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Abstract

Pollutant unit load (unit-load) reported by Ministry of Environment (MOE) in 1995 has been a useful method for watershed
management and environmental policy decision. The unit-load has been estimated using effective rainfall ratio method.
However, reliability of unit-load determined by the method has been criticized especially for paddy field and upland
conditions. In this paper the unit-load of paddy field estimated by effective rainfall ratio method was compared with
continuous monitoring data. Annual loads was simulated by the method choosing 5~6 storm events randomly from whole
events collected. Probability distribution of difference between results by the method and measured data was investigated. The
results showed that unit-load derived by the method was generally lesser than measured unit-load and showed wide variations.
Therefore, unit-load estimation of paddy fields by effective rainfall ratio method need caution.
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Al BF 2717 = Afsdd wel Fastd 93
22 H|2EH 5ot dastA FEEs den, Nert A2 2 g
AAR9 HHAY ZAFATFAIY HILA(1995)] <] £ ez Ffde 2RS4 a9t Fie)
H o= A s s Ad 4, 94sd, 24, 94 2 7 a7l Mol (@A 5, 2008)
+9 247 3 A =olA 6LRE 9974 BT B¢ 2 AFelMe 845 49 g9 oA At F
A F 5670 dEiA HaEe AZs = dU9sS AT 56719 FeAbde FARR FE HeEHE o8
AR ATh 9UYE Atez et WpHo A HL 3t T-N, T-P, COD, SS& o2 A7t &g 2Hdatd
FH, 484585 89, 45T, 9231555 o EUEY A9 94F FAW =279 F-- 2004
S0l Qlon, g RIAA AL WS uLTHo| d 2ol A FeAbdS F 10702 Yebgti(Table 1).

Table 1. Rainfal larger than 10 mm and pollutant load per rainfal at Hakya site

Date Rainfall TV-lN . T;P . C?D . sls .

(mm) (g ha'mm™) (g ha'mm™) (g ha'mm™) (g ha'mm™)
1 2004-5-8/5-10 30.0 0.42 0.13 11.44 19.22
2 2004-5-28/5-29 34.0 24.22 0.27 26.24 17.65
3 2004-6-17/6-26 272.0 24.64 0.81 61.26 143.44
4 2004-7-3/7-9 1735 10.58 0.93 29.50 22.05
5 2004-7-14/7-17 1485 6.10 0.92 24.31 176.19
6 2004-8-4/8-6 345 9.26 0.98 4581 85.52
7 2004/8/13 19.5 355 0.33 17.72 36.30
8 2004-8-18/8-28 2615 8.49 1.08 36.82 194.61
9 2004-9-10/9-15 1375 8.21 1.03 38.61 196.44
10 2004-9-18/9-22 815 11.42 1.35 79.46 55.77
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Table 2. Unit loads of T-N, T-P, COD, and SS for storm
and non-storm period in 2004

Pollutant load (kg ha®)

Period
T-N T-P COD SS
Storm 16.1(77) 1.21(80) 53.1(76) 156.9(82)
Non-storm 4.7(23) 0.34(20) 16.4(24) 35.5(18)
Total 20.8(100) 1.55(100) 69.5(100) | 192.4(100)
()%

A vepsth wEA g ARG dEe] wEh A F
Al zpol7h Bol F = e Aoz wuHTh

20044 A7 Bt HZ =
&2 T-N, T-P, COD, SS9 A% A T-N, T-P, COD,
SS HatZo] 23%, 20%, 24%, 18%E A}X|et=
AtElo] HIZAlE @ f Rl HEEE &
o2 ZAEYHTable 2). ol =9 544 #e F&

0!

A YAZ AT A9F W, Budy 2T S o
ol FrE ol £457] BRe Ao puEy

3.2. YEXE

20043 107 ¢

—

0| 8¢t H| P& HE
FAFS(Table 1 ©18)F 570 F341 W

I

2 o]l -

l
-z
ol
ol
1o,

g F e AY F= 25271013, 67] FEA]
4e 4 e 459 4k 2100z HgHAT 4249 3
5 HSFHE (1)) o83ty A 2¥FFeR @
et en 1 Ay Table 3, 49 Zth

Az o Az T-N FskZo] 20.8 kg ha'qlel Hlsf
NeFULS ASNS B¢ FEW AU WYE 5 22

Table 3. Unit load of T-N and T-P determined by effective rainfall ratio method choosing 5 and 6 random samples from the

10 measured events

T-N (kg ha'yr?)

T-P (kg ha'yr?)

