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Heavy Metals in Road Deposited Sediments and Control of Them in Urban
Areas: A Review
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Abstract
Road Deposited Sediment (RDS) is the solids formed from the wear of road, wear of vehicles, exhausts, and the
input of the emissions from various sources out of the roads. RDS is seriously polluted by organic matter,
nutrients, and metals. RDS plays an important role as the sink and the transport medium of the associated
pollutants because RDS can be carried to the adjacent water system via stormwater runoff. In this regard, the
heavy metals in RDS were investigated based on the publications. The contents of the metals in RDS were highly
variable. The concentration of Cr, Ni, Cu, Fe, Zn, As, Cd, and Pb in urban RDS in various regions was in a range
of 3.16-3,410, 1.15-1,382, 20.2-9,069, 2,980-124,853, 81-2,550, 2.3-214, 0.19-21.3, and 15.21-1,125 mg/kg,
respectively. The anthropogenic enrichment of the metals in RDS was confirmed by the high concentration of
Cu, Zn, Cd, and Pb. The contents of the metals were higher in industrial and traffic areas than in residential
areas, while they were generally increased with decreasing particle size. It is believed that this study’s results
would contribute to quantifying the metals’ load via RDS and establishing control strategies.
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=2 E]ZE(Road Deposited Sediments, RDS)
(1) ==t o] AAE A= ki, (2) Efolo],
Bo|3 vj= 59| A} FE vh, (3) A5
7k, 231 (4) =2 QO] AFIAIE E= B vl
SOl 7, 5ol 28l BA= =2 floll =
Aol= AR EHERE H S 4= Q1T Charlesworth

and Lees, 1999; Seattle Public Utilities and Herrera

Environmental Consultants, 2009; Yuen et al., 2012).
RDS= ZA| A9 9] thefet R A=, E9] H]F L

=20 543 ol 5o 23 HLS ATt RDS

L TRt 0 9B ES HHekE Y-S0l of

S50l L¥E0] F&Eo, LAEY SH== 84
(sink) 2 2-g51H, =2 1[5t 34 =3

A= Y=, LFESZ oIS “H7H(tran5port
medium) 9] F&-& SH}(Fig. 1; Charlesworth and

Lees, 1999; Kim and Ko, 2021). £3], RDS9] S+
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Fig. 1. Sources and Transport of RDS

4 35 thEA)2}of ]3] 4Js] 0.0 (Rudnick
and Gao, 2003), AR F U A3 X H 2] RDS7}
9] = 353 299] RDSO|| H|3}| Lz0}(Shabbaj et
al,, 2018; Shabanda et al,, 2019), Q19&] R 2lj 9]
e Fus 52 9 olof 23t fI5f 7ol =2 A
oz geiA girk

£A] Aol RDSO] g4 554 092 7
90559 w0 FEF HER JelET Uk E
AR 732-9-%429] Al, Cd, Cr, Cu, Fe, Pb, Ni, “1E]
3 Zn == 742} 0.15-4.9, 0.1-400, 0.056-1,900,
1-9,650, 0.0334- 162,000, 0.5-13,100, 5.5-19,100,
719]31 1-21,060 1g/Le] E3FH(Baum et al.,, 2021;
Wijeyawardana et al, 2022; Hwang and Weng,
2015; Kayhanian et al., 2003; Kayhanian et al.,
2012; USDOT and FHWA, 2017).

188 g, =204 RDSY A|AE= TR HIH
H=E2 Aloloh= 585 HiFo] 2 4= Sk A&,
of3h, AFAIE 52 v LIAFAIEEL st
AR 7F$- 584 57 9 0] 28] A2o] ol
3L SR HE] 9] o]#20] ] O L (Siriwardene et al.
2007), =2 4= U724 (non-constructive) T
A0 2, o 3)91e] w5 2 ¢ Azko] 7Ksiehe
&30l AUtk = A 2] RDS Al A= T2 A 4]l
I3t Ie 2% 4> (road sweeping) ] 2]3]| o714 £
o, o]0 23t F-FEF LG F5t Aol &<l
)27 Ith(Martinelli et al., 2002; Kim et al., 2014;
Kim et al.,, 2019).
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RDS A 7of| o135t 2. F-o} #74e] AeF2] vt
S 9S4, RDSO] @ P& H=9] Hjojo] AFYw]

ofo} Fick. QHE0 2 ROSE $71E, A 113
2, 449 21 5 3R 4% FER0 W45

Al L@ = o] glom, Ao m} ul-$- Z WA U
EF 21 Qt}(Seattle Public Utilities and Herrera
Environmental Consultants, 2009; Wei and Yang,
2010; Shabbaj et al., 2018; Shabanda et al., 2019;
Kim et al., 2019). 12|02, RDSQ] Q ¥Eof thst
FAAT7E HZ7HA] 0]Fo1 A AL Ath(Gao et al,
2021).

