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Characteristics of Runoff Load from Nonpoint Source Pollutants in the Lake Doam Watershed. Kwak,
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Goo Kang' (0000-0002-2693-6697) and Woomyung Heo* (0000-0001-9994-4658) (Department of Environmental
Engineering, Kangwon National University, Samchok 25913, Republic of Korea; 'National Institute of Environmental
Research, Hwangyong-ro 42, Seogu, Incheon 22689, Republic of Korea)

Abstract In order to investigate the runoff characteristics of nonpoint source pollutants in the Lake Doam
watershed, water quality and flow rate were monitored for 38-rainfall events from 2009 to 2016. The EMC
values of SS, COD, TN and TP were in the range of 33~2,169, 3.5~56.9, 0.09~7.65 and 0.06~2.21 mg
L™, respectively. As a result of analyzing the effect of rainfall factor on the nonpoint source pollutant load,
EMCs of SS, COD and TP showed a statistically significant correlation with rainfall (RA) (p<0.01) and SS
showed highly significant correlation with maximum rainfall intensity (MRI, R=0.48). The load ranges of
SS, COD, TN and TP were 10.4~11,984.6, 1.1~724.4, 0.6~51.6 and 0.03~22.85 ton event ', respectively,
showing large variation depending on the characteristics of rainfall events. The effect of rainfall on the load
was analyzed. SS, COD and TP showed a positive correlation, but TN did not show any significant correlation.
The annual load of SS was the highest with 88,645 tons year ' in 2011 when rainfall was the highest with
1,669 mm. The result of impact analysis of nonpoint source pollution reduction project and land-use change
on runoff load showed that pollutant load significantly reduced from 2009 to 2014 but SS and TP loads were
increased from 2014 to 2016 due to increase in construction area. Therefore, we suggested that nonpoint
source pollution abatement plan should be continued to reduce the soil loss and pollutants during rainfall, and
countermeasures to reduce nonpoint source pollution due to construction need to be established.
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FUA oA v]H 2 FEZ (nonpoint sources; NPS) 52
2 o 34E LPATI= Fa% Ale]w (US. EPA,
1986; Carpenter et al., 1998; Ichiki et al., 1999; Pegram et
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al., 1999; Lee et al., 2001; Chen et al.,2011), =2 U $AY
A fejol] wj»- FasHA A4 o gkt (Ongley er al.,
2010). YHHHOE HHOFEA FEL CPEA WF
9 & 549 ghoto] A gron, dATko] i B3]
ShaL, A7t mE L PRSI WEHo] A, EYRT,
Exolg % e I 22 fAHEEA Sl g8l &
¥ Hr= Ao Z oA Qlth(Bedient et al., 1980; Leon
et al., 2001; Hassen et al., 2004; Roh, et al., 2006; Kang
and Mitchell, 2013). T3t -3} sk EA (7
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=, GSAEA AR 5) 2 792 A% FH sl
93] gk Wol =t} (Bae et al., 2010; Mishra and Kar,
2012; Song et al., 2012; Ding et al., 2017). 73%- A| H|H 2
2R §22 A WA HejgETol WA A
of B 1 HojgE WA olFol A WolNE 5
& HBo|m (Choi ef al., 1999), 71F, A g D £88H =
Aol whe} 7HE Mol m LA 2 Ao fEE o
¥t GEEAS ROtk (Bedient ef al., 1980). WahA], H]
Aodgdol sl owe Fejz S0 ool
AFE AEAE FFHoR BA, WS P
7t Siet.

EQEL $HY F 47 A9 gL 9o §
AHAL2 1512km’ 22 ZU® BT fBFH 4 2
2 ZPstm gom A Foo AR W HHe 7~
15°9] o] 433%, 15~30°] ¥ro] 22292 TjFE o] vt
o] AA=7} Za1, o] AAYE 21 Holth (Kwak et al.,
2012). 21=¥ ¥ HAHE= 600~800 m7} 65.2%, 800~
1,000 m7} 34.7%2 A9 BE ZAA7F 600 m ]3]
¥ A3t (Wonju Regional Environmental office,
2009). 9B 75 1,260 mm (2007~20159 B 7]
)= Wzt 13939 97k BASH 30 mm o]skrh oF
1303] o]t} (Wonju Regional Environmental office, 2016).
oebd BT f92 Atk 3 71% giiel 19709
o o]% tit 2 F&53} YA FYo] HaAste] ot 2
< 5592 AFHE WiF 5 2YA sl &S T
7Fstal @tk (Shin, 2004). £3] ¥9] 344 571 5 1
A o] F7H2 st} A Al $HoE fEEE B
dEdol St e, o|2 s = WHe] T

= 5 A9 FUE9 45| H3tE %t (Cho, 1999;
Yoon et al., 1999; Wonju Regional Environmental office,
2009).

