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SUMMARY

I. Subject

The Development of Water Quality Management Technology using
Irrigation-Drainage System and Fallow Paddy

II. Objectives and Significance of the Study

The objectives of this research can be divided into three parts : technical
aspects, economic aspects, and social and cultural aspects. Each of them is

as follows.

1. Technical aspects

Most of irrigation water in paddy field have a characteristic as the water
which is recycled and reused in irrigation-drainage system. To manage the
water quality, we could understand the characteristic of water flow and
develop the technology for the water quality management.

Irrigation—drainage system has been mainly developed for the water quantity
management until now. However, agricultural area need the irrigation—drainage
system and management technology for preventing the water quality pollution.

Technology development and increasement of environmental-friendly use of
farm land in irrigation—drainage system are important for the transferring
agricultural subsidy to the environmental subsidy. When it is complete, safety
income of farmers would secure and trade war would decrease.

Technology for a environmental-friendly agricultural infrastructure
improvement and rural development in Korea compared with foreign country
unsatisfied. The technology establishment are required for the conservation of

agricultural area. Fallow paddy has been increased following the import of



cheap agricultural product, and the unbalance between farming cost and price
of agricultural products since 1990. The increasing fallow paddy needs to be
protected and used for the re-cultivation. Therefore, irrigation-drainage
system and farm land have to be used environmental-friendly. It is not only
facility for improvement of water quality but important for ecosystem

conservation

2. Economic aspects

o  Development of the management technology in irrigation-drainage
system is necessary for the reduction of cost because of increasing
investment for the improvement of water quality in agricultural water.

o The fallow paddy has been increased because the government executed
the policy such as the control system of rice production and the debit
system of paddy farming. It is necessary to research effective
application plans for the increasing fallow paddy.

o Technology development to use fallow paddy as purification facility of
water quality is necessary. Fallow paddy is need to develop technology
for increasing of utility efficiency because it is available to cultivate

upland crops.

3. Social and cultural aspects

The facility for environmental conservation is available to be subsidized
from the government. An income of agriculture and environmental conservation
1s necessary through the development of the environmental-friendly facility

and utility plan in farm land.

IM. Contents and Scopes of the Study

The objectives of this research are to improve a water quality using the
increasing fallow paddies and assess a management technology and improving

function of water quality in the irrigation-drainage system. The detailed

_‘IO_



contents and scopes of the research are as follows.
1. Application plan for water quality improvement in the irrigation-drainage
system.

This study analyzed the fallow paddy for rice production control and
selected effective study area in the irrigation—drainage system including this
paddy. Characteristics of study area were analyzed and improvement function
of water quality was assessed in agricultural pool and drop structures. This
study are intend to suggest the technology for an effective management of

water quality.

2. Assessment of water quality improvement in the fallow paddy

Fallow paddy was selected as study area in irrigation-drainage system.
Water balance, weather and soil properties were investigated in this field.
Also, improvement function of water quality were analyzed through a

comparison of water quality in the inlet and outlet.

3. Technology development of water management to prevent devastation
Fallow paddies are need to prevent devastation by spread of weed such as

a hydrophyte and bush because it is difficult to re-cultivate the fields. This

study intend to develope a technology of water management for improvement

of water quality and prevention of increasing weed.

4. Suggestion for the water quality improvement

Shallow pool & shallows and earthen waterway were installed with a
variation of fields surface to increase for water quality improvement in the
fallow paddies. This study intend to develope technology to increase the
water quality improvement using these facilities. Also, pipe drainage system
was installed to analyze possibility of utility raise and water quality

improvement in farm land.

_‘I‘I_



IV. Results and Recommendations

1. Results

This study was investigated an effective of water quality improvement in
the increasing fallow paddy. It was made an experimental field to find out a
improvement plan of water quality. Also, it was study water quality
improvement on agricultural pool and drop structures installed in

irrigation—drainage system. The results of the research are as follows.

1) Characteristics of the change of water quality in the fallow paddy

Water quality was improved with a filtration and uptake by plants in initial
fallow, but it was not occurred owing to the drying and decaying of plants in
the fallow paddy.

When a water depth of fallow paddy was managed with from 10 cm to 20
cm, although a organic matter was not reduced, TP and TN, which are the
mainly cause of eutrophication in agricultural water, were reduced. Managed
fallow paddy with water depth prevented the weed growing and water quality
pollution by the drying and decaying of plants.

2) Water quality improvement using the management of water depth

When water depth in fallow paddy was managed with from 20 cm to 30 cm,
although SS was not removed, removal ratio of BOD and COD were 199 9%
and 6.9 %, respectively. TP and TN were highly removed with 655 % and
62.7 %, respectively. Therefore, management of water depth in the fallow
paddy not only removed organic matter and nutrient salts but also prevented

the field from devastating according to growth of plants.

3) Water quality improvement using the shallow pool and shallows

Water quality were experimented in the fallow paddies installed with
shallow pool and shallows for enhancement of the water quality improvement.
Removal ratio of SS and BOD were 63.0 % and 40.0 %, respectively. TN and

TP were removed with 63.0 % and 425 %, respectively. SS, organic matter

_12_



and nutrient salts were removed in the fallow paddies installed with shallow
pool and shallows. The fallow paddies have a low cover-degree with from 25
% to 30 % owing to control of plants growth according to maintenance of

water depth constantly.