53], Se&FeAAA 0 £4H1L 44 5= 0]
Ao A 32 ot RS | X 22 (Maetal,, 2017; Shi
etal, 2011), RDSS] £2<& 5o} o], 18|11
Aol vlAl= FFY vhol EA] A|H9] F33% F
=% 2%, = RDSE} o]of] THAH FF50f tigh
olsiE AA &Y F U= A= Y7

J8ug, # AFA=RDS| L 5
AZHRF O 7 HES, RDSO| Ofet A9 S5
so] A3t A7t thaje] 2dlo] Ego] H 1A
=

-

foor

ot

2. EAIX|Y RDSQ| 3384 sk

EA] A9 RDSO| F5 F=of tieh24 A=
F2 20009H] 2Ho] o] U2e] o2 ZAofA
o] Fo{ %tk (Table 1). Z12{Lt, RDSE| F5< 50
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Table 1. The Concentration of Heavy Metals in Urban RDS (mg/kg)

City Cr Ni Cu Fe Mn Zn Ccd Pb Reference
Oslo, Norway - 41 123 - 833 412 1.4 180 De Miguel et al,, 1997
Madrid, Spain 61 44 188 - 362 476 - 1927
Sydney, Australia 42 14 263 19645 567 6.5 0.2 165  Nguyenetal, 2015
Svdnev. Australia 49- 20- 314- 22,036- 489- 557- 0.2-  36- Mohammed et al,,
yaney, 486 208 730 103,000 3966 2117 17 379 2012
Sydney, Australia 34 27 160 - - 850 . ggo DBirch azra%gc‘)"en'
Birmingham, UK - 41 467 - - 534 1.6 4g  Charlesworthetal,
2003
Coventry, UK - 130 226 - - 680 0.9 47
Inner city, i i 39- 7664- 160- 402- i 120- Robertson et al.,
Manchester, UK 113 17214 433 1,016 645 2003
Outer city, o320 2492- 49 172- 25
Manchester, UK 283 15,000 411 2,183 260
Avilés, Spain 42 28 183 42 1661 200 223 514 Ordonezetal, 2003
Amman, Jordan - 88 177 7,132 - 358 1.7 236 Jiries, 2003
Istanbul, Turkey - 32 208 - 398 521 1.9 212 Sezgin etal,, 2004
Tokat, Turkey 41 128 38 - 415 98 5.4 266 Tiizen, 2003
Aqaba, Jordan - 57 67 - 274 - 10.1 165.5 Al-Khashman, 2007
Tehran, Iran 33 35 225 47 1,215 935 10.7 257 Saeedi etal,, 2012
Ferreira-Baptista
Luanda, Angola 26 10 42 - 258 317 1.1 351 and De Miguel, 2005
Ottawa, Canada 43 15 66 - 431 113 04 39 Rasm‘;fg? etal,
. Sutherland and
Hawaii, USA 273 177 167 - - 434 - 106 Tolosa, 2000
Urumqui, China 54 43 95 - 926.6 294 1.2 54 Wei etal,, 2010
i, . 33.3- 77.9- 544.5- 384.9- 140.6-
Baoji, China - 5193 2599 23358 17783 18466  -uetal2009
Hangzhou, China 60 28 212 - - 709 3.6 194 Zha“gza;(;igwang’
HongKong - - 173 - - 1,450 3.8 181 Lietal, 2001
Taiwan - 17 51 25 338 467 - 102 Kuo et al,, 2009
Singapore 1245 186 9,069 - - 1696 2.4 338 Joshietal, 2009
Jilin, China 19.6- 11.1- 9.4- ) 167- 0.04- 35.6-
(Highways) 968 48.1 53.1 272 011 egy  Caoetal, 2021
USA 95 - 105 - - 240 - 38 Apeayei etal, 2011
China 132 41 91 - - 496 1.86 155 Cai and Li, 2019
Malaysia 28 - 98 - - 230 - 70  Shabandaetal, 2019
Thailand - - 90 - - 519 213 19 OSrithawiratandlatif
2015
. Surayawanshi et al.,
India 149 364 192 - - 284 265 121 2016
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G v|R|= JAA=0] tHFol L E (Yuen et al,
2012), 5013t B3k HehA] okt wie- |
2 HRloA B Lt 542 7.

De Miguel et al.(1997)2 RDSQ] S5 o]
A #5027 ATES 2SI olse
199033} 1992 059 Spain®] Madridof| A, 1
217 19943 o] E9]] Norway2] Osloo]| 4] RDSE £
A5}o], o = 4=39] Ni, Cu, Zn, 181 Pb7}
RDS9]| $k5-5]0] 9J-2-8 913t} Australia®] Sydney
oflA= 200340l|A] 2015 0] A, A} A
2109, Cr, Ni, Cu, Fe, Mn, Zn, Cd, Z12]1 Pbo] 5=
=717} 34-486, 14-208, 160-730, 22,036-103,000,
489-3,966, 6.5-2,117, 0.2-1.7, _12] 11 36-880mg/kg
o=, A|ejzt 2] A Ho] nle} 2 WA Leh
QJt}(Birch and Scollen, 2003; Mohammed et al.,
2012; Nguyen et al., 2015). £35], QIS0
A 21 %3t RDS(Nguyen et al., 2015)9] 24 =
TV ©& X]9oj H|8}(Birch and Scollen, 2003;
Mohammed et al., 2012) W& A © & vJehl, 917k
9] Y32 B50| RDS Fa< & =0l v A= ol
E LAY A S UrER Tk

Charlesworth et al.(2003)< United Kingdom
(UK)9] West Midlands©]| 3] 21+ Birmingham
3} Coventryof| 4] 33t 2+ 100 712} 49 7HS] A]
F2E B4} RAFZA], Birmingham] Q14+
©F 23,000,000 H O 2, UKOJ|A] London Th&-0 & &
THEOI O, AHY, A, A A 5o & E]tA
O & o]20]A] QJt}. HHH, Coventry+= Birmingham
Q19| OF 1/7 4:0] 21 Alo] i, T22] 4114
A2 A &fof IF[SkAL Ui Z1Eu, RDSO
Cu®} Cd+= Birminghamof|A], 18|31 Zn%} Nix=
Coventryol| 4] B o}, A9 1FH2t EX] 89}
o] A= UEhA] ekttt

