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Abstract

This study was conducted to know the characteristics of agricultural non-point source pollutants runoff by rainfall events at the
upper catchment of Goseong reservoir in Gonjy city, Chungnam Province. For this study, the monitoring sites of the research
catchment were set nineteen during the research period (between June 2005 and October 2006). Average runoff coefficient
were observed 0.51 in 2005, 0.71 in 2006, respectively. The correlation coefficient (r) between the rainfall and peak-flow was
investigated 0.787. By rainfall events, the water quality of the sites were shown like this : BOD 0.555~9.60 mg/L, T-N 0.0
1~13.50 mg/L, T-P 0.002~2.952 mg/L, and SS N.D~820.0 mg/L. The strong rainfall intensity was the most important
factor of the soil erosion. The gabs of the arithmetic mean concentrations and the flow weighted mean concentrations were
observed as the followings : BOD 0.0 ~29.2%, T-N 0.1~11.4%, T-P 0.4~95.2%, and SS 1.7~57.0% in 2005, and BOD 1.
0~11.9%, T-N 0.7~7.3%, T-P 9.9~36.5%, and SS 6.6 ~36.5% in 2006, respectively. The BOD pollution load was 2,117 kg
(36% of the total BOD loading of survey periods) while, T-N was 3,209.0 kg (27.9% of the total T-N loading of survey
periods), T-P was 136.4 kg (37.4% of the total T-P loading of survey periods) and SS was 72,733.8 kg (51.8% of the total SS
loading of survey periods) in the year 2005. In case of 2006, BOD load was 1,321.7, T-N was 2,845.8, T-P was 42.9, and SS

was 16,275.8 kg, respectively.
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Fig. 1. Study area and monitoring stations in watershed.

Table 1. Hydrologic characteristics of study watershed

1:25,000 NGIS FAAE(F&EIZTH sdHJ&d ES

#Y 3}, 2006a)2F FHAHFZEAY 1:25000 AFE=(=H
AYFRY, 1997)F vtgez dF HES &3 FEI4F
E4AE BASATh AIERYY A& 58 47
2d99 FFH A4S J VIZAER F9WEE, YA
F, 12, HUES, 715, A EA 59 FE
& EAAE AT F, £2 B4 948 F
= #9744 2 A4AAE 15000 NGIS FAAZ=<
AutoCAD<} ArcView Ver. 3.3 o]&3led F&&90H,
1:25,000 APES AFFAE S8 EgstAth AlERY
9 FE2HAFL 246 km, F9EFE(AL) 1.999 km, 9
A+ 0814, FYBFIE EL. 19961 m, HFFA
10.2%°] tH(Table 1).
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(b) Chung-Cheong Nam Do

Area (ha) Shape factor Stream length (km) Maximum relief (m) Relief ratio Average stream slope (m/m)
514.1 0.814 2.46 440 0.1789 0.102
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Table 2. Land use and hydrological soil conditions of study watershed

Hydrological soil condition (%)

Land use (%)

A B C D Paddy Upland Forest Residential Others
13 81.9 16.9 0.0 118 45 73.3 2.4 8.0
ol gdde AT AlERAY F WA 5141 ha®

°]F L 45%, = 11.8%, 2 733%, 7IEt 8.0%E T4
Hol glon, AgerMe F2 HhbrE wol AMujsta gl

