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B Aol A3kE 49 AR e E2AX] ] S5 09 A3 3R B, 5 9E S8 S 9
sto] ERHAE AF O, AE o] gBto] THE S AABIRITE EEAA U F5559) Bl S Cr 498
mg/kg, Ni 164 mg/kg, Cu 992 mg/kg, Zn 1,824 mg/kg, As 19.4 mg/kg, Cd 2.22 mg/kg, Pb 612 mg/kg, Hg 0.08 mg/kg % L}E}
Wt} Cr, Ni, Cu, Zn, Pb2] HEAIS(CV)7} 100%E 2338 glo] 9191491 @ o] EAstar ULt A Hi
(magnetic fraction)®llX12] Cr, Ni, Cu, Zn, Cd, Pb, Hg®] 15 %7} B]AMd H-(non-magnetic fraction)el] B]&l 2~35
] Zokom ) AR 7} R e o] vl 3] 2 S-S Bl FHATE o] 88 295 Bt A= vk,
A EPFAGA E=2HA] U] Cr, Cu, Zn, Cd, Pbo] “A 3+ 2 % (heavily pollutedy’ll sld== 202 ey, 21587191
Elojo], o], X 9] mfRE F3 FH0] Ass & T AT Cust Zne= 2711 Rk op e} 55549
Az} AHE 5 veket 9910 JekS A W o g sadn 2 WA ) 5% sEE A4 T2HA(total
fraction) 52%, AMd F-F 100%, HIAHS F-2 52%7} 7-ebA @.gds <ol Lol djde]s= dos Aot A4 &
EHA F AP Fat2 SO 2 14%E AR, F5552] 42 Cr 79%, Ni 78%, Cu 40%, Zn 45%, Cd 38%, Pb
29%, Hg 46%%= *FA3F1L UASITE =2 ollA] 63 pm 8k F 2F<]8h= 3t B&-2 28.6%% LEF M, of= A5}
3R FYEE S 29T T8 Ao w, U1 A A tjFo] F gt whdEh 3 E2HXA]
A AV & o] §RITHA SRR AEEE AT 5 Qlo] EEF o E8d F 3ls Aotk
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Abstract — Road dust samples were collected in order to assess the road environment qualities such as metal con-
tents and ecological risk and to identify the metal contamination sources using magnetic property from industrial
complex in the Shihwa Lake basin. The mean concentrations of heavy metals in road dust were: 498 mg/kg Cr, 164 mg/kg
Ni, 992 mg/kg Cu, 1,824 mg/kg Zn, 19.4 mg/kg As, 2.22 mg/kg Cd, 612 mg/kg Pb and 0.08 mg/kg Hg. Coefficient of
variance (CV) of Cr, Ni, Cu, Zn and Pb showed very high variability and variability for Cd was lowest, indicating the
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presence of anthropogenic pollution sources. Cr, Ni, Cu, Zn, Cd, Pb and Hg concentrations in magnetic fraction was
2~35 times higher than in non-magnetic fraction. Metal concentrations in the road dust from Shihwa industrial
complex were much higher than those from Banweol industrial complex in all fractions. The assessment of geo-accumula-
tion index indicated that the studied sites are heavily polluted with metals such as Cr, Cu, Zn, Cd and Pb. There are sig-
nificant associations among Cr, Ni, Cd, Pb which suggest the same origin, as the wear of vehicle-related parts such
as tire, brake and engine. Because Cu and Zn are weakly related other metals except for As, Cu and Zn might be
affected by road traffic, the manufacture and use of metallic substances in light industry and other sources. The per-
centage of “very poor” category was about 52%, 100%, 52% for total, magnetic and non-magnetic fractions of road
dust, respectively, indicating highly potential ecological risk. Although the relative percentage of magnetic fraction
occupied about 14% of total road dust, the heavy metal loads in magnetic fraction accounted for 79%, 78%, 40%,
45%, 38%, 29%, 46% of total road dust load, Cr, Ni, Cu, Zn, Cd, Pb, Hg, respectively. Road dust samples of less
than 63 um accounted for 28.6% which is the pollution sources of rivers flowing into Shihwa Lake. In addition,
magnetic road sweepers can be used efficiently because they can remove a considerable amount of road dust.