Robertson et al.(2003)< UK North West England
9] Manchester AU} 2]29] RDSE EA51% =
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gll, AlUi9] RDS7} @] H]3f| S5< 5= 7k =ok
Ao o} 2ojA) Tkt 850] S 2o
AL 112 5 9SS eelct

Ordonez et al.(2003)2 Spain E-5.0f Q]x|st
Avilés®] 7km* Tl A et 1127]9] RDSE &
A5t Avilés= Q19- 9F 80,000 HO| S =
A&, A 9 g o] FFEO FEE5 st ==
7Fs/do] Qlet &4 A3, AFdA] ol FHERE 3o
RDSO||A], Zn, Cd, 712]31 Hg7} 242} 4,892, 22.3, 1
2|11 2.56mg/kg O 2, Ht(Table 1)°] H|5f &=A| L}
EREtT

EA] X3} TLE S RDSO] =& Ni, Cu, Zn, 7L
2] 31 Pb $}5F0] Jordan®] 4~ Ammani}(Jiries,
2003) Turkey(Tiirkiye)©] Istanbulof] X3t E-5
highway] 18km 771014 BHIEI9Ic. E-5 highway
L m5ego] 27, 74 100-1,000m o] Al
QA7) o], A 42l 5] B AR
“go] Wrt. 2HH, Tiizen(2003)°] 2|5}, RDSO| &
% 57t 5ol wt Haksl gl

Al-Khashman(2007)-2 Jordan2] Aqgaba ¥of 9
]38} Q141 2F 120,000 (20049 EAY) Q] Agaba A|
©] RDSE ARSI Agabarl= A, Bl= 5]
%8 4191010 Red Sea |04 F23 448 o
0] oJgHe 831 Tk RDSO] 534 5L T
Aol Hlsf 4] ko, Pbi= FARE S LE
ibig

Iran9] Tehranoj| 4] Z%]= RDS+ Cr, Ni, Cu, Mn,
Zn, Cd, 71811 Pb9] ==7} tk= ¢45L9] RDS9} &
Aol O, Fe 5= W T (Saeedi et al., 2012).
Tehran Irano| A 71 Q31H =A] - 3huz, &
A E501H 72 AT} I,

%927)19] RDS A|F-Z 200213 893} 90| Angola
O] 4% Luanda®] S4A|eF 7 FAX A 2
F 5l t}(Ferreira-Baptista and De Miguel, 2005).
AR 9GS 0.25km” B2 FESIA Y, 2 59
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[oh BAl XY E2EMZ0| S35 54 H MY 2=lde

B2 20 FoA WA S 5mo] g AL
=

A o] vlsf Fetou, e F&5F= AR %
= UEHI ]I

Rasmussen et al.(2001)= Canada®] Ottawa2]
ZARGOA, BL9l2 A 107] Aol 2
7} 50 7119 RDSE AF A 5472 T=e= T
2 Q1] )8 Wk, ol 41 % o] Ojt
47 f00] M2 tjRo 2 Az,

Hawaii2] Manoa basin®] 137} X 2] RDS9]
+42.9] 5 (Sutherland and Tolosa, 2000)= T}
2 4117]0] 9 A olo] RDSel-fArsHct
(Nguyen et al., 2015; Mohammed et al., 2012;
Birch and Scollen, 2003; Charlesworth et al., 2003;
Robertson et al., 2003; De Miguel et al., 1997). 0]
© A1 9] I-5F0] <3200-45,200 Hi/ L= &
o g0z e

WEei etal. (2010)-2 China £-A4]5- Xinjiang Uygur
AR 9] £=&Q1 Urumgiol A, 2007 84, &
169 712 Al &2 A5 o1& 5, 24 7= 1%
T2, 64 e LR, 65 /= AAER, 10 7=
FAANG B2, 187 6 7= F2PE E2oA
SIQATh RDSO] Bt S5 F s A, A 2
DA A Q3 -FASIAT

Lu et al.(2009)-2 China 45 Shaanxi 3-0]| 4] 2
9] 75 =A]Q1 Baojioll 4] RDSE A5 5ttt AH
A, AEERHAS, FAAS I FAA A 2L
F A2E A5t olofl ol RDSS| 47
= WAL - Ak AQE 457 s
Aol Hr= 2 AAEA] hgton, CugtZno] 211
= WEDHAH] RDSOIA, 24 T A

b OU
e 5 A%, 4] 9 FA X oA ek

off

Zhang and Wang(2009)-2 China2] Zhejiang £

9] Hangzhouol| 4, At 49, -9, 7 A 18]

Aol A 25 7 Al=E AF5te] RASHIL Li et
al.(2001)2 Hong KongQ] TA| 3-of|A] 45 79
RDS A &5 ZFI3F3ATE 0|5 A4 9] RDS=-FARE
57 TS eI 9, Hong Kong®] &=
Al A9 9] ZU EFO] Bt Cd, Cu, Pb, 121 Zn 5

L 7}7}2.18, 24.8,93.4, 712] 7 168mg/kg, 2]
11 E A Y FLo| A =2+240.15,5.17, 8.66, 12
11 76.6mg/kg O &, RDSO| H|&} 1|5 LFo(Li et al.,
2001), =AA S RDSY] 420t 554 2 HS RHS
shsick