4) Water quality improvement using the earthen waterway

SS and BOD were removed with 61.0 % and 29.5 % in the experimental
field installed the earthen waterway, respectively. TN and TP were removed
with 39.7 % and 159 9%, respectively. Therefore, it was found that SS,

organic matter and nutrient salts were removed in the earthen waterway.

5) Water quality improvement using the pipe drainage system

Effluent concentrations of SS and Chl-a were low than that of influent in
the pipe drainage system. Concentration of BOD, COD, TN and TP were not
difference between influent and effluent. It was found that new improver was

developed to improve water quality in the pipe drainage system.

6) Improvement of water quality in the agricultural pool

SS, BOD and COD were removed with 36.2 %, 33.2 % and 256 % in the
agricultural pool such one among the irrigation—-drainage system, respectively.
TN and TP were removed 22.8 % and 33.7 %, respectively. It was found that

the agricultural pool have an good effect on the water quality improvement.

7) Improvement of water quality in the drop structures

When the concentration of DO was low, the reaeration efficiency was high
than that of the high concentration in the drop structures. It was found that
the drop structures aerated into water and removed pollutants by

microorganism because DO could be constantly maintained.

_13_



2. Application

1) Expected effect

O

Establishment of water quality management technology in the irrigation
—-drainage system

Technology suggestion for improvement of water quality in the irrigation
—-drainage system

Technology device using the increasing fallow paddy

Technology suggestion for environmental-friendly agricultural infrastructure
improvement project and decrease of trade war through the transferring
agricultural subsidy to the environmental subsidy

Suggestion of design techniques of the pipe drainage system for water
quality management

Improvement of agricultural environment through management of water

quality

2) Recommendation

o

o

o

Management techniques to prevent the fallow paddy from devastating
Application to water quality improvement using the fallow paddy
Application to water quality improvement using the irrigation—drainage system
Application to environmental-friendly maintenance in agricultural area
Application to environmental-friendly data of farm land at the trade

negotiation

_14_
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ANAZ AL GER ey
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Aot T AHAEE UAE F UAEE EFYE e Aol =5 AoE #AddH
=
¥ 3-1 o428 2 EXg AFxdE EoRA Ay}
] o] |ofaE o4 o EXY | EXY | EXE o
1 2 3 1 2 3
Sand(%)| 20.0 27.0 27.0 24.7 21.0 26.0 20.0 22.3
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F22AX (ppm) | 39.72 | 2241 | 19.20 | 27.1 490 | 1227 | 8.07 8.40
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A= (UCCES)ol 73t 485 F27IEA A= 700 uS/em olstoll A= &

A7 = AR 700~3,000 uS/cmel A= 2997, 3,000 4S/cm o] ol A= =
EAS & S vA= HoE RS AT FdTFY FA4A EF BT
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p (u/em) | (mg/L) | (mg/l) | (mg/l) | (/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/m)

A%k [16.6]7.0] 336 | 8.8 28| 0.1| 9.2| 3.94| 0.06 | 0.72 | 0.15 | 0.12 | 0.01 | 7.40
olag] | A%t |25.1| 7.7 | 604 |42.0| 5.1 {20.3]13.8|10.04| 1.22 | 3.69 | 9.37 | 0.39 | 0.23 |37.30
959 |EF84H 3.6(0.2| 100 [10.1] 0.8 | 9.0/ 1.8] 2.00| 0.50 | 1.27 | 3.22 | 0.10| 0.08 |12.07

21.4|7.5] 510 |25.9| 4.0 | 8.3|11.3| 6.23| 0.54 | 2.34 | 3.24 | 0.19 | 0.07 |20.96

B3
% 116.9|7.1| 428 [16.0| 1.5 | 3.0|11.5| 2.28] 0.09 | 1.05 | 0.03 | 0.10 | 0.00 | 3.00
%k 127.1|7.3| 625 |95.8] 3.8 |21.3|17.4| 8.37| 0.44 | 4.38 | 5.42 | 0.41 | 0.26 |14.20

& |E9AH 4.2 |0.1] 87 |30.5) 1.0 [ 8.6 | 2.4 | 2.52/0.11 | 1.34 | 2.38 | 0.13 | 0.10 | 4.41

W 9 [22.5|7.2| 535(42.8( 2.7 |11.2|14.7| 5.05 | 0.25 | 2.14 | 2.14 | 0.25| 0.10 | 8.01
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3% 3-3 of&g AT AEA
T L g = i 8t s
Nz Erigeron annuus(L.)Pers.
= 3}3} v] = 7}kl 2] Bidens frondosa L.
2 Artemisia princeps var
Z Phragmites communis 7Trinius
3} Gte]E Phragmites Jépom'c?
FA = Alopecurus aequalis
= Zizania latifolia
B 5 o] 218 Arenaria serpyllifolia L.
RES] AU TR Cera;tfum holosteoides var.
hallaisanense
B R Stellaria aquatica Scop.
Ean Draba nemorosa var.
A 28} 2} o] Capsella bursa-pastoris
EENIE Rorippa islandica Borbas
ujt] & 2} amtg] Persicaria thunbergii
Hh5 43} ko] 2t Oenothera stricta L.
s Sa e = Humulus japonicus S.
A 2} 7] Equisetum palustre L.
v 2 N7 EFE Chelidonium majus L.var
A] %] 2} Ztujg Trigonotis peduncularis
s o}7}A] of Decurrens var. dealbata
A4k} T5Y Mazus japonicus
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AN B $28 FAFTE 29~301 C, Bt 17,
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FET =& 174~305 C, A+ 232 CTE HEHH

