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Abstract — In this study, the characteristics and the degrees of heavy metals in the size-fractionated road dust as a
source of metal pollution in Shihwa Lake were evaluated from residential and commercial areas of urban city. By
quantifying the amount of heavy metals accumulated per unit area of the road surface, we investigated the possible
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impact of metals on the marine environment from urban road dust. Heavy metals in road dust tended to increase
with decreasing particle size. However, some metals showed relatively high concentration in relatively large parti-
cles, and it was found that large-sized metal particle generated by traffic activities accumulated on the road sur-
face. In addition, it was found that the heavy metals of road dust in the commercial area was higher than that in the
residential area, indicating that the metals derived from vehicles were more polluted due to increased traffic and

traffic congestion. The I

geo

values for Li, Be, V, Mn, Co, Ni, As, Cr, As indicated unpolluted environments whereas

those for Cu, Zn, Mo, Sn, Cd, Pb indicated moderately to strongly polluted. Especially, Sb of all particle sizes in
road dust exhibited strongly to extremely polluted due to vehicle traffic related the abrasion of brake system. The
accumulation amount of heavy metals was found to be 64% of the particle size less than 125 um that could be
transported to the surrounding environments by rainfall runoff. Considering the impervious area of urban area and
the high metal concentrations in road dust, there is a huge accumulation of heavy metals in the urban area. During
raining, heavy metals associated with road dust are transported directly to Shihwa Lake as a non-point sources,
which requires various study on the metal pollution sources around Shihwa Lake.
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SEvehs 571 <dtell ST s A AEEkaL Qo
o129 3] ol e 2} S7RIGRA7F SRR S
& eSlo] A& 07 A7} Han gl Emﬂa}%ﬁ“ v 252
Aol sk B2 A7 TR oY, dF ATEES TR 3§
SEAE U Al B3 TR 9 0 9Es) Oi:rL(Kwon[2OO4] Hong
et al[2005); Hwang er al[2006]; [2014]; [2015]; Ra et al.[2011];
[2013a]; [2013b]; [2014a]; Sun ef al[2014]; [2015]; Han er al[2016];
Lee et al.[2019])9} 3Fd W 555 2954 A7 (Lee et al[2010]; Jeong
et al.[2016]; [2017]; [2019a]; [2019b])el] =3t=]o} gir}.

Slags) o] sz A ow FHEEo] glom, 3
A 07 S/l e] o] ajekel nlsl 1.8 (H¢l 1.0~2.64) 4l
o] ke g AAZR ZALe} oo wE Az A Y
Slole= Aol Wsh= Fas 2.9wA) sido] %ﬁ”—ﬂ
&*Olﬂr. %‘1 ARG A H ol B2, AP, A T 1

2% BE5(impervious layer) W& 2] H|E9] %“ W,
Ak ?j, 7 W“ ES A, A=, o 5 3o e A

| =5 Wdo] wlg- A3, ol £F

LER2HA7F F2 5] gl
A= W 23k} ARIEE Qlste] WAAIR SR A
7} HE A=A o], EAIA I AR EAlshs =
EAAE geFst LAEH] 2 TEE FA o] QIUk(Shi er
al.[2008]; Ahmed and Ishiga[2006]). =2 WA W) S542 A1,
ZHlE, 7154 T A/ 71 AAZ ] Feg el o st

Q&2 W=tk (Hopke et al.[2002]; Oliva and Espinosa[2007]). &
BTl T TEES TR 2 Et "ollon, ti7]E A
o

FRE] AEEY, A 9 RS0 R QA
71% SFAIYHLi et al[2001]; Cook et al.[2005]; Aelion et al.[2008];
Kong et al[2011]), A EHH-ZE(surface runoff) =2 7F-F&
(rainfall runoff) & H]Nioﬂf’q FHE s F& Ay
Slo] shdolut sfeko® AR fFEEW et ve- & How
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€), Marine Environment

R 1531 Jth(Becher et al.[2000]; Furumai et al.[2002]; Aryal et
al.[2005]; Zhao et al [2010]). B3+ A9} ARAA| oA F40=
H xo] FuEe] 7P S g dol, 5= Wl 2 59
o] WhAE= R 07 B H)l QItk(Davis er al[200
et al.[2016)).