Keywords: Road dust(=ZW=A]), Heavy metal(% &%), geo-accumulation index(-& %] *1<*), Pollution load

index (2. G5F3F415), Industrial complex (AFAHA])

LA 2
A& TAIS B ARIRE Qlslel A%, B2, BeE 5 %
5 WA FET S0 B FEYe F7He A Bad
T WIS oA sl B S A2g 5 #4712
Zolis} SR S50 Qg WAool Tig 5299 7]

ofie= S7staL Qlom] o] 1gh FH $Hg 9] A otsh= Aksl A
A7F E 3 )th(Jatun et al.[2008]; Laurenson et al.[2013]; Lee
et al. [2002]; Soller et al.[2005]). YHFZ O 7 EX| 9] BE4H0]
25% O4el 75, W99 0] G Aheaby] ofzirka el
gloi}, WA TABHNA ) BEsEAL QAo
60~100%% *FAI3kaL QItH(Lu and Weng[2006]).

AR AFTFH A =TT AlBFR] Alsks ool EAllsh= v
W AR = 717, A7) 5] AEglo] g Ao w
A =7PAEA T oF 38%ell alg s = 17,4471 9] JAIZF =
AL ik, A3k Al 9 sk 9 ARl FEd 29>
224 07 B 1% QTHKim ef al[2009]; Ra et al[2011]; Ra ef dl.
[2013]; Jeong et al.[2016]; Jeong et al[2017]). Z1&]al Z35-F=<-
AT Bt B el FA ] Sl A=Al Al A
Ffrelo] s Bl AlEkeE A5 AEEE v FeHe
Z24 99 mv} AANE v} QIThRa et al[2014]).

L2 A](road dust) -2 T2 %24 E A& (road deposited
sedimenty: 171, elolofsl vaolz1e] vk, pgabAle] -4,
oS, R, A, AR S, 1, A 5
F7] eaE54 9 Aoz} FF-Holth(Aryal et
al.[2010]; Murakami et al.[2008]; Perry and Taylor[2007]). =%
HA = 3 BH AN 0 F Q1AF 1 9] oY dynamicst 574
©7 Qlate] BRI welat] ol#$H(Li et al[2015]), X
9l vkl ofa) A-frElo] FEEo R SHavle] £A] 9 Ak

E2]o A th7] A2 (particulate matter; PM)2] =238 3¢
0]7]% 3ltH(Amato et al.[2009]; Pant and Harrison[2013]). ¢}

& 75, FF, L2E% A(street-washing events)EFt 2 HEZ0]

Ry
e i

a8 7] 5

>J

A9 SR YRR A4 AFHoRE P FRoR §
o, HAEowA AEH o B iR JFS vA|E St
(Murakami et al.[2008]; Yu et al.[2001]; Stead-Dexter and Ward
[2004]). REE ¥} AlSREEA] O] & WA F 3, A, 3
APEAY, s o] AAISh=s WA 11.2 km™} 9.8 k' ©] &
2|2 9] B AL A9 80.5%) 92.2%0| sl o] Akl k4]
] FAE0] Q= ERwAe] thak 349 9] et 24} 2
23t} wep B el Suelselol AlskEe) 24
AL FA37] 91510l WADA ERHel FHro] g B2
WA ) F40] B B4 ) LAE B s

3, APRelE e ERRA) B9 Aol oie 1ag
AN,

2. X = 3l HitH

2.1 AZAHFH

SRR Al W ARSI R 1A, AlgE 1470 85)
257) A7l ARSI CHFig. 1). ABAFHEA 0.25 m*(0.5 mx0.5
m)el| thato] R v 9l wlAiR} A E 9181e] plastic
fiber brush® 7PAAl Zol=H ZFg4 %471(DC-35, Dyson,
UK)E 7+ 473 9 4] o T2HAE AFsk] tdlideS gx
SIICh Al AH $ 2 mme] UAE seived o]g-3t0] & Ato]=9]
Zekny, AExrt 55 A, 40 Collr] LEARE AN
sigint. AFHE L2 F T3 S8k ARAFHAE ol
sto] dHAT =AY F(g/miye ARSIt A =2
HA] A F= AIE o]8310] A H-(magnetic fraction)2} H] A
F-E-(non-magnetic fraction)©. 2 T--3}A T 54 48 3
AFE UF-E Dof 251407 (Pulverisette 6, Fritsch Co., Germany)

= 4 9 wAEsE AR

22 525, A= ¥ UxlE &M
TEES BE T2HA] AR 2F 0.1 g2 Teflon digestion bomb©ll
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Fig. 1. Map showing sampling sites for road dust in the Banweol (blue color) and Shihwa (red color) Industrial complexes around the land basin

of Shihwa Lake.