# 34 B A s

T EC | SS | DO |COD| TN |NOsN|NOsN [NHN| TP |PO,~P | Chl-a
(C) (uem | (mg/L)| /) | /) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/m)

2% 2.9(7.2(225.01 3.0 2.3|5.2|3.42|0.07|1.05|0.43|0.07 | 0.00 | 4.20
o3k |30.1]10.0{768.0|70.0{13.6|14.8| 9.35 | 1.14 | 6.14 | 7.48 | 0.33 | 0.19 |49.30
¥EEaH 7.7 11.0(150.2{18.8| 3.7 | 2.9 | 1.52 | 0.39 | 1.36 | 1.93 | 0.07 | 0.05 |19.61
W [17.9]8.1(448.7|25.0| 5.8 | 9.4 | 5.58 | 0.41 | 3.08 | 2.10 | 0.15 | 0.08 |25.59
24169(117.0| 7.6 | 1.9 | 6.4 | 0.42 | 0.00 | 0.00 | 0.06 | 0.03 | 0.00 | 2.20
30.3| 8.4 604.0|202.8|12.6|25.0| 8.99 | 1.08 | 3.64 |11.32| 0.76 | 0.76 [{15.40
8.3 10.4(156.5|48.2| 2.8 | 4.9 | 2.21 | 0.30 | 1.05 | 2.78 | 0.18 | 0.19 | 5.03
19.5|7.4|377.8|45.7| 4.5 |11.4| 3.08 | 0.19 | 0.78 | 1.82 | 0.14 | 0.06 | 7.93
17.416.5(263.01 9.0 | 1.3 | 7.2 | 0.42 | 0.00 | 0.00 | 0.07 | 0.03 | 0.00 | 2.20
30.5]8.1(535.0(29.2| 5.1 |18.6] 2.05 | 1.02 | 3.77 | 2.79 | 0.10 | 0.10 {14.90
4.2105]93.8|6.7|15|3.6|052|0.35]1.27|0.93]0.02|0.03 |4.14
23.2|7.0(436.5|14.1| 3.2 |11.7] 1.14 | 0.15 | 0.63 | 0.59 | 0.06 | 0.01 | 8.96
3.06.9]|66.0 44|25 |4.2]|0.70 | 0.00 | 0.00 | 0.09 | 0.03 | 0.00 | 4.80
29.6|7.91603.0|209.0/14.2|20.0| 8.13 | 0.46 | 9.75 | 3.02 | 0.41 | 0.21 |11.90
8.110.3]154.0|50.2| 3.5 | 4.4 | 2.15|0.17 | 2.37 | 1.05 | 0.11 | 0.05 | 2.91
19.0(7.31394.3|35.7| 5.3 | 9.4 | 4.25 | 0.19 | 2.81 | 1.02 | 0.13 | 0.03 | 7.70
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pHE #957F 7.2~10.0,

= 7]%@_ 60"’85

M) tha vhobd F4E e

g, #74 1

o] =
A

Tt 4487 wS/cmo]
Tt 3778 uS/em, 778 2 FEF+ 263.0~535.0

3

A= 957t 225.0~768.0 uS/cm, %

<]
FETFE 117.0~604.0 6S/c,

EC

i

]

)
JO
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[e)
o
1]

T 394.3 uS/cm= A

Bt EC7F 2% 700 #S/cm ©]
A7F e Aoz eyt

3

Dz

3

i
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o,

fu
L.

T 5.8 mg/LA

45 mg/L, ¥4 2 rE5E 1.3~5.1 mg/L,

3

i

AS 9547 23~13.6 mg/L,

9
9~126 mg/L,

Ll

DO

I 32 mg/L, 57

[e]

]

Ry

3

UER %l Wel DOS R stobn
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LEb =,

4.4~209.0 mg/L,

T 250 mg/LE

3

3

SSe] A9 Fd57F 3.0~70.0 mg/L,

T 357 mg

3

3

76~202.8 mg/L, Bt 457 mg/L, FAWMTF=

2= =
pE

 14.1

3

Dz

2 rEF= 9.0~29.2 mg/L,

mg/LZ2A 45 vld] vtA yeErst 29 3-189A4 %
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94 mg/LIo, F

o 114 mg/L, %74 2 &

3

bz

COD¢ 4A-F f+d7F 52~14.8 mg/L,

I 11.7 mg/L
7 94 mg/L=A

3

oz

7.2~186 mg/L,

L
.

3

3L

6.4~25.0 mg/L,

o
T

3

3L

4 42~200 me/L,
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T 1.82 mg/LoZ Yol 13.3%7}

3

(mg/L)

_63_

TN
T 059 mg/L=A 71.8%7F A vk s+ 0.09

(]

o
|

]

