3,180
Average 1.317 0.039 8.3 11.8 14.7
SD 0.7 0.0 6.4 38.3 12.0
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(£ 22-2) FHE 240 98 29 53

Total Variance Explained
Initial Eigenvalues ExtractionLE;Jé?r?ggf Squared Rotation E(l)gglsngg Squared
Compon
o Total V;)r/oia?fce CiL\]frema’l/j1t Total V;/?ia(l)qfce (ilxl/r;%t Total A% :/;ia?lfce CiI\J/?Lgft
1 6.125 30.625 | 30.625 6.125 30.625 | 30.625 2.961 14.803 14.803
2 3.041 15.207 45.832 3.041 15207 | 45.832 2.910 14.551 29.3%4
3 1.637 8.183 54.015 1.637 81383 | 54.015 2.663 13.313 42.666
4 1.516 7.580 61.595 1.516 7580 | 61595 2.360 11.802 54.468
5 1.231 6.157 67.752 1.231 6.157 | 67.752 2.114 10.570 65.038
6 1.086 5.429 73.181 1.086 5429 | 73181 1.629 8.143 73.181
7 919 4.597 71778
8 833 4.163 81.942
9 658 3.292 85.234
10 A79 2.393 87.627
11 439 2.197 89.824
12 434 2.168 91.992
13 372 1.860 93.852
14 345 1.727 95.579
15 .27 1.353 96.932
16 216 1.082 98.014
17 159 196 98.810
18 127 634 99.444
19 078 392 99.835
20 .033 .165 | 100.000

Extraction Method : Principal Component Analysis
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QOlEAM A golEe FAL E93 fdolt; gl 3 Ao]gk tho]o
oul agiE QRlEe & oWl st X e w7z IHE
Ao R HE = Aot} 2219 3] d(factor rotation)S H %ol |E HT}
BestA ok 9 dgolth 99l BAA 8% HMAIE BHL
Z7] 3 AHA & 2929 FHoA HAX=E EFdAAMS =0 H 7HA
sa olEHom o ov g adle WS Faks] Agelrh sAHAY
(factor loading)o] &t Q.Qle gt zt W9] 7p5x &2 7t W49k 8919
FAFE @ addAGe] AW 1 WF Y 89 T AYse
957 B Aleld, QU o 60% ol 4o FAEWHS HelW 29le
AmEo] o Addth (F 22-3)2 Q904 o5k z; el sk
MeEe R A AR ARFPE debd soln

(£ 2.2-3) 8Q0EH o3 HEF HAH
Rotated Component Matrix a
i 2 Main Component
T
1 2 3 4 5 6
A 907 -.063 185 017 127 053

T8 A .870 033 -.017 024 -.025 .001

kT A .846 -.020 -.174 082 .304 076

-9 ™ 2] 760 095 -.051 -.078 -.079 -.073

TP .008 .801 -.190 .262 101 188
SS .043 .695 -.148 118 021 144
TN -.006 .681 -.019 -.078 101 -.251

A| = o] 052 -.147 877 -.164 -.253 -.055

FasFA 056 -.179 .858 -.144 -.205 -.038

s e -.142 -.131 .807 -.109 -.008 -.020

PH .051 -.015 -.092 .796 .095 -.071
Chl-a -.029 550 -.135 .602 119 078
COD -.032 541 -.288 .586 210 287
BOD -.018 464 -.242 .579 .163 -.081
TOC -.035 454 -.321 .535 217 .328
Cl -.018 254 -.125 122 .836 -.056
EC .007 .361 -.279 219 7126 -.060
A g4 o] 234 -.127 -.104 .068 711 .106
DO -.017 -.120 -.004 310 -.003 -.832
TEMP 010 -.012 -.076 274 .001 756

Extraction Method : Principal Component Analysis.
Rotation Method @ Varimax with Kaiser NoOrmalization.
a. Rotation converged in 9 iterations.
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pH, Chl-a°llA =

T

4L

|

o

Q
Qs

o)
ﬂo

o)
M

e}
=

A

=
L)

Aoz ¥A of

o)
Hel
)

fite)

&
Tor
sl

8

o

TF

o
&

= vhapsh ()9 e}

2

Sl 98] 105%, 18]a 7
F&e 54

ol & je] 4

3|
ZS|

Ao =g

<
T

A

]
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o3l 11.8%, %

xr
i)

-0.297"
-0.121"

0135
-0.181"
-0.140"

0.047"
-0.144"
-0.103"

-0.061""
6,350), ** p<0.01, * p< 0.05

-0.072”
~0.096™
~0.180"

0.048"
-0.110"
-0.273"

0.046"
-0.156"
~0.180"

0.125"
0.190™
0.342"
-0.007
0.232"
0.348™
0.104™
0.282"
0.255"

-0.143"
-0.224"
-0.459™
0.013
-0.268"
-0.472"
-0.167"
-0.349"
-0.340"

0.065"
0.117
0.2117
-0.030"
0.1017
0.150"
0.000
0.110™
0.091"
247) 2012~20139 $23Z4 02 AE0
— 23 —

0.002
0.022
0.004

-0.045"

-0.025"

-0.050"

~0.050"

~0.040"

-0.055"

0.001
0.012
0.038™
-0.007
-0.001
-0.064"
0.031"
-0.025"
-0.047""

0.024
0.045™
0.052"

-0.030"

0.020

0.008
-0.002

0.015

0.001

(% 2.2-5) AFA 233 Ax9 AFE

Temp
pH
EC
DO
SS

COD
TN
TP

Chl-a




g, §EASFD ne 44
B4 AFAY FEART] ME S| AR FAKOR foF

ZFol7F AE7HE Lol 7] 9t FHE A4A 9 Toriiﬂ"r FS 500 m’
0]3HQ <500 m'), 500 m'E.tk =31 1,000 m' ] 3H5003 m'<Q<1,000% m'),
1,000 m 2o} =31 1,500 m'e] 31,0008 m’'<Q<1,500x m’*), 1,500 m’ .t}
=31 2,000 m’ o] 311,500 m'<Q<2,000-d m'), 2,000 m’ Z¥HQ>2,000-d m’)
S 5/ Fre R st dYEAEAS AT BAEAC ALS

A5E 0139 % 5HEF FEASAY ZAMAR 31ME 283891,
SPSS SAXZZ S o]&3F3T

(3 2.2-6)°A e H}Q} ol 442, pH, DO, SS o= 7t
w2 ok Aol7h gle AoRE vERE L, ECe TN o 4% p<0.05
oA 23 o]zt 9d9laL, COD, TP, Chl-a:x p<0.001 4 oM )&
zhol 7k & o2 et CODE fFaAdg#o] AZS4= COD F&=7t
7R o, FEATH 500 melstell Al Hyr COD7F 6.7mg/L= th&
Fzrel vlE] oF 1.0mg/L A& =A YElSth Chl-a® FEA45%F 5008 m
olatel FzrelAl 179mg/mE 7F4 =¢ka, the o2 1,000dm KTt =3
1,500 m el 3kel F7rel A 16.2mg/m 2 A YEbth YA kol A=
11.9~14.6mg/m' 2 YEFSTHIE 2.2-7).

(£ 2.2-6) A5A FEAFF BE ANOVA E4 27

TE 21(1;:113:: Df Shé[ﬁ:?e F-value Sig.
Temp. 340.4 4 85.112 1.829 120
pH 4.567 4 1.142 2.293 057
EC 87217 4 21804.3 2972 018
DO 24.037 4 6.009 0.691 H98
COD 406.2 4 101.5 10.279 .000
TN 6.185 4 1.546 2.745 027
TP 0.062 4 0.015 4.863 .001
SS 1198.0 4 299.5 1.791 128
Chl-a 9836.8 4 2459.2 6.236 .000
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(£ 2.2-7) FEATFHN B& 7|eFAA

gz | TEATE N Max Min | Mean | SD
(Hm')

Temp. | Q=500 355 308 22 168 6.3
500<Q=1000 | 1212 | 320 13 158 6.6
1000<Q=1500 | 604 336 19 16.0 6.3
1500<Q=2000 | 300 30.7 19 16.4 6.3

Q>2000 704 315 0.7 16.4 6.9
Total 3175 | 336 0.7 16.2 6.3
oH Q=500 355 108 6.2 78 0.7
500<Q=1000 | 1212 111 6.0 77 06
1000<Q=1500 | 604 10.9 6.0 78 0.7
1500<Q=2000 | 300 10.9 6.3 77 0.7
Q>2000 704 108 66 78 0.7
Total 3175 | 111 6.0 77 0.7
EC Q=500 355 409 36 124.2 746
500<Q=1000 | 1211 874 7 1208 | 861
1000<Q=1500 | 601 915 32 1333 9%.1
1500<Q=2000 | 298 974 2% 1344 | 1082
Q>2000 704 560 32 125.1 69.0
Total 3169 | 974 7 1258 | 857
DO Q=500 355 180 03 9.1 28
500<Q=1000 | 1212 17.2 03 89 3.0
1000<Q=1500 | 604 18.1 11 9.2 3.0
1500<Q=2000 | 300 174 06 9.1 27
Q>2000 704 16.4 11 9.0 27
Total 3175 | 181 03 9.0 29
SS Q=500 355 1167 05 9.3 125
500<Q=1000 | 1212 | 2310 0.2 79 112
1000<Q=1500 | 604 86.0 0.3 84 9.7
1500<Q=2000 | 300 66.7 0.1 74 8.0
Q>2000 704 | 4490 04 84 186
Total 3175 | 449.0 0.1 83 12.9
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(£ 22-8) BAA oAn7} ol $&, A5 ey T fojd
2pol e dotrr] AsiM AR AR]D Scheffe TestE %
COD¢} TP #&A S 5008 m'e]skel -3tell s RE -7hol %
FEOR ¥E7t T, Chl-at FEAS# 5008 m o] 8¢l

sl 10008 m s =23 15008 m ol ahel T

og\zr
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&
o,
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)
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&
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(£ 2.2-7) FREAFTZFAN BE 7IeTAAAS)

SRS %E‘;q fF B N Max Min Mean S.D
Hm)

COD Q<500 355 22.5 1.6 6.7 4.1
500<Q <1000 1,212 21.3 14 56 29
1000<Q <1500 604 22.9 1.6 5.8 3.2
1500<Q <2000 300 33.7 14 5.8 3.3

Q>2000 704 24.1 14 54 2.5

Total 3,175 33.7 1.4 5.7 3.1
TN Q<500 395 5.74 0.20 1.33 0.88
500<Q <1000 1,212 3.02 0.19 1.30 0.76
1000<Q <1500 604 7.48 0.24 1.39 0.79
1500<Q <2000 300 3.91 0.34 1.25 0.66
Q>2000 704 7.78 0.16 1.28 0.65
Total 3,175 3.02 0.16 1.31 0.75
TP Q<500 395 0.55 0.00 0.04 0.07
500<Q <1000 1,212 0.64 0.00 0.03 0.04
1000<Q <1500 604 0.82 0.00 0.04 0.05
1500<Q <2000 300 0.21 0.00 0.03 0.03
Q>2000 704 1.64 0.00 0.03 0.07
Total 3,175 1.64 0.00 0.03 0.05

Chl-a Q<500 355 226.8 0.60 179 26.6
500<Q <1000 1,212 256.3 0.10 14.6 19.5
1000<Q <1500 604 172.8 0.40 16.2 224
1500<Q <2000 300 125.3 0.60 11.9 16.5

Q>2000 704 114.4 0.40 12.8 144
Total 3,175 256.3 0.10 14.6 19.9
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(& 2.2-8) AsAY FEATH 7E A% HAY 23

ot
i

FRASY

500<Q <1000

1000<Q <1500

1500<Q <2000

Q>2000

Temp.