SHH, Kuo et al.(2009)2 AFGA]AE T i
Al}o] Q1= Nantou County?] Jiji, Shuili, 12|11
Shinyio] 4] RDSZ )35}tk RDS] Fe, Al, Mn,
As 59 EL 314 EY fAsls o), B
HHE Pb, Zn, Cu, Ni, 13|22 Mo =31 E
ol Hlsf =T

Gao etal.(2021)2 China9] Jilin 9] 4 7§ 1<& =
Z=(Ring expressway of Changchun city, Changchun-
Siping, Jilin-Yanji, Changchun-Jilin, Ring Road of
Changbai Mountain) 2] RDSE £330, A
29 Cr 4 ZnE ERI5H

"1 Q)oJ| %, United States of America(USA)S]
AR (Apeayei et al.,, 2011), China®] W-EA]F(Cai
and Li, 2019), Malaysia2] 4}}ZX| ¥ (Shabanda et
al,, 2019), 718]21 Thailand®?} India®] FAX|F
(Srithawirat and Latif, 2015; Surayawanshi et al.,
2016)2] RDS| thgt A7} o]Fojf o, E3],
Cr, C,Zn, 18|11 Pb =7} =9)th

Table 1°f " 2]® tF-22] Aol A, Cu, Fe, Mn,
7n, Cd, 18] 1 PbQ] == 7} =A JEPSTh Fe@t Mn
2 & X]Z{(Continental crust)9] 8 AEo =7,
RDS £0t of e}, At EFoIAE 11 5=t wr
(Rudnick and Gao, 2003). 121}, &2 Cu, Pb, Zn
Fre Efolojo} =20 niH, 545 (Fe, Mg, Ca,
A, 2n 5) o] s w7k ok Q1 12l
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25 5ol 23t Z o=, Q1914 &5 9Jsfi RDS

T4 T/t woMlES 2t (Kreider et
al, 2010; Crosby et al., 2014; Agarwal et al., 2015;
Kim et al.,, 2019).

3. EAX|Y E&0f| I}E RDSS| 3% sk

TA] A H92 gukd o 2, A (residential), Y
(commercial), At (industrial), W-5(traffic, A}
7, Huld 5), 54 (park, 3-90) A9 2.2 S %o]
UL, o] ST A G| RDSO A= THE S5
LSS AS S o Utk 1R, A o] E
of w2} RDSO| T4 o] g 4= 3lom, o]
= 559 9l 9ol F-E3t HHE Als
AUk 1B, 2o thE RDSO] 5457 5 5
‘35 AESISIth

Ahmed et al.(2007)2 Bangladesh®] Dhaka A|
o 225 RDSS BAHACE 23] A2 41914
90 F Dhaka 52} 55, Tejgaon, 121 Old
Dhaka, A X< 0 & Motijheel¥} WEFFo| I
A== (>1,500 T /A7), TR FAXH 0 2=
1919 A9 o0& WEFS 100-700 T/ A7k 0]
o} 24 23, Cr, Ni, 21832 Pb= A & {9
Sk 2ol 7} IO, Cu®t Zne= 4] > A} >
A2 9] g=o] Tk

Gunawardana et al.(2012)-2 Australia®] Southeast
Queensland®] 47} <o A & 16 7]2] RDSE &
A5} ) AR Y £, Clearview Estate= F# X]
9Z; Nerang> AFA%| 52, Benowa=71 /4 /
AFQ] E3MA|9E, 18] 7 Surfers Paradise= 2
A2} 0.2 oo} itk o] 2Bl Atk
RDS®] 534 e S Aol 7} giglenh on
Ni, Cu, Z18] 11 Cd= =1 Bl BIsh =0tk 6
E9F] Cr, Ni, Cu, 18] 1 Cd 5= 2+2F0.00, 0.00,
8.09+2.10, 127 0.11+0.08mg/kg |2t} T, Fe

s
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S Zne FAXN G FA /A48 D A Hol 4k
FA T} G AR Hof| H]sf &=t °l+= Fe?} Zn
7} A s 2R5AE 5ol 93l (Crosby et al,
2014; Agarwal et al., 2015; Kim et al., 2019) 8} ]
== Aolch E3h A 2| Qof|A Fe, Zn, 12|11
Pb2] F=7} 1 Eof] H|s] =3kt FH B9
Fe, Zn, 18] 11 Pb 5 %+= 717} 61,200+20,000,
352.9+101, Z12]1. 272.1498mg/kg ]Itk ol=
RDS] Fe, Zn, “L&] 11 Pb7} 8 EQfof| 93k ojn]
9l

Jiries(2003)+= Jordan®] 4~ Amman®] RDSE
AT 24 4711 L) 77495, 20011 80,
FA, T2, A 829] 36 7| 2|4 RDSE A
215ko] 245190} Amman] E|2jE9] 20 A5
o] &F< =57} *8 carbonate rockYS 11T
o, 243t RDS= ARt S35 292 HERd
Tk Fe 5= Al A|90] FASHICH, Cr, Ni, Cu,
Zn, Cd, 18] 11 Pb 5= XA X 9 9] RDS
7hEAA o vlsh =34tk

Singaporeol| A= F&olA FEE= FA, A,
AFY Aol A, 2007'd 504 109714 6 7HE
Zk o5 RDSE AjF{sto] &A1 (Joshi et al,
2009). A= Cr, Ni, Cu, Zn, Cd, 18] Pb2] A g+
Fo|A 4HAA 99 F L7} ThE A o] H]sf &-5-5]
EUT FAA G A A Hof| Bl Cr, Ni, ZL2] 1L
CusEE £, In 55 2 ol =4 AH 9
WE UYL ok Zno] URI0] H= Eo]o] np
Lot {F8-Ro] AMgo| B B7] HlEo® AZE.
Sri Lankao]| A &= A A| ¥ RDSS] 45 55271 F
AR ol v]3] 2 A 02 e Th(Herath et al,
2016).