I

a8 3-20 EXNY ATF §Ad59 &4

g B oop o W B o B o AR AR
T oy 20RO o R E R &
= —~ N D
Mﬂ B < o & Som o o= g do R T RO
o= T 4 ° B A B oy iF oF Ko
o 2 RO =2 = ome
Moy = = oo o ® % wc Ho N
SRR B AR PRSI R
W L °W T oy = R o R \
AT =0 X ‘Wﬂ UT_ ,UI 1J0 L —_ \ .
Tw X ® _TLR 4D
R R - ’
) ) —_ 1 Inl \Nﬂ ‘Aluﬂ ﬁo ol /«
R SRR _
T O Y T T X R - — '
B s TRy LR . o®
=T BT E Ty
N DN o oE -
S R \
WO —_ O i [l \
. %c = C Mr‘_ JRe =3 T X o W \ oe
o — T 70 oF — W pp R X \
oo v X BT W oqow ek o *
NV ! "3 ﬂ.ﬁ 3 % T (S - @) .,
_ T A o o= N A o \
o _ _ﬁ ﬂlT T o Y o R T \
' mo o o Mm do W g A° JMo o W K ,,.
= _cﬂuuﬂnﬁo#ﬂr.%lw TN
8 == !
TT TR LT W oy H @
O O I~ B S B
P N~ il m B o L
— W _ g M 2ok manu
Me ° -0 Fm K oy N - w pr3 o )
A A - R W ol £
- T oGo W g o
— ,DFL — ﬂ_ol ‘ul dl W 1XJ| - \..Wo W — I I I |
Wuﬁ Do R T o M o ;lo_; To %E o o) © < N
@wvnglluwmﬁﬂ}%gﬂyl ST TEE
0 0 H, [ 0 jant 0 o

0.07~2.79 mg/,

1
.

0.06~11.32 mg/L,

NH,-N¢| A-¢ F957F 043~7.48 meg/L,

= >~
=T

L

.



~3.02 mg/L, B3t 1.02 mg/LZ YolA 51.7%7F 4wk 28 3-213 go] &
S A7l FYgel v FE5 NHe-NsE7F 9A vebgsd, ol F74 1
W2 9@ FAAN 378 fAE Aabslsh st o] Fo) 24 NHy-No
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NO,-N9 A% #4947 007~1.14 mg/L, B3+ 041 mg/La=d, F4 1 =
= 0.00~1.08 mg/L, H 0.19 mg/LE Srolx 543%7F #AHAT F4 2 7=
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¥ 35 EXg 2=
S 3 g =5 H gt L3
M= Erigeron annuus(L.) Pers.
=3} 27} W] vy o] Youngia japonica(L.)
2 Artemisia princeps var
2 Phragmites communis Trinius
S 3} e Phragmites japonica
FSAE Alopecurus aequalis
wio] &3} A1) Persicaria thunbergii
ZA] Draba nemorosa var.
A A} ol Capsella bursa-pastoris
Lol E Rorippa islandica Borbas
e H 5 o] 2} Arenaria serpyllifolia L.
Ao evs Cerastium holosteoides var. hallaisanense
A 3} 7] Equisetum palustre L.
FAn =2 off 7| = Chelidonium majus L.var
RS FE9 Mazus japonicus
R =] 2} 2wl Trigonotis peduncularis
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3. EA T EYSA

AMEAT EAQS Sand7t Bt 32.3% (27.0~41.0%),

(54.0~66.0%), 18]
Loam)® YElT

pHE= A+t 6.7(6.0~74H)2A uvet =EF ¥ S FAL
S)urt tha

Clay 7}

|

6.0%

g a1, =EYe HA pH7IEX 2 65 (5471

ST

ANAEE (EC)=
dS/m) Xt} SA YERSE

(5.0~8.0%) &= A

Hi 040 (0.06~0.97) dS/m=EA THHE
ol W WA= FA 2 Eo] WA

Fol A28 (CEC) I+ 6.70 (6.25~7.10) meq/100g o =

%ol 4t CECSQl 14.6 meq/100g = oh
FA42 (IN) #ge

9.2 (382.9~413.4) mg/kgl. A thA
A

EA(AV.P0O5) el A

g A =EY HSE 2
kgl mlsf wf9- w2 ghg vERWTh
it 040 (0.36~0.46)% = A tha ot

_!

ST

wre ZhS UEhdh
J1 6778 (635.7~758.4) mg/kgol L
Al YERgt T
Bt 2340 (19.98~27.08) mg/kgo- 2z S}
ZAPA T (1995)91 128 mg/kgelvt A 7]1EAQ1 100 mg/

P

Silt7F #AT 61.7%
A 9k E (Silty

I} (1995)¢1 561
=A YERST
EYEA (ECe > 4

FeEvEt =R

(TP) st

Al e

% 3-6 APEE EgRdt
TR AE 1 A 2 A 3 &
Sand(%) 27.0 41.0 29.0 32.3
Silt(%) 65.0 54.0 66.0 61.7
A=A
Clay (%) 8.0 5.0 5.0 6.0
L SiL SiL SiL
AP pH (1:5) 6.0 74 6.6 6.7
f71E (%) 0.36 0.36 0.46 0.40
f+ 914t (ppm) 19.98 27.08 23.14 23.40
F42% (ng/kg) 7584 635.7 639.4 677.3
F A4t (mg/kg) 4134 382.9 401.4 399.2
Fol 22 3-8
(emol/ke) 7.10 6.25 6.70 6.70
A7NAEE
(A4S/m)(15) 0.06 097 0.09 0.40
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S T pH | EC | SS | DO |BODCOD | TN [NOoN|NOsN|NHN| TP | PO-P |Chl -2

(C) (us/em) |(mg/L)| (mg/D) | g/ | (/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/m)
HAF]9.217.0(220.0{ 04 [ 3.2 1.4 |45]0.58|0.00]0.180.03|0.07]0.02]| 1.8
gk [29.7] 9.1 1939.0(59.5(13.4| 7.6 [16.6] 5.69 | 0.36 | 6.79 | 1.90 | 0.41 | 0.33 | 45.7

