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Abstract : The unitload of paddy field was estimated by several methods and compared in this study.
Four year field study was conducted at the paddy fields located in Yeongsan river and Sumjin river
basins. The unit load was estimated by four methods; @ averaging field monitored load; @ NIER
(National Institute of Environmental Research) method which use EMC(Event Mean Concentration)
and runoff ratio of rainfall groups with rainfall weighting factors; @ method using EMC determined
by best fit probability distribution; @ method using arithmetic mean EMC and runoff ratio. The result
of this study showed that the unit loads of water quality constituents by field monitoring was similar
to those of NIER method whereas those by probability distribution(log-normal, gamma) method were
less than unit loads of NIER method. The unit loads by arithmetic mean EMC and runoff ratio were
larger than those by NIER method. The unit load by NIER method showed higher BOD, COD, SS,

Corresponding Author: Kwangsik Yoon, Rural & Bio-systems Engineering Department, Chonnam National University, Korea Tel: +82-
62-530-2158 Fax: +82-62-530-2159 E-mail: ksyoon@jnu.ac kr
Received : 27 May, 2015. Revised: 13 August, 2015. Accepted: 2 September, 2015.



408 EHZIEIt M24H K55

lesser T-N, and similar T-P values when compared to unit loads determined by MOE in 1995.

Keywords : paddy field, unit load, EMC, probability distribution, runoff ratio
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Figure 1. Location and monitoring system of the study site. (a) Hakya, (b) Juksung
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Figure 2. Estimation method of unit load by NIER(2012)
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Figure 4. Observed concentration of water quality constituents
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Table 1. Observed pollutant load from HY and JS

unit: kg/ha/yr

BOD COD TOC SS TN T-P

2009 HY 19.5 46.4 304 3814 11.3 1.93

JS 355 65.9 76.4 287.8 21.2 2.20

2010 HY 13.1 43.7 35.6 150.9 6.2 1.28

JS 222 74.6 452 509.9 16.8 2.70

2011 HY 22.0 43.6 449 403.7 10.0 2.50

IS 243 60.7 46.3 258.8 11.7 1.97

2012 HY 16.8 38.6 413 181.7 11.2 0.51

JS 18.8 58.2 38.9 340.3 8.9 323

Average 215 54.0 449 3143 12.1 2.04

Table 2. Total rainfall and weighting factor of four river basins
Total Rainfall(mm) Weighting factors of rainfall class

0~10 10~30 30~50 50< sum 0~10 10~30 30~50 50< sum
Han river 196.2 373.8 260.8 830.2 1,661.0 0.12 0.23 0.16 0.50 1.00
Nakdong river 187.3 3425 209.2 394.1 1,133.1 0.17 0.30 0.18 0.35 1.00
Geum river 182.9 431.1 324.0 536.9 1,474.8 0.12 0.29 0.22 0.36 1.00
Yeongsan river 225.9 383.3 260.9 646.3 1,516.2 0.15 0.25 0.17 043 1.00
Average 198.1 382.7 263.7 601.9 1,446.3 0.14 0.26 0.18 0.42 1.00

: 17.9) kg/ha, CODQ] 7% 38.6~46.4(F

43.1) kg/ha, TOCY] ¢

30.4~44,9(F+t: 38.1)

B7ER) S ASE -

Z(0~10mm, 10~30mm

g

kg/ha, SS¢] - 150,9~403.7(F4t: 279.4) kg/ha,
T-N¢| 4% 6.2~11.3(H4: 9.6) kg/ha, T-P2] %
£ 0.56~2.5(8+t: 1.6) kg/hagleH, AAF2 7
9 BOD+= 18.8~35.5(8 <. 25.2) kg/ha, CODEJ
© 58 9~74.6(H1: 64.8) kg/ha, TOCS] A<
38,9~76.4(F4F: 51.7) kg/ha, SSO| AL 258 .8~
509.9(F4F: 349.2) kg/ha, T-N¢| A% 8.9~21.2
(B4 14.6) kg/ha, T-PY] A< 2.0~3.2(F 4
2.5) kg/ha® WERLTHTable 1), 7 A F A9
BOD, COD, TOC, SS, T-N, T-P¢] H £}
21.5, 54,0, 44.9, 314.3, 12.1, 2,04 kg/haglon],
SelHAT o Hopgo 2 Skt 5,92, 14,50,
12.49, 83.39, 3.31, 0.56 kg/km?/day= bk},

