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Abstract

Human activities and land-use practices are intensely widening the urban areas. High impervious surface areas cover much of
urban landscapes and are the primary pollutant sources which can lead to water quality and habitat degradation in its
watershed. Asthe urban areas expand, transportation land-use such as parking lots, roads, service areas, toll-gatesin highways
and bridges also increase. These land-uses are significant in urban pollution due to high imperviousness rate and vehicular
activities. To regulate the environmental impacts and to improve the water quality of rivers and lakes, the Ministry of
Environment (MOE) in Korea developed the Total Pollution Load Management System (TPLMS) program. The main
objective is to lead the watershed for a low impact development. On a local scale, some urban land surfaces can be emitting
more pollution than others. Consequently, in urban areas, the unit loads are commonly employed to estimate total pollutant
loadings emitted from various land-uses including residential, commercial, industrial, transportation, open lands such as parks
and golf courses, and other developed land like parking areas as a result of development. In this research, unit pollutant loads
derived specifically from transportation land-uses (i.e. branched out from urban areas) will be provided. Monitoring was
conducted over 56 storm events at nine monitoring locations during three years. Results for the unit pollutant loads of
transportation land-use are determined to be 399.5 kg/km?-day for TSS, 12.3 kg/km?-day for TN and 2.46 kg/km?-day for TP.
The values are higher than those of urban areas in Korean MOE and US highways. These results can be used by MOE to
separate the pollutant unit load of transportation landuses from urban areas.
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Table 1. The legd basis and the program of nonpoint source control in Korea

Related policies

Programs and comprehensive measures Etc.

. - TPLMS for major 4 rivers
Water environment management &

master plan (2006~2015)

- NPS control in watershed areas
- Erosion and sediment control (ESC)

National master plan of water and environment
management

Total pollution load
management system (TPLMS)

- NPS control in watershed areas

Relating with NPS control

ecosystem conservation act)

- Best management practices (BMPs) permit
program (Section 53 of water quality and

- NPS permit program for listed construction projects
in environmental impact assessment (EIA) (17 relating
projects) and companies (16 relating companies)

- ESC permit program from listed construction
projects in EIA

Nonpoint source control (NPS)

- NPS priority region authorization program

Section 54 in water quality and ecosystem
conservation act

- Erosion control in highland agricultural areas

Section 59 in water quality and ecosystem
conservation act

- Other water quality control program

Section 60 in water quality and ecosystem
conservation act

- Herbicide control program in golf courses

Section 61 in water quality and ecosystem
conservation act

Rainfall retention, infiltration
and use plan

- Rainfall use facility

- Rainfall retention and infiltration facilities

Water circulation and use enlargement act

Table 2. Unit pollutant loads from landuses in Korea (334,

Table 3. Unit pollutant loads from homogeneous urban water-

1999) sheds in Milwaukee, USA (Bannerman et a., 1983)
Land uses (kg/km®day) BODs N TP Land uses (kg/km®day) TSS TP Pb
Wet paddy fields 2.3 6.56 0.61 Highways 268.22 0.28 1.36
Dry paddy fields 16 9.44 0.24 Industrial areas 26219 041 0.74
Forest 10 2.20 0.14 Commercials areas 26219 041 074
Urban 89 1369 210 Parking lots 12411 021 026
Prairies 31 >37 L72 High density residential areas 133.42 0.31 0.25
Golf courses 1.0 3.56 2.76
Others 1.0 0.06 0.03 Medium density residential areas  59.18 0.16 0.07
Low density residential areas 3.01 0.01 0.00
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Fig. 1. Monitoring locations.

Table 4. Characteristics of monitoring location

Monitoring site Location Area (m?) Pavement type
Site 1 Highway 251 (North bound 1) 1,120 Asphalt
Site 2 Highway 251 (North bound) 1,170 Asphalt
Site 3 Highway 251 (North bound 2) 936 Asphalt
Site 4 Parking lots in kongju national university 172 Asphalt
Site 5 Kongju daekyo (Bridge) 632 Asphalt
Site 6 Gihung service areas (Highway 1, North bound) 14,735 Brick
Site 7 Suwon toll-gate (Highway 1) 82 Asphalt
Site 8 Gaeryong toll-gate 1 (Highway 251) 662 Asphalt
Site 9 Gaeryong toll-gate 2 (Highway 251) 311 Asphalt
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LDischarged mass during an event
Discharged wvolume
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Table 5. Event table in paved areas