Y31 3145 (Suprapur-grade, Merck Co., Germany)2] ZAHHF), 24t
(HNO,)3} 2} 42HHCI0,)8] &3HiHe €1l Hot plate(OD-98-
002T, OD Lab Co., Korea)® 180 °CllA] 24A17F 7k 5o £741<]
NEEZ SARSIATHRa ef al [2011]). AR & EFAS =
AT A7 FH 1% FAHHNO,)S 71l 10 mLE 9 ¥ seel| ulzh
2 H581A) 3)44810] ICP-MS(ICAP-Q, Thermo Fisher Scientific, USA)%
Cr, Ni, Cu, Zn, As, Cd, PbE 24381310k Hg #2412 US EPA method
747301 olste] Pl B wobE S o]8-gt Hydra-C(Teledyne
Technology Co., USA)E ©]-&-3to] #431¢lct. 48 =297
U 55 A5 Y eEwo A58 ko] 2714 el H
& %52 MESS-4(National Research Council, Canada)¥}

BCR-667(Institute for Reference Materials and Measurements, EU) &

A=8}F 3 AEste] S350, 3982 98.1(Pb)~108.6(Cr)%S]
=2 A3E B tK(Table 1).

EEWA QE B2 A EE 35% A H,0,)9 TN ¢
AHHCH)CZ f7183 F7 8-S AASH F I=i-447] (Mastersizer
2000, Malvern Instruments Ltd., UK)E ©]-&3}o] w23}t
A-£-(magnetic susceptibility; MS)y> A2 T2HX] A|5E &
28 Alg87]0) w2 5 tixkE 57971 (MS2 magnetic susceptibility
meter, Bartington Instrument, UK)E ©]-&38}o] 41513}

23 F2%5 285 ¥ 2l Eot
ANEks 7o AIEA] U 2oy o] AP T 940 @

ALE Frel] $13ke] 53] (geo-accumulation index; Igeo)s

Table 1. Accuracy and precision data of ICP-MS using certified reference materials (MESS-4 and BCR-667) for heavy metals

MESS-4 BCR-667
Metals Certified value Measured value Recovery Certified value Measured value Recovery

(mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%)
Cr 94.3+1.8 93.6+5.4 99.3 178 19345 108.6
Ni 42.8+1.6 42.0+1.0 98.2 128 13142 102.3
Cu 32.9+1.8 33.5+3.8 101.8 60 62+1 104.0
Zn 1476 158.7+£3.7 108.0 175 17743 101.0
As 21.7+2.8 21.9+1.1 100.7 14.3-19.9 19.8+£0.5 99.6
Cd 0.28+0.04 0.28+0.01 101.5 0.67 0.69+0.03 103.3
Pb 21.5+1.2 21.1+0.3 98.1 31.9 31.3+0.6 98.1
Hg 0.08+0.06 0.08+0.001 102.8 - - -
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AR, FAASE 2 350z dele] % 719 SHow

mi=Ea] )
ool g gekshul, the} 2o A oste] st
(Muller[1969]; Forstner et al.[1990]).
1 =L (—-—-——-—-—-—C"
geo = healTs XB)
o171, C3F B2 7 F45ol thet $AH SEsl wigswel,

155 AZp71el tigt o3-S B3] $lste] ARgET). # A
oA 2] #7553 Rudnick and Gao[2003]2] X|2}9] F&55
o] 83190},

2 AK-3FA] 5 (pollution load index: PLI)— MNELAET) opd
220 FRA SAGE) A1) via) b 2

w7t 23 o] QA Hrksl=T] AFR-E ™ (Tomlinson et al.
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w44

[1980]), etelisl o] EXE 87l 5555 o]&-3to] Allsisict.