30~50mm, 50mm { )& BEA59 T & e
S| 1,661mm, S5l 1,133mm, 2744

Al 1,475mm, 03/3 AV
90l A% 2 e, 578 Ao A
A5 e}, e Ae] 4912 ol gkl
A=t o3t 7S AP At 1,446mm = RALE
Atk AFHle 2e A4 0~10mm 7ol
A 7P AA yEbg e O o202 & 30~50mm,
10~30mm, 50 23} 0 & UePgtHTable 2).

7t A AT 79I} ORI TR} 1A
FolK ST LA §282 o}8alo] 5
wA A9 tiiE frEES skt AP A o

T4 0.38, 9

516mm=E 3HraA 7F

o
o

ok, A= -5l E of8sto] A dE e

0.37 o9t} ESE A A

o] 4=4'¥ BOD, COD TOC, SS,

TS HH s =(EMC)E A

£ 3.68,9.79, 7.97, 55.94,



Table 3. Unit load of water quality constituents by NIER method

unit: kg/km%day

BOD COD TOC SS TN T-P
Han river 6.36 1691 13.76 96.60 4.53 0.64
Nakdong river 424 11.46 9.35 56.26 3.20 0.42
Geum river 5.49 14.63 11.93 75.79 4.01 0.55
Yeongsan river 5.74 15.47 12.60 81.73 4.23 0.58
Average 5.46 14.62 11.91 7153 3.99 0.55

Table 4. Unit load of water quality constituents when EMCs determinated by probability distributions

Unit load (kg/km’/year)

BOD COD TOC SS TN T-P
Han river 5.01 14.63 11.98 59.74 3.00 0.48
Nakdong river 3.25 9.49 7.78 38.78 1.95 0.31
Log-normal Geum river 4.25 12.41 10.17 50.69 2.55 0.41
Yeongsan river 448 13.08 10.72 53.44 2.69 0.43
Average 425 12.40 10.16 50.66 2.55 0.41
Han river 5.35 15.11 12.35 70.71 333 0.54
Nakdong river 347 9.81 8.01 45.90 2.16 0.35
Gamma Geum river 4.54 12.82 1.048 60.00 2.83 0.45
Yeongsan river 4.79 13.51 11.04 63.24 2.98 0.48
Average 4.54 12.81 10.47 59.96 2.83 0.45

SAeAY 7S 3,78, 10,22, 8.34, 50.19, 2.85,
0.37 mg/Llth. S74=A19] 7%-3.75, 9.99, 8.14,
51.78, 2,74, 0.37 mg/L, FAPFA9] 723,72,
10,02, 8.16, 52.92, 2.74, 0.37 mg/Lg.2.H, BOD,
COD, TOC, SS, T-N, T-P2] A= 3 715
P w22 3,73, 9.98, 8.14, 52.95, 2.73,
0.37 mg/LE Uepgtt, $AY d# &80 4
FEE i AP Edse & Aol BolA]

52
32
s}

o
N
O~

ot 79, o

N

PR AP E A s

48, U ¥ EMCE o]&3}e] BOD, COD, TOC,
SS, T-N, T-P9| A9 E AR aqlet. Z==ko] 7+
2 37 el $7<4A4]2] BOD, COD, TOC, SS,
T-N, T-P2] ¥ek9}= 6,36, 16,91, 13,76, 96.60,
4,53, 0,64 kg/km?/day= €} 2| v]s}| ZA Lte}
o ub o], ZRe-skol 7MY A YA B
4,24, 11.46, 9.35, 56.26, 3.20, 0.42 kg/km?/day
2 7P 2| vetsith g ket 2L ¢
o9 A R (NIER W)oll 2Jgt = 24 BOD,

o

o
o
7

/‘\_]-_

COD, TOC, SS, T-N, T-P A= thE dt9=
5.46, 14,62, 11,91, 77.53, 3.99, 0.55 kg/km?/day
2 A= ¢l 3(Table 3), B7d=AI2t FAd4=A9]
M k9l A et visdt A&

