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Abstract

Unit load approach has been used to estimate the non-point pollutant load in Total Water Pollution Load Management System
(TWPLMS). In this study, locally applicable unit loads for road and parking lot were developed based on the measurements of
9 rainfall events from 2007 to 2008 in Yongin city of Gyeongan stream watershed. Observations showed that stormwater
runoff began at low precipitation (>1 mm) and peak pollutant concentration occurred at the beginning of the runoff because of
impervious nature of the sites. Averaged event mean concentrations (EMCs) of road (parking lot) were estimated as COD
105.36(62.69) mg/L, BOD 15.94(13.20) mg/L, TSS 183.45(66.52) mg/L, T-N 4.63(3.28) mg/L, T-P 0.45(0.39) mg/L. Higher
EMCs at the road than parking lot may reflect heavier traffic. Unit loads Estimated from the EMCs and 10 year average

rainfall data were COD 331.17 kg/km? - day, BOD 50.20 kg/km? - day, TSS 580.13 kg/km®
- day in the road and COD 186.59 kg/km®

T-P 1.43 kg/km?
9.70 kg/km? - day, T-P 1.16 kg/km?

- day, BOD 39.22 kg/km?
- day in the parking lot. The estimated unit loads are not so comparable to the ones listed

- day, T-N 14.68 kg/km’ - day,
- day, TSS 199.15 kg/km? - day, T-N

in TWPLMS technical guideline and published data that locally developed unit loads should be used to estimate non-point

pollutant loads.
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Table 1. Unit loads for estimating nonpoint pollutant loads
in TWPLMS (ME, 2008a)

BOD T-N T-P
(kglkm? - day)  (kg/km? - day)  (kg/km?® - day)
Dry field 159 0.44 0.24
Paddy field 2.30 6.56 0.61
Forest 0.93 2.20 0.14
Urban 85.90 13.69 2.10
Others 0.960 0.759 0.027
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Fig. 1. Monitoring locations in Yongin city.
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Table 2. Event table for the road and parking lot sites
Site Date ADD (days) | Total rainfall (mm) | Runoff duration (min) | Average runoff intensity (mm/hr) | Runoff rate
2007.09.14 4 36 240 9.0 0.86
2007.09.27 2 7 286 15 0.75
2007.10.19 11 6 110 33 0.73
Road 2007.11.23 2 25.5 303 5.0 0.85
2008.05.18 17 50.5 682 4.4 0.79
2008.06.02 5 27 381 43 0.88
2008.06.08 3 215 190 6.8 0.80
2008.06.18 9 26 262 6.0 0.80
2007.09.27 2 7 252 17 0.77
2007.10.19 1 6 97 37 0.71
2007.11.23 2 255 304 5.0 0.81
2008.04.09 2 15 581 15 0.68
Parking lot | 2008.04.22 8 9.5 281 20 0.75
2008.05.18 17 50.5 676 45 0.88
2008.06.02 5 27 384 42 0.86
2008.06.08 3 215 196 6.6 0.65
2008.06.18 9 26 274 5.7 0.68

Journal of Korean Society on Water Quality, Vol. 25, No. 5, 2009



692 IYE - H2t= olHE oIE - 0|&3]

714, P 98+ ZZFHmm), C= F&4F, EMCe
7t EXol &8 {FI/SHEAEE(ML), Q)= 299

HM?Y), Qup, (1) FZ8 FZM)olTh.

31 ASREST A U EM 2
2% A vMEeade £ 9 $4542 weta]

3 A9, AP7A71L5(Antecedent Dry Days, ADD),
Z9-Z(Tota Rainfal), A-%#14A1ZHRunoff Duration), =
T B3 (Average Runoff Intensity), & -&(Runoff rate)
& AT EEAYH FALAGNA 4 FAMS
¢] ADDE 2~17949 W9 E B, IFTEFEE 6505
mm, ZA &AL 97-6828 02 AT B3-S
ZEE 159 mm, #&&2 0.65-0.882 UEltHTable 2).