XA 5.1 |10.5(228.3116.8( 2.9 | 2.0 3.9 | 1.40 | 0.11 | 1.58 | 0.45 | 0.08 | 0.08 | 13.3

3 3 |23.9]7.8|551.7|25.9] 6.3 | 4.5 9.2 | 3.46 | 0.15 | 2.39 | 0.45 | 0.26 | 0.16 | 12.4

10.3|7.11260.0 2.4 | 2.4 | 1.4 | 5.9 | 0.29 | 0.00 | 0.03 | 0.03 | 0.04 | 0.00 | 1.8

34.819.1|981.0|184.5|11.3| 6.7 |16.0| 4.16 | 0.32 | 2.59 | 0.77 | 0.24 | 0.16 | 22.8

A2 5.8 10.5(238.4127.11 3.0 | 2.1 (2.9 |1.03]0.10 | 0.74 | 0.18 | 0.06 | 0.04 | 7.0

B
e
&
5
¢
¢

25.2|8.21504.5|31.8| 7.1 | 3.6 | 8.6 | 1.20 | 0.06 | 0.64 | 0.18 | 0.10| 0.03 | 10.6

It
% [11.5(7.1|273.0/ 0.0 | 1.4 | 2.1 | 4.4 | 0.27 | 0.00 | 0.06 | 0.03 | 0.03 | 0.00 | 3.4
% 132.9]9.7|10730| 945 [ 13.6] 6.7 |18.8] 3.15 | 0.24 | 2.77 | 0.41 | 0.19 | 0.08 | 21.8

:g

o;

i

=

e

= | b

¥ EAH 5.5 10.8253.2(130.9( 4.1 | 1.5 3.9 0.82]0.07 | 0.76 | 0.09 [ 0.04 | 0.02 | 5.9

S
e
-
Ek
p

3 3 |25.1]8.1(526.5|28.2| 7.3 3.3 (9.9 |1.18|0.06 | 0.68|0.14 |0.10| 0.04 | 9.8

DO A% +947F 32~134 mg/L, B 6.3
24~11.3 mg/L, H# 7.1 mg/LE YErHa, FH4=

0 F&4% 14~136 mg/L,
Bt 7.3 mg/LE YERH FFol vE =& w2E yEHlth 1% 3-399F 7ol
Ze A7l Faol vlEl &Y DOFEZF =4 dEbst ol9h ol &
79 DOsE7l =4 Yebd AL FHoA 7] o2 RE] AFZV]) 7 dE3
o) Fol A 7] WOl fU4Y FAE FEF BF 5PES FAIE 2
mg/LE A 7438kt
16 -
N
— | o.--
12 s
°0 0
= (@) JPide
Hog | o 8.° §> o oOFdE |
-(HDO ,"/‘ ool - © @& = Il
< () /‘/ TR =7E
N L e
e
o °
°
0 a” |
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_ZT.C
oF

Fr7d =

+o]

It 259 mg/Lol| v]E

3

i

F15 0.4~595 ma/L,

282

3

i

3 00~945 ng/L,

g1 31.8 mg/L=E,

3

2.4~845 mg/L,
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oo 28 3-41
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T 45 mg/LS
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by
1 3.3 mg/LZ Yolx 27.6%°] AA

[e]
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I 3.6 mg/LZ wolx 19.9%< A|A
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)y
8
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~6.7 mg/L,
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. %

T 118 mg/L= wtobA 66.0%° AA&s

Bt 29 3-433 #Zo] Al -] Al7]el il vl

AR

[e=]

71E0] &EH A7 Wl

T+ 3.46 mg/LS=d,

T 1.20 mg/L= SrobA] 655%° =& AZNES H

Ie A9%= 027~3.15 mg/L,
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L
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NO:-N9| 4% Fd4=7F 0.00~0.36 mg/L, B 015 mg/LA=H, F4= 1
=T 0.00~0.32 mg/L, H1 0.06 mg/LE YEbW 589%° #HAa&s HAh
B M9 4%+ 000~0.24 mg/L, v 0.06 mg/L=A F4d+= 134 22 Has
S Bt 29 3-4504 B wpeh o] &S] Al7)dl felgel HlE fE
T NO»-N¢J F&7} sropAlar glrh. o]¢k o] NO»-Neo| fHas= AL A4tk

stoll 93] NO:-N7F NOs-No =2 ¥ sly] 7] wjfo|t},

NO;-N9| 49 F447F 018~6.79 mg/L, B3t 239 mg/LIE=d, F4= 1
Z4E 003~259 mg/L, BT 064 mg/LE wolAd 733%] #HA&S Wtk F
A 0 &% 006~277 mg/L, B3 068 mg/LZ ol 71.3%< #1A&
Bk 2% 3-460014 ¢k o]l Wi A7l FSiel vlE FA= FETF
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o]y o] S 20~30 enE @ #AYetE AEAT FAE o] FAE
10~20 emZ #HEst= BEXE F74 1ol vlal] AhAAE] =2 A2 YER
oh g G E shA g ol FA A HEAE daAAE] =2 A

1}
AN
2 e,

0.4
2 o
£ 03 LA
I—H S0l = 2% ,‘O“
i R e 5o |
= | s
W 0.2 D | | Ranh=l
o .-
= JPtae ©)
o1 - -
T s [
ok L “,,.— (@) ° g