SRbA9] A HAL- 149.4 km® | FARY 15.4%(23.0 km?),
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(residential area; n=5)3} %14
ZHAE AFHIACHFig. 1). T2 A4l 70 em ZAH0.5 m* WS
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Fig. 1. Map of sampling sites for collecting the road dust from Urban city of Ansan (base map from Google Earth).

o] &3to] 670 $JAF=7]1(>1000 um, 500-1000 pm, 250-500 pm,
125-250 pm, 63-125 pum, <63 um)E T3k & FASHY, F2 2
A3} A7t

P =2 AR ok 0.1 g& EIZE AH) A&
71oll YAl IS (supray 01 EFAKEAL, AL, Aahye
713l hot platel| A T3, THAT F Aol wet 243] 3
Asto] GrAgZ ezt QA7) (ICP-MS; iCAP-Q, Thermo
Scientific Co.)% 1571 484 (Li, Be, V, Cr, Mn, Co, Ni, Cu, Zn,
As, Mo, Cd, Sn, Sb, Pb, Hg)E 4318t} -2(He)y= A2
#497](Hydra-C, Teledyne Leeman Labs.)E ©]-8-3}3I T}, 4] &
FTod AR AR ATs flele], 7K v sETEs THE
E|AE TF52 (MESS-4, PACS-3; NRCC)S A1 89} =3t HhY
o7 BA3I9 on MESS-4¢} PACS-39] Bt 3|82 7+7t
102.0%(89] 94.1~105.7%)2} 102.8%(H$) 95.1~110.7%)% L}EF
Sk,

2.1 325 285 Gt H AO[=E PS5

AR U Fu% A4 05 E Frsl] fste] w3AS
(Iyeo; ge0-accumulation index) 2} 23F4%(PLL pollution load
index)E o}|] el oJslo] AlilslAth(Muller[1981]; Tomlinson
et al.[1980]).
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- —n__ 1
Loe, Logz(l.SXB) )

A7|AM, C, 7 B> 7t 35l dist S22 WA W w29} 8l E
= (Rudnick and Gao[2003])°1H, 1.5& X|Z}7| o] gt JakS 1w
b7 Sl AREEH, L gk & 0] TE o= sEdsel gt
L FARS T Muller[1981]). 1., #t°] 0x.Th zow
unpolluted, 0-1°]% unpolluted to moderately polluted, 1-2% moderately
polluted, 2-3°]"1 moderately to strongly polluted, 3-4% strongly
polluted, 4-5% strongly to extremely polluted, 5 ©1’d°]™ extremely
polluted®] L HAEE oJu|gict,

PLI = \[CF};x CFp,x CF(, % -+ x CFg,x CFp,x CFp,  (2)

CF= 7t el tigh F543 w75 =9 H(ratio)°|th. PLI=
Q1914 ¢l @ Jojy scho| T2 2-8-5h (Tomlinson er al.[1980];
Angulo[1996]; Jeong et al[2016]). ¥ -0l A= Kirka and Krika
[2017]7F AlA8E PLI<1-- no pollution, 1<PLI<2:= moderate pollution,
2<PLI<3Z heavy pollution, PLI>3< extremely pollution®] 47}1¢]
CAEFE olgat] LA Frlalgnt.
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55 A1) QA7 9B (GSF ) FEE] A
SJsto] Atk
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3. 41 gl nE
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3.1 EX|O|SHEN} AO|=0f| [}E B35 ¥ 5&
AT ] PR R ] G AE FARRS 3.2~15.8
g/m? O & A3 AAK<63 um)y7t DAY 30%E 7P & PR
ZA)SFAL QA THTable 1). -0 w<ellA] m2wA o] 4zt
717y s T st SRk AEE 2ltk 2ev o
- Cr, Ni, Cu, Zn, Cd, Sn, Sb, Pb 59 Z&d4E A=/ &
Aol H& BashE Hol, Algols 5 25wl st
TR F 3542 FAA7] A o® ). 63 um o3}
N FE49] H s Zn7) 907 mgkgl 2 7 =9k o,
Mn>Pb>Cr>Cu>V>Ni>Li>Sn>As>Sb>Co>Mo>Be>Cd>Hg 2| &
T % YERITHFig. 2). R2 FA0lA ] 55 F5=7) v g4 el
Hal & 545 B3k R2 YRS ARTA R A s)= etz
A TOR Ql8lo] W ApFE0] FEAlY $3|ERRE o] 8sk=
Aol ok el nls) FaEo] #okd JFow ekt
239A U A7 Em ] deHA Y FARR 4.2~14.3
g/m*O 2, 500 um ©]&}F YA ERHA] RS AFH| o) vla F
Zgo] Wk B4 Hr(Fig. 2). A oA m2wA o] ¢
A4 AR S 55 35 27 ST 28y cus
125~500 pm, Sn 250~500 um, Sb 250~1000 um] A}o] =0l 4] 4+
Ao 22 s etk rta71et S5l wet ozt
9] zoli= Qloy AAX Y T 2HA ] 5% s AFAY
o vla] =& 5742 Holal Stk &5 63 pum olstolld Fus:
o] FFEEE Zn>Mn2] A= Y YA F45940] F