PLI=
8/CF . x CFy;x CF ey x CF 4, % CF ; x CFyx CFpy x CFy

CFak 7F 3550 tisl] B4t wids =] vlE vehiiH,
s ATl v R A7) His s ARSI
=4 SHEAE P 0P eI e ot Al
2015-687% ) BEFE MV 5 HOE TRl R9EE Hrlst
I QIEHNIER[2015]). & ATl 9] A=hA] U] E2HAE= 7
5 Bl SRoE FEH7] whitel skEAES] 715S A8s)
Stk 1 5w AXAE S0 verd 7FsAde] A9 §e, 1l
T AAABE FAo] vERd 7FsA oS, T S A4
o H/do] vebd 7FsAdol Hlad =5, IVeas A4 AE|
Jo] Uehd 7FsAdo] vl 30 % S EAES] AHE
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Table 2. Amount of road dust (RD) surface load (g/m?), magnetic susceptibility (MS), metal concentrations and pollution load index for total,
magnetic (mag.) and non-magnetic (non-mag.) fractions in road dust of this study and literature data

RD MS Cr Ni Cu Zn As Cd Pb Hg PLI
g/m?*  10°SI mg/kg
min. 150 17.3 72 27 38 207 8.5 0.6 61 0.02 2
Total max. 1287 4104 1909 718 12305 8221 74.8 5.2 3439 0.23 21
mean 432 132.5 498 164 992 1824 19.4 2.2 612 0.08 8
CV (%) 62 69 104 104 242 104 68 49 109 84 58
min. 15 66.4 826 289 323 1101 1.6 1.7 196 0.08 7
Mag. max. 126 1261 14101 3136 75564 53669 35.0 6.6 4954 0.71 41
mean 56 409.6 2709 890 4095 6319 13.6 3.8 1205 0.24 14
CV (%) 59 60 103 92 364 163 51 38 91 66 46
min. 113 0.9 37 11 31 132 8.6 0.4 61 0.01 2
max. 1179 2.4 214 78 7951 7172 33.7 1.7 2982 0.20 9
Non-mag.
mean 376 1.4 78 28 756 1443 16.7 1.0 526 0.05 4
CV(%) 66 27 58 60 209 132 41 39 109 93 51
class | 112 40 48 363 15 0.4 59 0.07
SQG* class 11 224 87.5 228 1170 44.7 1.87 154 0.67
class 111 991 330 1890 13000 92.1 6.09 459 2.14
class IV >991 >330 >1890 >13000 >92.1 >6.09 >459 >2.14
Marine sediment® 87 38 91 233 9.5 0.4 54.3 0.06
Stream sediment* 285 81 826 1311 12.7 2.5 456 0.26

*Sediment guideline index (SGQ) by NIER[2015]; °Ra et al.[2013]; “Jeong et al.[2016]
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Fig. 2. Spatial distribution of road dust surface load (g/m”), median size and heavy metal concentrations for the present study.



AL o) 8 A5k fol AR E2A ) FH 298 5

10000
8000 — —
D
< 6000
£
= 4000
o
N
2000 — H H
el gl eelnen B lllinlls
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Sites
80
— 60
o
==
g 40—
(]
< 20 | H H
el el ilpnedl00m
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Sites
6
5 _
2 4
g 3
he] -
3 2
sl gl imi | |
. 0 il
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Sites
4000
— 3000
o
=
g 2000 —
=
2 1000 — H H
o'_'l—ll—lﬂ |_||_|[_1H I_I|—||_|._r—||_||—||—||_||_||_| [l m
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Sites
0.25 —
0.20 m
2
< 015
£ o0
o U
T
sl | | Il
o.oo|¥| HDDD DDGH.DD AL 1 [
1 2 3 8 9 12 13 14 15 16 17 18

10 11 19 20 21 22 23 24 25

Sites
Fig. 2. Continued.



2“ Aol opR - g e e

T 432 g/m*(H9] 150~1,287 g/m?)E FARH|of] we} ok gulje] 2}
o5 HStK(Table 2). FA| T=2HA|(total fractionyl] A=} W2}
A FEL HEA o 247} 56 g/m™ 376 g/m>E H|AM] Fo]
oF 7o) 2 &S Ak STk Table 2).

