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Abstract

In national water quality policy, it changed previous regulation method that focuses on concentration of pollutants in effluent
water to the way that regulates total amount of pollutants. The target of water quality in watershed of each river was set up,
as the government instituted Total Maximum Daily Loads(TMDL). In order to accomplish successfully TMDL, it requires that
the amount of pollutant loads discharged from point and nonpoint pollutant source should be investigated. This study, therefore,
conducted the monitoring of the stormwater runoff at field region in farming area. And pollutants loads and unit loads
discharged from field region results is calculated. As a result, the concentration of pollutants were calculated as follows: 10.5
BOD mg/L, 19.6 CODw, mg/L , 45 TN mg/L and 2.4 TP mg/L. The unit load of BOD, CODw, TOC, TSS, TN and TP
discharged from field region, also, were determined to 31.8kg/km?/yr, 56.7kg/km?/yr, 8.5kg/km*yr, 560.9kg/km*yr, 83kg/km?*/yr
and 5.1kg/km?/yr, respectively. It was identified that there were some differences of unit loads between the results obtained

from this study and previous one. To calculate exact unit loads, therefore, long term monitoring should be conducted.
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Fig. 1 Location and sampling point of catchment area
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Table 1. Summery of rainfall event
ADD Rainfall Rainfall duration Runoff flow Rainfall intensity
Event No. 5
(day) (mm) (hr) (m’) (mm/hr)
Min. 2.0 1.0 0.1 0.8 0.3
Max. 19.0 187.2 349 354.7 6.1
Average 6.1 30.1 12.0 67.1 2.1
95% CI Upper 82 40.3 16.1 89.9 29
95% CI Lower 4.0 19.8 7.9 442 1.4
St. Dev. 4.1 357 74 74.5 1.6
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Table 2. Statistical analysis of EMC (unit : mg/L)
BOD CODMn TOC TSS T-N NH;-N NO;-N T-P PO,-P
Min. 1.5 6.7 1.8 27.2 1.9 0.2 0.1 0.1 0.0
Max. 53.5 72.1 7.4 874.2 10.0 14.9 24 7.8 4.8
Average 10.5 19.6 43 227.5 4.5 2.5 0.7 24 0.9
95% CI Upper 14.1 26.3 5.8 305.1 6.1 0.9 34 32 1.3
95% CI Lower 6.9 12.9 2.8 149.9 3.0 0.4 1.7 1.6 0.6
St. Dev. 10.6 13.0 1.4 197.0 2.2 0.6 3.0 2.1 1.1
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Fig. 2. Notched box plot for event mean concentrations

Table 3. EMC by rainfall range (unit : mg/L)
Rainfall Event
BOD CODMn TOC TSS T-N NH;-N NOs-N T-P PO4-P

gage(mm) No.

0~5mm 5 10.8 25.2 3.7 145.5 35 1.5 0.4 0.6 0.1
5~10mm 8 17.2 26.1 45 143.7 3.7 1.2 0.3 1.4 0.5
10~20mm 4 122 20.4 5 168.7 38 13 0.3 2.1 0.5
20~30mm 5 34 15.4 45 175.8 5.1 2.6 0.6 2.4 1.4
30~40mm 2 6.9 16.2 4 283 53 2.5 0.8 2.1 1.3
40~50mm 3 9.8 14.9 4.6 336 5 45 1.1 32 1.7
50mm< 6 132 18.9 4.1 340 53 3.8 1.1 53 1

sk=EX(sls|x| M 163 M4s (2014) 417
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9, H 480.4kgkm’9} 98.6kgkm’ O 2 UER
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Table 4. Pollutants load of unit area
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o] WM9Z EAHEALE ¢, JAF EH TSSe
74.9~41,653 4kg/km’e] W], H1 6895 4kg/km’ 2 -
A=Ak TN A, FetE weleh Hie
0.7~497 2kg/km*9}  103.7kg/km*Z  ZALE 101, 95%
AZTFE 68.4~139.1kg/km?©] I TE NH3-N¥ NO;-N
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PO,-P2| -5} H+S 24.9kgkm’ 2 ZAFE STk
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(unit : kg/km?)