USAO|A 2 7] A X Y (West Seattle, Southeast
Seattle)1} 1 7]9] A+ A< (Duwamish Diagonal)
9] RDS £4] A}, Cr, Cu, Zn, Cd, 18] 1L Pb 5=

+ ARGl FAA ol v]3] 2o, 41 viEo]



HO
ol
=
2
=2
o

ind

[oh BAl XY E2EMZ0| S35 54 H MY 2=lde

RDS| $24:9] Y9lo] F % 9SS Lehpglct
(Seattle Public Utilities and Herrera Environmental
Consultants, 2009). T, A 2] Hoj|A|, Hg %= j
EREIEY

Malaysia@] Petaling Jaya2] 7 7} ] < 2] RDSE &
ARt AofA L, T = A A oA EH, A
o190 W Ao R Aol 215 RDSC]
Zo<&8leFo] AUk © 2 T =9kt (Shabanda et al.,
2019). o= E&, E2AEE, ASAF5ARAAE
of|x12] Hlj&o] RDS Fa4:2] ’lo] HE oJm|gct.

0]+=Saudi Arabia2] Jeddah(Shabbaj et al., 2018)
2} China®] Panzhihua(Yang et al., 2016)°] 4] =33
H Ao = FRI=] ATt Jeddah+= Red Sea 33t
of 91xJ5H, WE7Fo] 1,400,000 /L =2, Saudi
Arabia®] ] A[0]t}. Jeddah®] A, W8], A
[FA, FAE, 1, 12]AL 59 7 7] 2|9 S RDS
BA A3} Cr, Ni, Cu, Zn, As, Cd, 18] Pb ==
E AGolA 7HE 1L, 5E A HoNA 7 R
Qft}(Shabbaj et al.,, 2018). £3], 5& X F RDS
o] Tu% T thE A Hls A 23k
Panzhihua®] W% X9 RDSQ] Cr¥} Cu 5=
A Hof] B3| ot =3t o, Zn@} Pb= H-55H &
QftH(Yang et al,, 2016).

Singaporeol 4= 212} 15 749] A28 A1 x|}
= AR o 2SO, Cr, Ni, Cu, Fe, T2/10
Pb 57 FAEIA| HoflA] B =31t Yuen et al,, 2012).
Zhang and Wang(2009)-2-China2] Hangzhou2] o]
A4 223t 25 7§2] RDS A2 BA5te
Cr} Nit=AFIZ] o], Cu, Fe, Cd, 18] 3 ZnE=AY
AR o], Phi= A Ho] A o= &)k

Jeong et al.(2020a)2 -2 L} QHARA| 9} AJ S A
9] 227} A3 A RDSE A|F o] EA519]tt. A
HEFAAYG 570, 25 A S 6 71, 2P 4 71, A
A1 3 71, AFA AR & 4710k 24 A}, A
A /AR A= 9] RDSS] Cr, Ni, Cu, Zn, As, Cd, Pb, 71

2]1l Hg &= 717} 3410, 1382, 2109, 2550, 214,
3.16, 551, 18] 11 0.09mg/kg O &, E} 2| <lo] B]3|
LS =UTE FUA G RDS7F 20 & =2
S a5 T E UEHIIT 8492 S AH
g, EFEE, MA 2] SO Al
), FAA G| BlsiM = F55 st =W,

g BleA = ke

4. UXt 3710 IE RDSO| 34 Sk

U4 © &, RDSO| A A ofli= Haatof ofgt =2
348 ol 8st=d), QIR 2717} okl wet 4
Amgo] Woll i, 0 R Sl ZIc
(Kim et al., 2014; Kim et al., 2019). 18|22, AL
o I F5E T ol A4 2t RDS B
SEEAAE L A-FEF FotdAPgel -85t
A golct,

Jeong et al.(2020b)©] FFTtES] RDSE ZAFSHEE
of| 9J5}9, Ni, Zn, As, Cd, Pb, 18] 1 Hg = YA} =L
77} e 5w Sk YA 2717}
Zaol Het, 1 YAkl vEEdo] Z7lshu g,
ol ol B T4o] PSP RO 2
She ool i), B4E AAto) Eelol FRelol &
Aok= oFo] o] B2-8- Ju|$H}Lau and Stenstrom,
2005; Kim et al,, 2019). 2|1}, Cro} Cud] HEi=
>1,0004me} <125mof| A, & A= v =
Ao, o= Cre} CuZ Esh= YAHE°] RDSE
T 7HsAo] g ot

Lee et al.(2020)= e} A3 RDSQ]
T 355 58 246t AR Cr, Ni, Cu,
Zn, As, Cd, Pb, 713131 Hg= A =7 haxgtof we,
71 %57}t 27k}, o] 50| RDSQ] HHo| S35
o 248 71540 22 Ly gith(Lau and
Stenstrom, 2005; Kim et al., 2019).