No. Unit Ioaq determined using | Unit Ioad'determined using No. Unit Ioaq determined using | Unit Ioad.determined using
five events Six events five events SiX events

1 7.37 8.28 1 0.66 0.76

2 7.59 8.57 2 0.66 0.78

3 7.68 8.76 3 0.69 0.78

4 7.95 8.76 4 0.69 0.78

5 8.03 8.83 5 0.69 0.78
208 18.35 20.06 208 121 1.40
209 18.35 20.24 209 121 1.40
210 18.35 20.31 210 121 142
250 21.73 250 143

251 21.82 251 1.46

252 22.04 252 1.46
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Table 4. Unit load of COD and SS determined by effective rainfall ratio method choosing 5 and 6 random samples from the

10 measured events

COD (kg ha'yr")

SS (kg ha'yr?)

No. Unit Ioaq determined using | Unit Ioadldetermined using No. Unit Ioaq determined using | Unit Ioad.determined using
five events SiX events five events Six events

1 30.01 33.45 1 4154 54.22

2 32.02 33.86 2 49.71 67.49

3 32.52 35.51 3 55.08 74.30

4 32.93 35.53 4 58.98 75.01

5 33.42 36.29 5 59.78 78.77

208 60.08 65.63 208 162.89 187.57

209 60.11 66.07 209 163.08 190.83

210 60.41 66.83 210 163.38 195.30

250 69.57 250 205.47

251 70.07 251 210.84

252 72.08 252 219.01
o] A$ 7.37~22.04 kg ha', 671 #Z9 7A$ 828~2031 2ol HZAAl EHE LdRstEs 18T U] 9
kg ha'ttebtth. @8, T-P$h CODY B¢ A Fahgol wolth Eok ZeAbd el mEt et W= M7t |
7tz 155 kg ha'st 695 kg ha'ol A9k H|$ZHES E3 A Bxsto] Tt Aol s ELD o]l AAEHA &
248 TP 4uge WYL 5 234 066-146 kg L SHFSAPHE B9AY B 2 39RO dd)
ha', 671 #ZA] 0.76~142 kg ha'e] ¥H= Yerg, Ak JFHor AEFo] AAEo] HeFHo| 82 7
COD= 57l 6/l &A1 4999 W97t 47 30.01~ T HEFH EREY S US 752 2R dddEy
72.08 kg ha'$} 33.45~66.83 kg ha'® UEFsTH £ SS Q@R FE 29 Shapiro-Wilk AZ2A%, AFEES

o] A2z RaEe 1924 kg ha'z JepgA T 579 678
FZA 9u9l= 77t 41.54~219.01 kg ha'$} 54.22~195.30
kg ha'el M2 Yyttt dAAHoz weBHS E3
HEE LEFE da9 e FAzkel AEA o vlE Hat

F& ¢ 7 AUti(Table 3).
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2. Histogram and probability distribution of error between unit load by effective rainfall ratio method and observed
unit-load during storm and non-storm period.

Journal of Korean Society on Water Quality, Vol. 25, No. 6, 2009



854 YRS - 2TA - 24T - 22 - H2Y - VY - ZZW - 2T

Table 5. Probability of error between unit load by effective rainfall ratio method and observed unit load (Using five events)

Error T-N T-P COD SS

E > 30% 0 0 0 0

20% < E < 30% 0.0001 0 0 0
10% < E < 20% 0.0005 0 0 0.0004
0% < E < 10 0.0045 0.0001 0.0010 0.0030
10% < E <0 0.0243 0.0013 0.0126 0.0173
20% < E < -10% 0.0837 0.0225 0.0798 0.0631
30% < E < -20% 0.1850 0.1421 0.2330 0.1551
E < -30% 0.7019 0.8340 0.6736 0.7611

Total 1.0000 1.0000 1.0000 0.2389.0000

Table 6. Probability of error between unit load by effective rainfall ratio method and observed unit load (Using six events)

Error T-N T-P COD SS
E > 30% 0.0418 0 0 0
20% < E < 30% 0.0108 0 0 0
10% < E < 20% 0.0142 0 0 0
0% < E < 10 0.0155 0 0.0002 0.0005
210% < E <0 0.0180 0.0002 0.0034 0.0057
20% < E < -10% 0.0227 0.0073 0.0490 0.0403
30% < E < -20% 0.0239 0.1095 0.2386 0.1457
E < -30% 0.8531 0.8830 0.7088 0.8078
Total 1.0000 1.0000 1.0000 1.0000
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