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Characteristics of Non-point Pollution Discharge on Stormwater Runoff from Lake Doam
Watershed. Kwak, Sungjin, Bal Dev Bhattrai, Eunjung Kim, Changkeun Lee, Hyeongjin Lee!
and Woomyung Heo* (Department of Environmental Engineering, Kangwon National Univer-
sity, Samchok 245-711, Korea; *NIER, Yangpyeong 746-823, Korea)

Lake Doam watershed was surveyed to evaluate non-point source discharge charac-
teristics and discharge load including several water quality parameters in Song
Stream from July 2009 to July 2011. Concentrations of water pollutants were high
during the rainfall period, especially, SS, TP and COD showed increasing tendencies
toward cumulative water discharge but TN did not show much difference. SS, TP and
COD had an initial flush effect of over 50 mm rainfall event but there was no clear
tendency for rainfalls below that level. Event mean concentration (EMC) regarding
the rainy and dry period showed large differences. Especially rainy season EMC (SS,
TP, COD) demonstrated an increasingly high tendency. EMCs of COD, SS, TN and TP
measured for twelve rain events were as high as 26.1, 866.0, 4.68 and 0.605 mg L™,
respectively. COD, SS, TN and TP loadings from the highland agricultural region of
the Song Stream watershed were 34,263, 1,250,254, 2,673 and 933 kg yr~! km™2, respec-
tively, which were relatively higher than the results of other stream systems. There-
fore, it is strongly recommended that long-term monitoring and non-point pollution
reduction programs for the highland agricultural area to continue. Furthermore,
this non-point source pollution loading research acquired from the highland agricul-
tural area could be the base for reassessment.
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Table 1. Land use in the watershed (km?). Parenthesis indicates proportion of total area (%).

Watershed Forest Rice paddy Crops Residential Road Stream Sum
Samyang Stream 32.7 0.1 3.7 5.2 0.1 0.3 42.1
Chahang Stream 10.5 0.0 18.2 0.7 0.1 0.2 29.6
Daekwanryeong Stream 10.4 0.0 4.0 2.3 0.1 0.1 16.8
Yongpyeong Stream 13.1 0.4 16.2 0.8 0.1 0.0 30.6
Watershed (km?) 66.7 0.5 42.1 9.0 0.4 0.6 119.1
Song Stream -
Proportion (%) 55.9 0.4 35.3 7.6 0.3 0.5 100.0
Table 2. Geometric characteristic.
Drainage area, Stream length, Average width, Shape factor, Slope
Watershed A (km?) L (km) A/L (km) AIL? (=>20°, %)
Samyang Stream 42.1 15.67 2.69 0.17 28.14
Chahang Stream 29.6 10.45 2.84 0.27 31.16
Daekwanryeong Stream 16.8 17.34 0.97 0.06 22.61
Yongpyeong Stream 30.6 8.60 3.55 0.41 48.79
Song Stream 119.1 52.06 2.29 0.04 32.25




Fig. 1. Map showing the watershed area and sampling site
in Lake Doam.
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Table 3. The range of water quality parameters on dry and rainy days in the Song Stream.

Season Mean 1sDb? 1SEP Min Median Max N
Flow* 3.6 2.0 0.4 1.1 3.3 8.7 24
Cond.? 1495 32.8 6.7 91.0 144.0 202.0 24
SS 12.2 14.4 2.9 1.2 6.3 57.9 24
COoD 35 2.1 0.4 1.4 2.6 9.2 24
Dry days TN 4.436 1.375 0.281 2.389 4.127 7.817 24
NO;-N 3.544 0.819 0.167 1.915 3.573 4.960 24
NH;-N 0.098 0.048 0.012 0.033 0.094 0.190 16
TP 0.102 0.103 0.021 0.026 0.085 0.560 24
DIP 0.038 0.022 0.005 0.015 0.032 0.100 24
Flow* 41.2 50.1 4.8 15 20.9 269.6 111
Cond.? 112.4 46.4 4.4 48.0 102.0 213.0 111
SS 709.5 1004.6 95.3 4.0 291.0 5317.0 111
COD 23.4 30.7 2.9 2.2 10.4 174.4 111
Rainy days TN 4.685 2.101 0.199 1.480 4.060 12.722 111
NO;-N 2.741 1.456 0.138 0.026 2.550 8.424 111
NH;-N 0.182 0.094 0.011 0.042 0.157 0.452 74
TP 0.530 0.742 0.070 0.028 0.325 6.652 111
DIP 0.112 0.080 0.008 0.022 0.102 0.495 111