Zafra et al.(2011)2 &5 Spain®] Torrelavega
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ol YAt FAXYQ] Rufino Peon Boulevard®]
RDSE Y=g BRdto] S545 55 345
t}. RDS9] a5 B Y=7t Aastol w2
A8tk 13y, 11 B AR A9 (Jeong et al,
2022b; Lee et al,, 2020)°] B]3} Wt oH, o= F
5 HiE o] A2 flwo & Ak

AL, -2t A& 2o A |33 RDS=
Jeong et al.(2022b) 2} Lee et al.(2020)°)| 42} o]
=2 < 58 YERITHKim et al., 2019).
E3 1 sEe A2 YAH<63pm)olA F IR
(2,000-63m)o]| ¥]3} & &=k Cr, Ni, Zn, 18] 1
Pbi= 4AFAA] o B RO, Cu B AFIA
o RDSO]| B3] = th 1& = 20 U H 5T
VHG |, Cu= A 529} =2, 18|31 Cr, Ni, Zn, L

231 P Ak HZ] 19 24T 5 e,

5. £E E¥E =5 242
Y aolder mM

Mzhm

Nzby

5.1 = EXME 3% 2¥9

EAZ+9] Cr, Ni, Cu, Fe, Mn, Zn, Z12] 1. Pb 5
%7} 22k 92, 47, 28, 39176, 774.5, 67, 181l
17mg/kgY-& 112 3H}HH(Rudnick and Gao, 2003),
H Aol A AR B 52| Ao A, RDS7} S5
&o] AZteHA o dd Ao R e} Sydney
(Mohammed et al., 2012), Manchester(Robertson
et al,, 2003), Hawaii(Sutherland and Tolosa, 2000),
Baoji(Lu et al.,, 2009), 12| 3! Singapore(Joshi et
al,, 2009)2] RDS: Cu, Fe, Mn, Zn, As, Cd, 18|17
Pb FL=71A|Z] H]3f & 3kth(Table 1). &3t -2
U2to] AFA A9 (Jeong et al., 2022a; Lee et al,
2020)7} 745 2 (Kim et al., 2019)2] RDS+ o &

Table 2. The Concentration of Heavy Metals in RDS in Various Land Uses in Urban Area (mg/kg)

Cr Ni Cu Fe Zn As Ccd Pb Hg Reference
Dhaka City, Residential 100.4 22.9 222 - 95.9 - - 343 Ahmz‘i)%';tal"
Bangladesh Commercial 107  25.4 47 - 151.7 - - 75.2
Industrial 136.1 352 1049 - 168.7 - - 533
Brisbane  Residential 148t 7:92% 1314x 7,220t  296.6% 0.51+ 32.5% Gunawardana
g 870 500  26.0 4,000 78.0 0.10 122 etal, 2012
Austalia Industrial 396t 611 655: 4230+  176.4% 0.19+ 257+
040 1.80  20.0 1,200 100 010 11.0
F}i;‘gset‘g;l/ 937+ 7.01+ 984+ 5730+ 2365 035+ 291+
/230 160 240 1,900 42.0 0.10 4.70
Commercial
c i 316 453t 708t 2980+  90.4x 0.54+ 384+
ommercial 940 070  20.0 100 23.0 0.10 9.50
. 08.09+ 61,200+ 352.9% 0.11+ 272.1%
Soil 0.00 000 "5, 20,000 101 008 98
. . . Herath et al.,
Sri Lanka  Residential 72 57 - 253 2016
Commercial 67 - 107 - 349 20
.. 173 096-  50- 5,075- 200- 0.15- 175- iy
Jordan Residential 5 43 115 110 6,525 285 019 305 - Jiries, 2003
parking  19:13- 17.5-  150- 5,150- 550- 143- 1,000-
8 4680 425 300 6,650 675 1.73 1,125
Commercial 373 12:5-  175- 4,275- 250- 0.16- 950-
19.03 250 325 9,125 525 1.66 1,125
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Table 2. The Concentration of Heavy Metals in RDS in Various Land Uses in Urban Area (mg/kg) (Continued)

Cr Ni Cu Fe Zn As Ccd Pb Hg Reference
Sineapore  Residentia] 857% 531% 246.9% ) 2747+ 071t 686+ Joshietal,
gap 114 185 535 55.1 03 259 2009
Commercial 732t 103+ 97.7% ) 619.7¢ 03+ 1113+
409 77 764 185.9 01 15.0
Industria]  1245% 185.6% 9,069x ) 1,696+ 241+ 338+
664 118.7 3742 446.4 1.0 556
West . .
Seattle, USA Residential 77 - 39.7 - 165 - 0.5 625 0.1 Seatt.le
Public
Utilities and
Southeast . . Herrera
Seattle, USA Residential  25.1 - 49.1 - 231 - 0.7 545 0.1 Environ-
mental
Duwamish Consultants,
Diagonal, Industrial 69.5 - 76.5 - 304 - 1.1 193 0.1 2009
USA
Malavsia Traffic/ 5697+ 20152t ) 403.94+ 14453 Shabandaet
¥ Industrial  1.36 4.49 9.37 +10.20 al, 2019
Traffic/ 3188+ 135.86¢ ) 31556+ 7469
Commercial 0.7 3.22 7.22 +7.99
Ianraftfﬁ/l/ 4334+ 139.19¢ ) 40342+ 18331
ustrial/ g g7 3.18 7.28 +10.30
Commercial
Congested 59.36+ ) 179.82+ ) 596.60x _ 13010
traffic 1.35 1.36 3.44 +15.75
Residential 21.58+  39.62+ ) 14895+ . 5222
by roadside 0.36 0.73 4.90 +7.91
Residentia] 1811% _ 4041x ) 169z ) 4961
esidential 4 22 1.90 5.67 +4.18
Commercial 2505 60.39% ] 14509+ 6528
0.48 2.30 4.15 +4.64
Saudi  poio o 4822 382: 10069+ 13543.06: 3464+ 157+ 531 1000+ _ Shabbajet
Arabia 45 406 1232  996.92 316 18 053 101 al, 2018
Suburban 599t 47.91x 1277+ 13119+ 4489: 201 69+ 1207t
71 565 1423 11341 420 28 087 143
Residential/ 63.0+ 50.04+ 13439+ 11,900+ 4725+ 21+ 7.2+ 1360+
Commercial 7.6 654 1514 1123 527 25 091 157
Parkin 713+ 55+ 15211+ 11,2004+ 534.6+ 233+ 82+ 154.4%
8 85 7.07 19.49 1091 591 29 104 206
Traffic 847t 653t 18067+ 12,4853+ 6351+ 27.7+ 9.71 1835:
106 861 231 1211 725 24 122 239
41.0% 202+ 18,500+ 23+ 04 1521
Rural 38 22*19 4, 965 8157 02 004 142
China  Residential 196 466 98 - 289 - 098 73 - Yag%izal"
Traffic 232 465 101 - 345 - 087 111 -
Singabore  Industrial 402 204 720+ 73,020+ 1649t 280t  Yuenetal,
gap 115 116 265 20,890 807 913 2012
Residentia] 312t 755t 498  51700: 1543: o201
103 168 129 15,300 425 28.7
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Table 2. The Concentration of Heavy Metals in RDS in Various Land Uses in Urban Area (mg/kg) (Continued)