ool

w

Kolmogorov—Smirnov
T2 5% #9] WellA BOD, COD, TOC, SS,
T—N, T-P+= Log—Normal #3287} Gamma £3%
Lo A Aol = A2Z YeptHFigure 5),
BOD, COD, TOC, SS, T-N, T-P2] 2#3+g 50%
EMC(o] 3} EMC F & 4#)E AHge 23 Log—
Normal £33 282 2 90, 8.47, 6,94, 34,60, 1,74,
0.28 mg/L¥oH, Gamma S3% =¥ 2] 24< 3,10,
8.75, 7.15, 40,95, 1,93, 0,31 mg/L& YEIY Log—
Normal 2Rt Gamma #EZ oA tha 37
ek,



44 SAGEHEI} M24H ® 55

. —CDF o —CTF —CDF
- ® measured - S— 215 ® measuy
= 320 =
X 6 £ £
a a 19 10
8 4 <} g
“ 10
&
0 0 0
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
CDF (Log-Normal) CDF (Log-Normal) CDF (Log-Normal)
400 20 20
—CDF —CDF —CDF
=5 ® measured 15 ® measured
) e
E E
z 10 & 10
5 j . ,_’—//
0 leanaesesteestueterrr 0.0
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
CDF (Log-Normal) CDF (Log-Normal) CDF (Log-Normal)
(a) Log-Normal Distribution
10 0 20
—CDF —CDF —CDF
: ® measured ® measured 15 ® measuy
- S 20 a
= 6 » S
£ = =10
8 4 5] <
-] 10 =
5
2
0 [} 0
0.0 02 04 06 08 10 0.0 02 04 06 08 10 0.0 02 04 06 08 10
CDF (Gamma) ChE(Cissa) CDF (Gamma)
400 0 20
—CDF —CDF ——CDF
300 @ measured 55 pap— 15 ® measured
S ) )
£ £ 10
] £
5 / o
0 00
00 02 04 06 08 10 0.0 02 04 06 08 1.0 00 02 04 06 08 10
CDF (Gamma) CDF (Gamma) CDF (Gamma)
(b) Gamma Distribution

Figure 5. Cumulative density function of EMC of water quality constituents

EEZIRYI} Gamma FEEL
2o EMC S "4 %% 54“*“*”01] wt
2t 2ALE i3 e dE fEES olgsto] 4
A BOD, COD, TOC, SS, T-N, T-P9] d&¢&
AR89, Log—normal SEREZR T
ol i 7 582 o]8-sko] A ¥ BOD,
COD, TOC, SS, T-N, T-P2] §Ieh9]i= 4,25, 12,40,
10.16, 50.66, 2.55, 0.41 kg/km?/day= L}EFStCE,
SHH, Gamma 252 & EMCE NIER B¥ o] 3
7oekm} B3 9598 o] @ate] AKE AL BOD,
COD, TOC, SS, T-N, T-P2] Ltt9+=4 54, 12.81,
10.47, 59.96, 2.83, 0.45 kg/km?/day= LEFTE
(Table 4).

Log—normal &t

4, A& EMCRL RE22 0|88 2Tt
Shopx| Lol A Ao At fE&2 0.39
2 vehgoen, BOD, COD, TOC, SS, T-N, T-P
o] AkeHa EMCE 242} 3,67, 10.54, 9.80, 81,42,
2.70, 0.47 mg/Lc}, ESt ZF A9 3% 74w
I AR FEE, SR AEYd EMCE
+ Table 59 2}, 7 =79
w3t A3} BOD, COD, TOC,