Event No. BOD CODMn  TOC TSS TN NH;-N NOy-N T-P PO,-P
E-l 102.0 252.0 78.3 23073 200.8 156.9 0.0 156.9 96.6
B2 86.3 192.8 127.8 1385.8 74.1 30.6 0.0 36.1 26
E-3 75 123 33 259.6 5.1 2.1 0.0 25 14
B4 267 490.2 158.3 4489.9 188.7 85.6 0.9 153.9 100.2
E-S 807.5 1280.1 336.5 6786.8 155.4 58.7 0.0 2352 103.3
E-6 10.1 15.0 62 749 117 9.8 0.6 02 0.0
E-7 48.8 1133 415 978.9 50.1 337 23 05 0.4
E-8 1137.9 1533.1 93.9 2511.6 67.3 39.9 189 27.7 122
E9 104.5 154.0 133 967.1 26.2 13.4 0.4 115 1.7
E-10 - - - - - - - - -
B-11 396.4 13119 2347 282345 195.5 124.4 13.7 53.1 29.9
E-12 72.8 119.6 26.1 162.1 184 52 102 8.5 72
E-13 351.1 589.0 1182 277223 99.7 382 518 36.3 204
E-14 258 299.5 75.6 28112 38.4 11.9 2.8 13.4 3.6
B-15 - - - - - - - - -
E-16 - - - - - - - - -
E-17 - - - - - - - - -
E-18 165.4 196.9 35.1 24574 2.4 173 42 92 0.4
E-19 2189 294.6 61.6 9564.1 38.1 234 1.9 14.8 14
E-20 193.7 399.2 69.4 64335 40.1 19.0 46 65 12
E-21 - - - - - - - - -
E-22 - - - - - - - - -
E-23 5.6 8.8 12 852 0.7 0.4 02 03 0.0
E-24 111.7 199.1 186 1141.6 21.8 16.7 50 11.2 0.8
E-25 851.7 1617.7 111.8 12058.5 197.6 85.5 102.6 105.6 60.7