Cr Ni Cu Fe Zn As Cd Pb Hg Reference
Hangzhou, Residential 37.7+ 19.3x 49.2+ 25,200+ 220.0% 1.02+ 127.6% Zhang and
China 55 6.4 17.5 1,600 76.6 045 488 Wang, 2009
Commercial 34.2+ 16.6+ 206.6x 19,000+ 344.0% 212+ 521.6x
6.7 2.6 75.1 7,200 154.8 0.80 244.8
Industrial 60.2+ 284+ 211.6+ 35800+ 709.0% 3.62+ 194.0+
18.6 11.0 47.2 15,100 309.4 1.59 331
Korea  Residential 119 29.5 101 - 549 117 085 126 0.03 'eoznogz‘ataal"
Traffic 179 61.1 190 - 653 13.2 0.74 181 0.03
Commercial 302 115 404 - 866 10.2 1.09 182 0.08
Parking 161 44.5 93 - 530 133 0.69 140 0.04
Commercial 5,15 1387 2,109 - 2550 214 316 551 0.09
/Industrial
. . Apeayei et
USA Residential 95 105 - 240 38 al, 2011
. . Cai and Li,
China Traffic 132 41 91 - 496 1.86 155 0.29 2019
. . Shabanda et
Malaysia Commercial 28 98 - 230 70 al, 2019
Srithawirat
Thailand  Residential 90 - 519 21.3 129 and Latif,
2015
India  Residential 149 364 192 - 284 - 265 121 Surayawanshi
etal, 2016

7¥

9] Fa50] A7 Feol Hlsl E55kA =S8kt
(Table 2). 5% HZ3H =, FAA 3} FAA S
oA F& Cu, Fe, 18|17 Mn9] %7} =9koH
(Ahmed et al,, 2007; Gunawardana et al., 2012;
Herath et al,, 2016; Joshi et al., 2009; Jiries, 2003),
Cr7FNife A2 525 237519t Joshi et al., 2009)
(Table 3). USA(Apeayei et al., 2011), Malaysia
(Shabanda et al., 2019), 12|17 India(Surayawanshi
et al, 2016)°)|4] 2] AL A= AR AT} AFI A
&of| A Cr, Cu, Mn, 18] 3L Pbo] 57} 5 =7 =%
ot -2 yetoll A= EA] A 21 Hof|A Cr, Cu, Mn, L
2|1l Pb2] 57} =o}(Jeong et al., 2020a; Table
3), B8 A7ket ko = Azt

Szt R HAdRo mbar, EaloA =
AFel 827119] RDS ZAFARS, Ci, Cu, Zn, 1|31 Pb
SE=7V721, 50,40, 18 34 A7 EF QA

T 1
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Q8712e 26 9o, 742k 2, 14,15, 18] 1L
10 7} At oA EFL A thA7 &S 26t
(A (EFSHEAY, HE A16613%, 2019.
11. 26, @F-70A). £3], S2vzte] FdH(Jeong
et al,, 2020b), AlSF5H(Lee et al,, 2020), J12]1L
& E 2 O] RDS(Kim et al., 2019)= | B R EFQ
Y 7S 2SR oW, = Cut Zn 5
L EGR AN 7ES 2Tsleich

Q@ ue} 5444 Cd, As, Hg, Pb, 12|11 Cr®* 9] 4=
AgHg71E0] 27} 0.005 ©Js}, 0.05 o]}, AZEE ]
A= 9t H(HE314 0.001), 0.05 ©]3}, 712]17.0.05
o5t 1L2{5HH, RSDO] A F-Yoll o3t S+
& ol 3719 7hs/d2 et A0 & AzEnt
(B3R AY, ¥E A|1846935, 2021. 9. 24, EFY

7178).
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Table 3. The Concentration of Heavy Metals in RDS of Different Sizes in Urban Area (mg/kg)

