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Flow Weighted Mean Concentration and Runoff
-Mass Load Relationship of Pollutants Derived from Intensively Sampled
Water Quality Data of a Paddy Field
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Abstract
Water quality samples were taken for every two hours whenever runoff occurred by rainfall to investigate

concentration variations of T-N, T-P and SS during runoff process from a paddy field. The difference
between the highest concentration in a runoff event and flow weighted mean concentration for T-N, T-P,
SS placed between 3.07~40.16%, 11.44~60.80%, and 15.11~64.5%, respectively. The difference between
the lowest concentration in event and event mean concentration for T-N, T-P, SS ranged between -7.24 ~
-31.84%, -11.59~-47.86%, and -8.21 ~-36.20%, respectively. The relationship between runoff and mass load
was derived for each storm event using observed data. The relationship between runoff and mass load showed
linear relationship regardless of water quality constituents and rainfall amount. The results suggested that
relationship between T-N and T-P loads and runoff should be prepared separately in considering of
fertilization effect and seasonal conditions. The relationship between SS and runoff should be made to reflect
seasonal conditions and tillage effect.

Keywords : Pollutant load, Paddy field, T-N, T-P, SS, Runoff, Mass load
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Table 1 Physical and chemical properties of the test
plot soil

Particle size

Chemical properties fraction(%)

Organic matter(%) 2.15 Sand 295

pH(1:5) 581 Silt 55.3
Total-N(mg/ke) 856.47 Clay 152
Total-P(mg/kg) 246.34
CEC(cmol+/kg) 10.54
Exchangeable
cations(cmol+/kg)

Ca 4.35

Mg 3.02

Na 0.15

K 0.45
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Table 2 Comparison of maximum, minimum and flow-weighted mean concentrations of T-N in each runoff

Rainfall No. of TN (mg/L)
Date (mm) samples Weighted Max. Difference Min, Difference
mean conc, (%) conc. (%)

97.05.07~97.05.09 87.0 21 5426 6.820 25.69 4.250 -21.67
97.06.25 52.0 11 11.580 12.260 587 10.300 -11.05
97.07.05~97.07.06 159.2 42 6.664 9.340 40.16 4570 -31.42
97.07.15~97.07.17 98.8 25 5.735 7150 24.67 5.320 ~7.24
97.08.04~97.08.05 1335 21 6.851 7.440 8.60 6.000 -12.42
971112 430 14 5.147 6.420 2473 4.740 -791
97.12.06 319 9 5.326 6.020 13.03 3.630 -31.84
98.03.19 345 15 3.842 3.960 3.07 3.250 ~1541
98.04.12~98.04.13 57.3 17 3.645 3.930 7.82 3.060 -16.05
Average 6.024 7.038 17.07 5013 -17.22
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Table 3 Comparison of maximum, minimum and flow-weighted mean concentrations of T-P in each runoff

Date Rainfall | - Mo of Weighted Max TDife(erngc/eL) Min Difference
(mm) | samples mean conc. (%) conc. (%)

97.05.07~97.05.09 87.0 21 0.110 0.142 29.09 0.063 -42.73
97.06.25 52.0 11 0.201 0.224 11.44 0.172 -14.43
97.07.05~97.07.06 1592 42 0.125 0.201 60.80 0.085 ~32.00
97.07.15~97.07.17 938 25 0.140 0.205 46.43 0.073 -47.86
97.08.04~97.08.05 1335 21 0.182 0.283 55.49 0.110 -39.56
9711.12 43.0 14 0.138 0172 24.64 0.122 -11.59
97.12.06 319 9 0.135 0172 2741 0.102 -24.44
98.03.19 345 15 0.124 0.151 2177 0.069 -44,35
98.04.12~98.04.13 57.3 17 0.106 0.132 2453 0.058 -45.28
Average 0.140 0.187 3351 0.095 -33.58

Table 4 Comparison of maximum, minimum and flow-weighted mean concentrations of SS in each runoff

