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Runoff Characteristics of Heavy Metals from a Parking Lot by Rainfall

Jong-Kwon Im - Hyun-Seok Son - Sung-Keun Kim * Kyung-Duk Zoh'

Department of Environmental Health, School of Public Health, Seoul National University
(Received 5 July 2010, Revised 5 September 2010, Accepted 13 September 2010)

Abstract

Runoff from a parking lot can be highly contaminated nonpoint source due to the impermeability of rainwater. This study
presented runoff characteristics of heavy metals especially Zn and Pb from a parking lot during total 17 rain events.
Monitoring results showed the first flush phenomenon within 30 min was observed in all rain events, but the event mean
concentration (EMC) did not clearly show the characteristics of runoff. The ranges of Pb and Zn was 4~201 pg/L and 131~672
ng/L, respectively, and the runoff mass of Zn and Pb was highly to related with the flow rate, and runoff coefficient of rain.
The runoff mass of Zn was greater than that of Pb in all events. The runoff mass of Pb was highly correlated with the amount
of TSS, and TSS and DOC were was related with the mass of Zn. This result implies that Pb and Zn are mainly existed in the
particulate form. The results can be used to as meaningful data in the management of nonpoint source, and in the management
in the runoff catchment in the parking lot.
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Fig. 1. (a) The location and (b) circumference view of sampling site.
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Fig. 2. The change of rainfall amount and the mass of Pb and Zn by the sampling time at (a) event 9 and (b) event 13.

Table 1. The characteristics of the rain event during the
monitoring period in the parking lot

ADD
Event date  Area (antecedent T'otal Run(.)ff Runoff
(yy-m-dd)  (m%) dry day) r?ilrf;)ll du(r}algon coefficient
(day)

2006-09-17 5000 8 4 3 0.38
2006-10-22 5000 34 4 0.51
2006-11-05 5000 12 55 4 0.44
2006-12-08 5000 6 4.5 6 0.43
2007-03-04 5000 2 27.5 14 0.35
2007-04-30 5000 8 9.5 7 0.51
2007-05-16 5000 3 56 8 0.60
2007-06-21 5000 7 16 7 0.55
2007-07-19 5000 2 35 7 0.57
2007-09-14 5000 14 62 8 0.62
2008-03-13 5000 7 1.5 5 0.54
2008-03-22 5000 8 20 9 0.52
2008-05-18 5000 10 45.5 9 0.56
2008-06-02 5000 5 43 7 0.50
2008-06-08 5000 4 1.5 5 0.52
2008-06-17 5000 8 33 9 0.52
2008-10-22 5000 26 10.5 7 0.51
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Table 2. The patterns of event mean concentration (EMC)
of Pb and Zn in each event
Pb (ug/L) Zn (ugll)
Event - -

Max Min EMC Max Min EMC
1 10 9 4 415 143 181
2 88 170 2.6 819 133 304
3 74 190 6.1 109.7 136 132
4 98 160 5.8 118.7 112 618
5 22 2 1.2 488 260 333
6 97 53 4.7 147.5 639 432
7 188 58 6.6 156.6 194 483
8 255 65 9.1 2280 124 624
9 162 65 8.3 108.7 52 131
10 214 45 6.3 192.1 147 342
11 415 143 18.1 196.8 275 506
12 159 112 12.1 422 140 199
13 513 4 51 578.4 133 672
14 532 86 201 409 115 161
15 151 14 160 168.6 111 254
16 418 13 340 130.4 590 183
17 61 8 220 717 156 277
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Fig. 3. Concentration and loading change of Pb and Zn during the rainfall at event 9 (a, c¢) and 13 (b, d).