LEEAA ] RS YA o)sd 9 xFEo Qe T
A7) whitel] Tk QRlon, 5o FaE Ak 2717t
2ol F7Feb, <63 um olstellA] His s BRItk K
=K Ewen e al [2009]; Singh[2011]; Zhao et al[2010]). 4] =&
A Ul Ht Y EE 150.8 um(HS] 85.8~255.9 pm)E A 941 x}0]
7} 3A] A3k, o] F <63 um ©I3FF AR H e 28.6%
(B9 18.0~41.6%)= EFITHFig. 2).

A =29R] T TEE5Y HdsTE o11(Zn 1,824 mgke) > T
2](Cu 992 mg/kg) > H(Pb 612 mgkg) > T=(Cr 498 mg/kg) > A
(Ni 164 mg/kg) > H]Z(As 19.4 mg/kg)>7H=H(Cd 2.2 mg/kg) >
F2(Hg 0.08 mg/kg)2] +% 0] th(Table 2, Fig. 2). Phil-Eze
[2010]°1 &JaPd WHF Al (coefficient of variance; CV)7} 21~50%+=
moderate variability, 51~100%x= high variability, 100% ©}’3< =
very high variability® 7=Z3ict. WA ==HA]el gt Cr, Ni,
Cu, Zn & Pbe] WHEAG= 212} 104%, 104%, 242%, 104%, 109%=
very high variability2] “JE112H, As (68%)2} Hg (84%)> high
variability, Cd< 49%= moderate variability2] AEl 2 et}
FHAR] a2 5732 Cust Zn PR 2304 Hoks =g R
om, Ni, Cd ¥ Pb2 FA 594 HoleE EATH Ase A
119l Hes=Z 715101, Cr, Ni, Cu, Zn, Cd, Pb % Hg 55 4
A 15004 H2EEE Ve sk sk eA] O 2
A2 F54 B EEE vwst A7 AR SA] 7} sk
AR of 120 (As)-3.290 (Cr) ¥ FEE vER L ST
(Table 3).

o5 99 AR} 54 Agle BN o A= vEE
AREste] Hrbetct, 2ev EEHA ol HAel &

7} 73skE = Hl2] AM (ferrimagnetic) QAR F &= o] Qlukal B
3% vl )tk Bucko et al.[2010], Bucko et al[2011]; Hoffmann
et al[1999]; Magiera et al[2015]; Yang et al[2007]; Zhang et al.
[2011]; Tan et al[2018]). WEbA] F 5= st vheFst Ae)Al
o TuE 295 A& Tlelebr] sl tixke 3 22 A
714 o] AREE|QlL. o] H o] AF-Ante] mE, 2Md A=

TR A wEE, AsAk 717k Yl vk Aol v Zlow

il

_,d
ol
il
00
8
3

VRS THGautam ef al. [2005]; Goddu ef al.[2004]; Kim ef al.[2007];
Zhu et al.[2013b]; Tan er al[2018]). =3+ A}A] §1x}= Cu, Zn, Fe,
Mn ¥ Cr} 28 F557 QAFATAT} lom A 2 TA9 &
ZHA] 9 Eokolla] 217 wll7) W= (magnetic parameters)$} S
&SI b ko] Az EAISHE Ao ofg] JleflA] T
o] ¢k tH(Bourliva et al.[2009]; Hu et al.[2007]; Morton-Bermea et
al.[2009]; Xia et al[2014]; Yang et al[2010]). A T2 H Ao
thak thAE(MS)2] H-E 132.5 10° SIS 17.3~410.4 10°° SI)
Rom, THE T vRIVHAIE AlEREd e el A 2] thAlEo]
HHAAAEA o] vlE)] 179 =S =S Bt

