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parking lots runoff in the coastal area of Korea

YU Haixia', YU Jianghua® ", XU Liqiang’, KIM Youngchul*

1. Guangdong Key Laboratory for Urbanization and Geo - simulation, School of Geography and Planning, Sun Yat-sen University, Guangzhou 510275

2. School of Environmental Science and Engineering, Jiangsu Key Laboratory of Atmospheric Environment Montoring & Pollution Control, Nanjing
University of Information Science and Technology, Nanjing 210044

3. Pearl River Hydraulic Research Institute of PRWRC, Guangzhou 510611

4. Department of Environmental Engineering, Hanseo Univeristy, Seosan 356706

Received 27 June 2012; received in revised form 28 September 2012 accepted 16 October 2012

Abstract; Road-deposit sediment samples were collected from twelve parking lots in the urban coastal area of Korea during April-June of 2004. The
particle size distribution and concentrations of pollutants including total nitrogen, total phosphorus, chemical oxygen demand and volatile solids were
analyzed. The sediments collected from different parking lots were distinct from each other and typically included contents of branches, cigarette-ends,
animal wastes and water constituents. The particle size distribution and uniformity also differed from site to site. Particles in the range of 106 ~500 pwm
contributed to a large portion of the sediments with a mass fraction of 59.9% . Compared with larger particles, the smaller particles were determined as
highly polluted. Around 18.9% of total nitrogen, 17.8% of total phosphorus, 20.41% of chemical oxygen demand and 18.9% of volatile solids were
associated with particles less than 106pum, which accounted for only 3.9% of the total solids. Thus, more attention should be paid to these particles in

managing non-point source pollution in parking lots. In addition, different methods should be employed for the treatment of particles with different sizes.
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1 5| & (Introduction)

UTAERE , IR T A5 R V5 Y 120 9 15 3] 4 1 s o, SR
T3 T 2 35 o I A 15 D) I 381 AR Joi el 3 (B
85,2011 ) AR 4 3Rk T Ak 2R R A5 A A R S Y
BRI T PR AL Y R R N (5K BRI SR 2012).
3T b A I TR g S SR e U B b
B BB SR PR 2 2 SRR AN, H AT AR s R TS
O SR IR EE TS e i B2 &R (FHH4F,2005) . fF:
Wi 25 3K T AR R P bR 7 38 T IR b DX ) AN i
K DI (3 T0 A7 38 S A 23 45 ) 2 T RO BB 14 i
LR A - AR AR 2 AN R Fh 25 A 75 Ge ). FEREK
1 R H TS ) T I b SR AR A Z K AR, A
5 KRS G (5K 55, 2010) . 30T H R DT AL
SR MR AR I P VS Y W R R, HL LA A
P SE A T MR AR TS Y PR . IR TS AR R
HTRIAE A — b B AR A RS YR, 7 3
AT R A B 9E R B, R DR R e i
BRI R FEAE SR E R A% (Yu
et al. ,2010) . X L6 y5 YLy Jit 25 5| L ™ 5 (1) I 455 (7]
RO, FLXT R 1) 52 M) 2 AT 25 M | 1B s R S
SRR, Hog R B A7 3] 22 5 R s, 5 45
Tebpgeat FHE M T 8 R 2R R (5 Y,
)R B 4 o 1 100 45 A B R R AR A, A T R
JEE o6 T B TP YK A TR 22 i) g st ] ) B 5. TD A, R
TR OTR Y 1) IR 45 16 F AEAR KRR E L A2 DR
AL AL 43 A B9 52 W) ( Murakami et al. , 2005; Kim
et al. , 2008).