o] AFAYG Y theE 578 B3 thFig. 3).
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Z delx EEHA] 2d9de nEEE 93t Elojo], B0
3 iR T2 A npRo|t), B2 ATe)A Zn, Cd, Co, Cr,
Cu, Hg, Mo, Ni, Pbi= Efojojel #AQE A FE HuFHT
(Fukuzaki e al.[1986]; Fauser et al.[1999]; Adachi and Tainosho
[2004]; Schauer et al.[2006]; Hjortenkrans et al.[2007]). Zni= E}
olojollr 71 F 7} w2 F55o| | 718 (vaulcanization) & ZnO%}
ZnSe] FEj7} H71%7] w0 ). Ozaki ef al.[2004]2} Smolders
and Degryse[2002]:= Eto]o] 5 22t 1.3~1.7%$} 0.4~4.3%2] 3
Freof Qle AoR Bargh vl glom, o= 248 715 (Al4)e}
EHEA ) wE Blolo] FFE xlo] Wit Zloltt. Eleolo] viRE
E3 vlEES 16~90 mg/tire/km= LFERTHBaekken[1993]; Lee
et al.[1997]; Legret and Pagotto[1999]). Al Efo]o] o] H 28-S
oF 8 kgo|™ HIZIAIZHA] € 1.5 kg vERAIZ|H o= 3ydgte] v}
T2 Q13| Efo]ol] 10~20%7} T2 o R FEHS ov|sit)
THED 7S Al W FUE 5 7P £ Elelo] wher) EAs)
I Qi) ofATE QL AR WS SRR A Niol To§ 35
Holth(Ozaki et al.[2004]). “FHX]I ] BE YA}e] T2HA oA
Zn9} Nif] =7} AFA el vl3l] 242t 1.3~2.2008} 1.1~7.149] =
& o= wEFe] Bon wEAgA) F= BAYste] glojojs) of
ABE Fo] npRIF F7sI7] WiEo® ket

SEEAR ] E T AN Aol WAk Beo]a Al
AR, 5 5)9) viEolt), whE Als-s<t Bao] I v
QI3 257} Sk EE Hilo]a vAa W Yxp HEETh
Adachi and Tainosho[2004]2} Hjortenkrans et al.[2007]- B.@[o]
A AA7F FE Fe B5F ofe} 43Et Cu, Sb, Ba, Al, Si, S, Ti,
Zn, Ni, Cr, Pbo} 232 Cd& $+3tar lvka Rasisict. 71
gk Bgo] 3 miRE WAL, FY, 2155 2 wEPAE ek 32>
Ae Foll DAL 2 AFtellA Bdo]a AlARe] wiiel
Aol H2 T5 i A AGA Yo AFA G e ]3| =&
A= HATKFig. 2).

Ademiec et al[2016}2 H o] 2lo]d HA] Ul Elo]o] Hx|ofx
A= E TS R SAATE AAERIT. sl AT el

1w

Table 1. Analytical results of amounts per unit area (g/m? by weight) and heavy metals (mg/kg) and PLI values in the different sizes of road

dusts from the residential and commercial areas in the Urban City

Types Size(um) mass Li Be V Ctr Mn Co Ni Cu Zn As Mo Cd Sn Sb Pb Hg PLI
>1000 32 139 1.6 263 176 326 55 146 256 135 34 1.6 03 3.5 153 84.0 001 0.9

500-1000 4.0 143 1.3 246 475 343 47 11.1 272 271 65 19 12 6.6 208 100 0.01 1.1

Residential 250-500 10.1 133 1.4 227 625 266 42 12.0 102 192 69 38 03 40 163 693 0.01 1.1
125250 10.0 16.7 1.7 359 97.6 402 7.4 39.0 243 399 10.6 10.6 0.6 9.3 139 91.7 001 1.8