Q<500

k

500<Q <1000

1000<Q <1500

1500<Q <2000

Q>2000

pH

Q<500

500<Q <1000

1000<Q <1500

1500<Q <2000

Q>2000

Q=500

500<Q=1000

1000<Q <1500

1500<Q <2000

Q>2000

COD

Q<500

skskok

skkosk

skskok

500<Q <1000

1000<Q <1500

1500<Q <2000

Q>2000

Chl-a

Q=500

sk 3k

kKK

skkok

500<Q=1000

1000<Q <1500

Kk

1500<Q <2000

ksk

Q>2000

ksk

TN

Q<500

500<Q=1000

1000<Q <1500

k3k

1500<Q <2000

Q>2000

sksk

TP

Q=500

skkosk

sksk

500<Q <1000

1000<Q <1500

1500<Q <2000

Q>2000

) %<0.05, *x<0.01, #=*x<0.001
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AL AFAY =¥ Apds A0l e
zhol7F QErte dolry] 95t U4 AFA
(Y=70), 50 o)A 700 mvH(50<Y<70), 30 o)A 508 ] wH30<Y<50),
10 0]7d 30 H RH(10<Y<30), 10 PITH(Y<I0) o2 200 HA o= F-&
gte] 57 o R RBFete] AdYEAREA S AAEAT BAEA A AL
A5s 201395 & FASAY AR 3157ME &85
SPSS EAZZaAL ogdgoen, 1 A= (X 22-99 Bl (%
22-9)0l 4 HojFE mpe} o] 4= pH, EC, COD, TN, TP, SS, Chl-a
5 A9 RE FAFEM FogF p<0.001 oM BAZHCR Fol3k 2ol 7}

O

o Ao LhEhg

(3% 22-1002 pH, EC, DO, COD, TN, TP, SS, Chl-a°l tfst A3
FF A4S TR 47 g, AUg, Aoy, BEAAL 59 /%
242 Aesanh £, pH, EC, SS 5 DOZ A9 g v o)A
704 o] El T2k 50id0] 4k 704 mRke] rkel A T zbe] wla) i
¥ P RYW, FF AT Feld5E wEsE AAHOR v}
Ax ARE Bk o @ AR AFA AXHE A o] wFas}
APL5E FHAR BopE AL T £ 9

(% 2.2-9) A4X £F AFd$o] & ANOVA £423

T 21(11?113:: Df Shé[ﬁ:?e F-value Sig.
Temp. 2490.9 4 622.7 13.577 .000
pH 61.4 4 15.3 32.010 .000
EC 245,386 4 613,467 93.125 .000
DO 61.6 4 154 1.773 131
COD 3510.3 4 8775 98.594 .000
TN 24.3 4 6.092 10.926 .000
TP 0.676 4 0.169 56.637 .000
SS 22399.3 4 5599.8 34.891 .000
Chl-a 83972.9 4 20993 56.586 .000

_28_



(F 2.2-10) AFA €7 BAHJdTd & 7|=FA
a5 R RS N Max Min Mean S.D
Temp. Y=70 304 33.6 1.3 17.8 7.2
50<Y<70 1,063 32.0 2.2 16.8 7.0
30<Y<50 830 31.3 0.7 159 6.5
10<Y<30 840 31.2 1.9 15.0 6.4
Y<10 38 28.4 4.1 159 6.4
Total 3,175 33.6 0.7 16.2 6.8
pH Y=70 304 109 6.6 3.0 0.7
50<Y<70 1,063 11.1 6.3 7.8 0.7
30<Y<50 880 109 6.1 N 0.6
10<Y<30 840 10.2 6.0 7.6 0.6
Y<10 88 9.9 6.6 7.6 0.6
Total 3,175 11.1 6.0 N 0.7
EC Y=70 304 535 33 171.8 81.6
50<Y<70 1,061 900 7 149.5 90.6
30<Y<HB0 879 856 32 1185 76.9
10<Y<30 837 974 26 89.6 74.6
Y<10 38 410 42 974 545
Total 3,169 974 7 125.8 85.7
DO Y=70 304 174 0.6 8.7 3.1
50<Y<70 1,063 18.1 0.3 9.1 29
30<Y<50 880 16.7 1.0 39 29
10<Y<30 840 16.4 0.3 9.2 2.7
Y<10 88 16.1 3.6 8.9 2.5
Total 3,175 18.1 0.3 9.0 2.9
SS Y=70 304 449.0 16.5 13.3 275
50<Y<70 1,063 231.0 11.1 10.3 13.0
30<Y<B0 880 95.3 79 7.3 8.3
10<Y<30 840 66.7 5.6 5.2 6.6
Y<10 38 13.3 5.2 4.6 29
Total 3,175 449.0 8.7 8.3 129
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(

B A S N Max Min Mean S.D
COD Y=>"70 304 23.3 14 7.6 3.4
50<Y<70 1,063 22.9 1.6 6.6 3.3
30<Y<50 880 33.7 14 5.3 29
10<Y<30 840 24.1 14 45 2.2
Y<10 38 9.8 14 49 2.0
Total 3,175 33.7 14 5.7 3.1
TN Y=70 304 778 0.33 1.36 0.84
50<Y<70 1,063 8.02 0.23 1.42 0.81
30<Y<50 880 7.32 0.16 1.28 0.71
10<Y<30 840 584 0.21 1.20 0.66
Y<10 88 218 0.34 1.23 0.52
Total 3,175 8.02 0.16 1.31 0.75
TP Y=70 304 1.64 0.00 0.06 0.10
50<Y<70 1,063 0.64 0.00 0.05 0.05
30<Y<50 880 0.82 0.00 0.03 0.04
10<Y<30 840 0.18 0.00 0.02 0.02
Y<10 38 0.06 0.00 0.02 0.01
Total 3,175 1.64 0.00 0.03 0.05
Chl-a Y=70 304 154.1 0.6 24.5 27.3
50<Y<70 1,063 256.3 0.1 18.8 24.8
30<Y<50 880 125.3 0.6 12.1 14.4
10<Y<30 840 111.2 0.2 3.7 10.9
Y<10 88 64.5 1.2 10.6 10.3
Total 3,175 236.3 0.1 14.6 199
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(¥ 2.2-11) A=A &3 A dsE A A 25

o 33 50<Y<70 30<Y<50 10<Y<30 Y<10
Temp. Y >70 * Kook esksk *
50<Y<70 Hok Hxk
30<Y<50 ok o
10<Y<30 ok sk
Y<10

pH Y>70 ok kokok ko kokok
50<Y<70 ok gk sk
30<Y<50 otk otk
10<Y<30 sk Kok
Y<10 s

SS Y>70 *kx FET: sk FET
50<Y<70 sk sk sk
30<Y<50 ok ok
10<Y<30 *xk st
Y<10

COD Y=70 otk stk ok ok
30<Y<50 ook ook
10<Y<30 sk Kok
Y<10 ok

Chl-a Y >70 Kok sk Aotk sk
50<Y<70 ook Aok Hkk
30<Y<50 sk Hkk
10<Y<30 *okk stk
Y<10 stokok

TN Y=>70 o
50<Y<70 sokesk ok *
30<Y<50 sk *
10<Y<30 ok *

Y<10 *

TP Y=>70 Hokok sokok koK sokok
50<Y<70 seskok Hxk ook
30<Y<50 *x% sk
10<Y<30 ok ook
Y<10 sokok

) x<0.05, *x<0.01, **#x<0.001
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n2 Fdo] FAASE frogh A
€& AFAY FEFAYS 3melsHH
<3), 3mXEt+ =3l 5mo]3H3<H<5), bmH.t} =il 8mo]dH5<H<8), 8m
Bt} A3 12meo]sH8<H<12), 12mZE*(H>12) T 57/ FHo= 573}

dYEhr S AAsn AR AMEE AR 20139 FHE
T FASAY AR 315705 28551, SPSS SAZEIRS o) &
shalth. (3 22-12)01M Hi=z wpe} o] W= &elA bR Fofgt
T AZol7k gl AR yEhyy ol Adks AgA =¥ A
Fol w2 Aol s &2 AdprA, AFA 7 AAHA SHE A=
AS 2d=de AUIke] HAoR HAS] FALAUA fasilel
Zoppivhs As Auieth. &, faadle] Aoprlvhs AL AgA §A4 o]
oAl As ofulan], AgA FEAFF] derE FHLARET Eo}
=] 2

E
2-13) pH, EC, DO, COD, TN, TP, SS, Chl-a°cl| gt A
A FAE A7 JaEg, Ao, Ay, BEAR 59 J1E%
3 RSO ARSE

A
FRFA 3melshe] T1he A

(E 2.2-12) AFA F#EF44 @2 ANOVA £447

T8 zlcllr:la:: Df S%E::e F-value Sig.
Temp. 4012.8 4 1003.2 22.104 .000
pH 104.6 4 26.170 56.120 .000
EC 6390877 4 1597719 299.015 .000
DO 168.6 4 42.1 4.871 .001
COD 9339 4 2334 330.601 .000
TN 65.2 4 16.307 29.941 .000
TP 1.528 4 0.382 140.756 .000
SS 50725 4 12681 83.673 .000
Chl-a 12600 4 316.2 203.597 .000
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(% 2.2-13) FEFAHA #

=

NEes

2 7<3
R FaTA N Max Min Mean S.D
Temp. H<3 376 33.6 3.2 177 7.4
3<H<b5 712 314 1.8 174 7.1
5<H<S8 1,167 32.0 1.3 16.1 6.5
8<H<12 712 315 0.7 14.7 6.2
>12 208 30.5 1.9 14.7 6.4
Total 3,175 33.6 0.7 16.2 6.8
pH H<3 376 11.1 6.2 8.0 0.7
3<H<b5 712 10.9 6.4 8.0 0.8
b<H<8 1,167 10.8 6.3 77 0.6
8<H<12 712 10.4 6.0 7.6 0.6
>12 208 9.4 6.0 7.6 05
Total 3,175 11.1 6.0 7.8 0.7
EC H<3 372 915 40 220 137.6
3<H<5 710 974 33 162 90.6
5<H<8 1,167 410 14 108 48.6
8<H<12 712 418 7 84 37.7
>12 208 226 26 75 36.4
Total 3,169 974 7 125 85.7
DO H<3 376 18.1 0.3 9.1 3.2
3<H<b5 712 174 0.3 9.0 3.0
b<H<8& 1,167 16.7 1.0 8.8 2.8
8<H<12 712 16.4 2.1 9.1 2.8
>12 208 156 29 9.8 2.8
Total 3,175 18.1 0.3 9.0 29
SS H<3 376 231.0 1.0 17.1 19.1
3<H<5 712 116.7 0.6 11.2 104
5<H<8 1,167 65.6 0.2 6.3 6.0
8<H<12 712 449.0 0.1 5.0 175
>12 208 39.5 04 4.1 39
Total 3,175 449.0 0.1 8.3 129
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(£ 2.2-13) FEFAHAd #E ZIeFAAAS)

Ea FaTA N Max Min Mean S.D
COD H<3 376 22.9 1.6 9.2 3.8
3<H<b5 712 33.7 1.8 7.2 3.4
5<H<S8 1,167 24.1 14 5.0 2.2
8<H<12 712 19.3 14 4.1 1.7
>12 208 9.8 14 3.7 14
Total 3,175 33.7 14 5.7 3.1
TN H<3 376 8.02 0.28 1.57 1.14
3<H<b5 712 7.32 0.27 1.44 0.85
h<H<8 1,167 7.78 0.16 1.27 0.62
8<H<12 712 3.72 0.19 1.18 0.55
>12 208 2.61 0.26 1.06 0.43
Total 3,175 8.02 0.16 1.31 0.75
TP H<3 376 0.64 0.01 0.08 0.08
3<H<5 712 0.82 0.00 0.05 0.05
Hh<H<8 1,167 1.64 0.00 0.02 0.05
S8<H<12 712 0.43 0.00 0.01 0.02
>12 208 0.16 0.00 0.01 0.14
Total 3,175 1.64 0.00 0.03 0.05
Chl-a H<3 376 256.3 0.6 35.3 354
3<H<b5 712 1725 0.5 20.2 21.9
b<H<8& 1,167 111.2 0.1 10.6 11.1
8<H<12 712 68.7 04 7.0 6.9
>12 208 44.6 0.4 6.5 59
Total 3,175 256.3 0.1 14.6 19.9
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(£ 22-14)= A2e] s4d3
B2 9eir A3 A9l Scheffe TestE 33 Ayolty, =23 TNS
8554 3m o)sHH<3)9 3mXt} =3 5mo]dHE<H<5)Cl 7ol ]
SmHUTt Hi 8m°] SHO<KH<R), 8mX.t} =3 12mo|sH8<H<12), 12m*=¥}
(H>12)Q1 73l tial Z+2F 798k ZFol7} 2d%laL, SS, COD, Chl-a, TP+
4 3m o]&tel F7rol| HlE) tE BE F7e A 93 FFo g Aolvt

i Aoz ek

(% 2.2-14) A=A FaRFH 738 ALF 24 25

TFARE | FETA 3<H<5 5<H=8 | 8<H<I2 >12
Temp H<3 ®x% KKk sk
3<H<5 ok sokok sHokok
Hb<H<S8 *ok $ok
8<H<12 Hokok sk
pH H<3 Kook Kok oy
3<H<5 feokeok *kok Hokok
DO 3<H<5 *
Hb<H<8 ok
SS H<3 Hokok Hkok Hkok Hokok
3<H<5 Hokok *kok *okok
COD H<3 e Hokok *okok Kkk
3<H<5 stokok s$okok *okok
5<H<S8 Hokok Hokok
Chl-a H<3 Kkk otk sk otk
3<H<5H koK koK Hokok
5<H<8 otk
TN H<3 Kook KKk Hkk
3<H<5 stesfeok Hkok *okok
H<H<8 koK *okok
TP H<3 Fokok oKk oKk ok ok
3<H<5 Hokok *kok *okok
H<H<8 Kotk *ok *