£ AoFE XA Y tH(Table 2).
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FHF2 9¢ 21~22¥¢ WA 1388 mmz IAFHEILH,
ZAAIIE E BrES 7468 mmE, 935 H 1,652.8
mme] 452%¢] A3t 200632 B Hx FFEFS
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9 A% 63 F¥ %%A}*Joﬂ 3 FE31E 2764 mmE
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Table 3. Characteristics of the rainfall by the storm event
Storm . Rainfall Antgcedent ng. rai.nfaII Rainfall Rupoff Runoff
event Period (mm) rainfall intensity duration height coefficient
(day) (mm/hr) (hr) (mm)
1st 1 to 2 June 2005 46.0 13 11.0 13 24 0.05
2nd 10 June 2005 47.8 7 7.8 17 4.4 0.09
3rd 27 to 28 June 2005 68.0 11 18.8 23 7.9 0.12
4th 29 June 2005 38.2 1 20.8 10 104 0.27
5th 1 July 2005 29.0 1 22.4 8 48 0.17
6th 3 to 4 July 2005 38.2 0 5.8 25 21.6 0.57
7th 9 July 2005 79.2 5 10.2 17 26.3 0.33
8th 11 to 12 July 2005 131.2 1 314 23 87.1 0.66
9th 28 to 29 July 2005 52.2 9 12.2 15 5.8 0.11
10th 1 Aug. 2005 324 3 7.8 18 12.6 0.39
11th 10 to 11 Aug. 2005 21.0 0 6.0 21 44.3 211
12th 19 to 20 Aug. 2005 24.8 1 4.4 23 21.3 0.86
13th 21 to 22 Sep. 2005 138.8 1 18.8 30 129.6 0.93
Sub-total 746.8 2.7 19° 378.4 051
14th 14 to 15 June 2006 76.0 4 10.7 22 49.8 0.66
15th 1 to 2 July 2006 19.8 0 33 12 25.7 1.30
16th 4 July 2006 23.0 1 4.2 26 12.6 0.67
17th 11 to 12 July 2006 36.0 0 54 22 26.3 0.73
18th 17 to 19 July 2006 221.8 0 316 82 156.7 0.69
19th 22 to 23 Oct. 2006 26.2 34 4.2 16 54 0.21
Sub-total 404.6 9.9" 30" 276.4 0.71
* Asterisks in column are average values.
12 JaA BgHoz JFL Wtk oF FLAE, HIR
2eds, BALAR 5o FRAAES $HHoz o
Oo YO WAALe 7§25, F2EE 9L AL FF
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s . 2001; Rimer et al., 1978)
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Total rainfall (mm/event) % 0.2276~9.5604 m’fsec WAt HlGTFIE ZLA
Fig. 2. Comparison of total rainfall and peak flow. F AeFY FAFFEY JFEHANA FBJASF()= 0.787
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Fig. 3. Water quality constituents of storm event.

Ao A dd &5 55
719 AT FHo] e ALE @
SSE 20059 7€ 11~1299 ZAMNEZSHF 1312
mm)=l 5.0~820.0 mg/Le] ¥, B 1
A zAFQPE, ol FPALFEE 314 mmhrE #
=59tk T3 20059 7€ 199 AAMHELSE 29.0
mm)2 F$% HUEE7F 820.0 mg/lLE ZALESH, o]
4 HAWZSAEE 224 mmhrE Z$Fol &) 297
=7t A SS9 &7t #A et ASZ AR W, 2006
| 79 17~1999 ZAPAMHERTE 2278 mmyd=
10.0~310.0 mg/L, H# 55.8 mg/LE oW ANZF 4=
£ 31.6 mm/hr2 ZAIE QT oJRez Hol 3149 SS
BEY B ZAFEE FLIAY AR A

=7 8 2 #do] e Ae® #dEni(Fig. 3).
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8 20 AGS Bgon T-PY ALE 04~95209 W= HF
s - 29.1% = u} FRAGE H§ FuFoez =2 Juex
MRS g Holi ATk ol T-PY B¢ TN°ﬂ el = o
e 1 ®3 §AE7 A9 gyl g, 271 9ol g8 A7
TR . f2H9Y EFRdel 37 2 2l @ 2 AN 57
s | Ve " o am AsERbEAl daA02 AY A wal
728 5.] 2006 BODY 7 Aod= 1.0~11.9%9) W2 B
2\ " R . T 42%= 200597 HAHEH 125F0R 49
"SceEricevesissericen Ho glom, sso AL 66-365%] WAZ A
s 8" ° FE §858E°" ERE 16.4%2 200590 Hlal Adest Welsk Aoz He
Fig. 4. Variation of the flow rate weighted mean concent- Aoz et T-NY AL 07~73%9 He=z #F

ration for different storm events.

AP EES FF
B 20059 BOD9 A% 4
2 P 92%Z YEen, SS
57.0%% M2 HHE 245%S JeFATE T-NY 2
fextE 01~11.4%9 HAZ HHd 3.9%E UrE’rLH?i»E—rﬂ,
o2 g8 HE Jdiexrt ddHez AA Yehde

A A

2.1%°]H, T-P9 3
Z T-N 9 TP &

g9 9.9~33.9%9 BHZ HHF 15.7%
w5t 200590 H)E ARz AL o3

HOE B tiTable 4). Yun and Cho(2005)7} 935 F
oA AEHAEES EMCE Hastfded, Bd5Es
EMC7 &g ho Auzoez Z s EO] Tk
stRed, £ 475 Hxd 2RE ddoH, A&H F
(2005)°] HeHF F99 ZUE FHAl ¥ LI 43
4%@12 Hgoz ZeFY Arld wE A&EFFsES

FteEFsEE Hustged, 1 27 BODS T-N¢
°‘Pr #He At HAWHOZ 100 mmelWe Ffe
EMCY] o]l A=ddgtitt A AL QAT 100 mm

2 zdss 9l dAdE T-PE Aslsns 4y
Fgel o 27 zAEYthn Baste .

