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Abstract: Industrialization has increased the production of road-deposited sediments (RDS) and
the level of heavy metals in those RDS, which can have a significant impact on the surrounding
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aquatic environments through non-point pollution. Although the relationship between contamination

characteristics and particle size of RDS is important for pollution control, there is very little

information on this. In this study, we investigated the characteristics of grain size distribution and

heavy metal concentrations in the road-deposited sediments (RDS) collected from 25 stations in

Shihwa Industrial Complex. The environmental impact of RDS with particle size is also studied.

Igeo, the contamination assessment index of each metal concentration, represents the RDS from

Shihwa Industrial Complex are very highly polluted with Cu, Zn, Pb and Sb, and the levels of those
metals were 633~3605, 130~1483, 120~1997, 5.5~50 mg/kg, respectively. The concentrations of
heavy metals in RDS increased with the decrease in particle size. The particle size fraction below 250

pm was very dominant with mass and contamination loads, 78.6 and 70.4%, respectively. Particles

less than 125 pm of RDS were highly contaminated and toxic to benthic organisms in rivers. RDS

particles larger than 250 pm and smaller than 250 um were contaminated by the surrounding

industrial facility and vehicle activities, respectively. As a result of this study, the clean-up of fine

particles of RDS, smaller than 125-250 pm, is very important for the control and reduction of non-

point pollution to nearby water in Shihwa Industrial Complex.

Keywords : road-deposited sediments (RDS), grain-size distribution, heavy metals, non-point source

pollution

LAZE
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D‘r(Aryal et al_ 2010; Murakami et al, 2008), RDS
719t FAZ ¥

2010; Han et al, 2016), E5480] =& E/\]_J
RDS& A% &5 Sl 4oz A= ¢
= (Murakami et al, 2008), =204 vj&H v]A|
WA= EA] tf7]9] vAHA] s & ddFae
ZFA|BHCHMOE 2012),

53] AggE 9 Aol A 7]Q1g RDS+
Cu, Zn, Cd, Pb, Sb 59 tfoFst S48 E3staL
Ql=d|(Lu et al. 2010; Lu et al, 2017; Fujiwara et
al, 2011; Kreider et al. 2010), o]2|3t

st
ol AdrEe 238t HiEd

Aol A% 11 (Ma et al, 2017; Shi et al. 2011), ¢l
2 A U S olAe] 4] mdu 4
A7) 71 o4 W A A el B Qo)
th(Christofordis and Stamatis 2009; Faiz et al,
2009; Han et al, 2006; Lu et al, 2010; Waisberg
et al, 2003; Wei and Yang 2010), ®3F @&
T5ol o3 TEEE o et AR AESHAQl =
AL 712 PAHs, PCHs, nitro—PCH, phthalate
esters 2= 7|2 F= o] thgt RDSO} =2 9
B 2 A% gA] ERIE Sk (Aatmeeyata and
Sharma 2010; Aryal et al, 2010; Dong and Lee
2009; Mostafa et al. 2009, Murakami et al.
2008; Zeng et al, 2009). o]#3t L FEZ ] 3%
=2 ZPE RDSY S84 hie] Seluters v
F8AA F8 AL SAHA L 28 AR
S8 m2o g ed AAd AAE olnsieln
o, ERY40 £ 27 AT B wde

ol °‘E}(Amato et al. 2010) 34 RDSE
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Li et al, 2015). RDS Y#}F9] o] 5AlT} . HE4 9]
T, FeHA] Ao A2 AR 79 WAlRE 1A
7} QtH(Zhao et al, 2010), U¥H 0 & EJZ59] ¢
Ao 77 A E WA, f71E ¥, 25 S

PR} 8 SR Qe S5 gl SRt
of2]gh u|A| YA - AAFO| o]FAde] 27| wiE
of QI FAZ FUE7] 41 BHACRE P T2
stLH(Singh 2011), 7129 =234 B2 o]t
A YA A= Hl A7 Qs AR Bl
1 It Amato et al, 2010; Sutherland and Jelen
1996).