AR e FREe AR vz 9 =y 3o Ajgol
= EAZ AZHIL ot (Park et al., 2004, 2006; Lee et
al., 2006). Gao et al.(2005)2 7F-$- A A& ¢} vl7 5o
o3t FARES Eole Aol sUNFHLHS d3lst=
B Bol} shleh. £9], A W2 FA=TE 2
7] W2 Bl dd e 7A7IE T8 Yl H
I oh(Kwak et al., 2012). 5= FFo YAt 272 5
A o] AeE HPoddonRE el e@RaiFo] A
A B3] 80% oS AA S Ao BuH vt ek
(Hu and Huang, 2014).

AEEE =45 FAZAE 25ty flsiA 2005
| 7€ FFAFE ¥t uGA] T Bt Al
A3}t (Gangwon-do, 2005). 7 Ko A& 20084 9|
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T Yo $2L& SSSmgL! o3t R §AI5H7| 93t
of Bl ed AAAYS FX5t] $thH(Wonju Regional
Environmental office, 2009). BI#, 7=} 3o A
£ 2018 BASASHY BAsto] B2 EFZAR] (HHA
H, 22 7 - B 3 SYHIAAE )2 i Ao
A AFsta glo] Bl @AZARG o iRt avtrt A3
712 4= 31t} (Wonju Regional Environmental office, 2016).
Moon ef al. (2012)8] M]A o SABalx|e BELA DA E
B7te] ot =93 f99 HRSLELS GAHA Xt
I glen &EAo vy HE A o|goe]
a5tk shgith

wEhs] & A3 =S FAWlA 3t Sl H
L AANAAG Y adts Bt ZhE NEA (B 3)
T8] S wHotstr] fske] 2009WHE 201671H4] 8
of 24 3839 7FAMYel sty HFedEE FES
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9] A& AAstA AU (Fig. 1). 2AHAY +9
HAL 12326km’E ©] & 77.5%7} Abgo]a, 11 %]
0] 93%= FJE o] Jlth(Table 1). =42 F99 Z
< g 71 ARE 223 AEHE (FA 5T
AL FATAIY Q] WL Zhzt Ftat Feze
°0]-&-5}F 1t} (Table 2, Fig. 2). 2AF7]7E F¢t =Y ¥
B A4FHES 1253.0mmE ZFA gasts F4FS 2
th(Fig. 2). =43 F94 9] HH L AATAE2 H=
3|2 (RRC), AYFE (VO), A5-38 (SRW), B2 1)
$¥H(DDP), A4 %7] (NRP), H| A& 2 (NPF), At
HE S (IPP), IAFA] (SP), X (VB), A+ (CW) 2 =
A7 (SM)E 22 11 TFE A {90l 24 £4F A
on, EFAHE ofAhe 2014W7HA] F 316922 LERG
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Fig. 1. Map showing the watershed area and sampling site.

Table 1. Land use and area ratio in the watershed of Lake Doam.

Am

wERt £4 137
o] 20144 ol W FASH F7kskon 2016Wel:
150.1 hao] it} (Fig. 2).

ANEAS D FFRAE 20099 5 2016L=17I}X] 8d &
ot 38319 FAYS PO E SR & FAY
8 NRE BEENE 12N BA0R HER o
ol 2~3A% A 02 THe-Fol whEh 530l A 1438] 7+
A A45HTH (Table 3). SF2A A 290 2 2412
of HAT FYAZRE Lolor], 4 AL G5
(Flo-Mate 2000)& ©|-§3to] AZa4 7, 4 P
HE o83t At e d5d S
st - AR WEA, AR SAHE 9
ol-gsto frFS A A