24 FEAA S TS HHEEE Zn (6,319 mgkg)>Cu
(4,095 mg/kg)>Cr (2,709 mg/kg)>Pb (1,205 mg/kg)>Ni (890 mg/
kg)>As (13.6 mg/kg)>Cd (3.8 mg/kg)>Hg (0.24 mg/kg)2] A=
YERTE. Cust Zno] HEAIT g2 AA| =29 (total fraction)
wTh 72 1580, 168 S8 on, AA TEwA| e} v R
Cdo] 7 U WAl 3he Hod Q19141 2218 A vk Z1&
ok 4= Aol MA =2} rR AR Cu, Zn 9 Pb F 23
oA 42 HosE(75,564 mg/ke, 53,669 mg/ke, 4,964 mg/ke)S
YERIIL, As= Cr, Cu, Zn, Cd 2 Pbo] HAEES B A7 15
oM Hhks=(35.0 mg/kg)s LRI R Rk AlsiiqidkA| o] &
4 5 H|w A3, Ni, Cu, Zn, Cd, Pb ! Hg& A3 ek
7} oF 1.44](Cd)~6.19](Cu) =2 FEE Btk Cr F 719 4t
ASA7F A9 vl 525 YERLC U Asi= REAIIEA] 7 ok
159 322 555 HSITH(Table 3). AH HEo)l that Ff tha-&-2
409.5 10° SIZ AA =2=]9] 132.5 10° Siefl Bla] oF 30) =3k
om, AlSITA] A 9] TRk wHIARIEA] o BlEl oF 30%
FUTE

B Ho) 34 s o A m2ux] e} vizrix| 2
Zn(1,443 mg/kg)>Cu (756 mg/kg)>Pb (526 mg/kg)>Cr (78 mg/
kg)>Ni (28 mg/kg)>As (16.7 mg/kg)>Cd (1.0 mg/kg)>Hg (0.05
mg/ke)?l % o2 el AP niAd 22 55 s
5 vt dvh A Faio] oF 28) (Pb)~35Hl (Cr) 2 F5E
B3l om, Aste HIXA H2o] oF 12v) £ s5E YERIL Cr,
Ni, Cu, Zn % As®] ®IEAT 3h2 vlAg o] A F-Frr) ok
56~82% o} 1949l Q1S A7 Wk Z1 o= UpERt o), Pbt
Hg 717t 124, 1.49) szo} A&l &Jsh &S ] vke- 21&
o g UGt vIAd o] i ARES] WAt 1.4 10° SIS

Table 3. Comparison of mean values for metal concentration (mg/kg), pollution load index (PLI) and mean probable effect level quotient
(mPELQ) in different fractions of road dust between Banweol (BW) and Shihwa (SH) Industrial complexes

Fractions Sites Cr Ni Cu Zn As Cd Pb Hg PLI mPELQ
ot BW 224 82 573 1420 174 17 340 0.06 538 12
o SH 713 228 1332 2142 20.9 25 825 0.09 10.0 26
" BW 2718 696 1063 4913 16.6 3.1 736 0.19 2.1 45
a;
& SH 2702 1043 6477 7424 113 44 1574 027 162 9.0
BW 59 19 453 1040 176 0.8 270 0.04 32 0.7
non-mag
SH 93 35 994 1759 15.9 12 727 0.06 48 26




AL o) 8 A5k fol AR E2A ) FH 298 5

10000

100000

25

100000
.
.
10000 i 1000 é 10000 .
L L]
) =) E
3 + Q 3 3 -
g 1000 g’ 100 . £ 1000 T = T
5 = 2 : 3 :
(6] . =z (8]
100 . é 10 100 . T
.
10 . . 1 ; . : 10 : .
Total Mag. Non-mag. Total Mag. Non-mag. Total Mag. Non-mag.
100000 100 10
. . -
.
10000 . . . . l_:_l
5 T \%l =) ) - .
2 : g é Q 2
£ 1000 E £ 10 . I £ 1
c N 2 3 *
N . < S .
L]
100
-
10 - . 1 : " . 0.1 . .
Total Mag. Non-mag. Total Mag. Non-mag. Total Mag. Non-mag.
10000 1 100
. -
. . | .
= 1000 T = * . T
2 L g : o
E . E ° B T o - .
-] ’ o
a 100 . T
.
L L
.
# -
10 0.01 1 .
Total Mag. Non-mag. Total Mag. Non-mag. Total Mag. Non-mag.

