e ——
SAEEIt M213 H25(2012) pp.315~325

PR

29 AT FLgE 4 uH G2
SEEM U A APY
ANE - AlMo| - HEE - Ais

Washoff Characteristics of Non-point Source pollutants and Estimation of
Unit Loads in Suburban Industrial Complex Areas Runoff
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Abstract

The characteristics of stormwater runoff and estimation of unit loads were examined in
suburban industrial complex areas. During rainfall event, the peak concentrations occurred
within the first 100 minutes after rainfall and then the highest concentration of NPS pollutants
sharply decreased, showing strong first flush effect in suburban industrial complex. The
cumulative load curves for NPS pollutants showed above the straight line, indicating that first
flush effect occurred in suburban industrial complex. While the mean TSS, BOD, COD, TN and
TP EMCs values were shown the highest values as 120.6 mg/L, 20.8 mg/L, 44.0 mg/L, 5.58
mg/L and 1.46 mg/L respectively. Unit loads estimated from the EMCs were TSS
43.86kg/km’/day, COD 52.45kg/km”/day, BOD 24.79kg /km”/day, T-N 6.65kg /km’/day, T-P
1.75kg/km’/day, and Pb 0.10kg/km’/day. Results of unit loads were compared with the unit
pollutant loads from land-use in Korea and USA. The unit load of TSS was lower than that of
USA. Estimated BOD and T-N and T-P unit loads were lower than that of Korea.

Keywords : EMC, Unit Loads, First flush effect, Suburban Industrial Complex, Non-point
source, Runoff
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Table 1. Unit pollutant loads from landuses in korea(MOE, 1999)

Land uses (kg/km*/day) | BODs T-N T-P
Wet paddy fields 23 6.56 0.01
Dry paddy fields 1.6 9.44 0.24

Forest 1.0 2.20 0.14
Urban 85.9 13.69 2.10
Prairies 35.1 53.7 1.72
Golf course 1.0 3.56 2.76
Others 1.0 0.06 0.03

Table 2. Unit pollutant loads from homogeneous urban
watersheds in milwaukee, USA (Bannerman et al.,, 1983)

Land uses (kg/kmz/ day) TSS T-P Pb

Highways 26822 028 | 1.36
Industrial areas 26219 | 041 | 0.74
Commercials areas 262.19 | 0.41 0.74
Parking lots 142.11 | 0.21 0.26

High density residential areas | 133.42 | 0.31 | 0.25

Medium density residential areas| 59.18 | 0.16 | 0.07

Low density residential areas | 3.01 | 0.01 | 0.00

Parks 0.82 0.01 0.00
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Figure 1. Monitoring locations of study sites.
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Table 3. Characteristics of Monitoring locations (Unit : m?)

Monitoring site Total areas

Industrial areas

Parks areas

Urban areas
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SMC(mgll) = Averag EMC of Site 3)

~

(km’) .2 Lpirof APgslirt,
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Figure 2. Statistical analysis for pollutants concentrations.
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Table 4. Event table for the suburban industrial complex areas site

Event No. Event Date ADD Total Rainfall Duration Avg. Rainfall Runoft Coeft.

(days) (mm) (hr) Intensity(mm/hr) (max)
E-1 2010-03-31 8 6.5 4.0 6.0 0.16
E-2 2010-04-26 3 8.0 3.7 6.9 0.19
E-3 2010-05-17 10 6.0 33 7.2 0.15
E-4 2010-06-18 5 55 32 73 0.12
E-5 2010-07-02 4 175 33 17.5 0.75
E-6 2010-07-16 3 5.0 34 6.0 0.15
E-7 2010-08-25 6 15.5 2.7 16.9 0.49
E-8 2010-10-02 9 5.5 4.1 83 0.07
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Table 5. Statistical summaries of EMC

Parameters Basic statistics Confidence interval
(mg/L) min max median Mean St. Dev 95% Upper | 95% Lower
TSS 67.0 166.4 114.1 120.6 34.3 144.4 20.5
COD 30.9 52.0 40.1 44.0 77 49.3 9.8
BOD 123 26.7 23.0 20.8 5.4 245 3.8
T-N 3.68 0.9 5.85 5.58 1.05 6.30 1.21
NO3-N 1.12 2.57 1.76 1.83 0.43 213 0.35
NH3-N 0.64 1.87 1.29 1.27 0.34 1.51 0.23
T-P 0.83 2.06 1.43 1.46 0.39 173 0.26
PO4-P 0.25 0.87 0.69 0.64 0.21 0.79 0.09
Cd 0.01 0.02 0.02 0.02 0.00 0.02 0.00
Pb 0.06 0.12 0.08 0.08 0.02 0.10 0.01
Zn 0.08 0.12 0.09 0.10 0.02 0.11 0.02

E}EW %%—‘%OPf‘*Ol sk e ojulsiy,

4. EMC % SMC SH=N

O[HIE 77t F3tell ZAMY AGoA fEHE
FREre] 2549 metstr] st 4 (23
(3)5 2-83to] EMC2F SMCE AHg3 & SA &4
< AAsHer 1 AIE Table 59 Al
EMC AHgZ3} TSS 67.0~166.4 mg/L, BOD
12.3~26.7 mg/L, COD 30.9~52.0 mg/L, T-N
3.68~6.99 mg/L, T—P 0.83~2.06 mg/L2| ¥
2 Yeigon, $549 4% Cd 0.01~0.02
mg/L, Pb 0.06~0.12 mg/L, Zn 0.08~0.12
mg/LE UEtth SMC AP A= TSS 120.6
mg/L, BOD 20.8 mg/L, COD 44.0 mg/L, T-N
5.58 mg/L, T—P 1.46 mg/LZ Uelg1, $3<%
o] 4% Cd 0.02 mg/L, Pb 0.08 mg/L, Zn 0.10
mg/L& WeFgT