Qg g 2 wE A7 gt APd2 kst
of AA2E 23 & +ARAS AAEHIH &2 (SS)
= AN&RE v He fdrodAl (GF/F, Whatman)
2 ojFfste] 105°ColA 1A S A= 5 FA9f 2o
g olgstel ZYsHelth. H A4 AT COD)S B
7HAR S (/\p\-]) oz B34} &9 (TP)2 o /\]E_—-
persulfate 23J] o] ascorbic acidH 2.2 A3, F
A4 (TN)E A|2E alkaline persulfate 23] & cadmium
reduction 2.2 EA5FTHAPHA et al., 1995).

gl gAuAe B2 ATags e

Total watershed area (%)

Watershed Area (km?)
Crops Rice paddy Forest Residential Others
Samyang Stream 37.29 9.8% 0.1% 79.6% 0.9% 9.7%
Chahang Stream 29.69 8.8% 0.1% 76.8% 0.7% 13.6%
Daegwanyeong Stream 16.33 9.7% 0.0% 79.5% 0.9% 9.7%
Yongpyeong Stream 30.48 9.4% 0.1% 73.9% 4.4% 12.1%
Song Stream 123.26 9.3% 0.1% 77.5% 1.7% 11.3%

Table 2. Non-point source pollution reduction facilities in Daegwanyeong-myeon (from Wonju Regional Environmental office, 2016).

Year Project period RRC' vC* SRW' DDP* NRP° NPF® IpP’ sSP® vB® Cw' sMm' EA"
2003  Sep.2003~Dec. 2004 348 - 400 - 505 - 15406 — - 2 - 502
2004 Nov.2004~May 2006 1,279 690 242 - 546 - 9612 - - 15 - 605
2008  Feb. 2008~Jun. 2009 - 8,692 — 20004 350 - - - - - - 3,000
2009  Nov. 2008~Dec. 2009 - 4883 - 41301 1455 @ — - 2 - 10 - 3,000
2010  Jan.2010~Dec.2010 1,898 1,155 667 17913 - 410 - 15 - - - 1,600
2011  Oct.2010~Dec. 2011 199 410 150 1753 - - - 30 - 2 - 1,600
2012 Jan.2012~May 2014 6460 - 435 - - - - 7 173 25 - 2,600
2013  Jan.2013~Dec.2015 10273 13,605  — - - - 13209 - 2,146 - 100 7,400
2014 Jan.2014~Dec. 2016 - - - 7766  — 2983 - 3 - - 2278 11300
Sum 20457 29435 1,894 88737 2856 3393 38227 40 3880 54 2378 31,607

'RRC: Rainwater roundabout channel, >*VC: Vegetation channel, *SRW: Stone retaining wall, “DDP: Drain drainage pipe, "NRP: Natural rock piles, °NPF:
Non-point fence, "IPP: Inclined plane protection, *SP: Settling pond, *VB: Vegetation belt, '’CW: Collecting well, ''SM: Stone masonry, ’EA: Execution
Amount, Unit: m (RRC, VC, SM), m? (RBW, DDP, NRP, NPF, IPP, VB), ea (SP, CW), W (EA, million won)
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Table 3. Rainfall characteristics of sampled events in Lake Doam.

Year  Periods RA' RCH> MRIF ARI* ADD’

160

140
120
100

80

Area(ha)

60
40
20

[ Construction area

ﬁﬂﬂﬂﬂ

350

300 A

250

200

150

100

Execution amount (billion)

50

[J Non-point Pollution —
Reduction Project Execution
Cumulative Amount

111

2009 2010 2011 2012 2013 2014

Fig. 2. Environmental Change of Lake Doam.
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U 9T F 02 TPYstel dmdz

%7155 = (EMC, Event mean concen-
£ A oR oA SES UehiE AE
o} ol H9-9E40 A9 H9AEY A5A7H
o whef ARz 2] ke 2ol Charbeneau
et al., 1998). Z$-AHE EMCsE 2AF A719) -3 (0) T
AASL ol
FAMEE S AT (00 AHET