B Yol AR TR A8 37 485 e U AR 0 1R A% o A F 5T
WANC AR Z G, BN, Sartor 25 (1974 ) I & 1 3
TR Y HRLAR 73 A, 25 S R W], HARTE 246
pm DL BORLY K 2 i B BURL 1) 43 % (5 S
) ;Zanders 55 (2005) WF5E A, KifE/NT 100 pm
(/NSRS e ) J5 1) B v T R R
JT. [l Es A ST, V5 Y ) o3 v BRLR A A
BR/NTTRR Y T (A AR5 ,2008) . TR iE#
PEFRLAR 43 A1 B VIAR G, ko482 K/ 5 5 3 fk
SRR EE AT R 2R AR O (M AO A, 2009 ) . KL
BRI, 15 4 ) 8 G A 1 & FOE 830 R
7). AN [RPRLAR A TTORR 0 52 M 25 48 v Jir & A= 1 4 2
Tk 228 A o A2, 205 Y i B 7 AL i 48 R kT
(Furumai et al. , 2002 ; R£4FH55,2008) .

PRI, 70068 3l T A8 38 D0 AR W R AT 4 B B 42 o 114
R A EERTIURR Y RRAR I AT K75 e hE
TR, LAE S XHZ 26 75 Y ) i R AT A 2800 B 3t
Z7%. BRI HATE A BIFTFERER 73 R R T 3 — i it
FEXI VL EIRIR AT T A L. FET I, A3
Xtk [ PR 12 MR A A AT DR AT
WF5E, oA e st [ 94 i /52 b DX O i 45 22 A2 R DL
FRIRPRAR I AR ik, I8 RE A R RLAZ DR Ak
S AR R B R A L R
A A, 2E AT 5 G B R AR RN K
KA. DUy F U5 G 48 B A LB A9
FAR AR SO

2 #M#lEF ik (Materials and methods)

2011 4F 4—6 H % E V5 12 M E 510
ROV T T A SRR R0 A0 WL 1. SRAE A
IIE PR 20 . D FT e F45 2237 R i i Hh XA
AL Z MK B BRI 5 RS 2 Y, FL T 3
T BT R 5 75 5 K e s @ M ZE G TR AR OR R
JUT 36 SRAE 2500 7 5 1A AR AN [R) 0 45 B 452 4 8, S0P 4%
SRR s 5 45 37 18 ARAE 400 ~ 60000 m® 22 JA] ; (3 T i
1523 J) Bl 1 - b R R RS AT e A 3R 0 e kT
A MR RGO, 4 WK S R R A I
ERALHT /TSR AR AN B RS 2 ~4 A4 R
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Fig. 1 Distribution of sampling sites in this study
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MO 1. MRAE R ER R R 2 4.7 .9 fi
TR S, HACRAE R AL THE 3 8 . R
PR B A AN [R] ] RE 2% S OV R AR DURR MR i 11
UL R T 45 43 N TR AR 5, DUER Y — ok
AT 425, L T 15 27 7 JA 10 09 SR R e, L
DUBUIAE T BESR A 158 42 3 1 DXI SR s i B
FIOFATTE— E A2 BE b A LU SR AN U 16 3 DX I i

(SR T DU R AE . DR R R 2 TH5
YR HEK . X FUUBIRE KT 10 em BFE S,
BURIZ 10 em BESL, ZNT 10 em AR &S BUE AR
FEG BRI E 6 I TATRE S, IIITE fe K
JE B R DR it SR B R B R 2. I Al 2 B 5
kg TR T A1 L5 =

F1 BEEFEGBERLRREERL

Table 1 Information on the studied parking lots and sampling

T TR F me Bt L RMAGE LR LRI
1 2011-04-06 7609 Kk 5.3 b [ERIAEYZ it 24
2 2011-04-06 60168 tiksg 1.6 a KBS 27
3 2011-04-15 7606 k=g 3.7 b K% 18
4 2011-04-15 5620 Wit 1.8 a KBS 10
5 2011-04-29 3855 Wi 4.6 b KBS 5
6 2011-04-29 12000 Wit 7.1 b KBS 12
7 2011-05-04 5790 Wi 2.7 a KBS 24
8 2011-05-05 9239 7K 3.8 b JEAE X/ Ak 7
9 2011-05-06 1463 k=g 5.1 a Dl AR X 11
10 2011-05-18 1700 Wit 3.2 b Tl X 40
11 2011-06-03 9300 Wit 3.9 b JE A X/ 5
12 2011-06-05 400 Wit 12 b Dl JEAE X 5

T :a FORE R ATRHKGE | b 755 447 JH 104K E.