Date Rainfall | No. of Weighted Max Slfiifr:fe/nii Min Difference
(mem) samples mean conc: (%) conc.. (%)
97.05.07~97.05.09 87.0 21 111.62 150.4 34.74 79.0 -29.22
97.06.25 52.0 11 126.05 1451 15.11 115.7 -8.21
97.07.05~97.07.06 159.2 42 122.45 158.7 29.60 100.2 -18.17
97.0715~97.07.17 98.8 25 165.82 215.0 29.66 105.8 -36.20
97.08.04~97.08.05 1335 21 132.09 1750 32.49 1105 -16.34
971112 430 14 82.27 92.4 12.31 63.4 -22.94
97.12.06 319 9 98.12 1154 1761 72.1 -26.52
98.03.19 345 15 85.25 1236 4499 69.7 -18.24
98.04.12~98.04.13 573 17 502.12 826.0 64.50 387.0 ~22.93
Average 158.42 2224 31.22 1226 -22.09
3 HYgE7|RelE 82.87~111.62 mg/Le =% 60.80% R 33.5%, SS9 ALE 1511~
T 2o devlEg ok AL $EE BYHh o] 6450% Wi 31.22%F HATh 7 B9AMte
v 78 3 Axd gy gy wdo] 1AF = SEHAA S} FREEAEEY AolE T-N9
7118 Aoz Balrh A9 199849 3¢ 20d Ae —7.24~-31.84%2 HYHo|E By F
o] =zbo]o] 9o 1998 4¢ 129~4¢ 13 &+ —13.2%, T-P¥ -11.59~-47.86% AF
U9 SS FEIEHFEEE 50212 mg/LE & -33.6%, SS° 7% -821~-36.20% H
Fohe Aol BEHSI —22.08%2 YEpyic},
Zt AR FE A M EEEER A F43E Aed el BE RS-
9 Aoli= T-No| B4 3.07~40.16% HAE & ARl disl & 135k 4 A87t 3"
F HE 17.07%%em, T-Pe  11.44~ QAR A Ao SRS FAARE o) f3t
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Fig. 1 Relationship between runoff and concentra-

tions of T-N, T-P, and SS
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Table 5 Coefficients of the runoff-mass load equation / = a-q°
[Unit © Xg/s), a(L/s)]
Date 97-5-7 | 97-6-25 | 97-7-5 | 97-7-15 | 97-8-4 | 97-11-12 | 97-12-6 | 98-3-19 | 98-4-12
Rainfall (mm) 87.0 52.0 1592 98.8 1335 430 319 345 57.3
No. of samples 21 11 42 25 21 14 9 15 17
a 5.361 11371 7.058 5.830 6.619 5.170 4983 3.780 3.576
T-N b 1.012 1.011 1.024 0.999 1.012 0972 1.086 1.005 1.023
2 0.9985 0.995 0.994 0.997 0.998 0.999 0.999 0.999 0.999
a 0.105 0.191 0.127 0.130 0.148 0.142 0.134 0.121 0.09
T-P b 1.023 1.045 0.985 0.997 1.066 0.980 0.964 1.045 1.032
r 0.984 0.992 0.988 0.967 0979 0.998 0.994 0.989 0.981
a 112.83 129.66 12379 162.74 136.18 78.41 94.64 89.54 519.7
SS b 0951 0979 0.980 0.989 0.987 1.030 0.996 0.949 0.995
i 0.991 0.990 0.995 0.979 0.993 0.998 0.995 0.993 0.985
SSe A% agte] 1997d %9%E71= 12379~ A7 2 FEE P Ao® yebgth T-N
162.749] WAL vl9s7)E 78.41~94.649 3t o] S dF AT Algte] Bl weh §357)
S Ro|u Yt} shAwk 1998 42 1299 519.7 FHAFTE} adste APe] FHEI
o @& Ho oE 77 ApEE g Holn 9l 2. T-PY A% ¢ 279 9753 d%
th ol A& JFge HLO} EAF 7o) |4 ¢ 59 HaAE AHYES T2 §F AMelA 0.2
oLl 717kl 13A] & V7 OE $E¥ 0 mg/loldled, dwboz e FE5 U Gt
—frabtatE #AHE ?%oh— Rol BfFsS 1 FHAEEE UHoR 0.11~0.14 mg/lLlE ¢
ERdith Z Wb 24 4& ZoE A= Ih
3. SS9 A Adwtgor 79 fEF U 3%
V. 2% 4 A= NEHEEEE FE7lolE 122.45~165.82 mg/L
ojom, HYETIA ALFA 82.27~111.62
2 AFoMe BAeelA 295 F #4940 mg/LE WPt Ty 1998 B =2l 9
A FAs7] A8 AVl g% FEFE 24 RS Wl 502,12 mg/L #e] #EFI
AR At & 3 F T-N, T-P, 4. 2AbE A 1 BE F-0E AM
SS9 FL W3E AEgy, ol §234 9 el & 13823ts 4 2hErt SH9od PRt
BisEe vlusiglon, L-Qie AR 29%s F Ay 754” T FAAEE ol%ﬁi 735
F A FAAE 1Fsl. O Ade U H& T-N & —31.84~40.16%, T-P= -47.8
2ol gokd F girk 6~60.8%, SS= -36.2~64.5% 141944 UAE
1. 2 7H9AMEe &4 T-N9 373 7H F SleE Bylth
FEE 9¥rlol= 5.735~11.580 mg/Leld, B 5. -3 AF7] ZAERY 4555318
Q7)o 3.645~5.426 mg/LE YERGTE =9 g BAAS 9o edFslEs F] YA
A T-N AP 29 U9 s 58 39% = T-N& o A|7|&, T-PE Anjo] 9J&g o
Ehs A D AEAZI - FEL E = AP YA A)7)E TR #AYE £F
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