‘%%4%4%T§%@xrzaqfﬂnﬂ4dq@

8-Jul 129 11 355 117 2
2000 15Jul 53 8 125 66 1
31-0ct 335 14 85 24 11
18-May 175 7 45 25 6
22-May 8l 2 7 373
2010 10-Aug 19 8 65 24 1
2-Sep 18.5 4 75 46 |
10-Sep 685 15 195 46 3
BJun 133 32 185 42 20
29Jun 69 20 11 35 2
2011 55y 61 2 15 51 3
27u 583 15 175 39 0
2-Apr 637 21 75 3 9
30-Jun 168 10 35 17 3
19l 355 7 105 51 3
12Aug 703 15 185 47 23
012 4500 175 6 6 29 2
28-Aug 35.1 11 4
30-Aug 915 21 175 44 1
16Sep 985 32 85 31 7
27-May 262 10 4 26 7
11-Jul 13.5 45 0
2013 15Jul 122 16 275 75 0
23-Jul 16 438 0
28-Sep 25 16 55 16 3
BJul 225 75 45
25-Jul 1 6 0
2014 T-Aug 38 10 105 43 19
9-Aug 57 22 5 2.6 1
l-Aug 585 10 185 6. I
2%6-Jun 605 28 6 22 6
2015 23Jul 414 125 0
24-Aug 2755 40 20 68 10
2-Jul 758 12 184 63 6
5-Jul 1283 21 133 61 i
2016 26-Aug 396 12 78 33 18
28-Aug 1785 27 263 66 1
3-Oct 59 2 46 3 12
Mean 622 16 118 43 5
Max. 2755 40 355 117 23
Min. 59 2 35 16 0

'RA: rainfall amount (mm), *RCH: rainfall continuous hour (hr), *MRI: max-
imum rainfall intensity (mm hr™"), *ARI: Average rainfall intensity (mm hr™"),
SADD: antecedent dry day (day, below 10 mm)

Emc =226 (1)
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(numeric integration)®'H{ 22 A TH(A] 2).
Pollutant load (tonevent )=k x> f’= L0iCi )

A7|A, k= TfIgHHA SO
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A TETD wA5t7] sl 24 d=d
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Annual pollutant load (ton year™") =
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(measured event precipitation)< AlSH 7

£-2F 12|31 MEL (measured event load)S AlZE 7F$AL
ol & FslgFoltt.

2 dFodA e FE7IAAE, 9 U OIEHE
) 2 FAHSEY] HFE A Mann-Kendall test 2
Sen’s Slope estimatore ©]-8-3} 1 t}. Mann-Kendall Test=
v 4 B AR (Non-parametric Statistical Method)2] 3}
U2 Z7142Q AAE A9 AFEE £45H= H &
o, A2 F(data values) AA|Eth= A& A= (sample
data)®] A&l 27]E BaLgTh(Gilbert, 1987). ©] &4
< FEARY Ao vASHA ¢l ASA Y EAHA
£ Hlojue A= disix= #§o] 7Hsstthe 3ol
QIt} (Jaagus, 2006). Sen’s Slope estimator+= Sen (1968)°]|
oA Ate WO, 5o glo] FFS WA gon
A7 9] Feolu @77t Sl ABRol®E 4 0] 7Hsstt.

Za o D3

e

g

1.2 A 33
[ez]

E4E FYolA 7 Al v dEEY FE5A
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AP} A4 (ADD)E ZH2F 5.9~275.5 mm, 3.5~35.5
mmhr', 1.6~117mmhr" @ 0~23 day?] H9E 2ot
(Table 3). A A S R=AHFO R 155~19317 m’
sec’'9] W92 B 4330 m’ sec” 0] T (Table 4). 3FH
o] FEE 7Aool APAHLRE JFE Loug 717t
73 AVl whet & ZpolE B4t ZF FAMIE R 53
ol 14872 ZARgE SS, COD, TN & TP2| 383] -2
717} 448,167,343 D 050 mgL'o|glon, Hizte 2
7} 5317,1744,12.72 2 6.65mg L™ 22 Vel Th(Fig. 3)

A9 A SS, COD, TN € TPS] EMCs: 2z} 33~
2,169, 3.5~56.9,0.09~7.65 @ 0.06~221 mgL™"e] H$
2 A Eglon 383 WS ZHz)F 487,17.4,3.15 9 0.52
mg L™'0] It} (Table 4). Eum (2015)2 =¢& 4937 &
AreE 132 FY A BHH (2YE) FI AT
A SS,COD, TN € TP¢] EMCs7} Z+2F 116~2,616,3.5~
15.1,1.8~53 9 0.12~2.19mg L™'¢] ®<¢|atx a}¢lct. o]
£ CODE A9sties 2 AxZael fARE Ao A
FHET. A7 RS A= FFS B4
gt A3} SS,COD ¥ TP2] EMCs7} 743 (RA)Z A8t
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L 797 = (MR, R=0.480), 7322 (RA, R=0.416)
9 FF A E (ARL R=0358)9] o2 =2 484
< B¢ th(Table 5). =3+ SS¢] EMCE COD, TN % TP2)
EMCSIE o]t o] AHe Hol, g3 F994 SS
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Aol #AE HEstes o v 83 a4k 3 vk gl
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Table 4. Continued.

