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Water Quality and Particle Size Distributions of Road Runoff in Storm Event
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ABSTRACT : The first flush phenomenon is defined as the initial period of road runoff during which the concentration of pollutants was
significantly high. Road runoff contains significant loads of micro-particles, heavy metals and organic constituents. There were two major

. objectives of this study. The first objective was to characterize the road runoff. The second objective was to measure and evaluate
particle size distribution of the road runoff. Stormwater runoff was monitored on two sites of four lane road areas along with traffic
volume. A total six storm events.were monitored to characterize the road runoff. The quantity of road runoff and quality constituents,
including chemical oxygen demand (CODc), suspended solids (SS), total Kjeldahl nitrogen (TKN), ortho-phosphorus (POs-P), total
phosphorus (TP), heavy metals and particle size distribution were analyzed. The results indicate that the concentration of SS, CODc, TKN
and TP ranges were 45~2,396 mg/L, 40~931 mg/L, 0.1~19.6 mg/lL, and 0.2~25.1 mg/L, respectively. The results of the regression
analysis between SS and the others constituents shows that CODg, TP, Cu, Pb were highly correlated. And the results showed that the
mean range of particle size and uniformity coefficient for road runoff were 6.7—23.4 um and 6.4~ 10.2, respectively.
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Fig. 2. Road runoff sampling site of YPRD.
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Table 1. Rainfall and runoff statistics of the rainfall events
surveyed

D No.
Rainfall Duration Peak ays 0. of

Site Date (mm) (hs) rur;off since last samples
(m’/hr)  storm taken
777104 415 5.5 0.75 2 16
8/9/04 15.0 45 2.03 11 23
9/7/04 15.5 6.0 0.88 4 13
11/10/04 252 12.0 0.24 19 14
8/14/04 10.0 0.5 2.64 3 18
8/16/04  40.0 4.5 0.57 2 19
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Fig. 3. Hydrograph and pollutograph of the road runoff at site RDC.

Table 2. Summary of road runoff and water quality at sampling site RDC

Constituents

Range and mean concentration for a given sampling date

717104 8/9/04 9/7104 11/10/04
Mean Min. Max Mean Min. Max. Mean Min. Max. Mean Min. Max.
Runoff (m*/hr) 0.39 0.08 0.75 0.99 0.11 2.03 0.61 0.28 0.78 0.16 0.08 0.24
S8 (mg/L) 172 117 267 366 60 2,396 170 104 228 415 176 604
VSS (mg/L) 51 21 96 103 32 437 -a - - 117 95 163
CODuma (mg/L) 96 28 117 144 107 283 - - - 152 129 178
COD¢: (mg/L) 521 320 720 451 119 931 172 99 267 455 327 634
TKN (mg/L) 16.0 8.4 19.6 54 42 6.8 2.6 0.3 16.8 24 0.1 5.6
POs-P (mg/L) - - - 0.47 0.20 1.04 0.12 0.07 0.19 0.14 0.06 0.27
TP (mg/L) 6.5 1.6 25.1 13 0.2 34 0.6 0.4 0.8 1.1 0.7 1.7
Fe (mg/L) 8.15 2.70 12.88 0.33 0.12 0.62 - - - - - -
Cr (mg/L) 0.06 0.01 042 0.50 0.26 0.65 - - - - - -
Pb (mg/L) 0.16 0.06 0.31 0.75 0.57 0.97 - - - - - -
Cu (mg/L) 0.02 0.01 0.04 0.09 0.08 0.12 - - - - - -
"No data.
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Fig. 4. Hydrograph and pollutograph of the road runoff at

site YPRD.

Table 3. Summary of road runoff and water quality at moni-
toring site YPRD

Range and mean concentration for a given
sampling date

8/14/04 8/16/04

Mean Min. Max. Mean Min. Max.

Runoff (ma/hr) 0.45 0.02 2.64 0.41 0.05 0.57
BOD (mg/L) - - - 37 16 72
S8 (mg/L) 141 49 366 150 45 307

VSS (mg/l) 61 28 142 40 17 82
CODc; (mg/L) 209 79 416 195 40 436
TKN (mg/L) . - - 10 08 14
TN (mg/L) 37 14 80 68 34 102

PO4-P (mg/L) 0.1 0.0 0.1 0.1 0.0 0.3
TP (mg/L) 07 03 19 06 04 1.0

Fe (mg/L) - - - 9.6 3.0 20.8

Constituent

RDC9 YPRD ZAIAANA T2 4SS AT HIYE=
SS 45~2,396mg/L, CODc; 40 ~931 mg/L, TKN 0.1~19.6
mg/L, TP 02~25.1 mg/LEZ ZA$%71¢ T/ ¢ 2

Table 4. Comparison of annual pollutant unit loading rates
for road runoff

This
study
62-968 15-5,960 45-2,396
85-1650 26-1,645 40-931
19250 0.1-19.6
0.2-13.0 02251

. 3 17
Constituent ~ Wu'®  Barrett” Berbee” Sansalone™ Choi™  Park'”

SS (mgl) 302,678 19-129 153354 131
CODg (mglL) 22-603 37-130 143-149 230
TKN (mglL) 10-194 - 23
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Table 5. Summary of regression coefficient between SS and
the other constituents
Item VSS COD¢, TKN TP Fe Cr Cu Pb
a 0197 1.02 0.006 0.0026 0.0123 0.0004 0.0002 0.0018
b 3757 6049 074 032 1.69 -0.0233 -0.0147 -0.151
050 075 029 070 065 051 092 071
N 99 99 86 86 26 13 13 13

Regression model: y = axt+b

Dhpo = 54779 (r=0.76,n=43) Q)

Dy, = 27.26"19 (r=068,n =19) @)
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Table 6. Summary of particle size distribution and particle
counting indices

RDC-8/9/04 RDC-9/7/04  RDC-11/10/04 YPRD-8/16/04
Min, Max. Mean Min. Max. Mean Min, Max. Mean Min. Max. Mean

Items

Runoff

(m*/hr)
Dyigion (um) 7.1 460 234 50 95 68 38 142 67 65 233 116
Dioga (um) 4.9 1382 554 40 75 68 4.0 212 60 75 172 134
Dy (um) 7.2 337 198 52 103 69 36 140 68 65 224 114
Dy (um) 15 50 31 12 18 14 1.1 17 13 L7 36 24
De (um) 9.8 639 334 6.7 139 93 47 232 96 84 363 160
Dy (um) 32.6 15841052 23.4 750 362 11.6 1242 395 25.6 1354 55.7
Cu (Dg/Dy) 64 155 102 53 79 64 44 144 71 50 101 65

0.11 2.03 099 0.28 0.78 0.61 008 0.24 0.16 0.08 0.24 0.16
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Fig. 6. Variation of road runoff and particle size throughout storm events.
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