) %<0.05, *x<0.01, #*x<0.001
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3) A- g F4

THE ATA] Al wE Fdo] AR FoF FEoE XolT}
A=7Fe Lotry] flste] 2013d: FHET FASAY AR 3,340
NE SPSS TAIZE 19 (11.0 Version)= ©]-&3te] ANOVA #41(Y A4t
EA)S AASAT. dLEAEAS dd SHus(a ) 9%
TERFY Hite] AolE AFshed ol fHn. dARAREALS 3§
A FAA Aole wods Al AT F7= shARE @ Hdy
e U ougle Aolrt deEAE AR E of, AHFHZF

f.a
@)
7
28
T
o
o)
-
¢
0
<
o
—~ X
>
ol
ol
e
Jm
ox
N,
o
(N
10
Ho
Lo
oX,
0
s
i
Y
olN
ol
ol
St
O

TN, TP, SS, Chl-a & E< @&olA Aldo & FA4 F+9% o7t
AE Ao e

(¥ 22-16)< pH, EC, DO, COD, TN, TP, SS, Chl-acll & 34,
8Y, 11¥ so= fFste] Zt7h Htgh, HAoig, HA4x@, xEA94
%%ﬁ]ﬂ% 2@4314 <a¥ 22-2>v AEE Hiiks A4 A
= Aoltt, pHE 393 1199
4 9loem DO+ 3¢9l Hls) 59,
AL & = 9k SS= 3¥3 549

Hls) 89yt 1149l o3 FEoz Frhela, oF A5rie vh=
o= o

(& 22-15) AA) W& ANOVA ¥4d4

T Sum of Df Mean F-value Sig.
Square Square
pH 46.863 3 156 32.6 .000
EC 39148.3 3 13049.4 1.47 221
DO 8402.9 3 2800.9 458.1 .000
COD 1440.3 3 480.1 499 .000
TN 70.1 3 23.3 38.2 .000
TP 0.188 3 0.063 20.0 .000
SS 8438.9 3 2812.9 175 .000
Chl-a 26363.5 3 8787.8 20.4 .000
2b5) 20139 FESA G EZA A5 (n= 3,340), =AMA7] 0 39, 5¢, 84, 11€¥
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(¥ 2.2-16) AZ & 7IeTAA

= Season N Max Min Mean SD
pH 3¢ 335 10.4 6.2 7.7 05
5¢ 3835 11.1 6.2 7.8 0.7
8¢ 835 10.9 6.0 79 0.8
114 835 105 6.0 7.6 05
Total 3,340 11.1 6.0 7.8 0.7
EC 3¢ 830 978 28 127 100.7
5¢ 826 928 14 128 97.2
84 328 974 26 123 87.6
114 3828 900 7 133 91.0
Total 3,312 978 7 128 94.3
DO 34 835 18.0 4.1 115 2.0
5¢ 3835 18.1 1.3 9.0 2.6
3¢ 835 17.2 0.3 7.1 2.6
11¢ 835 16.7 2.0 8.6 2.4
Total 3,340 18.1 0.3 9.1 29
SS 3¢ 3834 83.0 0.2 6.3 7.2
5¢ 835 132.0 0.1 7.3 389
3¢ 835 132.0 0.3 9.3 10.2
11¢ 835 449.0 0.1 10.3 20.1
Total 3,339 449.0 0.1 8.3 12.7
COD 34 334 21.0 14 4.8 2.5
5¢ 3835 21.3 14 56 3.0
8¢ 335 33.7 1.8 6.6 3.4
114 835 23.3 1.2 59 3.2
Total 3,339 33.7 1.2 5.7 3.1
Chl-a 3¢ 834 160.2 0.6 12.1 179
5¢ 835 1415 0.6 12.6 175
84 835 348.2 0.1 19.2 26.7
114 835 144.2 04 15.3 19.3
Total 3,339 348.2 0.1 14.8 20.9
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(% 2.2-16) A-d ©&

71T AANAF)

= Season N Max Min Mean SD
TN 3¢ 834 8.02 0.26 1.535 0.940
59 835 7.83 0.23 1.415 0.799
84 835 481 0.22 1.245 0.658
114 835 7.78 0.16 1.163 0.699
Total 3,339 8.02 0.16 1.340 0.795
TP 3¢ 834 0.55 0.00 0.028 0.035
59 835 0.82 0.00 0.037 0.050
84 835 0.64 0.01 0.048 0.057
11¢ 835 1.64 0.00 0.042 0.073
Total 3,339 1.64 0.00 0.038 0.056
79 .
T8 3
Fu&‘} 7B '_“i_E:I B
| 3 4 ] 4
55
E_i;: 80 E
g 45 % a2
1 3 4 1 4
g . % |I:|I _4
<9 2.2-2> A- wE FEAS F9)
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TNS 3¢€3 590 v L3} 11¥0] 238 v=7} Fasts 4SS
Bla, TPE 3€o vlal 54, 8¢, 119 ZAF Ao F9o3 =502 =7}
St Aoz Yyelyt o]yt Ait= COD9‘r H] =3k AHeks Bt

Chl-a= 393 5¢el Hl3) 8oll= Fol%h o2 F7hekelaL, 11
gdol s FoJ3 FEow 3

N
N,
F>
_O|L
rlr
>,\I
lo
HU
L
o
X
o
=
o
v
e
o\ X on e
oot 2
® o rlr -

N
-
=

(¥ 2.2-17) 2AHAZAE A% A3 2%

TAYE AlA 54 8¢ 11¢
pH 3¢ Hokk kooxok
5¢ stk
=] Hkk
DO 34 Soskok stk Soskk
5¥ sk sk
8% Soksk sosksk
SS 3¢ Hokok stk
5¢ Hokk sk
COD 3¢ skok sk skok
54 sskok
3¢ Hkk
Chl-a 3¢ Hokok koK
5¥ sk stk
8¢ ssksk
TN 3% ek kskok Kk
54 Kok stk sk
8¢ o
TP 34 ok otk fosksk
5 Hokok
8¢ s

) %<0.05, *x<0.01, **xx<0.001

_39_



she] 4157

5

[€)

o]Q_

=

=

=

s

-

T

1(2002) ol A

e
RS

[e]

A} olEA T

oL

[}

=
L

g0l

1990998 20019744 8] FAH A Be] Beld Q1%

1

o]
pal

3. 48 A=A

PN
T

1:{]_,

59

Z}el #- & A 4% (ST, Effective Storage)

™ 2 (WS, Water surface)®] H],

alo]
o

__i

doll wep C-1

U

[e)

=

v, C-IV¥

ol

wede] M rdew

2} glol® A AFA Y

=K

Bl

35 40 45

Type C-1IV
30

Type C~IlI
Storage(m*)/Water surface(m?)

15 20 25

10

Type C-1I

Type C— |

uoleUBOU0D 0D 8bBIBAY

H
S
H

<I9Y 22-3> UL AFA FELEFH

_40_



2) 598 AxA FEd 79

T FHE AFAE Udos <a9 22-3>9 FHELIRFYE EFEI
o4 Wer A0 e ©FT A= (B 22-18)3 2k 20134
THET FASAY 82570k FAMEY AgA 9 336970 aE o=
slem, COD#2 o " gts ol &8t sd8&F 2544 82570
A2E R A7, 53ddddel= 122714:(14.8%), WH-A13 2 16471 4
(19.9%), <F-LJF2 25714(3.0%), LHtAEFoll+= 1647]145(199‘7)7}

=
L CODEE 7o F4d7]+

29
FAR HTﬂIQ&NLS o BRI Ave 2gedo)
2407 a2 AA|2] 7.1%, WHFLJP 2 2214704(65.7%), <+
22(0.7%), IREAE]F 2 897 4 (265%) = EFFHAAL, & &)
NE 23 AFARE o a9 Wel 916%o slgela ATk weA
.

ol edE AxAe] FAedfde YRy Bgddgen i

S T !

_1

YEA gow Fodoael %A acld od daFor sl wala
% % }

THE AFA] FAMAS A=

o o 0 5 C-1 C- C-1I C-IV
e = A e = = = - =
(Bgeldd) | (WEQed) | (FPed) (#218)
b COD > 8 COD < 8 COD > 8 COD < 8
o W/S <5 | W/S <5 W/S > 5 W/S > 5
e v gk LA A n] R o] vk} 2]
A 1227 2~ 16470 2 2570 A 1647 2
(8257 &) (14.8%) (19.9%) (3.0%) (19.9%)
FA g 2407) 2= 221470 & 2270 A&~ 89571 2
(3,3697H 4&~) (7.1%) (65.7%) (0.7%) (26.5%)
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pH, COD,
& A= 171H K
Y 2014d7bA] H

245

1) v shA 4=~
jspA o] Al A <ad 31-2>¢F v COD4 7

S AR g5 715 8mg/L W9 z
@S B COD7F 96 mg/l, SS 17.2 /L, T-N 25mg/L, T-P7} 0.146 ng/L=
Ul COD®RE oluzl th2 4 FEER $d45 71Fe 2uen
R L}E} w24 A w}a} COD, SS, TP 3%

o

S wn s Ao ¥

[_£

e,

/\ AMA . ”/\~/\/\/\/\ P
s <7 v VT

2 6 0 2 6 0 2 6 0 2 6 10 2 6 0 2 6 10 2 6 0 2 6 10

v
B
I
3

- w
s S

S
SS(mg/L)

COD(mg/L)
PO

=}
=

2011 2012 2013 2014 2011 2012 2013 2014

0.2
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[ -
T-P(mg/L)
o
-
4

AVASS

2 6 10 2 6 10 2 6 10 2 6 10 2 6 10 2 6 10 2 6 10 2 6 10
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<9 3.1-2> wWgAFA] AFZAE (2011 ~20141)



2) MEAFA
HEAFA ] 42 CODZF Hit 128mg/LE HAom, A HE

A7l FdE RIS 2dea vk AVIHeRE 59 A Al
o A7l Wlaste] AL AErE TP ke, A 5o o] AA

Ha gE FAE 2tk SSe] WiekE 245mg/L, T-N2 32 ng/L,
T-P 020Img/L= E= 50N i85 s2d7Iss 27 d3sta 3ok
HEAFAE 53 olo] ol

H p s 1_1_.
RERL QT RS $AA oA WH2YUFY A5}

09 olgE wFHE AFAR Ba v AR SPGB A § S0l
o A % Fegon pern

COD(mg/L)
x B o= =2
SS(mg/L)
S 8 &

8 0.5

04 A

03 A

T-N(mg/L)
-~
T-P(mg/L)

02 A
D

2 6 0 2 6 0 2 6 0 2 6 10 2 6 10 2 6 10 2 6 10 2 6 10
2011 2012 2013 2014 2011 2012 2013 2014

<29 3.1-3> HEAFTA AFEAE F#(2011~2014)

3) 4 Xﬁ“rﬂ

HFHAFA = FEAT)] JHALY AFA] F Ld=7F 7B AAe
AgAolt}, 470 d H+ COD+ 13.3mg/LE ‘/]‘E]'WJ——’, Bt SS+ 18.1mg/L,
T-N& 36mg/L, T-PE 0220mg/LE2 753 JEEZ S 93 ¢ o]
A A2 et 59 T-P= 4 5 04 mg/L &3)skeE A7 Bkt
HHATFA 9 299 AT SAAE, FAANA, AAGAIEe] T
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O REsC] g, 53 A% Al AgvtlA wWEHs ARe
T HAYAHE AFAR FAEL de dHolth REAFAE HE
A o= REHE 29 Aol @8] AFAe] FHo] ARAA L glom, o=
FAFAOR Borke sk F5el H4H] MEow wad
Webd AP FEAT 3] A5A dF FAeY Fol 2 £
edds AT A wEAS AHAE AN F9 & & 49
BEFe A He Ao qPH 5T FAYUAALY FENE AR S
A 47 Beslt ojga #uEdt el B AT dgHs
A3 A TR wSAFA 7 7P A dsivar J&E‘rﬂoi ) S} A =2 =
gaow 54 % ARl da AUEAE A5
24 40
: /\/J\J\
30 4
2] S /\/\
EIZ é“zo \ /\
8 8 a \’/A\
O ) V 10
0 . 0 :
2 6 10 2 6 10 2 6 10 2 6 10 2 6 10 2 6 10 2 6 10 2 6 10
2011 2012 2013 2014 2011 2012 2013 2014
8 05
6 04
g \/\/k QO.S
£ £ /\
z & 02 4
= =
il 0.1 A
3 ¥ VA

0.0

2012 2013 2014 2011 2012 2013 2014

<249 31-4> FHFAFA AFEAEFH(2011~2014E)
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(% 31-2) 97U FEXT d=d 2 %

