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Abstract

It analyzed the efficiency of the runoff reduction of artificial reservoir by analyzing the influent and effluent of
reservoir located downstream of the livestock area. Production of non point pollutants in livestock feeding
areas, which is located at steep slope land, was mainly due to first flushes. Suspended Solid concentration of
influent increased due to amount of rainfall, and T—-P also increased over four times and 30 % of total
nitrogen increased on average compared to those of dry season. While the concentration of nitrate nitrogen
showed little variation, ammonia nitrogen increased over two times. The storage style nonpoint reduction
facility showed the highest removal efficiency of 53 % for total phosphorus in dry weather, when the removal
efficiency was 37 % for suspended solids, 10% for organic compounds, and 5 % for total nitrogen. Since algal
bloom grows due to eutrophication in summer, the minus removal efficiencies of nitrogen concentration
through the reservoir occurred with high frequency. Removal efficiency decreased during rainfall, showing 60 %
for supended solids, and 22 % for total phosphorus. While having over nine times of capacity than the
standard of non-point removal facility from Ministry of Environment, it was impounded with water during
rainy season, showing not enough nonpoint removal efficiency, which indicates that maintenance is also an
important factor to the nonpoint removal efficiency.

Key words : Artificial Reservoir, First flush, Livestock manure, Non—point source, Storm water runoff

" To whom correspondence should be addressed.
School of Railroad Civil System, Woosong University
E-mail: swoa@wsu.ac.kr

Journal of Wetlands Research, Vol. 20, No. 4, 2018



418 AZ MFAIE 0I8% 24t 2| HH2HEY RE MY E8 24

.M 2
H 0 AEA ARS 918 AL A AAGT ARG

Ao fF AKAR] Ay A A9S BT &
FEY HIHO Ae AAFETE ARP0l o avAdd
AR e}, FEAA T = B HLS 2
FHAH EAAR 22 4 el S TRl A
H 7R F, B A {2 SAF 9 EHAL R
St 5ol ot 7R o] R ol ofjt %
EAA= 57, A, 24 59 Z9Al
FSIHMOE, 1999, NIER, 2010)).
Y A7 T L WiEFsE MY w2 or o
EAQ] FEF o I EHe B
Al v s bt Ele E= A B
o] oY T-P WA
Al 859 kg/d, EXA 153 kg/¥, LA 106
kg/, AFAA 16 kg/F Fo= YERIL glom, T-p Hi&H
Stg2 EXA 154 keg/Y, SAHA 53 kg/<, A 18 kg/
o, FAA 0.8 kg/dE BEaET QItH(ChungCheong Buk
Do, 2016). 'TAFsEEFS] 79%7F FAtAlolH viEH oo
59%7F EAA|, 27%7F Z4HAIQ) Aotk S4H & Fole]
A2 ARk HiRZe] EH] Jejz EXAR g A
o7 FHQJFE HiETol 4= Aol oot A T4
0] 80% olgol EAtAel 7190_t Ao AT 4 Qlrh. d
oF oS FHC= sh= FAH HIAE =
B FUE0] A9 mx WY FHo= A&
A

=

O =0

i)
_o]j

)
A
= =
rolx

)
ol
fol

o
Jo
ra
Jo
18
Mo

n)
Ajm
ol
A
R

rlr
b
T b

dooxe koW
9

_O'L
ot
>~ [lo
s _HNI ﬂ,
o) r_>|~_4 o
(e)
>
L
N,
M
b ©
Ie
ra
Jo

r

oL

1
F

)
K
ofr
rhw
= ofly
R
rr %
oF g
= o
—
o 10

2
o
O
-

4

>‘ U
du 2>
R}

I

r J
[ E
|o
b
X
i
>
&,
N
N
5o
R}
O
o,
(o]
>

&
3 fo
rr
[N
-
dp
P
_k‘g
v
ru
)
o
4

N
A s L To Daecheong Lake

e

We

529 )
olg B, EXY HAE, P43
[e)