Table 4. Comparison of the arithmetic mean concentration and the flow rate weighted mean concentration of BOD, T-N, T-P

and SS for different storm events

e Rainfall | No. of BOD (mg/L)R.E -N (mg/L) — P (mg/L) — S (mgl/L) —
(mm) | samples | Mean | W.M. (%) Mean | W.M. %) Mean | W.M. (%) Mean | W.M. (%)
1 to 2 June 2005 46.0 23 5.692 | 5435 | 4.7 | 6.396 | 6.649 3.8 | 0128 | 0.156 | 17.9 543 | 632 | 14.0
10 June 2005 47.8 22 2147 | 2277 | 5.7 | 4658 | 5.257 | 11.4 | 0.107 | 0.128 | 16.4 225 | 250 | 99
27 to 28 June 2005 68.0 26 2.503 [2.704 | 7.4 | 3.208 | 3.387 5.3 | 0.153 | 0.145 59 59.7 | 138.7 | 57.0
29 June 2005 38.2 12 2.621 [ 2836 | 7.6 | 3.671 | 3.419 74 | 0.626 | 0.323 | 93.7 -
1 July 2005 29.0 8 2.011 | 1.844 | 9.0 | 3.250 | 3.208 1.3 | 0548 | 0372 | 47.3 | 135.0 | 86.3 | 56.4
3 to 4 July 2005 38.2 31 1.620 |1.782 | 9.1 | 3.139 | 3.160 0.7 | 0.100 | 0.104 34 238 | 248 | 42
9 July 2005 79.2 21 1.804 (1918 | 6.0 | 3.469 | 3.826 9.3 | 0.096 | 0.049 | 95.2 83.3 | 106.3 | 21.6
11 to 12 July 2005 131.2 29 3.271 | 4197 | 22.1 | 3.137 | 3.066 2.3 | 0187 | 0.282 | 33.7 | 1354 | 227.6 | 40.5
28 to 29 July 2005 52.2 22 1.866 | 2210 | 15.6 | 2.576 | 2.581 0.2 | 0113 | 0.144 | 215 341 | 483 294
1 Aug. 2005 324 16 0.596 | 0.842 | 29.2 | 2.643 | 2.656 0.5 | 0.099 | 0.127 | 21.7 273 | 363 | 247
10 to 11 Aug. 2005 21.0 32 1.008 | 1.033 | 2.4 | 2.264 | 2.257 0.3 | 0.075 | 0.079 4.2 30.7 | 318 | 37
19 to 20 Aug. 2005 24.8 15 0.952 {0.952| 0.0 | 2.304 | 2.301 0.1 | 0.091 | 0.091 0.4 332 | 337 | 17
21 to 22 Sep. 2005 138.8 35 1.303 [ 1.309 | 0.5 | 2.007 | 1.849 8.6 | 0.102 | 0.124 | 17.3 36.8 | 52.8 | 30.3
Average 2.107 | 2.257 | 9.2 | 3.286 | 3.355 39 | 0187 | 0.163 | 29.1 56.3 | 729 | 245
14 to 15 June 2006 76.0 13 5.828 | 6.054 | 3.7 | 4.395 | 4.738 7.3 | 0111 | 0.125 | 115 523 | 614 | 1438
1 to 2 July 2006 19.8 12 3.073 | 3486 | 11.9 | 2.373 | 2.392 0.8 | 0.055 | 0.070 | 21.8 450 | 70.9| 36.5
4 July 2006 18.8 8 2.668 | 2.776 | 3.9 | 2.494 | 2478 0.7 | 0.026 | 0.030 | 13.7 125 | 146 | 144
11 to 12 July 2006 36.0 12 3.211 | 3114 | 3.1 | 2.753 | 2.772 0.7 | 0.074 | 0.055 | 339 55.8 | 448 | 245
17 to 19 July 2006 227.8 28 1.756 | 1.773 | 1.0 | 2.736 | 2.673 2.3 | 0.058 | 0.065 | 10.8 290 | 311 | 6.6
22 to 23 Oct. 2006 26.2 11 1.576 | 1.603 1.7 | 2149 | 2.131 0.9 | 0.205 | 0.210 2.3 48 4.7 1.3
Average 3.018 | 3.134 | 4.2 | 2.817 | 2.864 2.1 | 0.088 | 0.092 | 157 332 | 379 | 164