Journal of Korean Society on Water Quality, Vol. 26, No. 6, 2010



930 AEA - &84 - Y2 - =HY
9% FEatol7t A3 Aol gt FE JFE A F SH) o)XY, FxH(parking)l e FFA EA Ts
ga & $ Utk E=S Fig 39 AXS 4 ERDY §& S Pbet Zn9 &S T F e o7y 8ol A3}
Ege g3td ¢ 2719 sEmgL)% FiFS U 7] & FHer n&EFPS e AEEZ(highway)ol
BES HolAw AAZFH< 7(]"!“ AZHEt 5} (mass) 9 AMET B dd #Y FHA o F8A AAAk
Hale 499 fFEE8(flow rate)oll B FdFote AS &€ &S 9n| i)
& 9tk ol& HHLEAY #HEE M FEHETY
rrmu opd Rl = FeeEEEE 9 aed ok 35. A4 Pl Zne| RES oM
& YH| sk Table 4= Z+ AbgolA e Pbe} Znol EMCS 7% H3b
F APArNdg, FALE, FEAEVL, fEAF
34. D=9 FRIES| P, 02 7E &Y g A=Y s J&Zﬂ 249 ARE Yt
71E BEFZAM HHOEY AT dutgoeg 3 Table 3ol 93td 2ol ot Pbe}t Zn9 FEF3S
Zo] £E9 o|EFo] Z AHE F(highway)olr ATF7} TAEH AR We Z AB/ES Holu, EMCY
gt JPH I JE vhH F a3 (parking lot)ol = 24 BF 3 2% A8 ve U Aew HY
Qo] AZolal= ZTEHo] AU, A7} Ao F un th E3 §EAFY B 94 EMCET: #&5F333%
stk 2 AT Z2FHE nFY &= FAFAY 4 2HS FAEES BEATh &, EMCS &4 Az o
T-$} v wg AFAE Table 391 YERAUTE Table 390 948} ABNETE FEFatEd dd dadol A Jebd A
W Quidozm &Lz 57O JAEFPFL B gL < ¢ F Utk ZHAHLE EMCE Z4 AMY BUHEE A
G FAF 2T ERAT, Pb, Znd) FEE YLE 58 WEshe ddsEE YEhiA, 27139 sdt &
PZol| vl 038 NEEZHTF FAFNA =4 = A | ARl A dFERY AAHA FFE Y=
AH ) ole AdLEIFHTE 2F9 o]BEH] F3}b APt AL gulgth o AR MFLIAEY IF
FAA e Pbst Znd FFE QEBEE HolA H 99 F AHEE T Aojrde HANA EFA9 EMC Rue
2 sotdr Falgo] 71Fo] HojoF & AL ofw]girh
gutg o7 FRFAAE AEE2 WL o] AP Table 5& TSS, COD, BOD, DOC, TN, 183 TP&9
w 2ol Hao]agt 7ol&e] AMENIET} FolX A, F3b FEForgY AYArIds, 349F, FAEVRE #E
she HFolA AN EHEH} glolojg mpzo] F7tste] wiEg
o Wt AE}REEH SPER EF 2L 30| 7} Table 4. Correlation analysis of Pb and Zn with ADD
23 2 2 9ty AAz JTe|A LAE= phi Hio| E)e;nt(z(;eizl;t) gr};oi?f?c’i;ttal rainfall, rainfall duration,
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2 77 239900149 5, 2007). 994 Ade 1% me)
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Table 3. The comparison of EMCs concentration of Pb and Zn with other studies conducted in highway and parking lots

(Kayhanian et al., 2007; Rebecca et al., 2002)
Type Highway Highway Highway Highway Highway Parking lot Parking lot
Site California statewide® Texas” North Carolina® FHWA® NURP* Connecticut’ This study®
(low-urban) 2000-03 (1998) (1998) (1990) (1983) (1999) (Gyunggi-province, Korea)
Pb (ug/L) 12.7 53 15 234 182 104 70
Zn (ng/L) 111.2 222 NA 217 202 226 340

: 34 low-urban highway spots, 2,000~328,000 vehicles traffic daily
: 3 highway spots, 9,000~58,000 vehicles traffic daily
. 3 highway spots, 6,000~25,000 vehicles traffic daily

one parking lot, daily traffic: appoximately 650 vehicles

g o o0 o ®

TEEAN sESaAsS|X| 26 AM6S, 2010

: Federal Highway Administration, 34 low-urban highway spots,, 4,000~200,000 vehicles traffic daily
: US EPA Nationwide Urban Runoff Program, 28 highway spotss, appoximately 5,000~120,000 vehicles traffic daily

: one parking lot in community hospital in Gyunggi-province, Korea, daily traffic: appoximately 250 vehicles



FAE xIe] BROl oI5t Poot Zno] RE S 931

Table 5. Correlation analysis of Pb and Zn with ADD, total

rainfall, rainfall duration, or (d) runoff coefficient

Mass ADD T.otal Rainfall Runoff R ainféll

(mg) (day) rainfall ~ duration coefficient intensity

(m) (hr) (mm/hr)
TSS -0.37 0.21 0.19 0.21 0.36
BOD 0.05 0.23 0.34 0.26 0.05
COD -0.09 0.20 0.31 0.32 0.01
DOC 0.02 0.11 0.22 0.25 -0.13
TN -0.12 0.30 0.37 0.26 0.24
TP -0.41 0.80 0.86 -0.19 0.66
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Fig. 4. Correlation of measured papameters among the pollutants.

Table 6. The relationship with Pearson coefficient (R) among measured parameters

oil &

TSS BOD COD DOC TN TP Turbidity Pb Zn
Grease
TSS 1
BOD 0.59 1
COD 0.19 0.31 1
DOC 0.36 0.31 0.88 1
N 0.24 0.43 0.46 0.73 1
TP 0.71 0.66 0.24 0.44 0.59 1
Turbidity 0.41 0.54 0.33 0.58 0.72 0.52 1
Oil & Grease 0.47 0.31 0.29 0.64 0.63 0.47 0.74 1
Pb 0.57 0.20 0.12 0.17 -0.09 0.25 0.05 0.16 1
Zn 0.40 0.52 0.41 0.46 0.27 0.38 0.40 0.48 0.11 1
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