e}
M
1
o
ol
%
o
<)
fu)
oo
ol
ol
rr
o
of
o ol
i)
R

oy
>

X,

[o
fot
o
ot
rir
»y,
o
o
2o
)
|o
fru
i
i
i)
2
o
29
gt
>
oL
&)
O

AL gfa) Aol vl BAAGS 2AAH, Z9A%
1 [e] 2~

S5 sHe) 41 242

2.1 AL CHY A B

A A9 A A7 A= 5988 a2 Al
H 59E AR FE A A8 X
Aol YAt ok 9 S5 47
2], 7da], A e Ao
f9 WHe 1.26km’ oJnf, o] F T W#o] 303,205m’
4.06%)019, = 121,222m* (9.62%) 7+ ZA} 38,762m’
(3.08%) ¥ UH2= AHoRE o]Fo|3] g A<l
th &RA] 2R T SAPE EyE dEd oF 1,500
ut] Q] 7t ARSEHIL Qlom SAME AFXSH B HAL
10% o/de] ArA)of| f1|5te] A FAIREE TAYE=
HeA=4o] ARAE AR FY=EE A FRE o|F
ot Fig 12 7Y 4784 F99 @S el glow
ZAPN A AR As A=A FH 7] AR Ao}, A&
A A9 B2 YERY ot 7Y 273AE Ty VE
HEHZ ] Yo7} 38,653 m” o] FARA Hf 2m Zo]
F2] star Stk Fig. 2= RUEE 278 A2H fF 2

4 27 Aurse] A BolEw gk,

TN A3

h

Artificlal
Reservoir

Fig. 1. The Characteristics of guil reservoir catchment and surveyed site description
(S1, S2, S3 : Monitoring point for surface runoff, G1, G1 : Groundwater monitoring point and Wi, We : Baseflow monitoring points)

SREAISE X204 A4Z, 2018



olyg 419

7Ae Ao R 2T NHPEe] 2 Aor BiET gtk
(Bedient et al., 2002, - Kang, CG et al., 2010) 7] A& &
e e e AEAR ] w3y 50 Eeiivar
Betd=t (Matthias et al., 2009) 2 A7e] ZAF thid A
AN RF 7 0.4 cms 7H] Z71H1H @4fo] WAIsH=
g TS 4 QI8 o] Y9 B FEASTE 04, 79
EﬂZj 1.26 km’= 3}o] gejalo] ofa)] HJarst 75‘—?— 2.9 mm/hr
To] 3¢ Zrof gl #toltt Fig 4 = f5F AGE

& FiEd 555 vl ZA0H 0.4 cms 7HA] 57 71l
et B52d Tt S7FE 0.4 cms o) olAE @513
T 7 BREd sL0t 349] dastkes @448 Holal
Urk. A i 292 At DR AF AR S4F A9
olm APt J8 AFA]of X5t §lo] 271 Al T‘i%ol k|

skl e & 4 olek. Seluete] H4 WA o

O_u

Fig. 2. Monitoring facilities on each surveying sites

ot

22 A ¥4 AP AI(NIER, 2010)-> —_q‘/\]' Z)ollA Ao ALat Hhy 0}1—
B FES TAE N HASAL Aol ol ye A0 HBTD Slo0) Fiel o MY o9 =, o
oF wisle Zael] Slolo] Eoleh ol Saeleirt z TR st Hlo] wEACA fEEE Aoz BYET
A} A7 20179 5YEE 20184 99714 17497F &A At mEbM 4t ] B¢ °“* A i?é A2 A=
oz AYHYor], RUGE ZAE Po) 49§84t mr 1 S0l FA Al W w1 o AT A0l igE
o4 S Aelck et o] A% 23t vl Aol