O 4 O L O

0 0.1 0.2 0.3 0.4

Y 3-45 4 AT FAA /954 FEF) NO-NF= v



H1 Al
T RO
o ioF
oce

©

1 1
M~ © O < o o

(1/6w) T2N-*ON L84

T2 NO3-N& &= Hlal

¥ 3-46 A& A+

I

o, F
AA &S nedvh

LER =
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3
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PR Us T A4 23471 S5l 1 m olste] EEE e £ Al
0.5 mL<¢] conc. HoSOs9F 50% HCLOs €4S 10 mL7}gH

ko3
ko
2 Z7] Whgo] dojd w7k A eld v, 2ol o 243 Et &9l
] J

o
=
—

ZAA FHFR H4E b,

A xkst ot xw%i e GAEAY ABF AYPEFS B 2z F
ol WESAAL, Q) FRAke/yS HANAT o Pl 4B FEUAL F

et al., 1996).
28 P@%%k—% FAw To] 2004d%9t 2005 %0l 2zH2F 042, 047 mg/g
o2 H=sA dEEth 4w 0o Aee 2004d=e Zuet 597t A7
0.43, 0.31 mg/geolar, 2005 d =+ 27+ 0.38, 0.42 mg/go] A Th.
A BEFS F4E= o] 2004d%=9 2005 = 2+2F 1611, 487.0 ¢ DM/m’
220049 =] HlE] 20051 Fell ol o= 2005 Eoll = A Eo] Woldh= Al
AR A Rk 7] witelth FAE= 1o A
A Ao} 595 et Fo] 2004 =9} 20051 =7k 7H2F 303.2, 886.1 g
2 Tol vs w2 Aoz el
=0 g/mol il 2005 == 0.229 g/m e
=A vebgth F4= 09 495 Zds 595 3 P
Zko] 2004 == 0.110 g/molar, 20059 =7} 0.348 g/m e =X FA %
= 20009 %] F7hE Ao vrERytth of9f o] 2005 el &
o HE AR sHA Xkl AEo] AGAY] wikelth F4w= 13 OAR]d
T HEAHE fFAst A Ee] Aol Aojd FAw= o] AA vERRTh
AR A FdE o] 2004d =0l 5840 kg DM/yre]at, 200519 =7} 176.78
kg DM/AyrzA 21&e] 327} olx 2005 d =0l 7tk F4= Oo 49
2004\ =0 27} 27.81 kg DM/yr, 597} 40.07 ke DM/yrol 1L, 2005 ol 2
7} 106.26 kg DM/yr, 37} 82.79 ke DM/yrz 2005130l A vhepwtel A AR
o o3 A7 PEFHEHE F4i= 1o 2004W¥%0 0.023 kg P/yrelal, 20051 =7}
0.083 kg P/yro= 2005 %ol S7hE vk F4+w= Mo A9 20049 =l 2
o} 592 33 PEFEo] 0.024 kg Plyr, 20053 =7} 0.074 kg P/yr=A 20054
o Z7HE AT FA= 1ol v&l FAE O7F A% PEFFo] B A2 A5

é
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B4
=] =
i T
Sand (%) Silt (%) Clay (%) L=
ZAA 32.3 61.7 6.0 SiL
) 2005. 4 32.0 62.0 6.0 SiL
FAE 1
2005. 11 25.0 71.0 4.0 SiL
) 2005. 4 40.0 55.0 5.0 SiL
FA+= 1
2005. 11 37.0 59.0 4.0 SiL
AEAT F4= 1, I ES9 pHE Alto] A3t wmel vtolx AHdS o
= AdS Rt 2 9 §71E, F85A4H TN, TP, EC, CECY %% Al
Zro] Ao uwhEl molx| 7= dlal wrolx| 7% dte] A% AEgS Holx ¢
Sie=t
X 311 AEAT F4+= 1, I EGe shstd W 54
B o= H(1s)| 712 [rEeld TN TP EC | CEC
T bHL: (%) (ppm) | (mg/kg) | (ppm) [(dMILH)|(me/100g)
247 6.7 0.40 23.40 | 677.80 | 399.20 | 0.40 6.70
i 2005. 4| 4.8 0.57 3228 | 809.54 | 389.90 | 0.16 8.70
FAxE1
2005.11| 46 0.47 30.32 | 43593 | 333.01 | 027 6.20
i 2005. 4| 49 0.94 4261 | 627.06 | 34959 | 0.22 755
FAH+=1
2005.11| 46 1.38 31.10 | 910.69 | 41990 | 0.38 9.35
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70~9.12A

°] pH+=

o

it 76

o

i
il

=

zpe] 7F glo] 7.1~85,
I 5517 wuS/cm

eR)

]

Rz

ECE= #d<7F 220.0~939.0 uS/cm,
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By A7 sbe ERE obyE tiEE 700 4S/cm ©]

il

1
nal

X

tol7] o

9

_97_



TN
(mg/L)

NO2-N
(mg/L)

NOs-N
(mg/L)

NH4-N
(mg/L)

POs-P
(mg/L)

Chl-a

(mg/m)

Ho

0.58

0.00

0.18

0.03

0.02

1.8

29.7

59.5

7.6

5.69

0.36

6.79

1.90

0.33

45.7

r

3116.8

2.0 139

1.40

0.11

1.58

0.45

0.08

13.3

23.9

25.9

4.5 9.2

3.46

0.15

2.39

0.45

0.16

12.4

do oo g

14.6

0.4

0.6 | 4.4

0.24

0.00

0.00

0.02

0.00

0.3

o

31.3

244

6.0 |18.6

4.22

0.30

5.72

0.22

0.13

17.9

M o
o

7.0

1.6 | 4.7

1.19

0.09

1.75

0.06

0.05

4»

9.6

2.719.6

1.28

0.03

0.98

0.10

0.07

A 2 g
e}
i

$2

rir

o

Fel5 SSEEE 04~595 mg/L, H
15.0 mg/LE
/LE AA Yol HiF 63.0% AAE

=z
fLE

oz
o

o

O

14

12

10

o
=

1__

=4

ol

3

O]

T\ T
)\

~134 mg/L, H+ 6.3 mg/LEA 5
FE 18~75 mg/L, H 49 mg/LE/H
59F o] oi&

&

a4 3-55

oe-349

z3ahe
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S5t &9 DOBE ]

16

T 259 mg/LEA T4 =J&F
= 04~244 mg/L, H

. ¥ 3-563 #Zo] WiEE

ol

2=
9.