EMCs
COD

. 3
Concentrations

COD
10.6 (4.8+£19.0)

Flow”

Periods

Year

TP

N
2.29
3.50
2.78
393
2.96
2.88
1.89
3.00
3.15
7.65
0.09

SS

TP
0.16 (0.08 +0.39)
0.41(0.22+0.59)
0.88 (0.12+2.54)
1.55(0.08 +4.17)
1.38(0.06+3.74)
0.29(0.11+0.58)

TN
2.84(1.68+4.59)
3.37(2.36+5.02)
0.09(0.03+0.14)

SS
123 (5%316)

0.15
043
0.96
1.83
1.73
0.36
1.14
0.17
0.52
221
0.06

12.0

137
357
634

5.934(12.3+85.8)

11

26-Jun
23-Jul

20.2

183(34+364)

323 (48 +1,032)
589 (48 +2.538)
1,189 (20 +4,786)

5492 (18.1+79.0)

11

14

2015

48.7

34.7(5.5+168.4)
142 (6.4+35.0)

19,317(30.8 £247.9)

24-Aug
2-Jul
5-Jul

149

1,332

3.89(2.70+4.88)
331(2.08+4.61)
2.90(1.44+4 48)
223 (1.14+4.62)
3.15(1.99+3.95)

4979 (13.5+86.8)

9
10

214

871

19.2(5.1+£30.0)
69(229+10.9)

708 (28 +1,946)

13,109 (329 161.0)

7.6
16.9

152
662

111 (14+271)
643 (20+3361)

2,771(223+47.7)

8
10

26-Aug
28-Aug
3-Oct

2016

1.10 (0.04+5.36)
0.16 (0.04+0.31)

169(3.3+752)
3.0(20+6.0)

14,810 (46.1£167.9)

35
174

76
487
2,169

65 (8t 122)

2,105 (26.9+40.2)

5

0.50
6.65
0.03

343
12.72

16.7
1744

448
5317

4,330
19,317

8.9

14.0

Mean

569

Max.

35

33

0.02

13

155

50

Min.

'NO: Number of monitoring, *Flow: total flow of rainfall events, 3Concentration: Measured water quality, Units: m’event! (Flow., m’ secgl), mg L' (SS,COD, TN, TP)
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W %S 5 b ARo] RS X|5Heth (Wonju
Regional Environmental office 2015, 2016). ¥¥tx o 2 vt
oA 2ol hE A R FEFFS EAOIA FE}
ALFEO| ] v wF] O (Park et al., 2000; Kim e al.,
2005; Zhang et al., 2005; Lee et al., 2007; Yoo et al., 2007),
ANGES 22 W B Sol waA e A Aoy
Al EFRAZOl Atk (Kim et al., 2011). %ol w2
§25 2 FAELS Aol FEI AR 24 2
B 2 EF) B 520 e A7olN 243} 4
i Z-Eo] whe} FEE HlE] 93f A&l AL A0
210} (Rural Development Administration, 2008), FE2] H]
go] £ WA o] AYPSAERGE BEL7
Zo ¥ uzg Ao AtrEHT

3. HIHHE=E 3l

749 A SS W COD HaleFe 7hzF 10.4~11,984.6
9 1.1~724 4 tonevent 'S WYR 7} AP o] EAo) wh
2} 2 HolZ KHgon 383 AL 27263259 946
tonevent '] ¢ T (Table 6). 7F-2AHAFE SS 2 COD H-3}13F
2 o] 275 5mmE 7P WYE 20159 89 24
11,984.6 & 724 4tonevent ' &2 7} T} gukygo=m
Ao W2 SS W COD Ratae e Sk w
2t F71sl= AFS Eolth(Jung ef al., 2012; Kwak et al.,
2012).