T % pH COD TN TP SS

Max 9.7 204 5.68 0.246 235

2011 Min 79 4.8 2.446 0.067 8.0

Ave. 8.6 11.9 3.746 0.175 16.6

Max 8.9 225 4.992 0.422 34.0

2012 Min 7.2 11.2 0.896 0.149 16.5

397 Ave. 8.0 16.0 3.482 0.280 255

Max 79 17.6 5.672 0.436 245

2013 Min 74 9.9 3.051 0.171 4.0

Ave. 7.6 13.6 4.540 0.306 17.0

Max 8.1 13.7 2.698 0.115 18.7

2014 Min 74 9.4 1.904 0.046 8.3

Ave. 7.85 10.8 2.341 0.084 13.3

Max 9.2 20.0 4.071 0.274 25.6

2011 Min 79 6.8 2.222 0.083 9.2

Ave. 8.7 10.5 3.19 0.162 155

Max 8.3 195 3.516 0.317 36.5

2012 Min 7.3 6.3 1.008 0.101 14.5

) Ave. 78 10.5 2.424 0.185 22.6
o 344

Max 79 9.4 4.068 0.169 245

2013 Min 7.3 8.4 1.708 0.109 8.5

Ave. 7.6 9.1 2.666 0.148 16.8

Max 8.3 9.6 1.736 0.097 18.3

2014 Min 74 6.8 1.127 0.038 11.0

Ave. 7.8 7.8 1411 0.064 14.0

Max 9.5 172 4.984 0.298 34.7

2011 Min 75 4.8 2.016 0.092 13.3

Ave. 8.5 13.3 3.51 0.217 22.8

Max 8.9 20.3 4.776 0.384 43.0

2012 Min 8.1 115 2.556 0.202 26.5

= Ave. 8.4 14.0 3.765 0.286 32.6

e Max 8.2 18.8 5411 0.244 38.0

2013 Min 74 104 2.008 0.166 19.5

Ave. 7.7 129 4.048 0.203 27.0

Max 9.2 153 2.01 0.144 19.0

2014 Min 8.1 8.6 1.296 0.041 13.3

Ave. 8.5 11.0 1.540 0.096 15.7
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Exe WEAD U A9e Agste] Astdnt A7 ddATE A4
et A A Foketel & Ul 47 A FAck 2zl s
2Ahe AN E=F, 5PE AFA) F3d BE FPS B
date] 64REH A4A EFFo AE5FE Ao, 19¥HE 4
AgA el fAsAel g FA% fEe 2w SYsach a5 e
HEATFAE Fo FdskHo] 27k, A-AFAE 1129 F9stol
olth S9atH e FAFE A5 AR EAd Azt stgdom & 103]9)
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zgstgor, 2 ARl W 3Le) B2 A% F ZeldPd AREo
A AR 7PAe BAS AAsidd. E4FE e 2= COD, SS,

T-N, NO,;, NOs, NH;, T-P, POy, Cl, Z18]3 T35
Hg & 2483t COD, T-N, T-P, SS & 7|B&5L F4049EA
Alg W3} Standard Methoddll F3to] A 2 248
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_0|L
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A(44, 9¢)

B o

[ERSERE |

<Y 3.2-2> W AER 2 §q5H AA
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<39 3.2-3> FFAFEA 2 Fd3H A3
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<Y 3.2-4> HEAFA 9 §4d8Ad AF
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R EREES

W SpA =R o] FAL A} 718 XS V|Fo R 20~24mE LEFH o,
FAle] B¥o] HARY] HAFAFHoRE 1A

K FUHE At BE 99
Arf. FEEE 03~04 m Uel® x4}
™ =o Aoz eyt

JC, AEFe 3 28 217C=

*No] 2m o]é}i 7%-04 LA st

oF 2TAHE wgkom FASHS wist-1 AHL2 193C, wa-24H2
181C= xaTxloﬂ Hl&l sk e o] A A YERTL p —t—

SE =

e
Foll A 89, AE, wist-1A1H, wjs}-24] A 830 = e} ¢
2 )\]—ﬂ]a HY 3, ECE 8€d 59 d&o= 310us/eme] 7Hd w2 gk%
How BAI 7FS Al7]d= 400ps/ecm el Fe JERWTE DO
ZAZIE BF oF 50~189mg/Le] W2 WHE YEWoH, xFFolAE
it 10mg/Le] o9 =& el A7V Bgdku AFA £F
o "t DO+ 116mg/L]l vl AE+= 52mg/L, "is-1414-2 6.4ng/L=
2 ve DOE YERW L
st A=Al EFTe] Wt COD
Al7lell 8mg/L oldo g2 FA7E
20mg/L o]’e] wi-¢- = =
2 %3 COD# Y Hl s

+ 129mg/LE YErWon, A9 EE

Zdsta 9%la, 53], 493 1090)+=

9] COD+ ¥+ 11.1mg/L

Zpol7h gl Ao 2 Yedt w3

2molat2 A wE A=A o)
[e)

S Aoz yeElgd wistA Ao o FdstHe 2/90d, f-951
(M 3}-1) A AL Folx FAoA Eo]oE stHola, FAF2(m3-2)
He =4% d¥e Fols FYoA S0 Aot FYskH Y
COD o.dx+= ws} 1, 20014 Z+7t 54mg/Let 5.0mg/LE A5

fl

stol vj% e BEE Rk olE A%A W EE CODA B
o]
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#2394 509 ol AFAR = LA

o HAZoZEYe f% SEE 2 BRE A4 Aow ualh,
St EAIZE Beb Wash 3A gger], ®3F 197Tme/Lud A%
/LA B £S SRS JERE, 5He S5 A1, 2014
o B B0neLol 23 gg/Li Geht A5G wmstel e whe
$EE RAY AFA] S AF Fe e YT ol A9l F8
EAb] S wrlmrhes 14?1 A90e] o3 LPE Sk AL
d % Ak NFAFAL FEMALE G AFAGILE o2 19

FFgE Avta FE

TNZ TP ZAZIZE E<k & HAgle] ¥ =g FF9 §5E5 e
Bow, AFA 2% AFe sEAbol7 A9 ATk AFA 2T A
TN 143mg/LE #4542 “Hﬁ} 1(5.16mg/L)¥} vh8}-2(6.47mg/L)oll A &R
=22 55 YERAT. AF-A 2559 TP 0.121mg/L, wish-13 27}
Z+7y 0.347mg/L, 0.235mg/L= TNI} vpz7ix =2 & YWHU= %?;z,:oﬂ/q
g =2 355 YEhddth fYEkd HEE EZER9AA F9Y
u)g}-20 A wigl-12ck TN, TP7} =A velskoh viskx o] #9)st
&5oll dEgs whA %‘t A7l COD$F SS+= wA vt TN, TP7}

TR FAHL Ay A B T &5 A2 FdskdeA st 1, 27F
Z+7y 0.161mg/L 2} O.264mg/ E2 TEE YEWOY AFAdAE &
HEZ ol 2do] A4S & =+ AL, Qo] Fds= va
FREs7E dojd Aow ot wstA e Chl-ax 55 ASF
oA Z+zy A3t 83.1mg/m’, 719mg/m= FE ol A gllont 11¢

How S7hE

ZA A Chl-a”} 422.8mg/m'Z wl-$- ==t ol LA
CODSIE #2 Asks BTt ol gh o] I A =
Fo] WE7baA EalE o] frl=d AF547E &5 oA F=7t
Folxl Zlog IuHETh 49 AP A

o $- E=gtomw 10€7hA] AMA 3] stz 1120 =4 He ¢S
B 9 E‘r Frastd e Chl-ax F dtdolA Hito] 2.3mg/m' = w-¢ 2
el w1 A9 Ae T2 2390l 18] RAME AAE o
Al EA 9] 1Y Aol 10.0m olst® 7ol o3 BEAL {5 ol W]
st BIAS-Al AR E/{SEA T
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<ad¥ 3.2-5> "WgAFA € FH43H +2A(FL, EC, DO, SS)
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<29 3.2-6> wgAFx 2 fF¢Y433H +Z(COD, Chl-a, TN, TP)
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<9 3.2-7> W3 AFX 2 {943+ 3 (NHs-N, NOs-N, NO2-N, PO4-P)
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21~36mel WMo, WA WEAd v 40 27 2 A
olith FHEE £AIZF Bk oF 03m 2 Be] s} Agomn,

T2 134~292C(Ht 237C), ASF 22 11.7~279C(H+ 2207C)
olal, FUF F2 121~281T(HT 194TC)o2 F559 2] 4
U Fdol v dAa =gtk pHE EEFolA 82~104(F 1 9.0)
o7 AFF 79~87(Hw 8 YT 8.0~102(38+ 85l H|E] A
=stor, 44 2 34AF BT 47 S Hola 9tk ECE #
Zol Al 333~474ps/eme] WS Hgow, Al 333~444us/cm, 95
344~699us/cn=E ETT, ATT, TYTF Ao wE Aolrb gllom,
ZAE Al7le] & dJxkE A St Eo §FAMARS DOE FEFolA
55~17.2mg/L(F 1 9.0mg/DE ZAF Al7]e] wel Ax7E A YEpRon,
AETo 9 Fidves 247 84mg/L, 85my/LE AL AFo]7F §ISATh
A AFA ] fFdetde ARl a7 EAE, FAF dTH R
A Eo ot frdFEe APl FAE AXA Kt AR FAE
ARA AFAR Fd=2 Aok FHA ] Afo= A= AL
st frdE A QA edEde]l vy #o fystde HAFE A
Ae wWa YPs AR 295 ).

g AFA ] CODE #FE3 4= 77t Smg/19t 15.7mg/L &

by M
—
OO
Cﬂ

2% 57 2 R R
o vehdth #hAE CODAE Bhe AFAS st W s FF
Ior, THAE Wngle A HE ASE QAT FAFAA HY
1449 CODE 24172 el

o= COD 74.2mg/L,

A% LGEst A AF A

L
.\iﬂ/\ol—/\] %01/\,] (O)e= s ek =1

T o —

TN 11.236mg/L, TP 1.632mg/L.S }EFY

Atk SS+= AFA ZFH AFTolA 22 12.0~39.0mg/L(B+ 25.0 mg/L)<t
14.0~285mg/L(H 1 23.4ng/L)= 78] Zpol7}F fulem, A7jdz= 6%4
7ol Mg =2 #e WEdY Fdskd el SS+= 8.0~81.0mg/L(%E

358mg/L)= FAF Al7]ell whe} HA7E APen, sasrrg 4 52 %k-a
LR AT <™ 3.2-8>.
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TNS A=A FZ504 1.897~4.312mg/L(H 1 2.726mg/L), A &0l A]
2.037~3.080mg/L(B i 2.485mg/L) = FAE o] F39] 57} tha =gkon
A7 oz 48oA 699 =2 A YeERUATh FYstd TN s+
3.051~11.980mg/L(H i 8456mg/L)& X ZF1t A =Sl Hls] 4v] A=
o =n2 npgon E3 Aoz 9~1199] 9.176~11.980mg/L =
ol & L& UehUth dEUold diet A Ha, ofdAbd A
Aol <® 32-10>0A yErd bikel o] fSlstdo]l 34, AS
TR = YEya, dEYokg Aiet A 5
TR =A dEwT, wrde ol HAbd Ha e
H =3 T HYTh

TPE AFAY FZ2F9 AZF0A zhzE 0.109~0.272mg/L(H 1 0.186
mg/L)$} 0.138~ 0244mg/L(J T 0.176mg/L) o2 FdEF 27+ 0.1mg/L
£ st Jom, AL Mg ;g Hola rh. Fystde TP+
0.281 ~ 1632mg/L( T 0.820mg/L) = E Aol Hls) w9 Emqtom, ujstA],
HEA FYdstdel vlusiAE ml¢ =& 7S JERUIT AV {2
53] 997 100 7MY =2 s=E YEdlled], oledt A3E TN AL
AR} frAabeh BEgS 1S

Chl-a®= A4A &AM 974~376.3mg/m' (F++ 180.4mg/m’), =
N 59.4~172.0mg/m (H 1253mg/m) o2 FZFo|A AZFrE AR
A Ve, ZARAIE R HJ27E A YEbs T st A A 2F
At 129.8mg/m'tt MHEAFA BS5F 1194mg/m'oll ¥]3] m§- =2 5%
Bl fdstdd s Chl-azb 2.1~274.0mg/m (B 44.7mg/m) o2 F
el HE] FA e HsEgal, shdAE 898 AlQstae 120

mg/mol R mg e HwZ merh ubHo| Hﬁi}?ﬂ??ﬂ sk ol

N

T a5 gk = NET Oﬂfﬂ OOO?)mg/L A
HEZHEFJ2, Y4 A Pb, Cd, As, Hg 5 345 % FUFNA AESHHA
ok gk}
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<29 3.2-8> FPAFA U 2 Fd3d =2 (5L, EC, DO, SS)
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<29 3.2-9> FPFAFA s 2 F4sA 42 (COD, Chl-a, TN, TP)
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<a¥g 3.2-10> FHFAFA € F4933H 2 (NHs-N, NO3-N, NOz-N, POs-P)
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o B EA A

