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Characteristics and EMCs of NPS Pollutants Runoff from a Forest-Paddy Composite Watershed
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ABSTRACT

This study was aimed to characterize non-point source (NPS) pollutant runoff and estimate event mean concentrations (EMCs) from
a small rural watershed located at the headwater area of the Gyeongan stream. The study watershed consists of the two major landuse,
forest (72 %) and paddy field (28 %). The nine rainfall events ranging from 18.5 to 192.6 mm in amount were monitored in this
study. Stream flow was measured at the watershed outlet using a water level gauge, while a number of water samples for each event
were collected and analysed for water quality. Event pollutant loads varied greatly depending on rainfall events varying from 22.6 to
3,134.2 mg/L, 0.32 to 24.56 mg/L, 0.090 to 1.320 mg/L, and 2.3 to 149.8 mg/L for SS, TN, TP, and COD, correspondently. The
respective mean EMCs were estimated by 104.2, 1.00, 0.168, and 7.9 mg/L. The Pearson correlation analysis showed that COD
EMC was significantly correlated with those of SS, TN, and TP. Rainfall runoff ratio appeared to be negatively correlated with EMCs
of SS, TP, and COD, although not statistically significant. The event loads from the largest rainfall was greater than the sum of those
from the remaining eight events. The study results suggest that the appropriate management of intensified storm events are of greater
importance in curbing NPS loads, while the estimated EMCs provide base data for the unit pollutant loads determination for the

forest-paddy composite upstream watershed.
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Table 1 Analytical methods for each water quality parameter
Item Analytical method Equipment
SS Glass—fiber filter Standard methods for water quality analysis (Ministry of Environment)
TN Kjeldahl method Kjeltec auto 1035/1038 system, Tecator AB, Sweden
TP ICP-Atomic Emission Spectroscopy ICPS-1001V, Shimazu, Japan
COD CODw Standard methods for water quality analysis (Ministry of Environment)
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Table 2 Rainfall characteristics of the observed rainfall

events
Bvent ANRD! Tptal Rainf'all 'Rainfz'lll Runoff
D Date (days) rainfall | duration | intensity ratio
(mm) (hr) (mm/hr)
El  |2008/07/16 3 28.5 8.8 3.2 0.225
E2  |2008/07/19 2| 1315 49.8 2.6 0.365
E3 | 2008/07/24 3|1 1926 77.0 2.5 0.360
E4 | 2008/07/30 3 215 8.8 2.4 0.058
E5 | 2008/08/12 9 185 9.8 1.9 0.085
E6 |2008/08/18 2 41.2 13.2 3.1 0.169
E7  [2008/08/22 3 69.0 26.7 2.6 0.411
E8  |2008/09/01 8 50.1 25.2 2.0 0.129
E9  [2008/09/20 17 31.3 10.8 2.9 0.214
Overall statistics for the observed 9 rainfall events
Average 5.7 64.9 25.6 2.6 0.224
Max 17 | 192.6 77.0 3.2 0.411
Min 2 185 8.8 1.9 0.058
STDEV 49 59.2 23.5 0.4 0.129