7oA TN 2812 0.6~51.6 tonevent ' M2
A ZFAPEel B0 whet HolE Eglow 383 W
13.6 ton event™ 0] 2009 7Y 15U 9] 7H-ApAlol| A
51.6tonevent ' 2 7}&F Ft}, o] SSot= thE A A4
Fo] F7tol wet F7FekA] g AL R UErsth Kwak
5(2013)2 =94 {99 Ad Aol E SS=
o] Z7tet 3 St B TN 2 WolE Bo|A| &
ofthil skt gukd oz TN 79 9 geko] wslol
TR JHBAE HolA ¢oH (Cho et al., 2004), 735
T fEFol St Al7lol Aaste AR wddrt
(Jeong et al., 2000, Park et al., 2015).

ZFo A A TP 23818F2 0.03~22.85 tonevent | H Y2
A 7 AEY B4 whet vlaA 2 Holg Helom ¥
2 3.14tonevent '] 131 2016 7Y 5Y ] LAl
A 22.85tonevent ' 0.2 71&F Attt A TP Bl
2 TNiH= 27 SSot vt & s 9§39 |
sto} GARSE HslE R ¢ith. o]& E3F Chang et al. (2008)
o trte] AR A4 fEFo WHE SS9 TP F
sheFo] o] AUHAE vk Eugk Ax dX|sh=
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Fig. 3. Box-plot results of nonpoint source pollutant loads of all 38 rainfall events of Lake Doam from 2009 to 2016 (n =38).

Table 5. Results of pearson correlation coefficient analysis using meteorological and water quality parameters.

Variables RCH MRI ARI ADD SS COD TN TP
RA 0.734+* 0.693** 0.563** 0.107 0.416%* 0.552%* 0.062 0.467+*
RCH - 0.230 0.059 0.127 0.254 0.416%* 0.027 0.158
MRI - 0.843%** —0.008 0.4807** 0.404* 0.167 0.501%*
ARI - -0.163 0.358%* 0.356* 0.167 0.443**
ADD - 0.126 0.103 0.418%* -0.036
SS - 0.805+* 0.453+* 0.439+*
COD - 0.473%* 0.116
TN - -0.139

*: p-value <0.05, **: p-value <0.01

Aitolt.

=43 §9o)A SS, COD, TN ¥ TPo A7t
2 Table 72 A5}t SS9 AztR 3}

88,645 ton year'lﬂi 7HE @gke=d ol=

o] Aj7]e] Z=

o] 1,668 mm (Fig. 2 &%; ZA7|7F AF 4 1,253 mm) 2
2 7V g7l jees AREc. CoD ¥ TN dzhy
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Table 6. Pollutant loads of sampled events in Lake Doam. Table 7. Annual pollutant load and construction area of Lake Doam
(2009~2016).

Pollutant loads (ton event™ ])