HEAFA ] HFFAL 22moliL, 34 FYE 7Fo® dlo] oF 15~
26me Welw wstAFA e vz FAS Btk AR St tha
T WEel A=, ol AFA =Wl A I Folg o=
dal FAS 2ds7] WEelth HEAFA FHEE EAPIIE St
°F 0.2m W&o, EAo] g ZAAE wal glo] AF HmrF g Hol
Aok HEATA 4453 114d7HA 9] 259 22 11.6~-274T (3

228C)8 B, 69HE 1197449
216C)E HATh 7€5H =
6C(H+ 185TC)ez A4 Hls tih Skt HEA9 FYdshdS
Wl U2 TEold F e F8 fFdsHI S FAHA
WiE7F e, g He] shds Alelet
gAY Fdskd HE-2x 5o A
frgol EAste]l Agsid oyt 1ol %
A ZAE AN AT

AGA 9] pHE RZ T4 80~9.6(F 86), ASFolA 7.8~9.0(H
83) o2 ozl HHE Hola Jow, Fds WE-1A4%9 pH
77~9.0(F+ 83)e2 449 HI=3gE JHES Holal It
ol A 311 ~745us/em(B - 4354ps/cm), A Z<Fol A 300~ 741us/cm(3§
416.3ps/cm), UM E-1X ) A 235~730ps/cm(F w1+ 451.4ps/cm) 2 3E
TT, AT, TATAA ALY Aozt fllow, AL Al7lol] wE dge

B .= 844 DOE ZFTTAAA 54~150mg/L(E o

10.8mg/D = Z=AF Al7lell whel Jx7E 2A e om A S5 HdsEe
8.5mg/L, TOT%]‘F HisEE 89mg/LE YERSE
Fd i gé‘ﬁf 14.9mg/19} 14.0mg/L o2

oX o
2
2,
fo @
2
2
v

o= 4@7]%2 g‘iﬂra}ﬂ om, Fald me FEHIE 7o ATh
et A5 e] CODE 7€%H 1197049 27} 45ng/L=
uo

7
2 AAe] TE3 8ol 20 TAE HEAT
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6.506mg/L) o2 AL Al7]e] meE} o] HA7E Alston, AGAHT)
19 =2 s YeERATh dryeld dael Ak A, ofdibd Ao
AgolE <2y 32-13>0A yEeld miel o] fstHe] 25, A5
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TP+= AFA 559 A5 27 0.116~0.418mg/L(B 0.
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H 23k w55 vellern, #3534 5 AHS 154mg/L, 13.5mg/L=
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ol A tha =A dvErgH TN Aol 1.054~1.607mg/L(H 1w 1.31mg/L),
4ol 1.015~2.015mg/L(F+ 1.39mg/L), == =Heo] 1.151~1.646mg/L

2
4
>

_76_



—~

Bt 148mg/L), +55 Aol 1.073~1.645mg/L(H  1.35mg/L) o= 3=

AR A-HAA i =A UERT TPE 109 ARG 5271 437
=okor XA whgl Zhzb Aol 0.109mg/L, T 0.115meg/L, &= 0.130
o = -
mg/L, 3 0.122mg/L=E #ko]7} A9 gle o= yEwT. Chl-av AH
HE2 AH 996mg/m’, T 145.1mg/m’, = 1869mg/m’, = 152.5mg/m' 0. =
ChE A%l Wl gRM WA tha Zed, AN b
=~ O
wokal, #AE Fdi ARl 7 =A YEksk
14 30
& — Hah-Eg T Of=-5Y Ojsh-5ts === Hfst-2 5 ) — Dh=k-EE == HEh-EE === a5
- ] T e 0.1
= 5] == r==" ? .
o =3
R Z 10
0 \ . : 0 : . T
9/10 9/30 10/20 11/10 9/10 9/30 10/20 11/10
300 50
— oE-Hg — o5 o fE-EE - gig-2E —OENE T oiEEY o jEES — o njak-2s
100 10
=300 =~ 30
= El
z =)
=200 Z 20
100 10
0 ‘ : - ] ‘ : .
9/10 9/30 10/20 11/10 9/10 9/30 10/20 11/10
0 500
| —oigEE —ojzse o ojglas —-- ojges — o ——sEe o ojghas --- g
25 400
=7 o300
3 s 3
= 200
g1 2
g 100
0 ; ; ; 0 : ; .
9/10 9/30 10/20 11/10 /10 9/30 10/20 11/10
0 0.30
OEREE TTTOE-EY 0eh-EiE5 === 525 TOERAY T OE-EY HE-EE === 0ja-25
2 02
20 0.20
%E‘ 15 _g 0.15
= 5
210 < 010
0 0.0
0.0 : . : 0.00 ; : \
9/10 9/30 10/20 11/10 9/10 9/30 10/20 11/10
ESVETR ZAYR

<29 3.2-18> "W AFA Y X "E FHAIFY

_77_



o ¥

= o

4y o fn Hzowfe

SR

2

STAHE 9¢& Aoz Yeyth ECe jizf‘ o 4] 3205~ 3543;15/

36.0us/cm), A=l A 325.3~355.8us/cm(B 1t 347.2us/cm) &2 71 9]
AU pHE ESoA 80~85(H 83), AFTolA 7.8~85(H
82)2 5o mE Aozt 719 gtk DO= FEZFFolA 9.0~17.1mg/L
(B 124mg/L), AZFolA 34~97mg/L(HF 60mg/L) o2 FZFol|A

ASTEY oF 6ng/L B= A HEhd F3ed wE Zolrt Hol vyt

FHE22 SS= #F5FoA 14.1~239mg/L(H 20.6mg/L), ”Z’“OH/H
19.3~289mg/L(F 1t 236mg/L) o2 ZFTT R AFTodA thi =4 YE
Wi, 71242 CODE ®EFolA 115~19.7mg/L(F T 13.6mg/L), A5

Foll A 91~138ng/L(F+ 11.3mg/L) o= FFFolA ASTFEY i =7
LhEbst T

g4 ZFaEe A#Ql Chl-ats ESFA 81.4~283.4mg/m (3 1F
148 1mg/m'), ATl 76.1~1259mg/m' (B 92.5mg/m) o2 4 FF Rt
FTTAA =A destal, 2ANTIER s #Ax7E AA dErs
TNE FZ=20] A 1.091~1.728ng/L(HTF 1.382mg/L), A=2o]A 1346~
1.762mg/L(B T 1.505mg/L) o= F=F3tol ztol7b A fnaL, TP+ %5
ol A 0.092~ 0184mg/L< 7t 1.120mg/L), A5FellA 0.098~0.144mg/L(3 ¥
1.122mg/L) o= o A 7ol = vl s2g #hs dERdou 109 Z=AL
oAM= FEFolA B} =A UEbst

A A= AAHem FAo] 2m Wl AFA e AFA =AM
AgA 2730170l whEol o] = AFA otk wE A=A A<
FAL 7HES U AeAdel dojdds vhEe] ZAlEEA dAFom
COD, TP, Chl-a X7} £o] &ei7te dd3 49715 AvwA SS7t

_78_



=) = (e} = S S S =
Frkee ARe JEZIE A% dAden AF A7 daA 2
=1 >~ o = = = = o o=
A 548 HoFa o 3 dAHoRZ FAo] e A5
AAA AA dFdde] FelaA &s Ao= dddn
30 30
2 - yE
20 A
s
z
_5 10 A
0 : : : 0 : : :
910 9/30 10/20 11/10 910 9/30 10/20 11/10
500 50
—=z —uz —=o% - uz
100 40 4
-;_'_--:
‘E:«OO 8
=200 4
100 A
0 : : . 0 . : .
910 9/30 10/20 11/10 9/10 9/30 10/20 11/10
ALK ZALUR
30 500
—zn -z —Ez ===dE
27 - == 200
20
5; 15 1
Z 0
0 : . ; 0 : : .
910 9/30 10/20 11/10 9/10 9/30 10/20 11/10
=HER ENT
30 030
—=z ---uz —in% --- 4z
25 02s
20 020
El,) 1 E‘ 015
< &
=10 =< 010
05 0.05
0.0 ; . ; 0.00 . ; ;
9/10 9/30 10/20 11/10 9/10 9/30 10/20 11/10
AU} ZAURE
<39 3.2-19> WEAFA FFo wE 2@

_79_




o AgA 4l ©E ORP, DO, <+, pH
T S AgAddrs AT HAHAERZYH &
01 [e)

FE= ”lfﬂ%tl 54@1-4 L
]

oZi

o

o

fr

*
ol

N

2
o 4y lo

o
°

-

17 9
bt nt ghelEe] AxE dehe Hmoln, w@ele wWE A
ORP+= % pHel wel ghe]l W22 pH 7914 F43k= 3lo] ¢
oltl, ORP7} &2 342 AAFEA Bl Azt 53t AAE
EolE Ao] At stsidElE Eabn, ol#fdt #4S DOVF =i
ol A AuE WdddedA EAg. w2 ORP7F w2
e f715, Sd714 5o AxE F= 73?‘2}01 e, Fdds
A Zo| A ORP7} %A vEhdth DO7E @& 7144 oA ORP %9
Helel wet e el sdubgo] Ao R wAlE= 400914 300
el A A4S obdito® | o AAbe thA] bR UolE ke Hw | 30001 A
100mVell M= 371 Hol 27F A= =, Fato]2o] Fsloj2oz ¢
=h=

2 A7elA ORPY 74L& FAlol wet 50em AR FA5on,
AFHAAE HHFOZHE 10em 3H7HA S48 ORPeF 3 -2,
DO, pHZ ﬂvﬂ ZAsto]l wlwalth 9¢€ 16¥, 99 299, 10¥ 13¥
ZA A= FAledl mE pHE 3 wWehrt ,ORPE— F4 1m A H

S SR e A2, DOS SEe
[e)

K
O
—_

2 N

OlN' o Jo fZ (I
N

v rl
oX, rl?i
~N

\l

V %

o M B

o

2o

—

()

o,

o

w

o

=
g
rr
o
o
=

=)

u ri
o

o

[o

T

3R

F-Fl [‘j‘:_l, u\l
S~
- .

Jr o
N
X
of

o
o

o,

Q

Int

Ny

o 4

=

47

N
Loy

>
I
O
ol
> o 8 o

f
22
M
& 2 o
@)
o
> <2
a1
N
r 3
e X
jao)
O 1n
T o
N
— 2N
b
_O‘L

r>~
B>
o, off
H
~
N
=
e
o

Im AFAAM = 2A FHast

ﬂo]ﬂ Al A A ‘JrE‘r‘fL

L B
>,
2

W ol
01}1!
4z o
=2

~
ol E
O
rlr

(0]
o l a
o%
o

f
e

2 ro

2

11%J 14 APOME— ORP7} NEToF 7 #% °F7k
42, pH, DOE Al we}p zo] 7} 7M e Ao

A A7I7F olE AE71E AY 7FERE AIAE
gt zpol7b fle=A], ofHWH AFA 9] FAlo]l YR vrol AlH
AEddo gl AFAAAE BEsy] s FF AAE

=

it

o

rJ
(INA/E

I

_4

P

_80_



) o] s 5 =21 O E 3 = H (o) o
Az sk o8 s ORP $4& B8 HAEZHEH o9
X z] = =195 Sl= = o = S 2= olo hyi
=% ‘%E 7]’0}\612 \_‘I/_}O}L ESh X]'JE‘;-E dE T Oom= Zi»g-i L%%E}
ORP(mV) ORP(mV) ORP(mV)
300 350 400 450 300 350 400 450 300 350 400 450
0.0 : 0.0 0.0 L L
916 929 10/13
05 05 0.5
4 = 10 - 10
z
g
E I 15 A
2.0 20 2.0
25 25 25
DO(mgL) / Temp.(C) DO(mg/L) / Temp.(C) DO(mgL) / Temp.(C)
0 10 20 30 0 10 20 30 0 10 20 30
0.0 o ‘ 0.0 L * 0.0 ;
9/16 \ 9/29 ‘I" 1013 |
] 1
] / | ]
0.5 ! 0.5 ! L !
/ " 1
7 ‘ 1
! ; 1.0 - i
I 1
= 1 ! =~ 10 A N i
E ! E I} r
25 1 = ' = 1
= ] = H 155 1
=2 ! 2 i !
=1 [} = < ] !
1.5 Ii 1.5 + H |
i ! 2.0 A {
] N 1
[} 1 i
20 A | 20 1 i . I
! ! 25 A
. ]
===DO =——Temp. === DO =—Temp. ===D0 =——Temp.
23 23 3.0
pH pH pH
0D 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
0.0 sy owe o w 0.0 S 0.0 L
916 9/29 10/13
0.5 - 05 - 054
1.0
1.0 - = 1.0 |
_j'% 15 4
15 - 15
20 4
20 - 2.0 A .
25 25 30