215,64, 16,22, 15,08, 125,29,

5o
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Table 5. Unit load of water quality constituents when EMCs determinated by arithmetic mean
Unit load (kg/km?/year)
BOD COD TOC SS TN T-P
Han river 6.48 18.63 17.32 143.89 478 0.83
Nakdong river 442 12.71 11.81 98.16 3.26 0.56
Geum river 5.76 16.54 15.38 127.77 424 0.73
Yeongsan river 5.92 17.01 15.81 131.35 436 0.75
Average 5.64 16.22 15.08 125.29 4.16 0.72
Table 6. Unit load of water quality constituents determinated by several methods
Unit load (kg/km?*/year)
BOD COD TOC SS TN T-P
NIER method 5.46 14.62 11.91 71.53 3.99 0.55
Field monitoring 5.92 14.50 12.49 83.39 331 0.56
Arithmetic mean method 5.64 16.22 15.08 125.29 4.16 0.72
Probability Log-normal 425 12.40 10.16 50.66 2.55 041
distribution Gamma 454 12.81 10.47 59.96 2.83 0.45
25 30
o] Au= Hlﬂ6} o} ZH o2 AR H a9 E
20 . . 25
NIER HH& 7|02 Y& vlwstH ZA4AH ~ e
| #2= $28=9 2 (BOD, COD, TOC, SS, | o memnre |2
_5 15 5
T-N, T-P) Z+7+1.08, 0.99, 1.05, 1.08, 0.83, 1.03 E‘N- * :3_
HjE 1|53k 228 Hgow, ALEH A (EMC, 92 - | 0 &
_ +
£)S 083 -2 BOD, COD, T-N+=1,03, 1.11, 0s
i

1.04 wj2 w3l H ATk, TOC, SS, T-P& 1.27
1.62, 1.32 w2 Adjd oz 37 vepdh Log—
normal £ %3 9] 4 BOD, COD, TOC, SS, T-N,
T-P+= 242} 0,78, 0.85, 0.85, 0.65, 0,64, 0,754,
Gamma $-Z %32 0,83, 0,88, 0.88, 0,77, 0,71,
0,834 & 4|4 2.2 NIER 3 H o} 2HcHTable 6),
o]t 1= Yeh9| Q] Aol = HjE O] 2714
2 odgrol A K&l A HL-E7] wfito,
Al VA5 %% IER o] ofe}
of vlal] YA E T o8

psKel
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o
o
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o

M o ofn
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Figure 6. Comparison of T-N and T-P load of previous
studies and this study

F=A S T-NI} T-Poj gt A7} =34 =| 3l o,
sotere] Hele 7247t 3.1~19.9 kg/km?/day, 0.3~
2.5 kg/km?/day ¥ thFigure 6). T-N2] 75, 413}
A tATel 2 A A= tha Zpol7t Q=
UeRstth, 7]& Atdtol= 79419k H7F
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&=
&5 ol &3 W, AYEY AEEat EMCOE &
&%, NIERY| tj3E 793 ]88 s vl &
A skt
D) AREETE G582 0.39909, NIER YHo=
AP i3 fE8&2 0,372 ekt
2) BOD, COD, TOC, SS, T-N, T-Po| A& H 4
EMCE: 7+7} 3,67, 10,54, 9.80, 81.42, 2.70,
0.47 mg/Lgo ™, NIER ¥ o] EMC: zhz}
3.73, 9.98, 8.14, 52,95, 2.73, 0.37 mg/L& %
AFE]9le}, Log—normal £33 23 9] BOD, COD,
TOC, SS, T-N, T-P2] EMC+= ZF2} 2,90, 8.47,
6.94, 34.6, 1.74, 0.28 mg/L¥ 2™, Gamma 5
Zrg o] £AREH EMCE 22 3,10, 8.75,
7.15, 4,095, 1,93, 0,31 mg/L& e} Ak
 EMC NIER %4 3 EMC} Bl S8k 423
E BgA, SEE2 2o EMCE NIER o
3 EMC Xt 2HA APy = et
3) A AS @t Fet25E BOD, COD,
TOC, SS, T-N, T-P9] ¥t & A4S A}
5,92, 14,50, 12,49, 83.39, 3.31, 0,56 kg/km?/day
%lom, NIER %] eeh9)= 742} 5,46, 14,62,
11,91, 77.53, 3.99, 0.55 kg/km?/day ¢it}, A
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4.16, 0.72 kg/km?/day$ 2 Log—normal &
ZRYS o3 Y9l 4.25, 12,40, 10.16,
50.66, 2.55, 0.41 kg/km?/day, Gamma #-3E%
P o] g3k AL 4,54, 12,81, 10.47, 59.96, 2.83,
0.45 kg/km?/day %t}
A9 AP 2po| & AwE Aat ASHst
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