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Runoff Characteristics of Non-point Pollutant Sources in an Agricultural Area Watershed.
Ryu, Kwanghyun, GeonJik Lee, JinUk Seong, DongSup Kim' and JaeChul Park* (Department
of Environmental Engineering, Kumoh National Institute of Technology; 'K-water Institute,
Korea Water Resources Corporation)

This study was conducted to investigate runoff characteristics of non-point pollutant
sources in an agricultural area watershed in Boeun area, Chungbuk Province. The
monitoring site represented 1.56 km?®, about 44.4% of which was covered with paddy
fields. The monitoring was conducted for six events in a period of 5 month. Event
Mean Concentration (EMC) and Site Mean Concentration (SMC) of suspended solids
(SS), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total
nitrogen (T-N) and total phosphorus (T-P) were calculated using the results of the
water quality parameters. A comparison between arithmetic mean concentration
and EMC revealed that nearly all EMCs were higher than the corresponding arith-
metic mean concentrations. First-flushing effects were exhibited for S8, BOD, and T-
P, with relatively high concentrations in early-stage storm events.

Key words : event mean concentration, first flush effect, mass first flush ratio, site
mean concentration
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Fig. 1. Location of sampling site in the watershed of the side stream.
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Table 1. Overview of the selected watershed.

. Land use (%)
Watershed (km?)
Paddy field Forest field Field
1.56 44 4 38.8 16.8
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Table 2. Summary of the watershed at the various event.

- UBY - wNE

Event No. Event date Rainfall Raipfall . Avg. rainfall ) Peak flow Antecedent dry
(y/m/d) (mm) duration (hr) intensity (mm hr™1) (CMS) day (Day)
1 08/06/17~19 65.5 3.9 16.8 1.90 9.2
2 08/06/28 ~ 30 37.5 3.9 9.6 1.26 1.3
3 08/08/15~16 121 44 275 10.65 0.9
4 08/08/22 34 2.2 15.5 2.02 14
5 08/10/22~23 9.5 1.3 7.3 0.02 16.5
Minimum 9.5 1.3 7.3 0.02 0.9
Median 37.5 3.9 15.5 1.90 14
Mean 53.5 3.1 15.3 3.17 5.9
Maximum 121 44 27.5 10.65 16.5
Standard deviation 42.6 1.3 7.9 4.26 6.9
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Table 3. Summary of storm flowrate and water quality at the various events.

Event
Parameter
Event 1 Event 2 Event 3 Event 4 Event 5
Event date (y/m/d) 08/06/17~19 08/06/28 ~ 30 08/08/15~ 16 08/08/22 08/10/22~23
Rainfall (mm) 65.5 37.5 121.0 34.0 9.5
Ave. rainfall intensity (mm hr 16.8 9.6 27.5 15.5 7.3
Minimum 0.02 0.03 0.77 0.40 <0.01
Median 0.24 0.19 5.02 1.19 0.013
Flowrate (CMS) Mean 0.48 0.29 5.11 1.24 0.015
Maximum 1.90 1.26 10.65 2.02 0.019
S-D 0.49 0.26 2.18 0.30 <0.01
Minimum 2.8 0.5 55 3.0 0.5
Median 9.0 3.0 135.0 11.5 1.0
SS(mg LY Mean 19.9 5.9 198.1 26.0 1.4
Maximum 120.5 24.3 530.0 92.0 2.5
S-D 25.8 6.9 169.5 28.8 0.7
Minimum 0.9 0.2 0.3 0.6 0.6
Median 34 1.0 0.9 1.1 1.0
BOD(mg LY Mean 3.5 1.1 1.0 1.2 1.0
Maximum 7.9 3.3 2.7 2.3 1.5
S:'D 2.0 0.8 0.5 0.4 0.3
Minimum 1.6 1.5 3.4 2.6 1.1
Median 8.3 4.6 8.3 4.1 1.2
CODy, (mg LY Mean 7.8 46 8.4 4.4 1.2
Maximum 12.2 7.5 13.0 6.2 1.3
S-D 3.2 1.8 2.3 0.9 0.1
Minimum 2.100 2.110 1.980 2.170 2.160
Median 2.340 2.390 2.335 2.400 2.240
T-N(mg L") Mean 2.408 2.463 2.446 2.436 2.243
Maximum 3.230 2.890 3.070 3.030 2.341
S-D 0.248 0.240 0.292 0.214 0.052
Minimum <0.01 <0.01 0.011 <0.01 <0.01
Median 0.028 0.030 0.100 <0.01 0.012
T-P Mean 0.072 0.039 0.107 0.013 0.012
Maximum 0.317 0.130 0.274 0.025 0.016
S-D 0.095 0.032 0.074 0.005 0.002
Table 4. Correlation coefficients of between flowrate and Rez zehslv) o]l Ei B 2AMAIAE §99

water quality indices.

Parameter
Event
SS BOD CODy, N TP
1 0.733%  0.418* 0.775%** (.043 0.692+*
2 0.819%% 0.873* (0.761** 0.081 0.823%*
3 0.679%  0.359*  0.721** 0.394* 0.840%*
4 0.720%F  0.706%* 0.628%* 0.837%* 0.563**

Mean  0.740 0.589 0.721 0.280  0.730

*:p<0.05, ** : p<0.01, p : significance level
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Fig. 2. Variation of SS and T-P concentration depending on the various storm events.
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Table 5. EMCs, AMC, and SMC for the storm events.
Event 1 Event 2 Event 3 Event 4 Event 5
Event date (y/m/d) 08/06/17~19  08/06/28~30  08/08/15~16 08/08/22 08/10/22~23
Rainfall (mm) 65.5 37.5 121 34 9.5
Ave. rainfall intensity 16.8 9.6 275 155 7.3
(mm hr™*)
EMC AMC EMC AMC EMC AMC EMC AMC EMC AMC SMC(mgL™
Ss 362 199 93 59 2090 1981 364 260 14 1.4 58.5
BOD 43 35 16 11 1.0 10 13 12 1.0 1.0 1.8
CODy, 10.3 7.8 5.7 46 8.8 8.4 45 44 1.2 1.2 6.1
T-N 2.369 2408 2448 2463 2472 2446 2526 2436 2.235 2.243 2.410
T-P 0.062 0.072 0.057 0.039 0.119 0.107 0.014 0.013 0.012 0.012 0.053

*AMC: Arithmetic Mean Concentration
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Fig. 3. Normalized cumulative curve on the various storm events.
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Table 6. Summary of peak MFF, and Mass First Flush Ratio.
Event
Parameter
Event 1 Event 2 Event 3 Event 4 Event 5
Event date (y/m/d) 08/6/17~19 08/6/28~ 30 08/8/15~16 08/8/22 08/10/22~23
Ave. rainfall intensity 16.8 9.6 27.5 15.5 7.3
(mm hr™)
Peak flow (CMS) 1.90 1.26 10.65 2.02 0.02
sS Peak MFF, 30 30 60 20 40
Ratio 1.89 1.81 1.34 2.26 1.35
BOD Peak MFF, 30 30 30 40 10
Ratio 1.47 1.55 1.34 1.32 1.15
CoD Peak MFF, 50 40 50 40 30
Mn Ratio 1.08 1.10 1.14 1.13 1.01
T-N Peak MFF, 40 20 10 20 40
) Ratio 1.09 1.14 1.04 1.14 1.02
TP Peak MFF, 10 30 60 10 10
) Ratio 3.00 1.49 1.26 1.58 1.01
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