*W.M. : Weighted mean; R.E. :

TAEN =

Relative error

A 5E| K| ®24A F[15, 2008
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35, ALY REFGIE 7 89 19~20¥9 ZA9= ¢ A= R A

BAFER $EFH 5EE Fobd fEReEgs 4 < 12%F<2] 210, 248 mmo|A¥ SS {HEFIFS
2 A7, 200599 F BOD: 17.8~842.5 kg9 H 1,894.5 kg 1,254.4 kg2 ZAME It} 200639 7€ 1~24
fon, ZArg AA Y FEFshES 2,117.0 k(7] o] 198 mme ZSZo] ML SS FEHETo]
b AAY 36.0%)o2 AFEHIAT T-N9 ZA$& 415~ 1555.2 kg2 #ZH Wi, APZeLd57t 3492 71
1,145.0 kg9 W2 F {FEFFFLS 3, 090 kg, T-P9 71 10€ 22~23¥9 Z%F 262 mmol W= A%
ASE 1.1~550 kgo H92 & SRS 1364 kg 2157 kg9 FEFskEe] HAHE ALR Ueyth o2
(A7717F AA Y 37.4%)2 JEbgTh 554 73%; 241. Hol 4ge] Zee M AIFZ-LTTt BHL ES
3~33,081.1 kg9 BH=E & FEHTE 72,7338 kgo = o] XsEH {FZol o FEFF A= FFS B
ZAE AT ZAMEE fE et o% AAH o= 64 olal =l B8z e ¥x14)(2005a)0] HAAA L 37 A
1~299 B HEDSE 460 mm)A] SRTEEE A& ez AYRAedsd 27| HFRE%Y 4ad
23E 2gon, A ZA$A19 99 21~2299 A¢AM AE B4 23 27) AN 2 FHFol ASE Al
(2725 1388 mm)¥ SSE Adstns HUte JeR Alsted, & AFE wkrbA 9 éﬂr% dol AP77ed
Atk 200613 AL ALARFl W@ F fEFISES ot ZeFY Arle fEFEH 23S AV ASS
BOD 1,321.7 kg, T-N 28458 kg, T-P 429 kg, SS 4 F AT
16,275.8 kg2 ZALEJTE ATF7IZF A sl A
4E F FEHAge] AAse e 200599 B 4. 2 E
T-N 27.9%°A SS 51.8%= 433 =2 & vehd
M, 20063 9] A$+= BOD 10.9%°14 T-P 20.0%E ZAHE 2 dFNAe 5F 2799 AE sQuiEde
Atk d FESHE ggsy] ddl S FFA FAwel 93

BeAdERE fERSES A¥EY, 20059 6€ 1~2 o AHAFA] FRAESE YR FeAEE SR F
d 2649 1049 B Z9Zol 46.0 mmet 47.8 mmelA] 2 548 245k dF71Eet 20059 1371, 20063
9 AYFZLFTE FHH R Aol SsY FEFHFES 671 Z-Abdel dsl BA5genl, 200599 9 A+
Z+7} 241.3 kg 311.6 kgo 2 ZALE ¥Hd, 8¢9 10~11¢¥ AP A3 21.0~138.8 mmold, AAge o &

Table 5. Relationship between runoff volume and discharge loads for different storm events