<29 3.2-20> "WjgAFA F4o ©E ORP, DO, &<, pH

- 81



ORP(mV) ORP(mV)
300 350 400 450 300 350 400 450
0.0 : : 0.0 : :
11111
0.5 A 0.5 -
== T A = 1.0 A
Fi= S
15 A T 15
2.0 1 2.0 A1
5 25
DO(mgL)/ Temp.(C) DO(mgL)/ Temp.(C)
0 10 20 30 0 10 20 30
0.0 L L 0.0 L . I
L] i
10/23 oS 11/11 -
i '
0.5 4 0.5 -
d’l i
- '
- I
- [
= L@ A " = T i
-_ 4 e L}
= ! = X
g : & [
= ] = 1
B ! 15 A g
' 7
\ ’
[
! 2
2.0 A [ 2.0 - f
y \
i -
- DO Temp. e 110 Temp.
2:5 25
rH pH
o 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
D-u 1 1 1 L 1 1 U-U 1 1 1 1 1 1
10/23 11/11
0.5 A1 0.5 -
= L0 4 = 1.0 +
E E
T 15 A e =
2.0 2.0 -
2.5 2.5
= 2= 2= = 2= A
<9 3.2-20> "istA R Ao & ORP, DO, &<, pH(A %)

_82_




1. 3 & 249% %A}

100

,.A_.u,-O

K

0

oy

N

o2 ol

AHA A

o

R

5 A = HER)

A rgol A ko]

o
BK

ofp

o}
5

o

SHAl =,

¢}

=
A

o] whetel] =

A

P
T

3%}

hya
-

il

ZO

b kel
%, A,

<]

33X

1998). & 4 &)

7}
Aoy 9 B4R A YelAde dde] wak 39S <18 33-1>0

=
O,

b, 2,

°©

A A5 el

e

o) A% gel-FetA o) od oA

=< Aoz
=4
o

2
ETAS

1

5]
=

J

ge A Ao

A

uhe} e},

o

5]

.

i

_83_



3 2dEE= 7Y

[ ==/sta A2 |
1=

IEEEXEEEEEN

EEEREE il

L 3
[ 22 zele1 210 9715 | [ Zonen =1 et 3 rasa 2ot |
1 —

[Fe=vaa |
EESTCITE

[exsnuwins | ¢ [wr] ﬁ
1 ¥
1

¥
HA3d T34 T%ﬂl:"-%l"a‘ =7 9g2 |
LAAFEE dFdFTESE

l |
1

<a¥ 33-1> HHE 4 A4 A A WA dd9 ¥ #A

5 —)Fﬂﬂ/‘]i Ao F4ALARES A AT FH, W HE
Ao gk HA4E LdE 2AE AASAT 2AME 5E5FH 109714
Ko, 1xkef 234 FALelA = #H, wjst, HE AFA 7

Zholl M 13te] dEAF S AdAste] AMFHsEA oW, 32k} 43} Ao A =
st A 4358 AFS At AIRE AFHAS EASGATGE
33*1) A Eo AQFH+= Grab samplers o|&3td o, A3 F vjd Hoj

T717F B3] EEE A dEe & AFAR KA} wAS AT
ﬂ&* ZAA 9] A= <2y 3.3-2>° YERH AT
(¥ 3.3-1) 83 & A 92 2 A
A3 S ZAFA =} ZARA A
12} 2014.5.28 wfehx] P A, HEA 2L 1AE (FY)
2%} 2014.6.20 i slx], P, HEA 2+ 1AH (FD)
3k 2014.9.2 ) 3}2] 4X] " (A, T4, FHF, )
42F 2014.10.28 3} 2] 4X] A" (A, T, B, -5)

_84_




A Eo ol3letd EA W odEE doluy] 93le] HAHE pH, W
g7 (Ignition Loss), 944, F &4 (Total Nitrogen), % <1(Total
Phosphorus), <14+ (Phosphate), 7] 4 AEFE 55 EX&t
TANHE EYedTAAEY 2 H7 | Fo] sk
2 o]o] wWE ARV V&
SANE o]t on, A
59l A7]o| pH meterE
(Ignition Loss)% HAHE o ¥x3d
AL 2o A 04_/1:’\173] Ars o] 24
HA 8712 106°C 27NN dFo g
7HA SA g D}%ii A= oF
= 1500C7HA] =

A

¢

N

’

ol

=3
w
S
=2 o
Lé
L
=
32
i)

o
-

Hool
ol
w > I

pl
LS
N, e
(o]
=
o Mo
ol ﬂllo
ol
2 =
il
F
oy fo -
e 1x
ol o
o &

v
o4 1 lN 1
i
()
flo
ﬂ .
o
(&)

!
0
j=)
(=)
3

J?l
ofN

R
g wj7bx] dx3 = FAE 0.001g

ﬂ%ﬂ#ﬂ' ﬁgﬂ¢ﬂ

<39 33-2> H4E A3 Eg R 4 AR TE A=

_85_



HAEY =& HAE AR EAsts 77 Y 27 EEE
= o] 9lth YEiA2 Cilas Al ZAFA Al A 2He 1064
SR 91:0.04m~500um Abe)E A3 FASATH daEAS HAE
As W C HN S O%F daxd Ads dotir] 918t 540
A AlmE W C, H N, S, O %5 9484 Elemental Analyzer 71715
o]-g3ato] A3 F8stAt
A 7] A =% (Electric Conductivity, EC)%= A HZ=AH S o] &3 o,
A= 5o v&S 158 3|4 ste] dgdE w50 A7]e] EC meters

Zrol AH SAHsAT HAE e FZ A (Total Nitrogen, TN) 232
THALLATGAEH T S AgH FAFEHoE AFsAT H
AEZe I s FHstd AVl dZEd JEEES 2 120ToA
F71&E3 A Easte] Fitolo g Abslet & A E o A A H &
Fe 2499 AoE 4Bt 4% TPE clamzuyos
SAsAH. HA4E A s Asted FHRAS FYg H Sand Batch
o A 7tdste] EAES S 7FEA JoiE Hd3sta, #alAS Ao
FRBEAS olgdte] FRES 2450 2L AFAAT
(% 3.3-2) §¥E EAYY 42 £4 oj&d 7]7]
A A Y A 717]

pH A =54H pH meter

7y o 712k - -

A a'u‘ 8 e Thermogravimentric
(Ignition Loss, IL)) analyzer, TGA

iy

) CHN,S #417] Elemental Analyzer

(Elementary Analysis, EA)

%4 2 (Total Nitrogen, TN) N AFEIAH | UV

%<1 (Total Phosphorus, TP) oA~ 2 U ALY uv

214+ ¢ (Phosphate, PO,” -P) ol 2~z 2 H A uv

AN A EE .

A=A EC meter

(Electric Conductivity, EC)

—
AZ=® ¥

(Particle Size Distribution, PSD)

APZ4Y PSA(Cilas-1064)

_86_



3) FAATE HHE 9=

7h e Az

st A9, HEATA L wsA] = JF, TG, AL Aol dig
HAE Y JEEE EAS <a9 33-3>~<21¥ 33-6>3 Zrh Y=
A2 25T o3k A AR A-FE vlal EA sk ek qith

<a¥ 33-3>¥ <719 33-4>2 wish wE, I7l Al AFA e gig 2
g o] JERE Adpolm, 12} bl A wistA] ] B A E 90%= 74.38 mm
ols} YA PArolAa, MEX] A= 90%7F 52.85umelst 478 9]

Qolglen], el Agols 7107mols A YA 0% A
shelth whebd, 60s9 g0 AAEE AN vhekAE 548Tmel s 4]
DA7E 90%6E AASAT, MEAE 2072mols el AAT 0%E
AA kg ov, HAAE 5494mel s A Y47t 90%E FA stk
27} A AT A BB 9] Z7] 9% 63.60mels A AR 1)
shelan, WEAe Aol %7k Ullmel st e YAR BP0,
A Aol 9027} 6386mels WA QA R} it
A 60s9] 23 AAY FAE vhshA Sl 9027} 49.41mol s A7
Az v, MEAe] Aot 2383mold ddel AT 0%E
AAsrglen], B e 4 4ol 585 mols 974el AATF 90%E A
sl

AW Se] AN HAE JEREEHS el Aolth wjsixe
$Z A% FF AL 5 4909 HAT JEE¥ w3 299 AA7Y
A%z va BASAG. 1 43 144 $2 AL 90%0] o] 89.97
ol sF Jd el A=A} 7‘2—_%—0— 19870,um°]3} AA dA, TS AHS 854
molsh §7 el %

= 93.39mol3 )79 } = 114394;1111
76.30imol 3k F7d el A=A} zﬂﬂg 200.00mmo) 3t YA 2] Px
Zo3 AAYE st A= 1349 52 7293molst 78] A, #=
11344 olst 94749 4A, =4 6679ﬂmo1 o} A7 AR, A 27.31me) &
PAo dAE wAR e, 22k I -5 80.99meolst A YA, H=
9R2.72mels WA AR, S 57.62melst A FA, AL 122.75ume] &

_87_



739 A=z vAALk ool wE 54

ol

Y

Sand Loamel %3}t

Fol e AT mistA A o] EAS =
Aol = Siltell 7FF Z2A-sg Y. a8z dE AR 9

in volume / undersize

S =AY

= HE = 0'19_' ar e}
Sandell A3 o, HEATA Y

in bolume / undersize

x (Diameter ) / ym

Y,
7
8 8 = /
8 | 2 li. /
& - 5
2, 8 2, B
2 z 2 \ z
g z g
z g H i %
H =2, H ! -
g = 5 B 7
: A il
?* i : il
Al \ o Al i
dl | I il ! L
Clay: 1.57% i3 {1 sand:63.04% Clay: 2.72% i i 145.63%
il ’ ' | T
il NS sl AT
: o o L i o e
x ( Diameter ) / ym Lo x ( Diameter ) / ym L
] 8} (Ultrasounds: 0s) vl 3H(Ultrasounds: 60s)
in yolume / undersize in volume / undersize
e
« i «
7
2 s}
2 8
E il E o ﬁ
5 i F4 3% I
H \ & £ §
H g s 8
5 I : : :
2 4l | = = =
I E b
< ‘ 2
= =
Bl g m +
Clay: 2.46% il Tﬁﬁﬁ%ﬁ&z?}% Clay: 5.04% nd:19.97%
T I \
O §| ] ! IR Ik
1 10 f0.0 100.0 1 0 0.0
x ( Diameter ) / ym o0 oot % ( Diameter )/ pm
= . = .
W & (Ultrasounds: 0s) W & (Ultrasounds: 60s)
in volume / undersize i in yolume / undersize
> =
/
80f / Ll "/
/
8 I 2 /
2 I a = / 2
£u I > §u -
153 -3 E 2
H g g
8 2 5 3
=0 = = =
8 ‘ B 2 w g
< ‘ <
= ®
| Jﬂ ﬂ ‘L
| I |
Clay: 1.78% it 3 TﬁT W 0.20% Clay: 3.07% s I Wﬁuu%
: i
97 - |
; 3 oo e

o0
x (Diameter ) / ym

3} (Ultrasounds: 0s)

<1E]|:| 3.3_3> uﬁi}y m%,

3} ¢ (Ultrasounds: 60s)

32 HHE U YEEE FHAR)

_88_



i in yolume / undersize ; N & in volume / undersize "
| £
i / 7
o) | 4 &) . /
./ 7
r /
g ' .| | B - .
o o [ ] =
S ool ’a‘: 5 0, ::E
£ & = 7
& I3 o 8
H g H - g
2 :
o = L2 =
& ‘ 3 & =
AN | i
L A
| Clay:1.82% ﬂm il 56.03% lay: 2.92% Riill1 :41.75%
il 1 ol FeEraNl 2ot a1 I ﬂ
L 10 foo o0 o 1.0 100 006
oo x ( Diameter )/ pm H0p o x ( Diameter ) / pm al
vl &} (Ultrasounds: 0s) vl sH(Ultrasounds: 60s)
- in yolume  undersize ) i in yolume / undersize
o
il // .
a0, / &) /i
,/ /
8 5 2 .
o 2 o =
; L z 5 o) I
E 2 5 g
3 H H g
5 3 5 3
gw :x: = ol ‘_)_(:
J 8 £ I E
H - ; f
1 I
Clay: 2.65% n:ﬁ&m nd: 39.59% Clay: 5.64% ] | % Sand: 14.14%
Al
mwrnxuidE‘W hw SEUNELEE) 5 ]L
] o 600 Al 10 foo
a4 X ( Diameter }/ pm S0 oy x (Diameter ) / pm 00
& (Ultrasounds: 0s) H & (Ultrasounds: 60s)
< in yolume / undersize P in yolume / undersize
d v
7 -
80l ,/ 0l
o wti [/ 0 1
2 2 = ™ 5
o i = o] 2
5 i E 5 F
=3 & =4 z
g I g g g
5 \' 1] | ] i
2 b
E. Ll = £ =
g ] ‘ g g 8
-:; J ” g i y 5 =
i i ﬂiw]f\ L
Clay: 2.64% [8i mh Clay: 3.41% i 5ilt:/50.5 | S | 6.05%
o i I m gl L
LAl .0 {00 B 1 0.0 1008
L X ( Diameter ) / pm siott L x ( Diameter ) / pm 008