Fig. 3. Comparison of mean of heavy metals and pollution load index among the total, magnetic and non-magnetic fraction for road dust.
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Fig. S. Spatial distribution of pollution load index (PLI) in total fraction of road dust in the present study.
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G} AP BRI QAR EK| =0 HFS 147 [AA] Tzwx]o]  Table S. Result of principal component analysis loading for eight metals in
road dust of this study.
Hle 180 LH=rE Zom, 3 23004 Helgh(14ye ekt

A BRI @ AR WMe|9h HHEE 77t 2-99) 4% Element L LI
A0 A el HIsl oF 30%2] ol Bttt A = MS 0.727 20322
2] tigt e @HebA ] SIS AR LRI} Al Cr 0.701 -0.454
E3 0] Zolrol AF 591 AA 23004 22} 217} 199] =& 9 Ni 0.793 -0.449
H3AS 7ES B on uhAll R oA = A A o 2 ke o Cu 0.513 0.817
QA E e Y-S & = AckFig. 5). Jeong ef al. o o o
[2016]°1 oJapH 2] sk T AL HAEelM 7 w2 @ cd 0.855 0,035
BB gl Bl Qlol, o5 #[9o] Algke w4 29 5 Pb 0.794 0318
Q3% 7] oR At gk AlseidA] W ERuA|elx o] @ Hg 0.722 -0.265
AXF x| Zro] HFLARIEER] o HIE| 1.4~1.7H] ZS EAS W Initial eigenvalue 4.283 1.855
oy, Total variance % 47.585 20.613
Cumulative % 47.585 68.198

3.3 E2MRe 35 VI et
A4TFe] 3L o] Yol g 7|93 Aol tist ARE  5) FES Cr, Nif] FQ3t Fgdo® deg] &eA] lrkBall ef
A F- 8 H(Manta e al[2002]; Huang ef al[2009]). AA] =2 x]o]  al[1991]; Legret and Pagotto[1999]). = Holl4:= leaded gasolines
tfjelt A g TE] A Al Table 49l YERITE. Cr, Ni, Cd, Pb ARS8F4]& &AL, wheel weightel] F-215]o] Q1= Pb S3A] X0
2 o] AT (p<0.01)E YERY o5 & 3] WEEHE T3 29l % stk(Fujiwara et al[2011]).
Edae] w57t XV of JkS WS & 5 Utk AsS ALE  FESE Pb, Ni XI5 vl7] 71ol] EAI5)] wlitel] wEaa} o] 3l
oI5t oFo] ATIA(p<0.01)YE vl B ¥ v} QItH(Zhang ef al[2016]). ©1EA] WEH 2
Hol o]F &day 9ARl ks e Aow wdEw, §] AL o] F HA9 B2 gt FE el SRR &
T9l AAo] 9lE FE5S 9l 2o YERGTE CrNi-Cd-Pb- 2 4= Qlt}h(Pardyjak ef al.[2008]). Wb Q91 10 ¥3te F<
Hgtolli= 453t kst (el oS vell o, Cusl Zn>  (Cr, Ni, Cd, Pb, Hg)> 2Hg 7191 5] Q1914] 2 A=Al g3l &
Cd-Pba} 3ol S, Asi= THE S5-d4et Aol gl %—El T E Fow dE

g,
av
1)}
Mo
o=
N
@
o
o9,
R
= o
o2 7
10

E4S Btk 45 224 (principal component analysis) 2 ¥<= 291 2= T4 20.6%E skl 910, Cut Zno] IEL
Table 50 YERon | WAL varimax, 27] 53k 1 oS th Zn v ¥IXE 913k 2 7FA(Zn dialkyldithiophosphate)
AHEIAL 271 2919] Fak 68.1%% skl Qi) o] " (Fujiwara et al.[2011]), 0] <] A7t &JshH t)7] F Zng]

229l 12 Cr, Ni, Cd, Pb @ Hgd EWA0] 47.5%2 Awstal  oF 1/30] 2KE} ul7]7120] 7]Q18 k) ar Sck(Harrison ef al[2012]).