Bt

Unit Load(kg/km* —day) = 2

EMC X Total Yearly Rainfall
Area of Catch basin

3. Zu & nE

1. EHEHY A
Table 55 EYUHY ZHAE Ueld Aoz 7 EXol&
HZ 33o|A 1180 AAH F 5639 Al g B
Uedo] FFHAT. ZF¢ A ARLSF(Antecedent Dry
Day, ADD)E= 2~189¢ & Holw, HA ZeF2
15~775 mm, 2% AEA L 08-20 hrel M= eyt
ZE 03-113 mmhre B9E vE
= Hl@i‘gz«l AF7E @A
Jl EUHEE &3t
A59] FEI7F Hadithe AE BAFI Qlrh(o]

Site Event date ADD (day) Total rainfall (mm)  Runoff duration (hr)  Avg. rainfal intensity (mm/hr)  Runoff rate
2004-05-28 13 175 37 48 0.87
2004-06-17 18 50.5 8.7 5.8 0.85
2004-07-03 2 30.7 6.2 5.0 0.93
Site 1 2004-07-11 3 6.9 6.3 11 0.62
2004-08-16 8 19.5 17 11.3 0.57
2004-08-22 2 8.2 15 5.4 0.84
2004-09-11 3 20.6 6.4 32 0.79
2004-05-28 13 175 33 53 0.87
2004-06-17 18 50.5 8.3 6.1 0.85
2004-07-03 2 30.7 6.4 48 0.93
2004-07-11 3 6.9 72 1.0 0.62
2004-08-14 8 195 15 13.0 0.58
Site 2 2004-08-22 2 71 1.0 7.1 0.84
2004-09-11 3 20.6 6.1 34 0.85
2005-05-11 4 129 6.1 21 0.74
2005-06-01 13 285 7.3 39 0.81
2005-06-10 7 68.1 9.3 73 0.85
2005-06-26 7 17.8 20 8.9 0.78
2004-05-28 13 185 35 53 0.73
2004-06-17 18 50.3 7.6 6.6 0.90
2004-07-03 2 32.8 72 4.6 0.88
Site 3 2004-07-11 3 6.9 7.3 0.9 0.68
2004-08-16 2 10.7 44 24 0.60
2004-08-22 2 9.1 21 43 0.89
2004-09-11 3 214 6.0 3.6 0.90
2004-05-28 13 20.5 46 45 0.88
2004-06-17 18 453 9.7 4.7 0.90
2004-07-03 2 36.4 9.2 40 0.94
Site 4 2004-07-11 3 9.0 7.0 13 0.64
2004-08-16 2 29.4 7.3 40 0.81
2004-08-22 2 8.1 5.6 15 0.85
2004-09-11 3 36.2 6.5 5.6 0.88
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Table 5. Event table in paved areas (Continued)
Site Event date ADD (day) Total rainfall (mm)  Runoff duration (hr)  Avg. rainfal intensity (mm/hr)  Runoff rate
2004-05-28 13 20.5 4.8 43 0.87
2004-06-17 18 453 10.8 42 0.92
2004-07-03 2 36.4 9.2 3.9 0.71
Site 5 2004-07-11 3 6.9 8.7 0.8 0.68
2004-08-16 2 294 5.7 5.2 0.79
2004-08-22 2 71 6.2 11 0.83
2004-09-11 3 36.2 51 7.2 0.80
2006-05-22 15 36.5 7.0 5.2 0.90
2006-05-27 4 32.0 12.0 2.7 0.23
Site 6 2006-06-14 3 775 18.0 43 0.79
2006-09-17 8 15 5.0 0.3 0.76
2006-11-06 13 26.0 12.0 2.2 0.77
2006-05-05 14 62.0 20.0 31 0.95
Site 7 2006-05-22 15 36.5 7.0 5.2 0.99
2006-05-27 4 320 12.0 2.7 0.47
2006-06-14 3 775 18.0 43 0.84
2006-06-29 3 155 17 9.1 0.68
2006-07-25 3 9.0 6.5 14 0.75
Site 8 2006-08-16 10 3.0 0.8 3.8 0.66
2006-09-05 5 18.0 11.2 16 0.70
2006-11-09 2 45 0.5 9.0 0.70
2006-07-25 3 9.0 6.5 14 0.89
Site 9 2006-08-16 10 3.0 0.8 3.8 0.73
2006-09-05 5 18.0 11.2 1.6 0.85
3.2. EMC AHH Aol EMCE EZAYY By EMCS Hlus] & o,
7 BAolge RUHY ATE A () olgad 4¢  ILHEER, B FAY 5 TPAJeR IpHe B4
A HIHLLYER Y EMC 2Hgo] o]Fojxith Table 6 ol &Y E B3t HF EMCY B2 & AbolE YEr
o AnY 4L 98 ol EUHY Ade nsrz, W o] £81< HHedd #AS JdME 2ZAY
247, 2%, A2 2 g9axden BRee @z B ATAA EXo8e Relvt 2a¥ Aow wodn
EMCE Fgs Zolth. 1 23 gAY ed=dd 3
@ EMCE TSS9 4% 949 mg/LZ *17454910134 COoD 33, e AN
£ 848 mg/L, TN 295 mgL, TP 2 060 mglL= Hdedd 2 wHedERS AelA = A
ARG, EXl 8B 44E EMCE 2w, TSS9 EXol8d 29 MEHE o9 g Wgslo
AL 1&£%29 FAL D 994 APo] 47 97.6, 926 el &F &, 2007). 53] EXo A FF HA
2 960 myLE Aol EFAYe] B EMCS vl LGAAAAL HA B Fr 43 Q #Ao] 9lo
#He Uehidch a8y 23R FA39 Ae TS 4 W, T84 ¥Hedd #IE 4 &
7t
‘g_