'Flow: (m® sec™), *Cond.: conductivity, *1SD: standard deviation, ®P1SE: standard error (1ISE=1SD N %), Units: uS cm™(Cond.), mg L™*(SS,

COD, TN, NO;-N, NH4-N, TP, DIP)
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Fig. 2. Water quality variation in the Song Stream. The major rainfalls occurred (09~ 10 Jul. 2009, 23~ 24 Jun. 2011).
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Fig. 3. Typical M-V curves showing the first flush effect of each water quality parameter during a rainy event in the Song

Stream (a: 50mm T; b: 50mm |).
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Table 4. The EMCs of water quality parameters measured in several rainy events and dry day at the Song Stream (mg L™2).

Season Year Periods Rain? RCH?> MRI® ARI* ADD® SS COD TN TP
9~10 Jul. 129.0 11 35.5 11.7 2(15) 827 27.0 473 0.636
2009 14~15 Jul. 53.0 8 12.5 6.6 1(159) 881 41.5 5.99 0.601
31 Oct.* 335 14 8.5 2.4 11(11.5) 213 7.3 5.96 0.534
18~19 May 17.5 7 4.5 2.5 6(11) 44 8.8 3.29 0.178
22~24 May 81.0 22 7.0 3.7 3(22) 251 11.2 2.77 0.539
. 2010 10~11 Aug. 19.0 8 6.5 2.4 1(27.5) 43 9.9 3.34 0.306
Rainy days
2 Sep.* 18.5 4 75 46  1(13.5) 377 6.9 424 0.836
10~11 Sep.* 68.5 15 19.5 4.6 3(25) 1029 6.7 4.31 2.211
23~24 Jun. 133.0 32 18.5 4.2 20(20) 2169 56.9 7.65 0.410
2011 29~30 Jun. 69.0 20 11.0 35 2(79) 1957 47.1 4.70 0.515
7~8 Jul. 61.0 12 15.0 5.1 3(106.5) 2156 55.6 4.55 0.407
27~28 Jul. 58.3 15 17.5 3.9 0(21) 441 17.9 2.62 0.309
Dry day 2009 25 Oct. 5 5 4.3 6.30 0.223

!Rain: total rainfall of event (mm), 2RCH: rainfall continuous hour (hr), 3MRI: maximum rainfall intensity (mm hr™?), “ARI:

Average rainfall

intensity (mm hrt), >SADD: antecedent dry day (day, below 10 mm), *after harvest of crops

Table 5. The yearly variations of rainfall and NRD during the research period.

Year Total rainfall (mm) Seasonal rainfall (May ~ Oct.) (mm) NRD* (day)
2009 1332 992.2 23
2010 1166 873.9 24
2011 1794 1354.2 36
*NRD: Number of rainy days over 10 mm during May to October
7} 27+ 5, 4.3, 6.30 2 0.223mg Lte|¢]t}(Table 4). & BlwA SS %7} IA Z7)5leed o= 43e o3}
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20109 9¢Y
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Table 6. Comparisons of annual average EMCs of water quality parameters between this study and other reports (mg L™).