3} 9 (Ultrasounds: 0s) 7} 9 (Ultrasounds: 60s)

<39 33-4> Wi}, HE, 3d HHE U J=EZX EH@CA)

_89_




- in yolume / undersize P inyolume / undersize
P )
// //
. / "
/ 7
2 2
8 i 2 5
o & (o] S0
= = & {1 =
3 & 3 =
H l E g z
H j Fl H F
5 3 5 B
EAD ; EGD ;
2 8 2 1l k=
j ]
N 1 | q 1
Clay: 1.47% sile: 11 i Clay: 2.19% sa7en || .03%
o o il “ L
B 10 foo "1bo.o 1 .0 100 1600
004 x ( Diameter )/ pm 000 oot x ( Diameter ) / ym 000
= O == . = O = .
w8} 9= (Ultrasounds: 0s) w3} $-=(Ultrasounds: 60s)
- in yolume / undersize: @ in yolume / undersize =
—
3 7
.
3 /
50 o & /
2 / 8
8 . 8 &
o w o 2 ’;:\
g £l - E § B o ﬁ'_‘ T
£ @ 5 A ] @
11| fi— 1
s 2 [
2 H = T =
i 5| |8 I B
| I
J " i I
o 1 Wl
Clay: 1.46% Silt: {11] i Clay: 2.24% . 6%
n il eI .
] 10 {00 0 ] 1.0 100 100.0
ot x ( Diameter ) / pm sooo o4 x ( Diameter ) / pm e
w3}l #=(Ultrasounds: 0s) w3} #=(Ultrasounds: 60s)
- in yolume  undersize = & in yolume / undersize
y
/ /
a0 / &) ¥
; ;
7
g ( 8 L
— o - i =
o n 3 [5) i &
2" 4 5 z 5 2
s 9 B 3
s 3 5 L 3
= 40 = = 40| =
= 8 z ‘ g
= =
I | |
Clay: 1.63% Silt: ﬁ'ﬂ Tﬁﬁ&im% Clay: 2.69% 1 I 51.24%
: .
W - i
3 o ) 0.0 160.0 o o £ 1.0 . 100 100.0 T
x ( Diameter }/ pm x (Diameter )/ pm
w3} % ekH(Ultrasounds: 0s) w3} % 9H(Ultrasounds: 60s)
i in yolume / undersize " in yolume / undersize
" Pa 7
/ L/
80} 80 s
J:
2 2
8 - A - 5
o n & o o
So F3 5 7
e g & ] 7
H g H
- 3 5 n 3
2 ) = 24 e
H g g g
F } il
Clay: 2.55% _-” l [ b Wd: 34.23% Clay: 4.16% ) . il nd: 19.67%
il s
S| i - ecor TP I
LE] 0 fo0 "thoo LX) 10 0.0 0.0
Lo x ( Diameter ) / ym =0 L x( Diameter )/ pm L

w3} A% (Ultrasounds: 0s) w3} A% (Ultrasounds: 60s)

<29 33-5> WA ¢5F, HF, T4, AW HAE W d=EXE Z2HUA)




" in yolume / undersize

- 100 in yolume / undersize
e =
/ 7
’ ) ]
,-‘/ /f
2 / 9 /
g 4 3 5 i 2
i A i
: 'i' i3 M 2
J 3
i L AN I [
5 I B[ » I
= + = il =
* ® 3
T il
Clay: 1.48% Silt; 3: [ 1l 04% Clay: 2.14% : F " .03%
3 | I b
i i 0.0 4

oo i N foo
o x ( Diameter ) / pm g o x ( Diameter ) / pm o

v] 3} $-Z(Ultrasounds: 0s) w8} -3 (Ultrasounds: 60s)

y in yolume { undersize . in yolume / undersize
s = P
/
.l x B /
7
o] dllly 2 i
) T - =2 £
o o © o @
3 z 5 T
E: i = &
E d E ] 7
H . EH H i H
[l RN E
E. = o =
£ Il 8¢ E
= L 3
| \!HH 1 F |
Iy )
i il 1
o7 7 100 500 mh g P 00 oo =
o4  ( Diameter ) / ym L 04 x ( Diameter ) / ym Lo
wj &} %= (Ultrasounds: 0s) v} 3} 2= (Ultrasounds: 60s)
8 in yolume / undersize i in yolume / undersize
!
w ! / «
1 7 7
| /
2 _f a 2 dlli/
: i s | § il :
< "‘ — & —
; 15| |
g g
3 H - H
I LR H
: 5| | -
= 1 = = =
¥ i i | |
T J
(Clay: 1.63% si L 10% Clay: 2.70% ! 47.43%
i l LI ekl i
LAl ) {00 00 1 0 400 1b0.0
L x ( Diameter ) / pm S0t flos x ( Diameter ) / pm et
w3} % ekH(Ultrasounds: 0s) w3} %} (Ultrasounds: 60s)
- in yolume / undersize i in yolume / undersize
,// g
o /]
8 e 80| /
o / 0 //
8 / 8 y
3 m o/ ) 5 / 8
2 b / = 2 Vi =
5 / T El o 7 T
E z § / g
ES - § 5 P g
< 2
L. = £a ] =
8 g 8 h B
< £ = ] =
£ T o]
| I nﬂ! 1|w
Clay: 1.81% ilt: ﬁﬂﬂx m_mﬁ %g Alll Clay: 2.63% | il
) F
O ¥ JIITI
i 10 {00 100.0 1 1.0 00 1b0.0
o x ( Diameter ) / ym L L x ( Diameter ) / ym ot

w3} A% (Ultrasounds: 0s) wj 3} A9 (Ultrasounds: 60s)

<3¥ 3.3-6> "W3A 5, H#ZF, T, AY HAHAE W d=EX 2H0QA)




(% 3.3-3) "Wi3kA], HiEX, #HdA HHgEY Y= 54
YEEE(%)

T 87 Clay (< 2¢m) Silt(2m~ 20.m) Sand(20gm>)
Os 60s Os 60s Os 60s
nj| 5} 1.57 2.72 35.39 51.65 63.04 45.63
HE 2.46 5.04 51.31 74.99 46.23 19.97
74 1.78 3.07 38.02 5252 60.20 44.41
1z | sk 5 1.47 2.19 31.15 38.78 67.38 59.03

o
n
AN | 4

1.46 2.24 28.51 35.20 70.03 62.56
5} 1.63 2.69 36.33 46.07 62.04 51.24
v s} A 2.55 4.16 63.22 76.17 34.23 19.67

v 5} 1.82 2.92 42.15 90.33 96.03 41.75
= 2.65 5.64 57.76 80.22 39.59 14.14
4 2.64 3.41 49.25 50.54 4811 46.05

22 | w3t = 1.48 2.14 33.48 38.83 65.04 59.03
w5} 2= 2.65 2.06 57.76 33.36 39.59 64.58
3} % 1.63 2.70 37.27 49.87 61.10 47.43

o 3} A 1.81 2.63 40.78 45.10 57.41 52.27
. Aaz A
<Y 337> < 33-8>2 Wik, MEA, A % wEA $-F,
#5, T, AT HA gl dE FEARFE Sty G As adLe
o 4 9 #HPx 77t 848~

bl Aottt 1, 23 #H7F A3 wigA], ¥
13.27% (" 8h), 9.41% (W &), 5.96~13.23%(7}H k=3
Al AgA ] HAZel 23E fr1Ee] ko] v=d Ao UEyk
ol Al AFA7F BF 19403 el 509 AXE AFAR FF A
AF7F vk o) febar ddE

skA -5 HZ=, T, A 242 256~7.45%, 2.99~6.61%, 7.63~
7.79%, 750~10.39%°] AEi&S Gt 534 F5 F45o w8
TEH AL Ao =A UEwon, frlEo] AHAom FYu o
7P Rl A Eed Fo] HAEIJE Aow AeE
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o 1 ®» % 4 0 e 70 8 % 100 U0 20 130 140 mn 0 10 H 0 4 S & 0 8 9 10 10 10 130 140mn

mf s} 127 & 13.27%) nfj 3} 22}

Somple: WILLOW, 9.7799 mg % sample: CB_10, 40344 mg

+ s
110
Sep  -09120%
Smp  -582786% 105 36793403 mg
5699 mg Residue 93.2700 %
Rese. 3701 % A00M g g%
7885 mg -59.7349-03 mg
- Resie 978017 %
39457 mg
Step
10363
s Residue 1162837
46914
%
W W A0 0@ o 90 1000 1100 1200 1300 00 °C 10 00 30 40 SO0 600 700 B0 %00 1000 1100 1200 1300 100 °C
I I ) % 100 110 120 130 140 mn 0 1 2 30 4 S € 70 80 9 100 10 120 130 140 mn

HE 124(61.24%) wE 23}

% samy mg
‘Sample: GRANULAR-, 5.4625 mg. ‘Sample: CB_11, 36836 mg

120

= o
i
-
4.7400 mg Sep  -0.1824 %
105 -6.66382-03 mg
seite 950
: N = s
02176 mg Residue 122.9762 %
seitn S50 s
el
o w wm e w w m m w0 o w0 e m w w e W @ m s o o0 w0 o e
w : :
D e A M I A N R P R e T e e

3 12H13.23%) s 22
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9 | Sample: CB_8, 3.7037 mg. %] Sample: B9, 44126 mg.
. - 7
&
il 55
U0 Gy 2ma7sie03% it
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i 5 -
Resiue 383556 % e oo s S
e
S 3%07% Residue 1004560 %
44327 mg Step -3.0086 %
e
s mmme o e 52008
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sy
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lm m ow e wm @ om w ow ome w mo o e T rEE TN TN TN
0 10 20 30 0 50 60 80 %0 100 110 120 130 140 min 0 10 20 30 40 50 60 R 80 %0 100 1o 120 130 140 min
5l o= 1x(7HE8 %) 5 o= ox1(7}a %)
g = 12 (g & 7.45% " 5 223 e 2.56%
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1 oo, a7
12 T 7
i
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i
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) i
s v
. S
- i ey
Step 0.1956 % pstrokicd Step. -5.0031 %
e ey
e B
R e
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s 0% s L S it
cerng % 8009903 mg e L13840%0
Resdie 12412% Resdie 933998 % e L1200
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5l H= (78 %) 5l = 23 (7h S %)
sl #A= 13(H=E 2.99% o] = 22 s 6.61%
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e s o s S5
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o} o)ty B4 9 FEE& ¥

(E 33-4)¢ <19 33-9>= vgx], HEA, A HAE st o
s34 545 vERd Aot wighA] HAE pHeE 6.86~7.19 HEIQl
Aow ZAEAIL, HEAY ALodE 673~730 HYR 2AHOH,
Hgze] Aol 6.85~698 HAR Al A4A BT ofabAd S el
HA%E W TN 2% wsl7b 4629~6,152mg/kg &2 ZALE A1, W EA] =
7732~8,181mg/ke, THH A7} 3,908~5406mg/kg .= W EAFA A
& TN 5525 Yehigleh B24E ) TP &2 wistA+=]7} 1,145~
1,228mg/kg &7 FALH QL M EAFA = 851~2136 mg/kg o2, I A
A7F 1,147~1,593mg/kg o= Ve HAE Ul TP &5 TN 43
A MEAZ M w2 TP v&=5 JYeuydi, o1 WsEe by &
Ao 2 yehth PO, P9l oToﬂ~ ) 84 422 7} 39 ~50mg/kg &= A
193, HEAFAE 62~T2ng/kel®, FHAFATL 43~66mg/keg =,
PO,/ P& TPst vhi7bAR ®EA7 74 £ Fxs vehisdn
o= MEATA F9 Ud B Fie7h7 99xsta o] ofdE FHi
ol AAlel AFAR FdH AU HAE dFoR puw
HAEeo ECx wdA|7} 568~587us/cm WR FAME AL, WEA =
408~807us/ecm W2 ZAME QoW A 7L 236~682us/cm H =
WHEAFA 9 R AFA = A Al7]o] whel H@x7E 2A e

a9 HAHEY C H N, S & 9484 A= vigA] 7t C2.70~
2.85%), H(0.92~0.96%), N(O~O.6A), HEAE C(2.24~270%), HA.11~
1.17%), N(0~0.9%), FdA &= C(1.93~2.79%), H(0.80~0.96%), N(O~
0.75%)%2 ety g AE=A9 C, H, N, S g#o] ma}AF=Ay WE
Ao vE iAo e Aog AU