Hof A FE4 w=of osf fotERR B Wl A

NaAH7] 2 9=k =& ZH|SIGMA 95002 Hx|ste] Az AAEe] e TRAPIAE FAF FH A EHAF 5o
A% 47 ZAS st Aol sopsie] ofgf 1 T EE el vl o9 EHe] 271qHes
Foz FAEL 454 YAt WY ARIFCR Aas
5] BODs, CODwim, TOC, SS, T-N, NH;—N, NO;—-N, 1.200 40000
T-P, POs~P =] tigh B4-& AFAAA $=hotct. 00 « o 3500.0
E 24 we $EodTANEe Eoko] AAlskdon | o000
S AR A Fe FPRATSL] MPePGRY B 5o = o
o g ° 8 ° )
A 71Toﬂ o7 seloict. BRI eARA WY B4 5 ° g © 3 amed
FA0 0ABA AATSE BAL 9l AT & £ = g o 7
57 9aTel 42 Aol £ Eowo & g Gm s o w
[ ° ° <] 8 8 o ]
BoA e §& 2P AF A5 oo 5 =el ut . § ° 85& ; o
o HZo Ao Eolgt A AA LEod M2 slglom ” g 8 g 88 5000
Ao A7V BB B47h 79 o sk Aol gy oo B = x s
o 2017-07-01 2017-10-09 2018-01-17 2018-04-27 2018-08-05
2 2Yset, oo

Fig. 3. Influent flow rate and SS concentration in rainy days
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Fig. 5. Polluto graph on a series rainfall event

HPUEL Ao g ZAJE|Qlon o]k Q1A 7Fe Sol AHE
ol o5 HH f& w7t 245 garE Ao WEE
= U= 740]‘3]'(An TW et al., 2012, Choi,JY et al., 2009).

1 o
a0

1o OI"N

BN fE 09BU FEE P AR Aalol
Uebd A& 2 A=FH(Polluto graph)olzt ol=d| Fig. 5=
Adm 3]0 ko] o5F A e @ I E e}
W Zolet of 30 27 WA & Tmm 7FFe] ol ofsh
z7] AlFo] stg e FRadsrt 243 5715k
o 5 gae 345 BasiAT §71245
H
B

o

12417 7 5 AR 23 9ol AlE @
oA fiF F7kel ME HABA B F7H WA ¢
1otk QubAel & g fEA 5712A% B
Je)3 &9 §E% Fkl wet @ Sbekn BAAE
B §EF FM dachs Aoz RuHn gl

(Hwang, JS et al., 2012, Jung, JP et al., 1993, Lim, JM et
al., 2009,and Wang T. et al., 2011) ¥ A5 ZAF A
M= Tdak 5% 7M1 A S7lote A Hol
Ak HIH A HAE = fEd0 54
A FEO wlE] A2 5AA EG At EAst
= A dao 714 {F @l 71dste Aolfley
(Shin, YC et al, 2006) 2 AT A9 7|H & Hope=
A A 99 7] AFH@ o IA TS T2 AR

ki AutA el ==

fom o= ]’ o] ’LHH‘?E =
AAo] ofsff T gl Ao=w
ZAFE A HREd skot A9 22
Halskar glo] a9 A3 kel o3t AL vt
Zol= Zmo|tHHwang, JS et al., 2012, Jeon, JC et al,,
2018, Stevens DP et al., 1999).

SREAISE X204 A4Z, 2018

T T 5000 o 8 T Ty L o
Q —Q
s 4000 3 —— TN 10 3
== Rainfall 6 =1 Rainfall
—~ 8 ~
30007 6E ~ o 6%
B = £ L
g 3 §4 6E | &
W L oF Z £
2000 9 8 98
4
2
1000 12 12
2
T 0 15 0o T T T T T ) 15
11:00 15:00  19:00 15:00  19:00  23:00 3:00 7:00 11.00 15:00  19:00
Time(hr)
T 2 0 8 T TE T 0
Q 10 7—0— ?P
—o— NOsN 3 6 Rainfall 8 3
== Rainfall == Rainfa
~ . P
o ~ €
3rfe "5 19k
6E | = =, | =
g 192 44 r98
4
2
12 2 12
2
.
.
o 15 o * T T T T o 15
11:00  15:00  19:00 15100 19:00 23:00  3:00  7:00  11:00 1500  19:00
Time(hr)
o|r -IE IOI %A |01 |14 dH2Z2 ©O= -|7|'
3.2 AZ ARAe| it 2 HIY 2E2H 7= AT
=z T
o 1 o]”
2 A9 mRg MOE,