63-125 108 189 2.0 490 144 525 11.3 333 126 579 143 135 09 125 109 115 0.03 24

<63 158 243 23 640 167 731 14.1 503 160 907 157 125 1.4 240 154 207 0.04 33

>1000 42 168 1.9 339 58.0 424 63 149 20.1 295 36 1.1 03 27 105 49.5 001 0.9

500-1000 4.5 182 1.5 21.4 50.8 290 49 157 395 363 9.1 43 07 7.6 554 115 0.01 1.5
Commercial 250-500 85 152 14 206 764 274 44 170 316 362 165 39 0.5 219 36.1 126 0.01 1.7
125-250 8.7 162 1.8 32.6 391 426 139 146 368 553 94 94 0.7 133 204 131 0.02 2.6

63-125 9.8 17.5 2.0 448 576 554 34.1 237 237 725 102 157 1.1 19.0 152 145 0.03 34

<63 143 227 2.1 58.8 354 684 238 146 258 1184 15.0 147 19 440 234 254 0.07 44
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Fig. 2. The amounts and heavy metal concentrations in each particle size of the road dust from the residential and commercial areas of this
study. Bar and error bar indicate mean and standard error of mean, respectively.

A T2 U 27 250 um Bk 2 QA= Blo] = np gl e
AFA| A=y} o] §low, 250 um Kk 2 AIA 2] Zn
A2 Efolo] mhre] At siivt. e ATtellA= 4
A9 W 4AZ717F 250 pm ©)/de] ABf-olE =& ShEEE B
of, 22 WE A W = TR s o= EY, WA T 7P E
2] JAlE F2 FAANRA oA Beola 1 Tl &
g0} el & AA}E0] ERHo R HEY Zlow )

3.2 3245 QYUE "It
FAA A AFHT E2A] ] Apo]z= 1, G2 Table 21

et AFel Ao BE 2] QIAb)A Li, Be, V,
Cr, Mn, Co, Ni, Hgt= [, ko] 1 0]5}2 9=%] ok Ayls 1
Atk Asi= 63 um ©]3ke] AP AR I Fho] 1 FgF 235
moderately polluted®] 2 AAFEfATE.

AFAA Z2ZHAY Cu, Zn, Sn, Mot 250 pm H.tF & 92RH=
Q%A AGEOLE, 250 um ©JBH= I, AkO] 15 2T AFE KB
Atk ol dae A AT 5 29ETt HAF S
o <63 umol|A+= Zn7} strongly polluted®] 235w °l3lTh.
Cds} Pb= BE QJxt=17]olM 999 Ao VePEow, 250 um
o]3}e] =2 W X]:= moderately®l|l 4] strongly polluted®l] 3l|d%+=
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Fig. 3. Mean metal concentrations in the particle size below 63 um of the road dust from the residential (upper) and commercial (lower)

areas of this study.

L ANEE Bk A7 Sbe) 1,,,°] Btk 4.1~5.00%
strongly®llA] extremely polluted= YR O™, thE #47 th=
Al QA7) FHeo] W QA% S Qs A w2
AW TEEE] Lt i ARl vlal] 52 d3E BS1
ot LA A o R & AP YRK<63 pm)2] 75, FAA]
2 Zn, Cd, SbFH] strongly polluted®] LHTE BA 0L}, 4
A3 Zn, Mo, Cd, Sn, Pb, Sb7} strongly pollutede]] 33 A3}=
HATE dAA Gl Sbe] Hit [= 517 AFA 2] 4.590 H]
3 33k0H | 63-125 pmE A3t BE E2HA AP} extremely
polluted®] wl-¢- =2 2 A/JE] = LJERT

AFA o)A PLIZE 0.9~33% YA )7} Al el d4= 94
L7} 57181 63-125 pme} <63 umi= Z1Z} heavy?} extremely 2.
Ao UERITH(Table 1). 49A19el42] PLIERS 0.9~4.4%
FAA A Bl 149 2Lt %01, <125 ume] YA
7} extremely pollution®] @ AFENZ AFA| KT} wEaFo| 2

g ool ¥ =/ BAREE & 5 ik

33 CIRIBNGD 34 SNY W YRELE S0 Y
B8 g3

AA G F2 L >1000 umS 2242 pg/m?, 500-1000 pmS- 2835
pg/m?, 250-500 pm< 7305 pg/m?, 125-250 um-> 15932 pg/m?,

