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ABSTRACT

The stormwater runoff from rest areas in highways are known as more polluted compared to highways because of more vehicle activities. This
study is performed to find pollutant characteristics in the rest areas in the magnitude of statistical pollutant concentrations during storms. Washoff
characteristics of pollutants from rest areas by monitoring of rainfall, runoff rate and runoff samples were evaluated. High concentrations of
pollutants in runoff were observed at the beginning of runoff and rapid decrease thereafter, indicating that first-flush effects are clearly occurred.
Event Mean Concentrations(EMCs) of TSS, COD, TN, and TP are estimated to be in the range of 31.04-127.11mg/L, 35.5-369.5mg/L, 2.62-9.86
mg/L, and 0.53-1.96mg/L, respectively. Heavy metals in runoff showed relatively high values, possibly due to the abrasion of brake pad or tire while
cars are slowly moving for parking. EMCs of total Pb, total Cu, and total Ni are in the range of 1206-16293ug/L, 237-7906ug/L, and 53-6372ug/L,
respectively. Pollutant loading per rest area calculated by using EMC, flowrate and target area is also described for each pollutant.
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3 1. Pollutants analyzed in this study
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o] 5 ot 4. 1mg/LE |, 30% Fot
59t 3.4mg/L, 60% Bkl = 3mg/LE BolA ).

A EAIZ et FAlA AR R A £
29EA AAF(mg/L/min)= 28 4] YeERAAT. -5
2 Qg frE2 A& AIRE BiEClA 1 gho] 7P E AL
= UEREaL, ApAIESAIR o] doj el whet 1 gho] dAIS)
ol Ao g Uehtow, o3 2714 Gl 1 A
7k qtol] A|uj A o2 A8}l 22 2l m| gt}
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Removal amount (mg/L/min)
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1%l 4. Discharge rate of pollutants as a function of
rainfall duration

4. LU= FEVIZEISE MA
FAZ AR A Al rEEE v ed=E ] Fot
e BUHY S st d5d 7F L9=2Y] =9
AF FEEFE ol &3t AT 5 Qv o] W o] &HE &
dEAY TEe FFEE TR, 5 EMCRE 2291 4]
(1)3} 2ol BYE® 2A3E o]&at Agdrt. EMCE &
A AFAEATE TAZE B9t 28 AA 74 edE=49
Fe AA FA FEFOR o] ANE & 9l g
e frEse edEdY Tt s falxde fdlks
HEEeel EMCO g 2ol Aot} whebA £
ATolME (D)2 ol&at] 24 A4 Al da
EMCE A& F, 2 EMCel tig 5A18H4 tli4d <

27 glste] BAEA S P33l
EMC = Discharged mass during an event

Discharged volume

[ ct) Ay, "

[} Oty

FAZA-A g FAPEE A 2 fr1EEY
EMCel 3t EAEANA3E & 50 Yehldth. TSS
EMC ¥9%E 31.04-127.11mg/L, COD¥ 35.5-369.5
mg/L, TN& 2.62-9.86mg/L, TP+ 0.53-1.96mg/L]
W2 AR E AT FALA Lt FAPEE FEE]
EMC #e] AN A7E & 69 JeRh vlud =&
TER #EHE 559 EMCE 249 Total Pbel A%
1206 -16293ug/L, Total Cu& 237-7906ue/L 181
Total Ni<= 53 -6372ug/L.e] = A = At