E-26 37.1 135.7 493 518.2 69.3 24.6 245 315 183
B-27 48 29.6 17.1 283.1 25 5.0 02 44 1.9
E-28 39.6 207.3 101.8 31063 138.0 160 50 72.6 43.1
E-29 51.0 239.8 1135 5363.1 127.9 36.7 13.1 80.2 29.4
E-30 117.7 11299 2604 20343 4 365.7 60.6 56.7 359 11.0
E-31 339 778 375 7324 411 2.1 3.0 51.8 10.8
E-32 70.1 2649 1334 37437 874 4422 55 196.0 7.7
E-33 201.0 18066 337.0 416534 4972 56.3 27.3 7322 86.9
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Table 5. Statistical analysis of pollutants loads per unit area (unit : kg/km®
Rainfall
BOD CODMn TOC TSS T-N NH;-N NO;-N T-P PO,-P
gage(mm)
Min. 4.8 8.8 1.2 74.9 0.7 04 0.0 0.2 0.0
Max. 1137.9 1806.6 337.0 41653.4 497.2 442.2 102.6 732.2 103.3
Average 210.4 480.4 98.6 6895.4 103.7 52.5 132 77.3 249
95% CI Upper 282.1 644.3 1322 9248.0 139.1 70.3 17.7 103.7 334
95% CI Lower 138.6 316.5 64.9 4542.8 68.4 34.6 8.7 50.9 16.4
St. Dev. 283.4 554.2 94.8 10487.0 115.5 86.7 233 145.7 339
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Table 6. Unit loads of pollutant (kg/km?/yr)
Land use BOD CODMn TOC TSS T-N T-P Reference
This study 31.8 56.7 8.5 560.9 8.3 5.1
4.7 7.8 111.9 14 0.2 Choi (2011)
Paddy
52.7 94.2 1741.6 24.3 14.1 Jeon et al. (2013)
Forest 29 7.4 21.8 22 0.09 KEC (2004)
Paddy 17.9-
2.6-17.7 7.2-45.5 16. 12.6-40.6 1.5-2.99 MOE (1994)
field 7.9
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Table 7. Correlation analysis between rainfall event and pollutants
BOD CODwn TOC TSS T-N NH;-N NO3-N T-P PO4-P
Pearson
correlation 320 210 392 -.118 .206 383 179 189 .092
ADD Coefficient
p-value 531 .048 224 513 .021 .013 319 .037 611
Pearson
correlation -.060 137 172 321 .166 .075 -.026 .340 213
Rainfall Coefficient
p-value 739 449 338 .031 357 741 .886 .010 234
Pearson
) correlation -.071 .099 314 196 211 -.057 127 426 183
Rainfall Coefficient
duration
p-value .694 583 075 275 240 .802 A82 783 308
Pearson
correlation 281 135 110 .526 135 257 -.065 226 255
Rainfall .
Coefficient
intensity
p-value .024 .031 541 .035 453 .032 721 013 152
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¢l BODS CODy, % TOCE A2 o] 4wt daol gl Ao2 tehh & A9 39 352
EAltE Ao A Egh TSSE  BOD, RS NH-NO dHz fE2dus A4S & 5 9
CODwn, NH;-N 2 TP9} H4do] & Aoz #4 Uk G TP 9A] PO,PoF vl oFgh AadAE u
HQEd, 1 ol REE olF PBo] B dAl T e Aoz RAHed W A9 F§RE5e)
Zwo] Aot A-FETe A FEHARY] wWE 328 pO,-PRUR= TPY EHEZ FEEojAE= A
o olelat Anprl Uept ow AlmEe, wAde] oz ekt
A RS 7 ETY NHe-NT TP A&
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Table 8. Correlation analysis between each pollutant
BOD CODwy TOC TSS T-N NH;-N NOs-N T-P PO4-P
Pearson
BOD correlation 1 .648 341 226 -.013 125 .004 -.062 -.049
Coefficient
p-value .000 .028 .036 941 578 982 732 788
Pearson
COD correlation 1 424 .019 162 170 .055 .043 .033
'Mn
Coefficient
p-value 014 047 368 449 762 812 853
Pearson
TOC correlation 1 285 168 -.130 .320 400 477
Coefficient
p-value .108 788 563 069 081 061
Pearson
TSS correlation 1 .082 323 -.016 426 -.077
Coefficient
p-value .650 031 931 .042 670
Pearson
T.N correlation 1 .566 408 492 110
Coefficient
p-value 020 728 .004 369
Pearson
NH.-N correlation 1 -.160 494 405
-
Coefficient
p-value 477 .046 .062
Pearson
NO-N correlation 1 .509 221
’ Coefficient
p-value .052 216
Pearson
T.p correlation 1 228
Coefficient
p-value .040
4. A= 2 zAH Ea TPE TSRS POPe]
FEE U Adow BN
BT BEXyE BERAAe] FERQIWA) = 2) 2R e ed=de FE vk 4
gl A bz wAd) e B4l 333 1 BOD, CODys, TOCE= 5-20mme] = %
RUERS Ao, fEe wAsA @ 27 TN wE ewE fEEE slew DA
o] RUE HolHE Fgdte] 29 H3% <, TSs$h TN % TP"l BERIE FeLel
E, fERe 2 gus 58 sl bt Bobds s & s fEEy.
o ARG AYr). H Qo] Ay & =m0 3) S9ELY] =S wAdA BODv it
- _ 2 =
B 4TH o AS AP M ZARRA B 2104kgkm?e] o] FAR WEE I Yglom,
& 7= Aoz o) CODyiy 7 TOCE 742} 480.4kg/km’ S} 98.6kg/km’
o) ol iEHglh ER A B TSSE
1) f7]%43 BOD % CODy,°| 24 L9&de 6895.4kg/km’o] fEE A0, FEUF TN
= o = 77 2 261 2
42 WEE 105mglst 19.6mg/Ls LS. TP+ 27} 103.7kg/km’, 77.3kghkm’e] G| =
- =59
m, YFAFe TN TPE 45mgll 2 24mglL =+ 2
AR E=1 sl vkx] o oltlo
2 BRIl o] 2 NH;-No| TN thf-i< 4) s Apfshs LA Ade] AP A
L 2 [e) 2
A8 990, NOy-Ng| FEi v Ao BOD+ 31.8kg/km™/yr, CODmy= 56.7kg/kmyr,
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23l TOCE 8.5kgkmY/yrz YERST T3
TSSE=  560.9kg/km’/yr, TNI} TP
8 3kg/km’/yr¥} 5.1kg/km’/yri ZFAE 1)
gt Ad= g2 A7AEe 9 dTE 2
9} #fol7t Q= RHoB YElorn, o=
79 FH FAET 2 AP 5F
of og xfo]2 FE T
5) At EA3l 0 dEA FEAlo]e] A
H7tl A A 337471 a‘ = CODwmm, TN, NH;-N
9 Tpo] We Ao 91912111, 75
TSS ¥ TP<>ﬂ S Hl 2|31 %
+ BOD, CODy,, TSS, NH3-N % TPoj
nx|aL Qe 53], TSS¢F 7MY &
S 7HAE Ao EAEQ 3, oY
o] A#A H7lol| A TSSE BOD, CODy,
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