FITATRE SR AE B R S5 T K 2R A A
e SO B R I 5 W 5 . AR A 5 - T AR IR R
(Udden-Wentworth ) $7 B 43 2% #r E (5K 1F {8 45,
2011) , HFL# A 63 106,355 500,850 £ 2360 wm
F AN SR AR TN HL 0 S AN R SR 5 4 o s
FIRESLTE 105 C A& T4 24 b B Y s &=
M L. AT R MERORE) S5 (VS) 1Y 5 R FH AR S 7
550 °CHET AT B9 B 2250 5E. COD R ikl
FRRTREIE | BACR P B R B0 48 k- 28 Ao O
P e, S BE A B E R T AH R B Ot O TR
(APHA, 1995). Ui L ¥ ki & 4> i K >R H
Sigmaplot7. 0 2, Kok A1 20 A S G 143 B % H
Excel 5 SPASS 11.0.

3 R 51418 (Results and discussion)

3.1 HRPEFE

M F AR P Y B TR ORI R b R ORL ) N
T2t A K B W) 2 A /INBURL ) BT A 45
BEAE R AR R | A 24 B 4 0 s 4 1 31 5. HLA A [
- b FH T A 3 T b 3R G 5 A 4 AR U

AN GRS 3R, 2002 ) . AR SCHRAS [R]R AR 22 19 2 5540
A LA R ES, BIRRIE LT ILANF
T B 5, R B S VR S R SR ) R
], Qe RAE AT 1.3 R0 11 AR 2 22 7 i
% H RSB AR 8.1% 9.2% 1 11.5% , %
FERL 8 HIRE S SR 7o & ik, HL o
HEGRE) T 15.2% . Lk DURY h b AR ], H:
Hh R B 0 O SR A D BT D HL AR,
BISRAE A 2 35 BE B B Y R A P 2
Tevb H gt s B e LR () O SRR A 6 Rl 12, B
WOAFERAE S THAE B RSN AN, FRHE
IKFEARR], AIRAE L9 B AR S IR B T 25% ,
MH RS S KR IITE 10% LI, XEIEE 11
AT E S S BOL AR AR 3 M e 5 Y W T 5 | 5
A i 22 7.
3.2 KR ARAE

M HEBR A6 2 FK T3 24 WA D5 TR &, > 2000
o (14 UL 6 ST 2R G Hh W RS U 0 5 10 A5 AR
FIAR/IN( Adachi et al. , 2005) , LA K #8106 BUEE
TR AR 3R A BE ML B AE 43 Bt 7 v A S
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TEVE. IR, AR SCRFULER M) 1R KL A 3 Ais S35 e ) Jo
BT AR TRIARALE 2360 wm DLT A BURL

D5y=200 um
- U=2.14

Ds5;=310 pm
80% [ 1U=3.39

Y. iAo Hraf R aniE 2 froi.
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80% 1~ /=628
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Fig.2 Particle size distribution of the studied sediments

T, AN R RFE S DU R R AR KN i 22
S, H Dy (B 8 by SVBORA) BT i 509% B A
BRI R /N) 7E 200 ~ 810 wm G Bl 22 7], S 44 K
438 pum. AR SCHR PR AR R /N B X Al S ) 22 57
B R S S BE B e R RN T R Y. T
HA RS E R (V) A T2 5, H
HORER 5.6.7.8 12 S RBCRT 5, £IIZ
BBHE SRR A AANE — L HOE A 8, A R AL
RENT 20, FE 5 8 TEIES L EHERERERKK,
Horb gnisiRs & wE b, HAaRE i Y E RN T
5, IR A —.