AlSHF e A= Al ehA| oF 2 F3E 2
=Ho F RDSY Fa& =7t v+
RDS % 2717} 63 um ©]3tel ulAIYAS] E-&o]
18.0~41.6%= A 3tHJeong et al, 2019). A|&HA
AR 7} YIAEE QFAFAl= 2008 e o] & == A
£0] 100%0°]3L, AFAEA] &] 49 EFHA HlEo]
90% o|AE Z}A)5ka 9lo](Lee and Choi 2015) 7
ol o3t e wAI7F Ak, AlStE s13 9
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Ra et al, 2011).
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Figure 1. Location of sampling site for road-deposited sediments(RDS) from National Industrial Complex around

Shihwa Lake.
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Table 1. River sediment quality standards for metals of Korean river-lake sediment pollution assessment guidelines

(Unit: mg/kg)

Class Cr Ni Cu Zn As Cd Pb Hg
Class I <112 <40 <43 <363 <15 <04 <59 <0.07
Class II 224 87.5 228 1,170 447 1.87 151 0.67

Class III 991 330 1,890 13,000 92.1 6.09 459 2.14
Class IV >991 >330 >1,890 >13,000 >92.1 >6.09 >459 >2.14
Class I: Very unlikely to be toxic to benthic organisms
Class II: Potentially toxic to benthic organisms
Class I1I: Likely to be toxic to benthic organisms
Class IV: Very likely to be toxic to benthic organisms
Atk 2 AFfM e Sl EFY MiASE=NER  Bote AFS Aoy 79 gk dukAl A
2005; NIER 2008; NIER 2010)%}, A/ 25 (Taylor L& §H= $230]0, k7 U (marginal)o 355}
and McLennan 1985), 1900510) A13}5 o)} 235 = AL s 2] AR S4o] Lt 715
A=9] = (unpublished)& Hj7Fs 2 o83t 7 dol e e mghet. U (poor) ©A19] 4]
ATk, s A5 gtol 0ol3te] W background  HelA= AN H4do] tEhg 7hsAol ot

concentration, 0—1¢]" unpolluted to moderately
polluted, 1-20]™ moderately polluted, 2—3°]H
moderately to highly polluted, 3—4¢]™ highly
polluted, 4—5¢|™ highly to very highly polluted,
50]A}o]H very highly polluted®] @& =E oJu|st

ch(Miiller 1969).
5t TAEAE oY
o+t X1]2015 687@)’% ]%3}0% U5 RDS #
A

==
‘zit}. 205%741 FME} fﬂi HHE JEE o9
B7E 71zl 71918ke] Y th(Table 1), w45 8 &
E(Cr, Ni, Cu, Zn, As, Cd, Pb, Hg) %7} 'S
ol &ot= -2 BE(fair), 35F 8 FH F 1
ol ol ‘I T B T Tudl A

ot U (marginal), “g45%F ‘1" 548 71 A5

=T
0] 17} ol Aol o3 i orsoel ol
S} “TAEE BT 72 227 o} Alo] u

et Akt

H FEoly PELus 54
F(fair) A 3l

odE 24 W9l vt Wastel, o v
(worst)] S3H= ol A7ke 0.8 Aejle]
el ) Shelel 7)o} olujie},

4. YHEEH QHB S| (Grain size fraction loading,
GSFIoading)

A|sArI ek A] of| A ZATE RDSE] 7}
oA ef FeiAel Sase A —‘.ﬂ‘fﬂié A Akstod
A AELH 0 RS} (GSFing) S APFEIATE 7
R
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BEX7 2 EAEAL PASW statistics 18

o] &3ttt RDSQ ZF 244 =% Ul oli Ajo]
o] AL ZASH] Y3 Pearson A HTA EA]

(Pearson’s correlation analysis)©] 3=t} &
ol=2gHE-2 0,05 ©]3H(p<0.05)Q1 AL Tetat



OXI - ol - LISEH - ZTF / ASHIGEX| =2EMEMZ| Y2 I S35 283 g7t 13

ek YA 271 S50 719 F4e feiA=
A B EA (Principal component analysis, PCA)
o]-&stlth, K QA Al fglo] 1 o4
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RDS9| YE= YA L H = B ol5/dat Heo]
=7] &0l (Zhao et al, 2010) HIH LY HE ¢
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250 umX t} 22 (0]5}(250 um) YAHL] Hl-&-L
50.2% (Figure 2b)Ql AL & Uepyith 2 A9
A ATFAT} A SR RDSS B Yt
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2005; Amato et al. 2010).
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et al, (2015)°] W=H 77 Up7} S71845 1]
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Figure 2. RDS grain-size fractions produced from total RDS, a) relative concentration, b) cumulative distribution.
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ZQl Aoz Holth wAdAL &80 At AAE
el =2 H40 Weg wojof fhth= A= U
©1}(Zhao et al, 2010; Zhao et al. 2011; Lee et
al, 2013), GRFAQl A4 o] o3 =2 A4 9]
A= F2 150-250 pm oJAFe] Egofnt 22 &
7} Q) 7] W Eofl(Calabro 2010; Jeong et al, 2011)
71 olsl 27|19 nAdAE B2 FAY HIEE =0
= AARA] F3, oleRt ZAIE sfEsty] flske
T2 A A mg oo diek A, 1 7HA
ool Rt AE7E Al Holeal §itk(Vaze et al,
2002). T2 A Aol 3359 7] (Chang et al.
2005), = A5 (Duncan et al, 1985), A2
(Gromaire et al, 2000), Z ¥ (Chang et al. 2005)
ol thgt 7iAo] 21 ofojrt,