Year Periods Cons
SS COD TN TP Year Rainfall SS COD TN TP Area.
8-Jul 6,605 215.6 42.80 5.08 200 8 23 023 483 = |
2009  15-Jul 7593 3578  51.63 5.18 201(9) ?204 Z ’32? ’273 oo 1491.
31-Oct 33 1.1 092 0.08 ’ 9 J
2011 1,668 88,645 2372 272 22 22.1
18-May 10 21 0.79 0.04 2012 1,294 19667 1,101 171 27 283
22-May 624 217 6.88 1.34 2013 1,061 30,148 715 217 42 30.2
2010 10-Aug 19 42 1.41 0.13 2014 1,310 20,837 1,869 208 20 58.7
2-Sep 191 35 2.14 042 2015 982 287715 1962 164 42 99.7
10-Sep 3,408 22.5 14.41 748 2016 1,177 65897 1454 234 115  150.1
23-Jun 7,685 201.6 27.10 1.45 Cons. Area: Construction area
2011 29-Jun 4,520 108.5 10.83 1.19 Units: mm (Rainfall), ton year ' (SS, COD, TN, TP)
7-Jul 5219 1348 11.04 0.99
27-Jul 1,539 62.4 9.13 1.08
2-Apr 967 319 1133 154 A 2§99 EXJo]g W3} Fof uket vjd Xfolrt 2
30-Jun 56 6.5 248 0.10 A YyebE 4 ok (Bae et al., 2010; Song et al., 2012). =
oo 20 B AT OB grash X E YRR Ee 2018 BAEALYHOR A
12-Aug 1011 323 7.85 129 " b e s
2012 15-Aug 73 153 343 031 201495 SHIAH ANLFA T 799 EXo]& W
28-Aug 431 340 544 0.90 37F 3A Z2EtgeER o] AI7|E 7|EoeR 2000WE
. ijg? hos o E 201487HAgk 20146 R 2016742 22fstel $4
-Sep K R . . _ -
245 AASH4). SS, COD, TN ¥ TPY] AztHslgat
27-May 19 32 201 0.04
11-Tul 33 44 1.90 0.16 T, FAMEA 9 v L AT v ke AT 2
2013 15-Jul 7,636 1506 4175 10.67 A ZA3}= Table 87} 99 A AT
23-Jul 337 30.5 10.06 0.31 2009WUEE 2014WU 7R ZAMAE | w2 o7 H 51T}
28-S 28 35 258 0.08
P B9 S0 AnE, FAE AT 0 e AARALY
23-Jul 82 42 2.62 0.09
H E_o]:o A]—_?:].:v‘:]. = Al v]A e A 7HA -E—-
25-Tul 15 13 0.64 0.03 1<} 0—4_ S AE Bt lno A% }‘Q;ﬂ u}
2014 7-Aug 385 133 582 031 A7t FR}FL FodS Yot 2o AHFAE B
9-Aug 1,682 1035 11.13 142 t}. o] H|H O AANTAIAC R A3 7S A LFESF
11-Aug 1,435 200.4 15.72 1.63 o] 725l Qi A0S B A% otk B Azl BAS
26-Jun 574 56.5 10.90 0.71 Hoa o 90lM (n>0.05) W Ao drixigo
2015 23-Jul 1,556 749 1381 176 R 4 (p>0. )E}fi“ ’;“ “LJO j]
24-Aug 11985 7244  47.10 1659 (61; 2009~2014')7F A 31 g ZEjete ¢ s
2-Tul 6.724 743 19.59 926 9 (A=, FSAEAT 5ol mE WEsr 7] &
5-Jul 11651 2820 4043 2285 O AREC 2014QRE 2016W71X] 9 AAHAE &
2016 26-Aug 412 20.6 7.80 0.98 A3t At FAPE A wel A7HESIEE(SS, TN, TP 9
28-Aug 9,809 250.1 28.05 16.92 _
g o] Aralal A= S 37 2 =
B} A B 3leko] Z7}8 AOR A _ 5]
Mean 2,632 96 136 3.14 SHAA SSek TPR-SHEo] S71d A2 2 Amdrnt. 2009
Min. 10 1.1 0.6 0.03 FH 201497129 B R 79 4=(3d; 2014~2016
Max. 11,985 724 4 51.6 22.85 Uy7l Aoz Epsln BP0z 903t AL T}

2 A% o] o el ot IFEG Z7] o

stere 217k 20094 ) om g | TE TEETh AR 20149 o)AM= SS,
ko) 2 15 1)

Sk Z+zF 2009 9 2,923 W 485_t10nyear o7 7w COD 9 TNIH= oFo] AFE]. 20144 o] SMEL ©o

%o} TP 2016 6] 115tonyear ' &2 744 wokc}, = T

ABBAE BT} Chung er al. (1999)2 7FsFo] S71e

4, A T e gREEe FRg L i, B A7

- 7} 20149 o]F AReIN o ABAAES B3 S FA

oz MPoPGRAY 45T FF, wAAY  WHo| U] YRR ARH
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Table 8. Pearson correlation coefficient between water quality parameters and environmental change parameters (2009~2014).

Variables ss cob N TP Preci. Cons. Redu.

Area Amount

Year -0.513 -0.274 -0.493 -0.649 -0.238 0.924%* 0.919%
SS - 0.782 0.722 0.085 0.746 -0.464 -0.480
COD - 0.856* -0.048 0.654 -0.071 -0.102
TN - 0.454 0.277 -0.380 -0.305
TP - -0.505 -0.702 -0.520
Preci. - -0.092 -0.263

Cons. Area - 0.967**

Preci.: Precipitation

Cons. Area: Construction area

Redu. Amount: Non-point Pollution Reduction Project Execution Cumulative Amount
*: p-value <0.05, **: p-value <0.01

Table 9. Pearson correlation coefficient between water quality parameters and environmental change parameters (2014~2016).