6

A7)

mg

[e]
T




% Tl 8B ET}
s}om SSA A L

1533t %%’J

JPN

SEok

=

omn 150 mg/L °lstE YE FdE&F
A EE fdgo] 80.6 m/do]lEE 2004
wj F-o] Z}7} 3256 ke-SS7F HER F9
4 I 9} 2005»ﬂtoﬂ 7k7} 1184 kg-SS

<
T

d

1l

(@)

I3 o 3|

60 -

E (mg/L)

il 20

10

20

19 3-56 o&-eHdol A

°] BOD¥ 14~76 mg/L, &

N

2~ T =

25 }::O—I_Q_/‘ Z= 3]

oT T =

111.0 kg-BOD7} £
40.09%21 44.4 kg-BOD7} Al AH ATt 1
o vl F=9 BODFELZ7F ©e 74

7

7 mg/LE wrolA] 40.0%¢ BODA A & 37}

60 70

T 45 mg/LA=d],

1#21 8.0 mg/L
%]



)

| HHAET vAE osA FaEHA7] "ol FFAE 74 o, IHE
of 714 HAEe] FAHo FAdH ¢ v AET(microbial film)2 F7]&°

W83kl BOD7} Al A€ (Brix, 1993). 20041d 1093 20059 7¥€ ¢ BOD A|A

=

o] ta "ol AL Feddor Qo] FAE mA=Tro] mEkE o] mA
el zZhgo] AdatA o] Foj A A Fr] wioldt AbmEn BODE A%
dro Z=AAE 200U FEFY] FEUAE 1602 va bAH A
S B
o&-&@ol APxolAe BODAAEL F4= 13 Tel Hlef =A deksk
towebA FAE A &3 sWeolE £AEH FEASNENRE =Y F Uds A
o® o
8 ",
- ol
56
é ool = 2= e
H TE - T= /,'
2 | L o °
<+
fe o ¢
o
@
0 b
0 4 6 8

a9 3-57 -89l NEE Fdet +E¢ BODERE Hlu

Y2 CODE 45~16.6 mg/L, B 9.2 mg/LA =
Bt 96 mg/LZ UehY FHHogE A7 HA @ Adow

gl 358l A & = e wkel ol tiFEe] Al7lel fdsel wla FE5o
COD7} ¥ Aoz vepgth ol aAbe AEA A dEsiA f7]1&de] &
ZH 7] Wit Ao FaE ok, 2003).

o] -8 o] AlHEAA COD7} AAEA & e AEo] Aghs F4+= 1
ML s F AT ol AEoA A EHo] £&H7] W A

- 100 -



2=
-

A

o)
=
%

20
=
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Bl 19 3-5991 4

§ofEFel TNSE7F SobdE o
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CODs = (mg/L)
o

o
=

=

346 mg/L

]

)y
8

T 1.28 mg/L=A 63.0%°] A1 A

SA TNl A7 R Ao tepsdch 2AP]

[&)

Fel7h Hlo] AaE) o) ol A,

A
o

=
1 TNYL 854 kg-TNolaL, FE¥ F2 316 kg-TNOZA]

AE % 63.0%¢<1 53.8 kg-TNo| k. TNAIA
17
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Al 71ell el B
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ar
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9
71l 2l &)
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20
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9sle] A3l (denitrification) 7} douAA AAN)9 of4kslA A (N0)E A 3

Ho] o]Eo] hr]Fo R olFste] A4Vt AAET (Yang et al, 2001). o] &35
2 FAlol 7] wiiEel DOCNA AHE npep o] AfEv)o 23 S| HE

Aeke] AstgEa, o] Hie] ne Fr4 et FAHe] gddo] o

Zol® o g TNo| AAFE Aoty L F7 L D R I R B o - Bl
X A

Ho
oX,
d

o2
o2
S
[o A
frt
ool
&
N
X
_?L
po
k1
e
B~

FrIE el FER dFEo] FA4E0] o5 5
AAN 714 Aor shddn. FAAZe] FrlE FH]l NH-N, NO»-N
NO;-N& F5 - A7Ist vk 2L 71 Aol Fdsel vl fE5d4

wobd AoERE #AT F ek

= (mg/L)
N
ik
\
\
\

N
\

o
—
N

()

47 0.03~1.90 mg/L, B 045 mg/LAE=H, FEFE 0.
2~0.22 mg/L, ¢ 0.10 mg/LE “FER 782%7F % iﬂ Ak 17 3-60°14 = &
T 9 whek ol el Al7lel f]lgeel vl &l NHy-Ng=7h ol

A BFs BAh AL-§Wo] AFEE o& FiEo] F4o &7 wid &
71847 Aol Ayt &) o] FolA] 7] wiEel NH,-N&=7F #Had
ot
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06 | .