E 5. At A 7712E EMCs SAIEY

Parammeters mﬂ; ’\r/rlixrlr; Range | Median | Mean Stag:jrd
422 (mm) 1.5 | 7756 | 76 32 34.7 | 27.479
Huded=
(mm/hn) 5 18 18 12 10.8 5.07
ADD (days) 3 15 12 8 8.6 5.32
TSS 31.04 |127.11] 96.07 | 103.12 | 92.61 | 37.773
COD 35.491369.49| 334 | 58.02 |117.966 | 141.485
DOC 5.04 | 4579 |40.75| 17.15 | 18.872 | 16.33
TN 262 | 986 | 7.24 | 3.46 4.604 | 2.973
TKN 1.48 | 6.34 | 486 | 2.26 2.804 | 2.011
AMMONIA | 0.21 | 258 | 2.37 | 0.32 0.886 | 1.008
NO2 0.15 | 0.75 | 0.6 0.61 0.488 | 0.262
NO3 024 | 286 | 262 | 1.31 1.8312 | 0.979
TP 083 | 224 | 1.71 1.59 1.404 | 0.759
PO4P 0 0.23 | 0.23 0 0.046 | 0.108
H 6. 58% EMCs 8424
m&; ,\n/wlii: Range | Median | Mean Stalg:\?rd
SOL CD 0 39 39 3 9.8 16.392
SOL CR 0 203 203 13 49 86.467
SOL CU 25 396 371 36 105.6 | 162.516
SOL FE 39 480 441 74 185 184.984
SOL_NI 7 214 207 12 50.8 91.256
SOL PB 38 565 527 47 1561.2 | 2831.511
SOL ZN 17 259 242 30 74.6 103.886
TOT CD 0 1108 | 1108 120 306.6 | 465.046
TOT CR 0 4560 | 4550 284 1087.8 | 1940.196
TOT CU | 237 | 7906 | 7669 668 2043.6 | 3296.304
TOT FE | 1042 | 9998 | 8956 1692 3349 | 3772.266
TOT NI 53 6372 | 6319 491 1614.4 | 2685.981
TOT PB | 1206 | 16293 | 15087 | 2399 | 4888.4 | 6426.338
TOT Zn 0 1934 | 1934 146 498 811.707

™, 4 (2)9F Zo] Attt o3 @ Fatd A2 4 (1)l
A APgE EMCE AA #2% 53 § fFuses v

Pollutant Loading per Watershed Area(mg/m?)

_ EMC(mg/L)x Q(m’) (2)
B Area(m?)
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17‘4-4 Aol g
< F 7o YEiaL o
o BAENE Y TSSe H Fofde 1411.6mg/m2i I
Elyton CODE 709.7mg/m?, TN 44.0mg/m?, TP+
10.4mg/m’2 AT, FEE52 Hi FoE2 Total
Cu”} 12927 4ug/m*, Total Fe 32074.4ug/m’, Total Pb
40371ug/m?, Total Ni 10679.2m*e] W92 Yehdt}

sz M@ FA2 94T §E2UE 235 Feluol
e AoR BNUQn, oled Aozt Age] A

A B o] sjeu goloje] iy FoR sl FF&
=7h EA vehd 102 sidE

OH R

Parameters Min. Max Mean 95;/;‘3 St.Dev
TSS(mg/m’) 3.47 | 3533.39|1411.586|3468.822| 1656.838
COD(mg/m’) 8.79 |1927.71|709.714 |1740.765| 830.378
TN(mg/m’) 0.39 106.2 | 43.974 | 106.237 | 50.145
TP(mg/m?’) 018 | 23.14 | 10.38 | 23.018 | 10.179
Total Cd(ug/m?) 0 10138 | 2943 |8376.265| 4375.794
Total Cr(ug/m?) 0 12494 | 5009.4 [11947.14| 5587.455
Total Cu(ug/m?) 32 37201 | 12927.4 133376.54| 16469.14
Total Fe(ug/m’) 117 | 93434 | 32074.4 |83281.82| 41240.97
Total Ni(ug/m?) 16 33600 | 10679.2 [28773.11| 14572.31
Total Po(ug/m?) | 135 | 105910 | 40371 {102190.9| 49787.95
Total Zn(ug/m?) 0 11201 | 3453.6 |9345.222| 4744.941

OjE
S, ‘b’ i‘
to Jm i

=2
fincs
D)
ox
o
i ox

% 3 eAEdd EMCoﬂ o
3 95% AWM EE TSS 128.2-273.4mg/L, COD

.Img/L, TN 6.1-11mg/L, TP 1.9-2.9mg/L
E2AAM FEH e A rEse v
Ry, FE5H9 4
EE]L RHo= 1/}

FARA L dg WAY DAY= = Rl BAEA A,
TSSe Bt Fale-2 1411.6mg/m’ = 2Hg=12m, COD
709.7mg/m?, TN 44.0mg/m’ TP 10.4mg/m’% A =}
. 559 A$ Total Cu 12927 .4ug/m®, Total Fe
32074.4ug/m*, Total Pb 40371ug/m?, Total Ni 10679.2
FA A VMW AAY FE5 =

. ——T,
234 pBe nhmee A 2e Aol g0
wHo FAE FE%0] BAEFY 1EER FE57] A
of Fa4el B By 9 welvh SHL%E}
1 28
HER, GNY MY B = FANTC BEE
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