Variables SS CcoD TN TP Preci. Cons. Redu.
Area Amount
Year 0.999* -0.172 0.900 0.995 -0.403 0.998* -
SS - -0.218 0.878 0.999* -0.359 1.000%* -
COD - 0.275 -0.266 -0.833 -0.230 -
TN - 0.854 -0.762 0.872 -
TP - -0.313 0.999* -
Preci. - -0.347 -
Cons. Area - -
Preci.: Precipitation
Cons. Area: Construction area
Redu. Amount: Non-point Pollution Reduction Project Execution Cumulative Amount
*: p-value <0.05, **: p-value <0.01
Table 10. Statistical analyses of Sen’s Slope Test and Mann-Kendall Test in Lake Doam (2009~2016).
2009~2014 2014~2016
Parameter
Mann-Kendall’s tau Sen’s slope p-value Mann-Kendall’s tau Sen’s slope p-value
SS -0.367 -1.673 0.010 0.513 4.821 0.015
COD -0.167 -0.024 0.256 0.231 0.086 0.306
TN -0.233 -0.003 0.108 0.436 0.018 0.042
TP -0.193 -0.001 0.186 0.641 0.008 0.002

QARSIFO At W2 FFE EA5H] HA 2+ st FA5HE I COD, TN ¥ TP F3H3g ¥sbt gl
FSAAE R e dib] L GRS AXEla, 2014 Ao 2 AFRETH 2014W R E 2016W7HA] = SS, COD, TN
He 7|&3te] E A7]2 223 & Mann-Kendall’s test 2 TPS] 7]27]7} 22t 4.821,0.086,0.018 D 0.008, Tau
9} Sen’s slope-—] W o Z BEAAEE AASETH Mann- = ZH2ZF 0513, 0.231, 0.436 L 0.641, p3-S ZHzF 0015,

£ "e}slH, Sen’s slope= 0.306,0.042 9 0.0022 SS, TN ¥ TP= EAgtdo 2 &
754 2009 AE-E 2014 A7}HA] o3t 27}, CODE EASH o & §o8x = AW Z7}
S HATH Taus ATA 42 ZAEA 9 2712 Qls}
—-0.003 2 —0.001, Ta é 247k —0.367, —0.167, -0233 o TP,SS ¥ TN <22 W3} =35 et Aoz
2 —0.193, pgk2 22} 0.010,0.256,0.108 2 0.186% SS HA*EJO*E} ol FAIZ Qlale] =EE EOoIHE 7
£ TATHCE {93 4, COD, TN € TP& v|oFgt £ A] EAPZL R oH, EgUH 9 212 EFAL| &2
TAE B th(Table 10). SS& HIF L AAHAIGLZ <l o] EFaAT A fEE AL ArRETH(Kim et al.,
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EU4E fYoA vHLdELY FEEAS Fotst
7] 93ke] 20099 K€ 2016 7HA] 383] 2] 7H-9-ARtol| of
sto] =4 9 35S 2YEH st4t. SS, COD, TN ¥
TP2] EMCs¥ Z+Z} 33~2,169, 3.5~56.9, 0.09~7.65 X
0.06~221 mgL™'e M2 A F o], 1Yz HPA A
ol W (2gE) §99 A7 FARRE &3 %
HH L AFE A7t vAls 9
EMCs (SS,COD ¥ TP)= 7% (RA)Z 5AH 8+ o
ot ATH|AE HA2H (p<0.01), SSO EMCE Hj
737 % (MRI,L 0480) 7HE =2 A4S Edoh A-9At
A SS, COD, TN ¥ TP Y318k 7z 10.4~11,984.6,
1.1~7244,0.6~51.6 & 0.03~22.85ton event ' 2] HY=
A EAO wal 2 WHolE Bk Zh-Fo] Ha}
ol mA= FFY FA o4 SS,COD X TP 49| 4
FAAAZ YebEom, TN 533 AAAAE HolA| ¢
Qtth. SS9 AzHREsEFE FheFo] 1,669 mmE 7HE Wk
o 20114d] 88,645 tonyear ' 22 7P Wkt H]H LY
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