63-125 um< 16775 pg/m?, <63 pm< 35914 ug/m*A k. 7Hg Al
2131 91 2H(<63 pmy7t 7FE 2 12H>1000 pm)el] H13] 168 2]
ol #3kom, <63 pmet <125 um YAF A 555 298] 43%9)
64%= A8z 210 LERITHFig. 4). 774 A 22
) i dg F 2455 81,003 um/m’E 255 5 Zn9t Mn
o] 7V} 32%%} 31%%2 7Fg B RS AA|8kaL AQITh(Fig. ).
WEDEI} BHo] & Cu, Cr, Pb 9] 7-12%3 2}A|5}o] the
w50 el 2 Avs 2otk

A =2 U A AG FE5F2 g AFH 7} v
IR A7 17 g ST o, AT el v]s)
12~1.98) 38 21 02 Yepgt), AA E28A) AF F <63 ume}
<125 um7} 2|5 BHEE 41%9 65%2 AR A7} FAF
slglom | AA FEE kS 113,546 pm/m*E A5A 20l H]3] 1.4
| 52 A3 1o, wisdEel ga s Faol diAY
of B @ol FAH] 35S & & ATk AAAS E2HA] o
T 49 S5 T ot AHshs vlEo] 33%E 7P H3kom,
Mn 23%0] th3© 2 %JTHFig. 5). AFA el = Cro] Hl&o]
7%A o} FGA AL Cro) 14%5 RSk glo] A t&
AAeA Cre] LAE(CERE)7E 29 F2 FFE HER A ATk
2016 E2HAAE A2FA el o5hA, P 4214 ool =
EE 109.8 kmo|w] E2WA] HFFEE 36.8 pg/m’= YEFSTH
(www.cleanroad.orkr). 3 EAle 4x}4 o]ske] £R2e] Ao], 5=



Table 2. Results for calculation of geo-accumulation index (Iy,) values for 16 metals of this study.

Types Size (um) Loeo <0 0<Iy,<1 1<y, <2 2<04,<3 3<lyeo<4 4<lyee<5 Loeo™S
unpolluted to moderately moderately strongly strongly to extremely
unpolluted moderately olluted to strongly olluted extremely olluted
polluted p polluted p polluted p
>1000 Li, Be, V, Cr, Mn, Co, Ni, Cu, As, Mo, Hg Zn, Sn Cd, Pb Sb
500-1000  Li, Be, V, Cr, Mn, Co, Ni, Cu, As, Hg Mo, Sn Zn, Pb Cd Sb
250-500 Li, Be, V, Cr, Mn, Co, Ni, As, Hg Cu, Zn, Mo, Sn Cd, Pb Sb
Residential ] )
125-250 Li, Be, V, Cr, Mn, Co, Ni, Hg As Cu, Zn, Sn, Pb Mo, Cd Sb
63-125 Li, Be, V, Mn, Co, Ni, Hg Cr, As Cu, Sn Zn, Mo, Cd, Pb Sb
<63 Li, Be, V, Mn, Co, Ni, Hg Cr Cu, As Mo, Sn, Pb Zn, Cd Sb
>1000 Li, Be, V, Cr, Mn, Co, Ni, Cu, As, Mo, Sb, Hg Zn, Pb Cd Sb
500-1000  Li, Be, V, Cr, Mo, Co, Ni, Cu, Hg As Zn, Mo, Sn Cd, Pb Sb
. 250-500 Li, Be, V, Cr, Mn, Co, Ni, Hg As Zn, Mo, Cd Cu, Sn, Pb Sb
Commercial .
125-250 Li, Be, V, Mn, Co, Ni, Hg Cr, As Zn, Mo, Cd, Sn, Pb Cu Sb
63-125 Li, Be, V, Mn, Co, Hg As Cr, Ni Cu, Zn, Cd, Sn, Pb Mo Sb
<63 Li, Be, V, Mn, Co, Hg Ni Cr, As Cu Zn, Mo, Cd, Sn, Pb Sb
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Fig. 4. Histogram of cumulative metal percentage (%) accumulated in each particle size of the total metals of the road dust from the Urban city.

Residential Commercial
81,003 ug/m2 113,546 ug/m2

Fig. 5. Relative contribution (%) for each metal accumulated in total road dusts from the residential and commercial areas of this study.
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