'ANRD represents Antecedent Non-Rainy Days.
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Table 3 Statistics of water quality over the nine observed
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Event ID EC SS TN TP CODvin Event ID EC SS N TP CODuin
pil (uS/em) | (mg/) | (mg/L) | (mg/L) | (mg/L) pH (uSem) | (mg/ll) | (mgl) | (mg/l) | (mg/l)
Mean | 6.8 71.0 35.0 1.43 0.107 6.6 Mean | 6.6 99.3 50.7 0.55 - 6.0
- Sp! 0.2 13.1 59.4 0.30 0.050 3.3 B SD 0.1 11.3 53.8 0.10 - 14
Max | 7.0 90.5 234.0 1.86 0.142 18.2 Max 6.8 71.1 170.7 0.71 - 8.4
Min 6.5 48.8 5.0 0.84 0.071 4.1 Min 6.4 4.7 7.3 0.44 - 4.1
Mean | 6.5 36.0 79.2 1.32 0.055 74 Mean | 5.7 49.4 31.1 0.57 - 5.5
B SD 0.3 2.5 39.5 0.14 - 24 B7 SD 0.2 9.7 311 0.20 - 2.2
Max | 6.7 41.2 147.0 1.50 0.055 12.2 Max 6.1 67.2 126.7 1.03 - 10.5
Min 5.9 33.6 29.0 1.13 0.055 44 Min 5.4 38.4 5.3 0.25 - 2.3
Mean | 6.5 40.4 180.5 1.34 0.050 9.5 Mean | 6.8 59.2 32.8 0.54 - 5.5
B3 SD 0.2 8.3 183.4 0.34 0.019 5.4 B8 SD 0.2 9.3 30.0 0.39 - 1.9
Max | 6.9 56.8 789.0 1.86 0.077 25.9 Max 7.1 82.0 97.5 1.37 - 9.0
Min 5.9 285 9.0 0.84 0.038 3.6 Min 6.4 49.4 6.0 0.13 - 2.3
Mean | 7.0 55.0 317.8 1.38 0.110 14.7 Mean | 6.5 72.6 217.0 1.13 - 7.7
B SD 0.1 12.2 380.4 0.39 0.112 9.2 B9 SD 0.1 14.8 332.5 1.39 - 1.3
Max | 7.3 84.2  |1,043.0 1.89 0.303 35.0 Max 6.7 110.7 | 1,1475 4.48 - 10.3
Min 6.9 384 16.5 0.83 0.016 4.7 Min 6.3 60.0 7.5 0.12 - 4.9
Mean | 6.9 70.6 198.4 0.86 - 9.2 Mean | 6.6 58.8 111.6 0.97 0.084 7.3
B SD 0.1 11.0 341.9 0.63 - 11.8 Overall SD 0.5 15.7 204.0 0.65 0.078 5.5
Max | 7.0 107.1  |1,133.0 243 - 474 Max 7.7 110.7 | 1,1475 4.48 0.303 474
Min 6.7 57.9 3.7 0.31 - 2.0 Min 5.4 28.5 3.7 0.12 0.016 2.0
'SD stands for Standard Deviation.
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149.8 kg9 HE HArh 7-9=ko] 7H Bord E3 At
o HRAIst 9% B8RS SS7 3,134.1 kg, TNO| 24.56 kg,
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Table 4 NPS pollutant loads for each rainfall event

250

Event Rainfall Event pollutant loads (kg)
D (mm) SS TN TP COD
El 28.5 81.4 2.30 0.20 12.4
E2 131.5 1,026.0 20.16 1.23 99.8
E3 192.6 3,134.1 24.56 2.08 149.8
E4 21.5 57.4 0.42 0.45 41
E5 185 22.6 0.32 0.18 2.3
E6 41.2 179.5 0.85 0.09 12.9
E7 69.0 172.9 3.97 0.26 38.1
E8 50.1 69.4 0.58 0.60 10.1
E9 31.3 355.9 1.50 0.24 14.6
Mean 64.9 566.6 6.07 0.419 38.2
Max 185 22.6 0.32 0.090 2.3
Min 192.6 3,134.1 24.56 1.320 149.8
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Fig. 4 Relationship between event rainfall amount and pollutant loads
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mg/LE YERTE Kang et al. (2009)2 AFE S84 Y9S- o
Ao 2 4YUoA Y7 & 183 AR} st A HA
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Table 5 EMCs for each of the nine observed rainfall events

Rainfall Event Mean Concentration (mg/L)
Event ID
(mm) SS N TP COD
El 285 50.6 143 0.122 7.7
E2 1315 85.1 1.67 0.080 8.3
E3 192.6 180.1 141 0.076 8.6
E4 215 184.3 1.34 0.620 13.1
E5 185 57.6 0.83 0.230 5.8
E6 412 102.3 0.48 0.086 7.3
E7 69.0 24.3 0.56 0.067 5.4
E8 50.1 429 0.36 0.124 6.3
E9 31.3 211.9 0.89 0.106 8.7
Overall Statistics
Mean 104.3 1.00 0.168 7.9
Min 24.3 0.36 0.067 5.4
Max 211.9 1.67 0.620 13.1
95 % UCL' 63.4 071 0.090 6.7
95 % LCL? 150.0 1.27 0.289 95

2 UCL and LCL represent Upper and Lower Confidence Limit, respectively.
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Table 6 Pearson correlation between EMCs and rainfall characteristics

EMCss EMCry EMCrp EMCcop Rainfall Rainfall Intensity ANRD Runoff Ratio
EMCss 1
EMCry 0.350 1
EMCrp 0.351 0.220 1
EMCcop 0.744%x 0.564* 0.769+=
Rainfall 0.183 0.433 —0.409 —0.004 1
Rainfall Intensity 0.180 0.210 —0.294 0.140 —0.031 1
ANRD 0.333 —0.274 —0.091 —0.101 —0.343 —0.169 1
Runoff Ratio —0.129 0.256 — 0.651#x —0.301 0.725%* 0.313 —0.275 1
The symbols of * and ** represent statistical significance at the confidence levels of 0.90 and 0.95, respectively.
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