Rom, tizkeat 222 QRlel] EFHHQICE thAE-S- =gl o3t wEbA] o] A4 A S B wEe] P W= ANt
ZFRARE JERIAL QA okt ARTIAEA] 3RS WHE wo] ofd 29l 1of] 23 Aol ulEl A o w2 Addo) vhar, Aot
Ao 2 Uehgth 2150 2 Qg Elojo] mlE= Cd, Helo]2 FXHEE BAJS Kol Qo] FHHQ 2 2910] Sl Aow
= wpEE Cr, Ni, Pb, Q17 vk 58 745 QA (&S, F-59  dekanh Cust Znd =55 AR A% 5] AlEsd) Ads

Table 4. Pearson’s correlation (r) among amount of magnetic susceptibility (MS), metal concentrations and pollution load index (PLI) in this study

MS Cr Ni Cu Zn As Cd Pb Hg PLI
MS -
Cr 0.54™ -
Ni 0.62" 0.89™ -
Cu 0.10 0.09 0.10 -
Zn 0.27 0.20 0.21 0.93" -
As -0.23 -0.16 -0.18 -0.12 -0.21 -
Cd 0.70™ 0.45™ 0.56™ 0.35" 0.46™ -0.10 -
Pb 0.38" 0.33" 0.50" 0.60"" 0.62" -0.10 0.69™ -
Hg 0.46" 0.46™ 0.58" 0.10 0.24 -0.16 0.68™ 0.52" -
PLI 0.58" 0.51" 0.60"" 0.63" 0.73" -0.12 0.84™ 0.81% 0.68™ -

**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)
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Fig. 6. Spatial distribution of mPELQ in total fraction of road dust in the present study.

=50)7|% 31cH(Zhang et al.[2004]; Gong et al.[2014]; Buzatu et
al[2015]). o1& AP e WS 2] 299 =, 7] W HAE

WEsh=d], o= CuEs el et o 5455 et
(Djordjevic et al. [2014]; Schwab ef al[2014]). LG &2 vl 2]
3 mEAX R o]zl Eofof| f-91E 4= 9l S (Taylor et al.
[2010]), 1718} A= 24 =2 el 2 4= 3t Amato et
al.[2009]). @A) HHEz} AlsRatdeA] o= 18,1807 (2018 142 7]
)9 754 (light industry) A7} EA8kaL QLo tiite] 7]

] xﬂ7]xﬁ;<]_ ZH;]L A 03;]_?51— A7} =0 Al 9351 Q)
th a2)ar @]l 1o 23 Ao} A ow vke Avde
A, Cugl Znl] E5= A 71Q13 7 9 Akl EsollA
A7 AR 5o edEdo] HiHow R FAHo] vt
A2 ek},

=

1__

al

3.4 Z2MX|Q| oliM =T}

A L2 A (total fraction)ol] thet e F37H= F 2570 AH

% 52%%0 1371 7o) “ul-$- LB (very poor)”, 1170 72 “rt
Er(poor)”, 17 4742 “oRzk L} (slightly poor)”d] LB HO=
“HE(fair)"oll FE= 29T Sl 2 oE YERITHFig. 6,
Table 6). “ol-- LFEell 3=]= 137 A4 ol 171 38 Al
SR, 27 A4S WA AR 2 Alsiid A o] e 9lert

o & A < S otk AR FEo A9 BE A A o] «uj$- 1}

Wrof| gty= QXIS BT & 257 A F Cre 2370,
Ni& 207, Pbe 247 350l IVETFE] QA7)1E8 28} 9
o} o]& faol The Aol vla] 2T A7 I 4 9

Qlth. o]i= okA Q13 x}ke] o] o) whEE <18k A
< 73 9l Cr, Ni, Pbe] 20l 228 A2 AFIeA| <]
2 A7HE 25 A7 Ak @Ak 2 HElo]3 HlEe)
TE 7lEAA o]S Pio] 998 A7) A o7 dhgEd)

Cu, Zn7} Cd2 247} 47, 271, 47H HALH] [V 539 ©017]
F2 23813 Asé) Hege 25 IV 557 ©]8he] sEgitt. nl#t

7 ] 73, 1370 o] «rllg- vhiael] s el e, Wit

Table 6. Assessment of sediment quality toxicity with ranges of metal concentrations in different fractions of road dusts (N=25) defined by the
sediment quality guidelines (SQGs) for freshwater sediments (NIER[2015])

Classification Total fraction Magnetic fraction Non-magnetic fraction
Fair 0 (0.0%) 0 (0.0%) 1 (4.0%)
Slightly poor 1 (4.0%) 0 (0.0%) 2 (8.0%)
Poor 11 (44.0%) 0 (0.0%) 9 (36.0%)

Very poor 13 (52.0%)

25 (100%) 13 (52.0%)
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