Hol= Aoz Jegth %3 COD: mFo] 1371
mylLZ 71 & e Yt AL, TN TPY A% FAL
7} 460 mg/iL et 1.40 mg/LZ 7+ A YEsked, F3
o] 1.66 mg/Lot 0.15 mglLE 71 UA Jeigth 72 B

Table 6. Average EMCs for various land uses in paved areas
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Site TSS (mg/L) COD (mg/L) DOC (mg/L) N (mg/L) TP (mg/L)
Highways 97.6 77.2 13.1 313 0.41
Parking lots 25.0 432 6.3 1.66 0.15
Bridges 155.4 137.1 22.7 3.23 0.65
Service areas 92.6 118.0 18.9 4.60 1.40
Toll-gates 96.0 80.6 125 245 0.92
Mean 94.9 84.8 138 2.95 0.60
Standard Dev. 91.0 75.5 115 2.09 0.60
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Table 7. Representative unit loads for various land uses in paved areas

Site TSS (kglkm®day) COD (kg/lkm?-day) DOC (kg/km>day) N (kg/km*day) P (kg/km*day)
Highways 411.2 324.0 54.67 13.12 1.70
Parking lots 1154 1995 29.04 7.65 071
Bridges 716.7 632.2 104.6 14.90 2.98
Service areas 365.6 465.7 7451 18.18 5.54
Toll-gates 370.0 308.3 47.10 9.26 350
Mean 3995 356.3 57.86 12.29 246
Standard Dev. 389.7 3133 48.73 8.55 2.38
800 Unit Load in USA Highways : 268.2 kglkmz-day z ﬂ‘_r%ﬂ/ﬂ /ﬂ‘@‘ﬂ_ %LH_ HL}\(E ng T_ﬂ‘doﬂlﬂ ﬂ]}\]fi}
700 | I e d9(Table 2), Pl W LEERE AFY 24
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250 3995 kgkm-day= 4HgH%om, CODE 3563 kgkm™
g 00 day, TN 123 kgkmi-day, TPS] Z-<Soll= 2.46 kg/km’-day
S0 ] . a8 0 | 2 AU olEF B AN AAGL e
5 ool Ao 99l TN 1369 kgkm>dayst TP 2.10 kg/km’
2 | dayst ®lmstd, TNS 29 Ak gon, TP Zfede
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Mean  Highways Parking Lots Bridges Service AreasToll-Gates UL EACIES A7 TN diAe] daqnn O]Eq
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A Frol dX Y dPfiET 42 A2 ENHITL
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Mean Highways Parking Lots Bridges Service AreasToll-Gates sorg \_/]_
(b) TN
. 4.2 2
Current Unit Load in Korea : 2.1 kglkmz-day
= Unit Load in USA Highways : 0.28 kg/km>-day FAAY g EXolL = 2 uHE, FapF 59
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Fig. 2. Comparison of the determined unit pollutant loads
with the unit load in USA.
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