A A TAHE §EFTY 29E4AY s:E =29
4% COD+ 6.5-828 mg/lL, BOD+ 2.1~278.5 mg/L, g
I TSS9 A+ 4-2,097 mg/Le] HYE HAT FA3F
9 99Ed ®E:= COD7} 2~585 mg/L, BOD7} 1.3~

ol of o

(¢

500 0.035
450 ——CO0D —=—B0OD
| A—SS =N 0.03
400 —=-TP -Flow rate
= 0.025
£ 3
< 0.02 F‘E
k=]
= 2
[ ®
I 0.015
3 3
= w
8 0.01
0.005
0 . 0
0 50 100 150 200 250 300
Time (min)
(@ Road (Sep. 27, 2007)
160 025
——C0D —&-BCD
140 —— 55 ——TN
-a-TP Flow rate 02
— 120
= c
S £
£ E
st 0.15¢m
c E
e =
= £
g ©
= 01 z
3 E:}
c w
o
[&]
1006
il " "o
0 50 100 150 20 0 0

Tirre (rrin)
(c) Parking lot (Sep. 27, 2007)
Fig. 2. Hydro-pollutographs at road and parking lot sites.
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Fig. 3. Variation of COD and TSS concentration during early 60 minutes.
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Table 3. Egtimated EMCs for the rainfal events (Unit : mg/L)
Event date COD BOD TSS TN TP
2007.09.14 36.79 6.14 65.09 3.54 0.20
2007.09.27 85.82 13.86 73.67 248 0.05
2007.10.19 155.95 18.62 190.95 412 0.51
Road 2007.11.23 213.57 21.47 356.86 7.79 0.70
2008.05.18 58.48 16.49 111.47 457 0.72
2008.06.02 84.47 18.71 117.86 3.19 0.42
2008.06.08 155.27 21.03 443.43 9.11 0.85
2008.06.18 52.50 11.18 108.24 2.24 0.17
2007.09.27 34.97 4.84 25.58 1.80 0.07
2007.10.19 63.59 14.34 41.56 2.86 0.20
2007.11.23 116.96 11.70 141.02 2,77 0.64
2008.04.09 69.60 18.86 40.74 3.19 0.57
Parking lot 2008.04.22 78.86 9.43 57.38 4.10 1.00
2008.05.18 83.17 29.29 102.67 421 0.32
2008.06.02 27.97 5.69 36.71 3.88 0.33
2008.06.08 36.58 13.52 44.77 4.42 0.22
2008.06.18 52.50 11.18 108.24 2.24 0.17
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Parameters BEAL FAF AP RE FEA A2 Ao
Fig. 4. Averaged EMCs at road and parking lot sites. ettt P53 42 BAINYY Hadwd] 5 TSS ¢
ST 2 AT FAF 499 HzdAY =4 A4
 HdedY TARIEENE et 1083+ HAS B RE FEAA 2 s el 59 =
FHE AMES T LHERY dUfE EEXY 29 TSS 999l A= 42 A9 Akl =& <k

1o oY o

Z<$ COD 33117 kg/km’ - day, BOD 50.20 kg/km? -
day, TSS 580.13 kg/km’ - day, T-N 14.68 kg/km’ - day,
T-P 143 kgkm’ - dyez 2FEPon FAFAGLe

5s
2u) ol wA AEHAKTable 5, Table 6).

olg go] 7 Aeje] we gL EA0l§L Uehhr)
= 3 999 ge 2 AoE yshie AL ¢ & glo

COD 186.59 kg/km’ - day, BOD 39.22 kg/km’ - day, TSS o, 22 ZAAYY Ffo] =2 9 FAEL0] 08 =
199.15 kgkm? - day, T-N 9.70 kg/km’ - day, T-P 1.16 Aol 2 Ao teidE deA7t ZA o7t U A
kg/km? - day .2 28 = Atk < AT F AT ALY JA] A9 Ag & F
2HEERD FE T AUIEC dd 9999 F$ Ccob/ TS HAE A2 Yeigth #A FFFY A9 3
BOD7} =2A o] H+# 6.6, T2FA Y] 482 COD7}t Al 10 mm o] FHZFA A 49 gL 5
dhHeR W e AL IRIT F AJ e = oy, B AFAGY EAAY F w2 EFTFES A=
2u FRgozne §Y5E #7180 dRAY wgel  ER FARY Z¢ AL 39 F9dE fF0) F= A
Table 4. Variations of unit loads according to the rainfall (Unit : kg/km?- day)

Rainfall COD BOD TSS TN TP

10 years average rainfall 331.17 50.20 580.13 14.68 143

Road 10 years average rainfall above 1 mm 3271.27 49.61 573.30 1451 141

10 years average rainfall above 10 mm 289.18 4384 506.57 12.82 1.25

10 years average rainfall 186.59 39.22 199.15 9.70 1.16

Parking lot 10 years average rainfall above 1 mm 184.40 38.76 196.81 9.59 114

10 years average rainfall above 10 mm 162.93 34.25 173.90 8.47 1.01
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Table 5. Nonpoint pollutant unit loads in USA (NFWMD, 1994; Novotny and Olem, 1997)