Discharge loads (kg)
Date

BOD TN T-P SS
05/6/1-2 17.8 415 11 2413
05/6/10 21.0 471 13 3116
05/6/27-28 46.2 91.9 2.9 957.3
05/6/29 40.1 743 25 949.8
05/7/1 218 427 14 4467
05/7/3-4 134.2 252.1 8.4 3,030.7
05/7/9 125.6 207.4 8.0 3,989.8
05/7/11-12 663.5 909.7 433 33,081.1
05/7/28-29 374 78.0 23 668.2
05/8/1 26.0 54.6 16 4534
05/8/10-11 84.2 157.5 53 1,894.5
05/8/19-20 56.9 107.3 35 1,254.4
05/9/21-22 8425 1,145.0 55.0 25,455.0
Sub-total 2,117.0 (36.0)" 3,209.0 (27.9) 136.4 (37.4) 72,733.8 (51.8)
Observed ™ 58724 11,505.9 365.1 140,404.9
06/6/14-15 1825 369.0 55 2,098.0
06/7/1-2 1415 273.9 4.0 1,555.2
06/7/4 336 37.9 05 207.1
06/7/11-12 100.6 154.0 2.2 859.8
06/7/17-19 8225 1,971.0 302 11,340.0
06/10/22-23 40.9 39.9 05 215.7
Sub-total 1,321.7 (10.9)" 2,845.8 (18.2) 42.9 (20.0) 16,275.8 (17.7)
Observed ™ 12,084.8 15,654.6 214.4 92,012.1

" Numbers in brackets are the percentage, which subtotal value was divided by observed one.

™ Observe values are pollutant loads during the period from 2005 to 2006.

Joumal of Korean Society on Water Quality, Vol. 24, No. 1, 2008



76 RS - =28l - 0|4
BB 7468 mmz AT ASEF 13896 mmo T f99 WA 2 F9A LAED 9554 @7
53.7%¢ SNgFch 20069 F¢ BEFL 10.8-227.8 =882, 22(4), pp. 695-705.
MM Ao WEt = AR 4046 mmE A7)z 5EA3E 5G9 ESHE] FH20068). 1:5,000, 1:25,000
N NGIS A A &,
A4%F 790.0 mmel 52.4%c et 4 ALAEE 7 R _
CTS 9 ool siEgeteh 4 ZAHY © =205% =JdRs]ed EOOLV(_]‘E]J—'/}(ZOOGb). 1:25000 3
AL 200599 S 4.4~314 mm/hre] HAE BAL o g opg
H, ZFAEAZE 8~3041%F, 2006 F-= 3.3~31.6 Fud, 0714(19%). ¢824 mA= wHedLdY T
mmhre] Z9BEst ZAEAZES 8~82A1 A ] W FY7ledFE =27, 10(10), pp. 139-149.
9= waed gAY, &9, A9 (2001). An3E FLstHANA Z$A
200599 A% Z9AEE {EAFE 005~211% T8 e9Edd #E 54 dFFFIIA, 34, pp.
- L e ] 62-69
A Ao AGst Q9L H= Ao Yo
dapel 3 oF 9% ASE HERSE, A4 Wrg, o5, $EAL97). EALFAAAY HPeY
Bl A fEIE 3784 mmE FF FEAFE oz - . 55
j A #E540 VY AT, FFFIRIFIA, 130),
0512 ARSI 20069 d¢ #EAFE 021~1.30 bp. 79-99.
o WS Helow, FeAMgel U FEile 2764 mm ANgd AZY, AAA, 495, 539, FA 9, 4748 L(2005).
2 FF F2ASE 0712 200590 HlE) 2 AR F 537 FF e LstAAdAY L RFEHEA.
A ZAOAAE Zloskyl AT oakglo] AFEAM S et & &85 %], 47(6), pp. 83-92.
}Q?i]:]’ o T ]'OE o‘l‘oJ’]' UTTI’O"’]'-’] [eln il ity =1 pp
AN AT FPASE 07878 =S FPAL Holi 9) 299, 4AA, A5H, FA42(2004). B-FAl &g H A ¢
Jon, ZeAAY Zokd Hldstd AFGUE Zr)at HHeAd #& 54. d=E8F 3], 20(6), pp. 657-663.

t 2FS Uit

A A Ed BOD<] 4% 0.60~5.83 mg/L,
T-N 2.01~6.40 mg/L, T-P 0.026~ 0.626 mg/L, SS 4.8~
1354 mg/L2 ZAMEHLH, dedHE5Ed FFS 1Y
3 FEVtEEAEEY AUeE vagt A, 20059
BODY 3% 0.0~29.2%¢] ®=Z He 9.2%, SS9 B¢
deats 1.7~57.0%9 WU FHE 245%F YHEA
ot T-N9 ZA$ Auextes 01~114%9 W= FdF
39%E YeRSiEd, T2 & H& ddxt Ad
Aoz AA deue ZATFES BEAoH, TP A= 0
4~952%° HAE BHF 201%=E S FRFEJ u
AUHez w2 AJUexE Hola Utk 20061 4
¢ FBFHN A= BOD 4.2%, SS 16.4%, T-N 2.1%, T-P
15.7%=Z 200533 wwsfEd JAAFoZ & QxHY

o
o T

E.‘{'] (199;) 125,000 ;"] T = ;(J E;'\] O] ‘g‘_l—
03_.'