Size (um) Cr Ni Cu Fe Mn Zn As Cd Pb Hg Reference
Industrial area
Gwangyang, >1,000 1,591 92.4  52.2 - - 248 114 03 596 0.01
Korea  500-1,000 405 821 126 - - 455 13.7 0.7 87.5 0.3
250-500 368 633 227 - - 782 137 05 764 0.06 Jeongetal,
125-250 554 101  87.6 - - 1,114 107 09 120 0.08 2022b
63-125 736 146 175 - - 2,017 11.9 14 155 0.16
<63 841 246 193 - - 2982 16 2.1 221 021
Shihwa, >1,000 154 35 120 - - 633 7.8 05 130 0.02
Korea  500-1,000 287 96 251 - - 1,797 20 0.8 283 0.02
250-500 539 145 484 - - 1,167 16 08 147 0.03 Leeetal,
125-250 476 162 1,949 - - 2,573 16 13 484 0.06 2020
63-125 579 231 1,997 - - 3290 19 19 706 0.11
<63 769 312 1,810 - - 3,605 24 3.5 1,438 0.24
Urban area
Spain >1,000 - - 36 - - 83 - 8 154 -
500-1,000 - - 47 - - 139 - 11 210 -
250-500 - - 141 - - 268 - 22 297 Zafra et al,,
125-250 - - 104 - - 309 - 19 273 - 2011
63-125 - - 91 - - 399 - 23 280 -
<63 - - 124 - - 630 - 38 350 -
Traffic area (Expressway)
Korea 632000 208 292- 2506- 206553- 2646- 2837- 228 Kimetal,
’ 155.3 212.4 10,4468 37,6744 459.7 694.1 97.5 2019
g3 1167- 467- 183~ 29,1635- 4197- 7141- 594
2158 115 6,286.1 42,1920 640.5 874.9 93.4

5.2 T2 FA0 23t +H F3% Fob XMz et
2 oY Eat

"ot o g AYZFE T} (Calvillo et al., 2015; Kim et al.,
2019). 0|2 $I8IAI= W4 5712] H=jsiel A7tk

RDSO| 759520} 78 7] 534 Heafo]
YFe nd 4= 9lou g RDSY FE4 o0 A
2 9oL a4 wige) Belsl wast 1
2L}, RDSO| Sa<4-2 A Ago] Z4-A ] =22}
153} v} ol S22 e 9] wjZo] 1 feloln
Z(Yuen et al., 2012; Nawrot et al., 2020), W5
o] A7 MY Bl oS of2ig o2 Mzt
et

aJ3Eg, AE3 =g Y40 4230 RDST}RDS

of o3 G AL 9I%), AUl T AT

APE 918E 2AL o] A= ofop & Z o & Y7t
EIth RDS SHFS 4 T 49 T w2 A 371
oL, o] % F7t &7} ZAsket, o= RDS 'HAY
o] Zanof] 213k o] of e}, BlAte] 23t A }lo]
A Ao B, HARS X|48)5tal RDS Al AT S
gt & 4= = A A1719) Aol Zastt
(Kim et al,, 2014). T3}, & &% 4vof] OJ 5t A A AF
42 95l SE3H 52 RDS Al &S A3 5] &
A FFS BAIstolof gtk £9], RDSO] 4
I QHE S AT AR v 2 HAE W

o
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EFJZ 2 (Tables 1-3), thst X|Foj|A] A7} o]

FojzopdZog *“74%4-

$HH, RDSQ] A|AL 44 9 FXal A7t Qlow
thkeh o) e A 0= At RDS Al A=
FRETY IHE TS AAA HHL A A

HAE, 53], Bol o] 8H= o3 A9 HiAo]

Z7+E 4= lt}(Siriwardene et al., 2007; Calvillo et
al, 2015; Kim et al, 2019). T3}, T 2440 olgt
RDS®| #1712 RDS2| A B|At & a1 d = Uk
o|o} TAstol, A SEHA](2021)0] 4= Au]AEH
A RS 3 T2 A4S 58T

= =
&2 Ave FH A9 S5 Fool 2 932
012 9, £l 2707 OS] B4 SR

2310] oJs) =t

AR RDSO] 5% wew ¢ W HA=
EL5193t}. Norway, Spain, Australia, UK, Jordan,
Turkey, Iran, Angola, Canada, USA, China, Taiwan,
Malaysia, Thailand 12|17 India®] T=A] X|¥ RDS
9] Cr, Nj, Cu, Fe, Zn, As, Cd, 18]11 Pb 55 = 717+
3.16-3,410, 1.15-1,382, 20.2-9,069, 2980-124,853,
81-2,550, 2.3-214, 0.19-21.3, 18|11 15.21-1,125
mg/kg °]2it}. £3], Cu, Fe, Mn, Zn, Cd, 12]1L Pb
) Frt oL AAL B2 R =2 AL E, 18
19} S 91915 8.910] ofs] RDSS] Z24; Fpol
o152 e oick

RDSS] 324 S5 A]%0] §=0] njetd 2o
7} 9191204, AR o]t B 5 =47 ofo] v
3ff, W-FA Holu 4FAA] oAl Cr, Ni, Cu, Zn, Cd,
Z18] 3L PbO] 57t =kt T AR AL 5
F2oll A, RDS Y&=7h gadtol whet e 57t
oo, ol SE&ECl A2 YA, B¢
7 FrHo] F2kE of A ek LR i

[¢)
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£ QA7 23}, RDSY] 2 F54 20| A2l
%Ak o) RDSY] S1814o] -8 UERiAL,
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2518 AU 7FsHe] 18 oulaich Ten
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