“‘BAed A7AAEe] Aa] & e
2014)°l SJotd AF3 Al A7
SHE 9 257 QF9E BY 5
2 AAstolof b @ S Age
Shibote] F| A& Smm ool FeFs AT &
@ Ae g W2 0 v ed=4o] vHiEEH= EXolE
A 52 e =E St=E okl itk AJAS] i AH
iR o] A ZFeApdel] ofst —’F—‘?’T'“H (hydrograph) =}
0133}04 )\7‘101 747]"}‘5}13 3=

@ g A1) 7
HATFR D
A EDE
G =% ohm

[e]
s

fETE Pl A
= el QAo sk glom o}au 42 o
A% 24 i ARAS] +AASRNE Aelsich

WQ, = PyxAx107

7] A, \X/QV A28 (Water Quality Volume, m®)
DA Ao R eitE w4 fEL
: HH—/Fqu‘i(mz)

w4 1.26 km’et SHERE4ET SmmE AXtstd
AAEEHFL 6,300 mo2 AgEEd ARAe] ®H
(38,653 m)ol] B Zo](1.5 mE o]gste] £2< A}
57,980 m’e2 4dxe)geFe] 9.28he] ShFIteh. Fig. 62
A} 7R BAE AR EdE 3 7Y £FA0 394
o} H] AeA0] & 9] HF L} A8R|AQ] QdEA

X

i



oy 421
= AAGES UEhd Zolth BIAl §Y B FET7E AR SAF AAEg] ot AdS FAS & A
BOD = 12 mg/L, SS 13 mg/L, T-N 10 mg/L 2183l T-P St= ZotHChoi, YH et al., 2014, Kang, CG et al., 2010,
= 2.5 mg/L 2 et Qlct F849] 90 %= FAAA A Lee SH et al., 2014). 4] BFEA AARES 60%=
= I Qlom Yo HAars Img/L Wz I35t Yerdal 9lom F1 22% AAE| 0] Bl7F$-Alol Hs] A|A
I Qiek BHIZARA] FR1 AAREC] 53%= 7P w1 HRE TE2 HAskr Qlok O] HIHAIAAAL 71EHT o)
e 37% AA=L vt f71=4L2 10% e, Tdae ool &S AUl QAT 7o) HIHAA "gof 3l
5% o= AA=M FJgete =27t ¥MAsk= sha7]ole A SERF BE Holx] Eskal Qe AAolth
258 &9 d4 Tt v woie A §IHs] # Fig. 73} Fig. 82 A7A] sk o] 1.0 cms o471

A5t JrHChoi, IW et al, 2002). 7ZF$Alel= BOD
18mg/L, SS7F 30mg/L, T-N< 13mg/L18]3l T-P&= 10

mg/L2 et ek,

7949)

T S Bl Blsl SSE=ETt M =

Al BASEAL Qlem T-P 44 o)F F7ioke = Hth

= L
FTHae

il

B 30% F7koke Aoz vhehiiy] A4
Boz HY WA Fht A Wb} gt W] gmy]

obg Azt 28 ol F7HSH gk, ol £FAZ G

ofs}z el

[e) [e)
_ITEO]:—C_‘

L sboleh. 254 99 4% 0.4 s

sl

= FgelA e

A5

3h +28 ek gl o]
wREgel olsiAt e el st

W 5o §

T2 1.0 cms =2 TAYSEL QU
252 5k 52 1.0cms ©J5loA T3 =8 A9t
= Gl 7t E S HEA Frt 37 HalskA] ¢