WK, WIBURL B R AR o3 A 2K B, /N T 106 um
B JIURE 0 T o B A BRI, S R 3.9% . RE
W) 53 A FE 106 ~ 500 wm Z 18], %584 ok ¥ 7
SRR (<2360 pum) HHEIT 09 BT 3 RO 38 R
59.9% ,TMi7E 500 ~ 2360 wm =2 8] i Uk ) 76 A AR
HIT o AR R AT B35 8 36. 2% . FR L AT DL, BT
A FEJE <500 wm AY0R D1 A M AR IR 7 45 (1]
2SI, RS 3 ~7 BV /N T 106 um AY
TR BT o 1 5 B A B/ 3 HE 3..0% LATR . X Fl
225 FEUR R ARIE M T A5 4237 A TR b 3R T g X

YA R4 i R 5 R 1 (9K 7E 46,2010 ) . A SO SR
M3 ~T7 WA I RE EE KIS (R 1) R
RS F 1L ITTARY Th/NT 106 wm B BURL ) BT o
A Jo e S BB, 43R 9. 7% 1 6. 2% . X Al i &
TR A58 L S Al BOMRA AR A T 3 Y I R
AR BRIV RLAR o i FEAR KRR B L ERe T
PRI , K Uk 4 7 A% AR A T A% I I
(RN T e T 25 A7 (e T i 32 B T J o T
FRLLmE] ) K I 25 (T Y R B R SR ) (X S
5% ,2002) . 75— J7 T, A2 W DURR 40 1) S50k 20 A 3A 327
BN FAIRDL 22 25 B | Tl R0 K 5 4 M i B2 kT
TR FESE RIS (Jiries et al. ,2001).
ARARAE (2008 ) XFHLYTI8 AN [ D RE X (5838 2
o DX TR s e B DX R b X)) A28 G AR R AR
HEAT THIESE, 45 R R B, & DI R AR TE 54 ~ 500
pm FRURE ) 5 R 28, Horb /NT 250 m (8 50RE
Yy BT T 62% . Legret 25 (1999) M4 T /&
HEEAR T TR W RL A2 o3 A, 25 R o, KT 200
wm BRI SR BRI 1Y 79% . 35 EAMRR
X5 AR B A ORI AT TR AT, 45 SR &
B,/NT 104 wm B RURLY) o £ 40 B/, TTFE 105
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i 33 %

o L
¥ F

~ 840 pum Z [A] RO B o 1) Jo B R 20
40% (USEAP,1972). LI b SCHR T RO 2518 5 A SCRY
WS A A — 3, HRBORE N . /INEURL )
P BT BN AR/ INRIURL ) 5 3R K.
3.3 TR AR

WK 3 Frs, A RPRLAR SR s Gy B il &
ANE]. BURLRLAR BN, 15 G o . DL
AR, 7E <63 pm .63 ~ 106 pm.106 ~ 355 pm.,
355 ~500 pm 500 ~850 wm Al 850 ~2360 wm [ i
Kb, BA A BN 2,28 1.43.0.77.0. 65,
0.71 . F10.53 g-kg ™' MU IHEH X FZEH
Ry SORE AR AR 8/ G T S T AR B K T B ) o
PR Bt 55 L R T ARSI B (Yu et al. ,2012).

0 1 | | 1

T H 8 75 G ) 5T W BT A [ A2 1) SSORE )
AR RS OB S TS R TR R T AE R,
PRI AR T TCRR () REAR 23 A X 15 YL Wy 0 75 A B

SEMA (A AR 55,2008 ) . VR 22 0C T I T B AR I T
TR IR 58 #0452 1 V5 Y Wy Jo ok 5 bR AR 3 K
T /NI 2538 . Shaheen (1975 ) 38 i 43 B B T BT AR
BT e v % B, 7E <75 pm 75 ~ 250 pum 250 ~
420 pm 420 ~ 850 pm Fi1 850 ~ 3380 wm [ ki 4y
H,COD 43518 211 106 .51 .56 168 g-kg ' [RIAT,
AL TR S T 428 (Pb Al Zn) R B0 A RR AY A
AR, XS 58 (2002 ) 38 123 X5 AN 7] i 11 DTFR ) 1) 75
YURERFF AR T AR R 2518

051 b.
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BBk (kg )
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Fig.3  Relationship between pollutants contents and particle size