(& 3359 <29 33-10>%= wistA 5, #5, T4, AW 59
HE HAES olglshy EA4S E
pHY 7.18~7.26, 39| 750l = 7.24~7.44,
725 WYt 736~745 WAR RE AHNA FAHoR eyt
W TN Afole AFA 52 3481~3834mg/kg o2 A}
#F5L 2,166~3,643mg/ks, YA HL 3,639~3,983mg/kg, AL 1A
1,767~5398mg/kg= 747} AR om, 1 F Aol AR Al7]of e}
el HAAE ZA BAew, T TN T=7t 7F4 =2 5398mg/kg?
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SE7F A=EHAT HAE Wl TP A5dv 52 929~963mg/kg 2=
ZAFE AL, H52 816~838mg/ks, T A A 806~861mg/kg, A&
979~1223ng/kg = A5 o] TN wla7bx = Awe] 744 2 Wz
g =L R 1223mg/kge]l HEHAT POS PO A9 3L 22~42
mg/kg O 2 FAE AL, FZS 12~30mg/ke, T4 28mg/kg, A 24~
3Bmg/kg o 2 7tz 2AFE QL PO -PE TPSE th2 A 98 & zlo] &
e A &= 23kt

st A=A YA E FAZRANA = P AR HS5IH S 2 A
TN 2 TP w27} =4 vebd vbH Ay g FoAs ddA o=
A2 s AEHdY B85 2AblAM e FdF ARG AFA
shREQl AP TFolA FYF AFET TN, TP 527t i o=
A e, o= sty HA T AV 549 23R ddd

HHE9 ECo AFoe 32 313~370us/cmo2 ZAE 1, =S
A17~485us/cm, &% 487~604us/cm, AW 469~T76us/cm W= ZALE

Atk 1 9 HHEY C H N, S 5 Y4484 Ao 52 C23R2~
2.89%), H(0.73~0.78%), N(0%), &= C(1.94~2.82%), H(0.60~0.85%), N(0%),
=% C(2/710~3.44%), H(0.77~0.95%), N(0%), A= C(1.18~3.15%), H(0.58~
0.99%), N(0%) & ZtzF ZAFE Ao, vl AH Foll A% AFA ¢ A3 o]
doA o ® tE A= vls =2

(£ 33N AFAERE HA4= W 5
= ARk BE AFA A BAZFC =
ghol Z+7: wiat#] 6.2mg/kg, W EA 87mg/ke, ZH A 6.4mg/kgZ LFEFRLTH
ZHEBS BE AFAAA 1.7~18mg/kg= A9 £ HFHS won,
T2l wiBkA 7F 54.7mg/ke, W E A 47.3mg/ke, E A 162.4mg/kg = I A

o

FA EHAZAA vE AFAl vE 3 =

& g2 BT Aol 6712

Qow, Wit AFA Wz P

>

e
v s}2] 47 7mg/ke, M= A 37.6mg/keg, FHA 47.1mg/kg= LFERSETE ofdE
w3} %] 183.6mg/kg, HEA 151.6, A 243.3mg/kg= HFHA A EHZ
SolA 7MY =S e JEUNA, 722 wiEA 0.043mg/'kg, HEA
0.062mg/kg, 9 A 0.060mg/kg &2 thA = H]$=8 kS JeEh AT
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(& 33-4) AFA HHE9 o333 541, 23)

T8 5 nj 3} WE %4
pH 6.36 6.73 6.85

TN 6,152 7,732 5,406

13 TP 1,228 2,136 1,593
PO, -P 39 72 66

EC(us/cm) 568 408 682

pH 7.19 7.30 6.98

TN 4,629 8,181 3,908

23} TP 1,145 851 1,147
PO, -P 50 62 43

EC(us/cm) 587 807 236

(% 3.3-5) A=A HAZY o584 543, 43)

TE g A =% +5 =
pH 7.45 7.25 7.26 7.24

TN 5,398 3,988 3,834 2,166

3} TP 1223 806 963 816
PO, -P 38 28 42 30
EC(ys/cm) 776 487 373 417

pH 7.36 712 7.18 7.44

TN 1,767 3,639 3,481 3,643

4=} TP 979 861 929 838
PO, -P 24 28 22 12
EC(gs/cm) 469 604 370 485
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(% 3.3-6) AFAE HHE =X 2 2984 &F
A 2 n e (%) #71% (49| HEQE| TN | TP
o #F =27 Al | AE % % mg/ke | mg/ke | mg/ke
uj &} 18.8 73.2 8.0 5.7 9.9 151 | 2982 | 1,323
528 | HE 40| 640| 320 421 108 | 108 | 2870 | 1,760
74 124 766 | 110 58 | 104 | 333 3311 | 1935
o) 3} 8.7 | 103 4.0 1.1 33| 129 1673 530
6/20 | HE 91| 659| 250 441 108 | 131 | 3285 | 1871
79 166 | 724 | 110 45| 103| 355 3031 | 1,718
o) 3} 261 | 659 8.0 5.2 91| 136 2598 | 1,333
/17 = 264 | 536 200 49 | 111 | 164 | 3447 | 1,787
9 231 | 679 9.0 42 83 | 300| 2254 | 1549
) 3} 177 | 723 | 100 5.1 97| 396 | 2583 | 1,357
8/13 = 212 | 608 | 180 51| 116| 164 | 3668 | 1851
29 208 | 712 8.0 58 | 109| 160 | 3329 | 1947
oj 3} 147 | 783 7.0 5.0 96 | 330| 2573 | 1314
91 = 150 | 670 180 49 | 116| 100 | 3693 | 1,755
79 187 | 733 8.0 39 8.9 85| 1967 | 1451
o) 3} 193 | 724 8.3 5.3 96 | 253 | 2684 | 1,332
ot = 151 | 623 226 47| 112| 133 | 3394 | 1805
24 183 | 723 94 48 99 | 247 | 2778 | 1,720
(& 3.3-7) AxAE & §F (&9 mg/kg)

ZAFY | A1EH | As Cd Cu Ni Pb Zn Hg
v 5} 6.4 07| 467 | 243 ] 377 | 1587 | 0.000
6/20 = 9.7 08 | 46.3 336 | 369 | 146.8 | 0.059
7 6.7 09 | 151.9 334 | 456 | 227.0 | 0.053
uj) 5} 5.3 07| 568 | 299 | 526 | 1999 | 0.054
717 | WME 8.1 07 | 486 354 | 433 | 162.3 | 0.049
¢ 5.7 07| 1538 | 339 | 477 | 2398 | 0.046
v 5} 6.0 26 | 565 | 286 | 51.7 | 1864 | 0.075
8/13 g 8.6 28 | 462 31.1 34.8 | 1467 | 0.071
¢ 76 2.7 181 33.8 | 50.8 | 2829 | 0.100
uj) 3} 7.0 26 | 589 280 | 487 | 189.2 | 0.044
9/1 = 8.4 2.8 | 481 328 | 353 | 1504 | 0.067
4 5.4 26 | 1628 | 320 | 444 | 2236 | 0.042
uj) 3} 6.2 1.7 | 547 277 | 477 | 1836 | 0.043
3t = 8.7 1.8 | 473 332 | 376 | 1516 | 0.062
47 6.4 1.7 | 1624 33.3 471 | 2433 | 0.060
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2. 59 AT

=, EU, 5, 4% 5 iM% o dFE i FdUdste
FAEA S g 7ledo] o] FoA gtk AFNE FFL 9
B Ak, w7bE A9 FEEAVE 349 F PG Hx,
28, EAL B, A S0 8 tefete] A W& = g
sttt b ow o W g Ao vHedd #elE 3 79
LRt Ao thHo] 7o, T4 W H28A AS A% = W i
7wk Eds] AFHJAT The AFA FEANA 2 #Y VeE §9
#e 7l = Ul Aoz FEET A8 Ve Heddy A
Aol g Aorisel EFEH, & W Aorlee EA, 38H4,
AESH Aoj7]ez 89 5 At (Cooke et al, 2005). &4 FANAE
gk gt fFHo=HE g AR HAE 9% dFo] HeA
o, thFo R o UF AF3 AS s Ve 2FEAY JAE A
718 A8o] HalHr

= o] AeAE gifE Ad sA47F gl FH Aol
erstal 2AAR1 FA FEHE Wol X Fety] witd, olF &8st o
FAFE AN AAAQ AstyHEs A&t AHEZE Bk E=9 <l
THA e AAFA A AAS wAAR o]&ste LAEE U FTEES
Aatete AH(ESE), 2o A8S FAlo §-&38te sand-plant A2~ ¥l
(=9 2), FFxFG FANES ol&ste 7Is(&=9T), JAT3Ax e
AFEE ol&ste 7IE(=2d0]), AFHFA, 245l (buffer-strip),
AFxE T o] 7HA 78S BEEH R o] &t 7l (d2EYo}), ¢4
=T ofFE Al ALt dSFD AAY FAES FA AldsH=
71e(Fm, %), 27rRY strE Agste A AA, 27, oW, 7
) 7IHE S&5ke AtEl(EdR)Ee] ATE AL daL, o] Tl W2 V=
ol AA dGel A&H A7 Aok A= ] AAGsTHES
o] &g A7zl gt Ag-oF A Eol wWol AAEHIL dom, A3t
A S, A B9 A, v AE R A o] & F ohdd 3o
2AAE st} VwEe] A8 AtHE A e 919 3], 2012)

o W A Aorles steAed ) A=A, HHedd Az
712 QAdF5A (Wetlands), A9 (Pre-dam), &2 % A2} AFA(Dry and
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Wet Detention Ponds), 2JAJoJ¥}t] &9 (Riparian Zone Rehabilitation) 7]%
So] AT A HCooke et al., 2005; http://www.cyanodata.net/review.php).

Th Ul Alojrle 5 284 AdrieERs AT H7 Al (Verner,
1994; Visser et al., 1996; Cooke et al., 2005), =4, 3|43 Z 2|4 (Welch
and Patmond, 1990), ¢ A3ke} B A& 7 Z(Tsujimura, 2004), &4 = 713
(Jacobs and Forstner, 1999; Hart et al. 2003; http://www.vattenresurs.se/),
A el 2 4= (Nurnberg, 1987; Dunalska et al., 2001; Cooke et al.,, 2005), <=+
2t 7142 (Asaeda et al,, 1996; 2001), 223 7)< (Lee et al., 2002) o]
ATE At 3487 Ao} r)eS AFA(Van Hullebusch, 2002), 33 A,
HelH A (Barley straw) &8 A7 (Welch et al, 1990; Barrett et al,
1996, 1999) o] o]FojRaL, AETA AojrjeRe Hol AMfE o] &3
AE %A 7]<%(Biomanipulation) ¢-7-(Shapiro et al.,, 1975; Gulati et al.,
1990; Reynolds, 1994; DeBernardi and Giussani; 1995, Shapiro, 1995;
Perrow et al., 1997; Lazzaro, 1997), T2 & AAE &3 {78 29¢
AAATF =, 299, YdH=) Fo] TP AT

53], "=, &5, 9 59 HA7tdAe= EFvE IEE 55 o8&
T4 U 9l EEAs vleds 3 AT Ndo] &Es] o] Fox
dFHHE 5 SHAE AFEsIE W2 A5 FolA LA:E AHEE o9
FAY TRt dFrFol= FFolA FASHE hydroxide I AES
HEEA BRHFES FRAIIE AES 7R3 e, T3 phosphateot
AgstH gl =7F ©S gluminum phosphateE W= A ES 7HA| oL
NoB R FgFs o ML AFate] w=x3 Aol A&H ut
At 2734 AolE A alums ARESt] I T4 W S A S
7142 19559 Lund’F Hx=2 AFsEd 2™ (Cooke et al., 2005), A=<

49 1 EZAstel HYE AlE 3 duky E= FFEo gt
Cooke®} Carlson(1986)2 Alum< A5 7= Ohio + Arkon AF#=
93t Cuyahoga 7ol ZAFH T3t v 9lom, Harper 5(1983)
T AYE A Alum FAFAE NEEt ok Wisconsin 59
Mirror Lake®} Shadow Lakeol A& ¢FHlES AH2ldh & Fdzk 20
MAE= 235 42 19 A (Cooke et al, 1993). Mirror Lakeol A=
alum H2]de] &4 W] 91 F=7F 0.04 mg-P/L oo} A Tl 1001 dzt
0.01 mg-P/LE +A 3 Garrison and Thm, 1991). ¥FHe] Wisonsing
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28 %) 7

AFHA AF 2 EA FZ2AFA
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