A BLm, F&x(2002). Fe+HA
FE MHdeodd FEEA 2 429 AL

&3] %], 24(11), pp. 2019-2027.
oz, AAF, &9, AF2(2006). B4

—, ml

sh=Eargsta|x| H243A F15, 2008

fijn

odE, ¢HAF, wMAS, FLA(2001). FA FEFIFS
o] &% TEHFY #9999 vFedY A9 TAH
3. FFEFF IR, 17(3), pp. 313-326.
uh2121(2004). AAALRAA 9 Z9A HALEER
E4. =3x8 7], 12(3), pp. 109-115.
Z121(20052). FRANA Y Z9A HHod
. e F A8 %], 31(1), pp. 1-6.
{12](2005h). EAIAY HHLHEEA Y
Fd AT - ZAA 2 dEHE FHoE,

L

249

Zd, 23A, A2 (1997). AAANA SARAF
2 g7t -RUEE Al2"d9 753 7
St =2 518 %], 39(2), pp. 113-123.

o $(1999). EX o] &o] EHLRHYGY
. stx x5 =], 32(4), pp. 501-510.
F 22FH @

4

A

EAH2003). HFdE FEAHNE F
BRAF HIA .

FT AL FAH2004). HFE B AgEt .

BZ5(2005). FRLLIGFEIANILH.

#971(2005). F9A BAIAY HFOHEYD FEEY A
SAA FF FES AR FFIFHI 142), pp.
63-73.

7], 4K, 2971(2001). ¢+FH F99 LA HA
2940 ME FERFEH B AT FFIFH

ZF, 10(3), pp. 223-234.

Bedient, P. B., Lambert, J. L. and Springer, N. K. (1980).
Storm-water pollution load-runoff relationship. Journal of
WPCF, 52(9), pp. 2396-2404.

Hunter, J. V., Sabatino, T., Gomperts, R. and Mackenzie, M.
J. (1979). Contribution of urban runoff to hydrocarban
pollution. Journal of WPCF, 51, pp. 2159-2038.

Ichiki, A. and Yamada, K. (1999). Study on characteristics of
pollutnat runoff into lake Biwa Japan. Water Sci. Technol.,
39(12), pp. 17-25.

Pegram, G. C., Quibell, G. and Hinsch, M. (1999). The non-
point source impacts of peri-urban settlements in South
Africa: implications for their management. Water Sci.
Technol., 39(12), pp. 283-290.

Rimer, A. E., Nissen, J. A. and Reynolds, D. E. (1978).



SER99| YUY 59 HIHHSASY RESY 77

Characterization and impact of stromwater runoff from
various land cover types. Journal of WPCF, 50, pp.
252-264.

Sansalone, J. J. and Buchberger, S. G. (1997). Partitioning and
first flush of metals in urban roadway storm water. Journal
of Environmental Engineering, ASAE, 123(2), pp. 143-152.

Sartor, J. D., Boyd, G. B. and Agardy, F. J. (1974). Water
pollution aspects of street surface contaminants. Journal of
WPCF, 46(3), pp. 458-467.

Sartor, J. D. and Buchberger, S. G. (1997). Partitioning and
first flush of metals in urban roadway storm water. Journal
of Environmental Engineering, ASAE, 123(2), pp. 134-143.

Smullen, J. T., Shallcross, A. L. and Cave, K. A. (1999).

Updating the U.S. nationwide urban runoff quality database.
Waer. Sci. Technol., 39, pp. 9-16.

U.S. Environmental Protection Agency (1983). National Urban
Runoff Program, Vol. I. NTIS PB84-185552, U.S. EPA,
Washington, D.C.

Water Quality Management Library (1995). Nonpoint Pollution
and Urban Stormwater Management, In: Statistical charac-
teristics of diffuse loads-Event Mean Concentrations. V.
Novotny (eds), 9, Technomic Publishing Company, Inc,
Lancaster, Pennsylvania, pp. 57-62.

Yun, S. J. and Cho, J. H. (2005). Characteristics of pollutants
discharge in Youngrang lake watershed. 2005 proceeding
the Korean society of water and wastewater, pp. 442-448.

Joumal of Korean Society on Water Quality, Vol. 24, No. 1, 2008