Location Land use (kg/lkm? - day) BOD TSS N TP Lead
Low density residential 271 8.60 1.36 0.14 -
Multi-family residential 12.93 105.67 217 0.60 -
Commercial 16.55 180.11 201 0.63 -
Highway 26.84 301.22 1.92 0.77 -
. Industrial 14.37 213.73 3.05 1.46 -
Florida
Open land 0.95 5.96 0.71 0.05 -
Wetlands 427 7.46 150 0.07 -
Pasture 4.56 181.53 172 0.15 -
Agriculture 4.92 613.26 481 0.29 -
Woodland 1.38 17.63 0.85 0.04 -
Freeways 268.27 0.29 1.36
Industrial 262.25 041 0.74
Wisconsin, ~Commercial 262.25 041 0.74
Milwaukee- Parking lots - 124.14 0.21 0.26
urban land  High density residental 133.45 0.31 0.25
use Medium density residential 59.19 0.16 0.06
Low density residential 3.02 0.01 0.00
Parks 0.82 0.01 0.00
Table 6. Nonpoint pollutant unit loads in Japan (Yoshida and Tamoto, 2006)
Research organization Research area CODwn BOD TSS T-N T-P
. Middle-size city 9.32 52.33 201.37 123 0.44
Saito and Okazawa L
Large-size city 27.95 4548 153.97 3.86 0.36
Kitakyushu city 103.56 165.75 654.79 9.18 178
. Kobe city 56.99 46.03 357.26 9.37 159
Environment agency .
Y amagata city 24.66 27.95 247.67 4.82 0.82
Chiba city 15.07 16.16 28.77 5.23 0.25
. - , 43.56 45.75 310.68 6.33 0.52
Public works research institute Kobe city
27.67 11.23 206.85 3.04 0.25
Shiga town 14.52 10.68 41.37 2.33 0.52
Otsu city 9.32 6.58 57.53 175 0.19
Chino city 60.82 43.01 119.18 10.85 0.82
Japan institute of wastewater Okaya city 34.52 23.84 386.30 3.04 0.74
engineering technology Abiko city 12.33 9.86 50.14 3.18 0.25
Ushiku city 11.78 7.67 86.03 137 0.16
Tsukuba city 19.45 14.52 126.85 2.14 0.22
Average 31.43 35.12 201.92 451 0.59
S XA 23 9T F A} 05 mm FHE FF e Z7IEYHE S AAska glen, ol EdE EA Y
o] o]Fol ZeFAY A LA FEIYE w2 4] o] o]Fod Aot FF o] AFs
A3 Z9ee] wet ol HolAw AMHOE 1mm TR B AFAYGNAY F71HA ARE o] §ste] nh
R FAZSYo 232 0 grRe F¢ E2 Y F AIY Y& UAE PR 5 g Aoz Bud
Aol A fEol TRE AL ¢ & AUk WA =
= 3 FAZAG] U vdedd yrsaes] 43 4. 8 &
N ARFFSY FS 1 mm ol FHFLTBL Al
AR E AP Ao AFH Aoz AP B ATE 84 B2 9 FAgAA Zedd wE o9
3 Age WEse E9S s dAE 24P =29 EMC F4+ 5o wiErags g, sd &
T AeY 4 AeAEE BEE aEste t>Y A3A o] goll tiet vHLEFE AT E Exog
22 gudcl 4TS E58 5 Atk 2 A7e 24 72 FEE0eH 1 Fa Ave ded 2
sAFER 2% ANggod & 24 847 g98z 1) $UN BAAYY 2 8 FA3A T A
A4 AusAgel e tha WA ATk @A BRI 50 BEE BNY A% 2927 e o
FAVNZZAAIN LR 200737 EXNGERERFE HHL d=d9 &7 343 F7tske A g AU
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2)

3

4)

EMCx= Z-fARdel met & xolE HolA g 2R Y
& PFAHSZ COD 10536 mg/lL. BOD 15.94 mglL,
TSS 18345 mg/L, T-N 4.63 mg/L, T-P 0.45 mg/L, F
2FA G COD 62.69 mg/l, BOD 13.20 mg/L, TSS
66.52 mg/L, T-N 3.28 mg/L, T-P 0.39 mg/LZ =E &
o sl =R Fo| FAEA Qe Hs|A EMCTF
A AFHAJT £ FUIEY B B3 oEe
COD7} BODd H|&| H#H o2 Z=Zo|A 664, T
FollA 48] o AR 2PFEHAT
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