2 A5 AETY Al F- Y 8Yolqi
APA = @A 16T19] a4t 2n, 2118
14d)E 2Rt 9le
19 13] AAE 7]2 LA R 5 =
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Figure 3. Mean concentrations of different metals in each grain-size fraction of RDS from Shihwa Industrial Complex.
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Table 2. Comparison of the mean metal concentrations in RDS from Shihwa and other cities worldwide (Unit: mg/kg)
Characterization ‘ Size (um)‘ Zn ‘ Cu ‘ Pb ‘ Sb ‘ Cr ‘ Hg ‘ Ni ‘ Cd ‘ As ‘ A% ‘ Reference

Shihwa, Korea

>1000 | 633 | 120 | 130 | 6 | 154 | 0016 | 35 | 051 | 78 | 32
500-1000 | 1797 | 251 | 283 | 18 | 287 | 0024 | 96 | 075 | 20 | 27
. 250-500 | 1167 | 484 | 147 | 12 | 539 | 0033 | 145 | 084 | 16 | 31 . ,
Industrial road | "5 55 | 2573 | 1049 | 484 | 14 | 476 | 0056 | 162 | 13 | 16 | a4 | Thisstdy
63-125 | 3290 | 1997 | 706 | 21 | 579 | 011 | 231 | 19 | 19 | 57
<63 | 3605 | 1810 | 1438 | 50 | 769 | 024 | 312 | 35 | 24 | 76
Katowice, Poland
>250 | 730 | 782 | 138 111 482 10098
90250 | 593 | 932 | 213 109 499 | 0245 Adamice ot al
Motorway 5690 | 1390 | 120 | 326 | - | 112 | - 87 10584 | - - e
2056 | 1609 | 209 | 362 132 98.2 | 0.659
<0 | 1829 | 287 | 456 182 109 | 0912
Katowice Poland
>250 | 946 | 89 | 387 879 227 | 0.081
90250 | 1879 | 103 | 309 by 284 | 0218 Adamice ot al
Utban road 5690 | 1768 | 189 | 569 | — | 169 | — | 765 | 056 e
20-56 | 2267 | 353 | 743 198 894 | 0.78
<20 | 2565 | 389 | 789 219 879 | 1.095
Ulsan, Korea
8502000 | 258 | 265 | 52 132 ] 03
Urbanroad | 180850 | 430 | 130 | 57 | B 248 | 05 Doung et al.
roan roa 75-180 | 752 | 236 | 118 369 | 1.0 2006¢
<75 | 1271 | 345 | 223 521 | 23
Kuala Lumper, Malaysia
125250 | 153 | 22 | 32 03 Hon et al
Urban road 63-125 243 50 40 - - - - 0.6 2014¢ '
<63 394 | 84 | 88 0.7
Tangshan China
Coal industrial ) ! Sun et al.
city, soi <000 | 7031 | 65.54 | 2293 | — |36.98 | (0.06) | 1681 | 0.15 |(5.89%| - 01one
Beijing, China
Park, street <2000 | 5138 | 1263 | 5107 | - - - - 34| - - Lz‘oeltsal
Newcastle, UK
Utban road <250 | 421 | 132 | 992 | - - ~ |20 10 | 64 | - Ok‘;g‘fzef al.
Hong Kong
Urbanroad | <100 | 3840 | 110 | 120 | — | 124 | — | 286 | - | 668 | 366 Ye‘;%gogﬁal‘
Ziirich, Switzerland
Amato et al.
Utban, road <10 | 2183 | 3547 | 247 | 324 | 330 | - | 504 | 10 | 19 | 56 ol
Barcelona, Spain
Urban, road <10 | 1572 | 1332 | 248 | 196 | 229 | - | 58 | 3 | 12 | 84 An?(t)‘l’ft al.