oh:]._

o
T

=
FTH4F

Hol=t AHd

Soh §3 el M Beo R Watshe

%

Wik G0] F719M S} sk

35.0 70.0 35.0 70.0
30.0 60.0 3 —_
° § 30.0 60.0 §
= 250 500 & ~ 250 50.0 ;.:>»‘
= 2 =
2 200 ° 40.0 é g 200 00
bt = &£
w T
£ 150 300 = ¢ 150 300 2
3 R z 3 ° S
10.0 h 20.0 g Y q00 N 2 20.0 g
I ]
5.0 & I 100 o 5.0 I § s 100 &
NI
0.0 o - 00 0.0 3 S 0.0
P P S N S R 5 Q
& & & g © S &L F T & &3\ &,‘; «
& SR
B Entrance ®m Exit @ Removal Eff(%) [ Entrance W Exit @ Removal Eff(%)
(a) Dry days (b) Rainy days
Fig. 6. Non point pollutant reduction efficiencies in artificial reservoir
30 10 14 0 3.0 7500 ro 307 8 o
—Q
—e— 80D » , —Q —Q 7
» ——cop |8 1 5 ° —— 55 400 Fi 25 e TN ,
— Rainfal o =3 Rainfall == Rainfall | 6
2.0 ~ 2.0 ,E 2.0 5 ,g
63| T t2E ~ . 30075 | 2 5 b
I Br8B[°E @ 2| £ @ % | £
¢ 48[%8 155 7 w007 38 7 sF (38
10 1.0 e 1.0
4 2
2 4 . 100 4 4
05 N 05 o o . 0.5 ,
0.0 T 0 0 5 0.0 0 5 0.0 T v T 0 5
3:00 6:00 9:00  12:00 15:00  18:00  21:00 3:00 6:00 9:00 12:00 1500 18:00  21:00 3:00 6:00 9:00 12:00  15:00 18:00 2100
Time(hr) Time(hr) Time(hr)
30 5 0 3.0 2.0 0 3.0 25 0
_ —aQ —q
25 Q , 25 —— NHeN ; 25 e TP o s
— :Si;-gu ) == Rainfall - 1.5 == Rainfall
2.0 . 2.0 = 2.0 -
o 39 P28 Jt2E 15 ~F2E
n » [‘E @ wlE Q@ 21°E
< 28 r3f 7 it © w0E 35
10 z © 1.0 . z|= 1.0
05
05 1 4 05 . . 4 05 . 05 4
L]
LA
0.0 ) 5 0.0 0.0 5 0.0 0.0 5

9:00  12:00  15:00

Time(hr)

18:00 2100

6:00

9:00

12:00

Time(hr)

15:00  18:00  21:00

9:00  12:00 1500 18:00  21:00

Time(hr)

Fig. 7. Polluto graph on downstream water quality(Q<1.0 CMS)

Journal of Wetlands Research, Vol. 20, No. 4, 2018



422 AB AHFAE 0123 Hi

30 7 q 10 20 0 30
N —e— BOD 5
> ——cop |8 3 >
= Rainfall 1
20 = 20 o
~ 62| Tte6E
@ W w| £ 2
o Q £ O
° ° : ° 48| Sto 5
104 o O . 10
v oo 5
° 2 2
5 ° NWMM% 5
0 T —— o Lo 15 0

12:00  16:00 16:00  20:00  0:00

Time(hr)

—Q
—8— NH+N
== Rainfall

Q(CMS)
o
5
NHa-N(mg/L)
EN
Rainfall(mm)

©

4:00

Time(hr)

o

16:00  20:00 8:00 12:00  16:00 16:00  20:00  0:00

Time(hr)

4:00

Time(hr)

8:00

Fig. 8. Polluto graph on downstream water quality(Q> 1.0 CMS)

Bt RS Aol AAsH oA Xt Sk P
Hol Za3t vie Zo] 714/29] 9% Ueile A4S ¢
o= Qlth. ®HH Fig 8o Uehd &% 1.0cms odellxl= 7
S STt wet A=A fEFl 945] Sk o,
Ae T ol FHE4, F9 59 £/ edEde] A
£Hog 7kt Qltty. ARA|9 AR G2 XAsh=
73 A ARA M EEEY /45 @] WAk ¢l
o 55 2HEAL FE B 24 W6k gtk x
AV 272 598 AxAE X, BeEos Bz
27| ool £R7A9 Apis Har & et glo
L o] AI717} sA-8 A1 BhE e olof thigk Tejrt A

Ue Aog ARG AFA 9

48] olol 47| gk
% 247 HHe A
A58 W ohlet A4A0] 59] Pelm W olFolA:

Aol F2%S & 4= 9tf(Moon DH et al., 2014, NIER,
2011).
4. 2 2
4 2 shrell AT 598 AR A {4,
E A4S Foll 499 A 72 4 AFRA 9
2t 4t v e dEA0 ARY Al 93 /& A &
& A5t

27} 28] ol F7FSIAL Sl wU-8 ARl A1
A5 s HIPEPAlCl v SSert 7P A sk

SREAISE X204 A4Z, 2018

T 2000 [0 30 10 0
—q —Q
—— 55 % —— TN 8 3
[ Rainfall [ 1500 [ Rainfall
A g
J6E & 63 6E
wcug E ‘\S‘: 15 § :=_ml
a 98 © 4 £ 92
10
500
bl s 2 2
0 15 o o 15
12:00 16:00 16:00  20:00 0:00 4:.00 8:00 12:00 16:00
Time(hr)
5 o 30 5 o
—Q 25 : ?P
—— NOs-N [ 4 3 - 3
=3 Rainfall = Rainfall
~ 20 ~
33 F6E 35 [6E
2§ 1oz © SN
10
1 12 5 1 12
— 0 15 0 T T = 0 15
12:00 16:00 16:00  20:00 0:00 4:00 8:00 12:00 16:00
Time(hr)
glow] T-P 4u) ol Z7hohe FHS HAlTh 294 B
EA AAFTEL 60%= LRI glon F91.2 22% A|A
wo] uZ$Ae] ula) AATEE Ahstn ot ARE Al
AE o8 FEAY ALY frE S flsiMe A
o] 8% ¥ oty HF &% A ol A =2 B
S AR I AR gl § 3A 9 nlAle Al
= A=
A AL
B AT 20179~2018\W0] AWH F45ATY
3] " ZEAAS Ao ST

References

An, TW, Kim, TH, Oh, JM (2012), Analysis of First Flushing
Effects and EMCs of Non-point Pollutants from
Impervious Area during Rainfall, /. of Korean Ecology
and Environment, 45(4), 459-473. [Korean Literature]
[DOI: 10.11614 / KSL.2012.45.4.459]

Choi, IW and Kwon, SK (2002), Design Model of
Constructed Wetlands for Water Quality Management
of Non—point Source Pollution in Rural Watersheds,

J. of Korean Society of Agricultural Engineers, 44(5),
96-105. [Korean Literature]

Choi, JY and Shin, ES (1997), Nonpoint Source Pollution
Management Plan in Urban Area, Korea Environmental
Institute. [Korean Literature]

Choi, JY, Lee, SY and Kim, LH (2009), Wash—off
Characteristics of NPS Pollutants from Forest Land use,


http://doi.org/10.11614/KSL.2012.45.4.459

= 423

J. of Korean Society of Hazard Mitigation, 9(4),
129-134. [Korean Literature]

Choi, YH, Park, YS, Ryu, JC, Lee, DJ, Kim, YS, Choi,
JD, and Lim, KJ (2014), Analysis of Baseflow
Contribution to Stream flow at Several Flow Stations,
. of Korean Society on Water Environment, 30(4), pp.
441-451. [Korean Literature] [DOI: 10.15681 /
KSWE.2014.30.4.441]

Chung Cheong Buk Do (2016), Performanc Evaluation of
Water Pollutant Total Maximum Daily Load for Ok
Cheon Gun. [Korean Literature]

Hwang, ]S, Park, YK and Won, CH (2012), Runoff
Characteristics of Non—Point SOurce Pollution in Lower

Reaches of Livestock Area, /. of Korean Society of
Environmental Engineers, 34(8), 557-565. [Korean
Literature] [DOI: 10.4491 / KSEE.2012.34.8.557]

Jeon, JC, Jung, JH, Kim, YS and Kim LH (2018), A Review
of Research Trend Related to NPS and Suggestion for
Research Direction in the Future, /. of Wetlands Research,
20(1), 80-93. [Korean Literature] [DOI: 10.17663/ JWR.
2018.20.1.080]