Watershed COD SS TN TP References
Agricultural area (9.6%),
Jawoon Stream Forest (85.6%) 6.6 207 3.94 0.266 Jung et al., 2009
i 0,
Yurim Stream ﬁg::s‘t"(g%rg!;;rea (22.9%). 317 219.5 4.2 1.3
Aariouloon |° 46.7% Kim et al., 2002
gricultural area (46.7%),
Youngmun Stream Forest (40.7%) 17.0 260.8 4.2 2.3
Imsil Upstream N/A 6.85 75.8 2.71 0.19
Seomjin River Upstream Forest area (>70%) 5.13 455 231 0.13 Kwak et al., 2008
Crops 105 146.2 2.80 0.193
Oenam Stream Paddy 225 175 4.15 0.227 Park et al., 2005
Forest 438 9.7 1.28 0.065
Yudong Stream N/A 25 6.3 1.67 0.033
Gye Stream N/A 3.0 154 1.41 0.035 Roh et al., 2006
Gusa Stream N/A 6.3 69.3 1.24 0.070
Nogok Watershed Forest area (100%) 2.9 5.7 0.72 0.24 Won et al., 2009
Rokutanda, Japan Agricultural area (53.0%) 29.9 1.16 0.316 Lee, 2008
Narara, Japan Agricultural area (17.9%) 52.9 1.43 0.29 Sa, 2004
Akola, Japan Cultivable land (85.8%) 1.07 0.20 Sargaonkar, 2006
- 0 -
Song Stream Agricultural area (35.7%), 261 866.0 468 0.605 This study

Forest (55.9%)

(total 12 events)
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Table 7. The comparison of specific export coefficient from agricultural area measured in this study and other reports (kg

yrtkm3).
Watershed COD SS TN TP References
Youngsan River - 894 80 Chaet al., 1999
Jawoon Stream - 11,912 - 785 Jung et al., 2009
Kyongan Watershed 2,680 106,650 770 480 Kim et al., 2002
Imsil Upstream 1,148 13,284 441 56
Seomijin River Upstream 1,608 19,916 552 519  Kwaketal, 2008
Bangdong Reservoir 5,560 2,600 6,390 620 Moon et al., 1999
North Han River 3,450 35,540 680 53
South Han River 3,370 34,840 680 52 Lee et al., 2001
Kyungan Stream 3,540 36,400 700 54
Mandae Stream 1,228 419
Inbuk Stream 720 201  EUM 2004
Crops 2,953 52,989 880 30

Oenam Stream Paddy 6.440 1,246 1,636 75 Park et al., 2005
Nogok Watershed 29,160 66,280 2,470 1,070 Won et al., 2009

. Crops slope (3.2%) 2,860 143,250 150 260
Han River (Testbed) o b clope (27.5%)  4.610 965,010 760 300  Wonetal, 2011
Palmiri Stream (paddy field watershed) - 2,920 292 Shim 1998
Palmiri Stream (dry field watershed) - 6,205 146 '
Arahus River, Denmark - 115
Lyngby-gaards river, Denmark - 90 Kronvang, 1992
Ohio, USA - 1,100 93 .
Upper Mississiooi, USA - 1,300 110 ~ Smithand Alexander, 2000
Guideline by Korean EPA 3,446 88 Shin, 2007
Song Stream 34,263 1,250,254 2,673 933 This study

Table 8. The correlation coefficients matrix among EMC based water quality parameters and rainfall intensity in the Song

Stream.
Rainfall* MRI? ARI® SS COoD TP TN
Rainfall* 1 0.646* 0.339 0.691* 0.648* 0.049 0.613*
MRI? 1 0.439 0.633* 0.470 0.45 0.358
ARI® 1 0.191 0.016 0.730* 0.112
SS 1 0.900** 0.078 0.566
COD 1 —0.269 0.582
TP 1 0.046
TN 1

!Rainfall: rainfall per event (mm), 2MRI: maximum rainfall intensity (mm hr™?), 3ARI: average rainfall intensity (mm hr?), *p<0.05, **p< 0.01
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