AtdetAloll digt dPA-te] EMC AP 2=
A EE TSS 87~327 mg/L, COD 28.3~137.
8mg/l, T-N 54~266 mg/l, T-P 035~369 mg/L&

5, 2009). AIE A2 vls)E
B oot oAt 1 W A E EMCAY7E A4
ek olst Ak 2y

3 24 %
2ol TAE Bl qlxe] Gz do] 4

FEEE L u EMCol| gt 95% Al
2k A 4 TSS 20.5~144.4 mg/L,
BOD 3.8~24.5 mg/L, COD 9.8~49.3 mg/L,
T-N 1.21~6.30 mg/L, T—P 0.26~1.73 mg/L°]
HoZ Yo Cd, Pb, Zn%s 559 4$
2+7F 0.00~0.02 mg/L, 0.01~0.10 mg/L,
0.02~0.11 mg/L= Yehygth,

T9m A9EY el O AR 45
A5l A= GBS AF) A B

2 FEEH LHdEE] s E4skle
™ EZ% Pearson correlation matrixE Table
6o ettt tizA obd= A (R,
correlation coefficients)S LEFH Zo]a, djz-
A fle Y5

Z(P value, confidence values)S
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Table 6. Pearson Coefficients from the correlation analysis between EMCs and rainfall runoff variables

TSS COD BOD T-N T-P TR ADD RI R.C
TSS 1.0 0.025 0.003 0.004 0.002 0.008 0.001 0.000 0.122
COD 773" 1.0 0.001 0.005 0.026 0.074 0.037 0.022 0.053
BOD .891** 914%* 1.0 0.000 0.011 0.037 0.013 0.006 0.147
T-N 874* 867 946 1.0 0.015 0.010 0.009 0.005 0.135
T-P .898** 768* .829* .807* 1.0 0.021 0.007 0.001 0.014
TR 846% 661 .738* 835 .786* 1.0 0.001 0.003 0.144
ADD 937+ 737* 819* 842+ 853" 922 1.000 0.000 0.071
RI 947 .783* 858" 871 915* 887+ .986** 1.000 0.033
R.C 592 701 562 576 815* .565 666 748* 1.000
*, Correlation is significant at the 0.05 level (2-tailed).
. Correlation is significant at the 0.01 level (2-tailed).
Note : T.R(Total Rainfall), ADD(Antecedent Dry Day), R.I(Rainfall Intensity), R.C(Runoff coefficient)
Table 7. Comparison of unit pollutant loads with advanced research
Reference sources Site 1 coD ey I LD
(kg/km?/day) | (kg/km’/day) | (kg/km*/day) | (kg/km’/day) | (kg/km*/day)
This study Industrial 143.86 52.45 6.65 1.75 0.10
MOE (1999) Urban - - 13.69 2.10 -
Bannerman et.(1983) Industrial 262.19 - - 0.41 0.74
LEE et al.(2008) Highway 399.50 356.30 12.29 2.46 -

Go et al(2009) Road 580.13 331.17 14.68 1.43 -
NFWMD (1994) Industrial 213.73 3.05 1.46 -
Novotny et al(1997) Industrial 262.25 - - 0.41 0.74
UER Aolth A9EAQIe oAB AT AR o AR 49F ARE BEstel 4 0@
g aole A7 F J9Fe] A9 TSS, COD,  wARSRAIE A Anel 3 % Fld
T-N, T-P 0.738~0.8462] H{Z &2 ATLA AAE YT 2 At Aol et vl
g nqom HWAsIS HSAEY A9 BE & 4 A2 Table 7o) ek itk AbAE s}
YBAH £ HUBAZ L 202 BHE AU9lo) Ak TSSS) 49 143.86ke/km/day
AUth B3 A=A AUBAE AT EH 2 AR Eon CODE 52.45kg/km®/day,
TSSO 4§ BE 2AEAT w2 A4S 714 BOD 24.79kg/km’/day, T-N 6.65kg/km”/day,
= o8 BAEQth & FeEA| Wb AX T-P 1.75kg/km’/day, Pb 0.10kg/km’/day & At

o] B gelaze] makk o@BAl s Aot
Lol 7H & FFE vAle Aew ke E3t AP ALY A AAHAE o= g A4
P vlaue Zto] 0.00~0.039] WIS Holn BAE 3} vz 24 U 2YA AL gaon AR 2
ARG ROl S8 BT AR U ot uwsiglon] Fu) wyEsl ox A9
257 £ e ® HuHE st 2 dFolA 4
F71E2 Gkl et A RelgS 2 oA
5. HIHFH UYLt LHd AN E T Qe Bkl njmste] wo AnE 1
MY EY WARIURYE A flstel ol AR UE Hen, Uy B Ark
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Table 8. Comparison of unit pollutant loads depending on the Urban Land use

Reference sources TSS(kg/ha/yr) | BOD(kg/ha/yr) | COD(kg/ha/yr) | T-N(kg/ha/yr) T-P(kg/ha/yr)
This study 291.8~724.6 53.7~116.3 134.7~226.2 16.0~30.4 3.6~9.0
Lee(2008) 44.0~359.2 32.5~67.5 92.9~332.1 7.53~22.58 1.32~3.20

Choi et al(2002) 274~1605 61.9~153.2 161.6~858.7 33.1~119.8 1.1~4.8

Unit : Tkm® =100ha, 1yr = 365day
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