KT 2 W A A TR G R 4 A S G
AT <106 wm [ FURY) 5 1075 4 4 5
A RS Y T L, 25 R LR 2. i ER 2 WA, 45
15 Y I A 43 ER B R T URL AR B ) T A
O3E AEAIE G 12 AR s R /N T 106 wm
YRR T o %) J5T 6 53 BOF- 3218 3. 9% |, T 1Y)
TS Y ) ot V34 50 B o i o EVAL 18, 9%, S
17.8% ,COD 20.41% , 45 K EY) 5 18. 9% . i & 15
YRI5 1 I 43 SR R ) A B S5 A Y 4. 6 A%
Db F 2 s A i T 5 AR C—BUW 458, Roge
25(1998 ) i i E A5 AT AN RO BFIT 45 5, DR I T AR I
R T /N T 100 um B BUR ) AL S T

AT 90% M H 4 815 4« 5T, 40 Zn Pb Cu Cr,
Ni 1 Cd %. Vaze Fl Chiew (2002 ) 38 43 7 A [] KL
PRI I T DR B SRR Bl R B, AE /N T 300
wm B RURE ) O R TS 2 T 85% A9 R IR B
Yu 45 (2010) 4387 T AS R 22745 1 e o B O AR B 149 75
YURHIE G5 SRR FE T 43 80 31% 1) <250 pm
ORI MR R L COD FIH%E & M) o i o i
By 9k 49% 51% 59% F156% .
AT, R AR I A DR R R AR /N DT
TR BARA B BT o 1) BT 6 4 O &, (EZ R 43 DR
YR 175 Yy o 4 BOH AR R 458 v, A R S SR
YA B e A3 B B LA L. /INORE 49 I Ak T 5
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TSRRAS, DAL, 7R3 45 42 3 A0 it sl AR i 5  OOC
R ) B R v 326 I 43 URR A 45 LU 531

AL, ] DL X AN [RPRLAS 9 R B 2R FH AN TR Y
B , A IS B g A AR 1 H Y.

®2 <106 pm FHR Y HRH TR RRES B

Table 2 Pollutants contents in the particulates less than 106 pm

P <106 pm BUk ) <106 pm UKL W BRFAG 75 Y 0 5 i A
1 3.6% 10.0% 16. 1% 10.2% 10.7%
2 3.8% 18.6% 15.4% 25.3% 31.9%
3 2.7% 18.0% 17.2% 25.6% 13.7%
4 0.7% 1.3% 8.1% 0.03% 0.3%
5 2.7% 17.2% 4.0% 22.8% 17.6%
6 2.4% 24.5% 25.4% 30.1% 18.5%
7 2.4% 8. 1% 7.8% 6.9% 6.8%
8 9.7% 33.4% 55.1% 40.8% 36.8%
9 3.2% 21.4% 16.8% 18.3% 28.5%
10 5.1% 31.8% 21.8% 27.6% 26.3%
11 6.2% 29.2% 15.3% 22.7% 18.1%
12 3.9% 12.8% 10.8% 14.9% 17.4%
iy 3.9% 18.9% 17.8% 20.4% 18.9%

4 £5i2(Conclusions)

1) o [ 7 06 b DX 45 2 I 48 TR 48 4 I S 0 v 4L
ISR ICER TR A, 38 & R RE A 1 [ S 8 )
I A 20 R A 05 S 5 I 30

2) AN[RLERAE i TR OB AR R /N T 25 57
SR A 2 B 1 38— M RS AR R Bk i, 45 4
YR TR F 2 A F 106 ~ 500 pm 22 6] (1) i
LA, FL T 50 VBRI (<2360 wm) 1
59. 9% . WRHEAE T DU P R AR FFAE | AN [RDRE AR 17 it
L) R B REAN [ () 25 bR T 1%

3) TERIAE /N T 106 wm YUK ) b, P2
MO BRI (<2360 pm) 19 3.9% . 4R,
SR BEBE AT R R R AT ML A
B A B A B T 18.9% (17. 8% .20. 4% F
18. 9% , B/ INKLAZ SR P A T e B T GRS, IR 8
W E SRR IR A H X <106 um kL
Yl aE B L

EEEEREN, TIL A (1980—) B W+ % T EF K F
W ORI E R T 4 Wl 5 8 2 3 K. E-mail ; yujh @ nuist.

edu. cn.
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