0.4 Pl

Wwoo @ o

0.0 ¢4 |

a9 3-60 of&-edol AAE Tt FEFS NH-NEe v

5
i
=)
o

NO»-N¢ 49 §57F 0.00~0.36 mg/L, B 015 mg/LHE=dl, 3
0~0.30 mg/L, 37 0.03 mg/LE YEMN 79.8%7F A= AT 17 3-61A4 %= O
of A7lel Fdrel vlEl FEFA NOyNwerh fass A& e
4 9tk ol NH-Nol A9l vpkzbx| 2 A sbsle] o8] NO,-No] NO;-No.z H
s}% 7] W&ot}

NOs-N¢ A$ #4557 018~6.79 mg/L, Bt 239 mg/LH =, #EFE 00
0~5.72 mg/L, B+ 098 mg/LZ A5 o] 59.1%7F AAEA. 218 3-6201 4=
BE A7 Fh5d HlE §E52 NO;-NEE7F dolAE AL geld 4
th 57142 9 NHy-No| NO,-N& A NOs-No & W g B3
9 NOs3-No] 7ha® e A& oa F59 F4lo] o Pr4gd Fio

Aste ol Bdo] ol FojA 7] o],

S

1= =]
T

s

LA
e
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o
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(1/6wW) TSN-°ON L84
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o

0
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0.3

0.2
NO,~N&= (mg/L)

0.1
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ol
e
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__Av._m
0 \
] \ /f
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ok
.
| J
\
AY
\
\
AY
\
\
v
\
\
\
1 1 1 1 1 1
© o < (sp] N —
(1/6W) TSN-*ON +28&

v, #&5+ 006~

pu
R

™ 026 mg/LA

T+ 42.5%°] A A

3

3

TP A% 497F 0.07~041 mg/L,

Byrh 19 3-63

KeN
=

[e]
=

3

i

# 015 mg/LE A of

3

3

0.31 mg/L,
of A 2}

o %

< (Ca-phosphate,

¥l 36 ke-TP7} #&

(o)}
H

6.4 ke-TP7}

U el A]

ZA1ZE & TP

RS

2.8 kg-TP7} AA= At

KeX
=

FA]
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Fe-phosphate, Al-phosphate)e] JHZ HZAEHY, FAAEZ o3 dFE= &5

ot (Pant et al, 2001). =3 {F71E9 HA¥ aAbd 2 E9] FAEo] o]

P FAee] HAd AE F(sediment-litter layer)oll & 25| o X
o

A gt} (Faulker et al, 1989). o]<} #o] TP7} #AlAE A

N

45 FoE o] S 4RI P AANAS B ohin oo o)
FAA B FREYY] Wil TP A% F4% 1, ol w8l ofe-$o|
ABEANA AAZ] T e e e

PO,~P= Fd<+7F 0.02~0.33 mg/L, H+ 0.16 mg/LA+=d, F+EF+ 0.00~0.13

mg/L, H3t 0.07 mg/LZ wolA 60.0%2] AAES Btk 19 3-649014 e} o]
el Al7lel] fFdael e &= POsP7E Solxe AIdFS HAt
PO,~P9 A% SSAH T A AHHAY A& o] FFAAA
0.5 =

_ 04t el

~

\S -

0 TR =TTa ,4.’

= oo | SO

ﬁﬁ 0

0 o1 | /// [ (P [ ®

r”"’ . . .
04~
0 0.1 0.2 0.3 0.4 0.5
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JPiae L o
0 Pid .\ | . y;
0 0.1 0.2 0.3 ,0 04
gol% PO,~PSE (mg/L) /s’

/
9 3-64 ol &-gdo] ANFXE FUFS FEF POPEE vl

Chi-asl 4% #9447k 18~457 ne/mi, Bit 124%/md=d, F25E 03 ~
179 mg/m', Bt 51 mg/m o2 WrobA 594%SL A A &S walvh 19
e EC T Q\iﬂﬁ Azold sl o 2
FAAE $4lo] @3 G4V %0) Chlart Fo1d F UE 2
Sobd A WA BAEZ AA - AAE B o 4

ofsf sivlo] apdkwo] FdAol A 7AYol AFEUAY] wEolet &

Y
SO
o 2 2

ST

(Gal!
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un)
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o

a9 365 ole-gWel AFE U5 7559 Chl-as= HlaL
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[e}

7 gHolo Ao EFEAS AHRy] 95te] EYARE AF st B
7] - 3PS EAET AR EE A de BEAL By, HE HE
3%, 61.7%, 6.0%=2A MALFER ZFEAT. dolet of&e]
ZAE] £9® F9 20059 1199 EALS mg, HNE HE o] o]
A 15.0%, 79.0%, 6.0%%= YWES I o&olA= 16.0%, 78.0%, 6.0%% w2 %o
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FARALE F2, EC, pH, DO 5 dntagxe dAoA =433 BOD,
COD, SS, T-N, T-P 52 AFgHd=2 Htete FH AT AL HA F3ho
A e

ZALZIZF Eob e §9947F 136~274 C, Hit 201 T, &7 100
~321 C, Hit 213 CEA FYF FE=50ed & Aol& HolA Lyt
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A%k [13.616.7(197.0{ 3.2 | 6.5 1.0 | 4.5]0.80|0.01|0.05|0.06 |0.10] 0.08 | 0.2
PRSP gk [27.4(10.0(1,011.0{60.5[11.7[33.4(34.5[19.15| 0.27 | 3.19 |16.86| 1.43 | 1.17 | 30.0
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