Jung, JP, Cha, GB and Kim, JK (1993), A Study on the
Effect of Nonpoint Source Pollutants in a Rural Area,
Annual Environmental Report, 3(1), 39-44. [Korean
Literature]

Kang, CG, Lee, SY, Cho, HJ, Lee, YH and Kim, LH (2011),
Test—bed Evaluation of Developed Small Constructed
Wetland for Using in Urban Areas, [ of Korean Wetlands
Society, 13(3), 455-463. [Korean Literature]

Kang, CG, Lee, SY, Marla, CM and Kim, LH (2010),
Application of Free Water Surface Constructed Wetland

for Treating the Agricultural Runoff, /. of Environmental
Impact Assessment, 19(1), 83-89. [Korean Literature]

Lee, SH, Kim, LH and Cho, HJ (2014), Analysis for Removal
Efficiency of Non-point Pollution Sources by
Constructed Wetlands, /. of Korean Society of Ecology
and Infrastructure Engineering, 1(2), 102—-108. [Korean
Literature]

Lim, JM., Lee, YS. and Han, GB. (2009), A study on the
livestock resources regarding on the discharging
characteristics from farm land, /. of Organic Resources,
17(4), pp. 91-102. [Korean Literature]

Ministry of Environment (MOE) (1999), Planing Guidance of
Total Maximum Daily Loads. [Korean Literature]
Ministry of Environment(MOE) (2014), Manual of
Non-Point Pollutants Removal Facilities Installation

and Operation. [Korean Literature]

Moon, DH, Lee, IK, Kim JT and Chang, SW(2014), Assesment
of Efficiency for Constructed Wetlands to Reduced
Non—Point Source Pollution, /. of Korean Society of Hazard
Mitigation, 14(1), 333-339 [Korean Literature]

National Institute of Environmental Research (2011),
Estimation of implement result the 1% stage Total
Maximum Daily Load in Gum River Basin, NIER,
Incheon, Korea, pp.245-300. [Korean Literature]

NIER (2010), Optimum Management Guideline of
Nonpoint Pollution Source for TMDL.
Literature]

Schilling, K.E., Wolter, C.F. (2001), Contribution of
Baseflow to Nonpoint Source Pollution Loads in an
Agricultural Watershed, Ground Water, 39, pp. 49— 58.

Shin, Y.C., Lyou, C.W., Choi, Y.H., Lim, K.J. and Choi,
J.D. (2006), Pollutant Load Characteristic by Baseflow
in Small Agricultural Watershed, /. of Korean Society
on Water Quality, 22(2), pp. 244-249 [Korean
Literature]

[Korean

Son Young Gyu (2016), Analysis of Nonpoint Source Pollutants
in Urban Stormwater Runoff, /. of Wetlands Research, 18,
1, 94-99 [Korean Literature] [DOI: 10.17663 /
JWR.2016.18.1.094]

Stevens, D.P., Cox, J.W. and Chittleborough, D.]. (1999),
Pathways

of phosphorus, nitrogen, and carbon
movement over and through texturally differentiated
soils, South Australia. /. Soi/ Res., 37, 679-693.

Tao Wang, Bo zhu (2011), Nitrate loss via overland flow
and interflow from a sloped farmland in the hilly area
of purple soil, China, Nutrient Cycling in Agro
ecosystems, 90,3, 309-319.

Wu, J. S., Allan, C. J., Saunders, W. L. and Evett, J. B.
(1998),
estimation of highway runoff, [ of Environmental
Engineering, 124(7), pp. 584-592. [DOI: 10.1061 /

(ASCE) 0733-9372 (1998) 124:7(584)]

Characterization and pollutant loading

Journal of Wetlands Research, Vol. 20, No. 4, 2018


http://doi.org/10.15681/KSWE.2014.30.4.441
http://doi.org/10.4491/KSEE.2012.34.8.557
http://doi.org/10.17663/JWR.2018.20.1.080
http://doi.org/10.17663/JWR.2016.18.1.094
http://doi.org/10.1061/(ASCE)0733-9372(1998)124:7(584)