@ digested with HF, HNOs and HCIOs, determined using inductively coupled plasma mass spectrometry (ICP-MS) for metals (except Hg)

b digested with HNOs, HCI and H2O», determined using inductively coupled plasma mass spectrometry (ICP-MS)

¢ digested with aqua regia (HNOs and HCI), determined using atomic absorption spectrometry (AAS)

4 digested with HF, H»SO4, HNOs and HCIOs, determined using atomic absorption spectrophotometry (AAS)

¢ digested with HF and HCIOs, determined using flame atomic absorption spectrophotometry (FAAS) for Zn and Cu and graphite furnace
atomic absorption spectrophotometry (GFAAS) for Pb and Cd

f determined using energy dispersive X-ray fluorescence (EDXRF) spectrometry

¢ digested with HNO; and HCl, determined using atomic fluorescence spectrometry (AFS) for Hg and As

-: not measured
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QAT uf - SR A o= By Zirichol Hls}
o] Cu, Sb, Ni, Cd9] 55X+ H|A U2 Ho=F 1}
ERstTE,

EAE 2471 4F4(Fe, Al) 2 5F45(Cr, Ni,
Cu, Zn, As, Cd, Pb, Hg)¥] 4A9] 714 5= &
3 Aol Wh=H tiA| = Be F50] AR 2717}
Aodas WA b wobAl= AEE HleH,
(63 um &AM F49 =7t 7P A UETh
RDS & 714 &5k 42 Yehd Zn, Cu, Pb2
(250 pm E-&o) A L o]/Fe] &l ulsl 2u o]
S=7b A vEE o2 A8 Aol A= RDS9
Q)2} A7)7} 7442 24:(Cu, Fe, Cd, Mn, Ni,
Pb, Zn)9| =7t S7H5lom, Al s=e= 7Pt &
£ 37191 63-75 um ©|3}of| A YEFFTHHaiyan et
al, 2015; Lee et al, 2013; Singh 2011; Zhao et al,
2010; Zhao et al. 2011), CuQ] AL Hisr =
63-125 ymeoflAl SA= UL, (250 umoflA] w5
L7h o A7)0 whE AR ol okttt

RDSE| YA} 7] wE 59 1914 2 9%

= B71517] 95F] Leeo(geo—accumulation index)
£ 853 At b= Figure 490 e Sl
{63 um &2 Cu, Zn, Pb, SbQ] L7} 504 &2
very highly polluted, Hg, Cr, Ni%] Leeor= 3—4=2
highly~very highly polluted A€f¢l S = L}

wioh, 3 63-125, 125-250 um 288 Cu, Zn,
Sb9] Lo’} 3—52 highly~very highly polluted A
o], Ph, Cr& highly polluted¢! AS 2 Lje}
ST o= (250 um®] RDS YA} 1912 1o
9J3}| Cu, Zn, Pb, Sboll 433 L A= NS Kol
F= Axpoltt, ¥k 250-500 um 282 Cu, Zn,
Sbo], 500-1000 um &2 Sb¥t highly polluted
2 yebear, YA 5250 um] A 859 Lo
+ unpolluted~moderately to highly polluted=
el ddid oz 2 gAke] 74 19l 2 Aol
AR G HojFEo)

Al SAF A o]

4 e

RDSw= ¥ o1 # LA Twd o
dolch, 2 AE RDSE -4 Al A= 25 <)

AT PAZ FAEH, JFUET S EARR

FE=57F 0lee Y HAEY a5 ke 7
23138 AE g =cHHwang et al. 2016). Zhao
1. (2016) <105 um?] YA} 24 RDS A
—40% AEE AR5, AFeIA FoulE T} ut
#E A g5l 2Jgk RDSQ 45512 60-80%
o 4= Aokl Bugk vl Qi ofof & ¢t
7P 2R3 37191 (125 um®] RDS YA
1oz Algks 1 ek E A
F= & AA 3 ok
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Figure 4. Mean geo-accumulation index (lgeo) Of heavy metals calculated for different grain-size fractions of RDS

from Shihwa Industrial Complex.
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Table 3. The results of the assessment with Korean river-lake sediment pollution assessment guidelines for RDS of two

grain-size fractions, <63 and 63-125 um

Grain size Fair Marginal Poor Worst Amount of stations (N)
63-125 um - - 14 (56%) 11 (44%) 25
<63 um - - 3 (12%) 22 (88%) 25
of HAE ULk 7HY sel, ol 74 e A4 3.RDS U FI40 LY £

2 B g 7hstelnh, 12 2571 Aol A A
3} RDS Al& % 125 um ©]3}2] AlRol| that & 43
7FE sk, s ot tiEFA el ffsidS oS
&F¢IcH(Table 3). A L HH7F A7 63-125 um
o] NE+ ZAHE Y8 (poor)©] 56%, Wi L&
(worst)o] 44%% 0 wj-$- o] 1912 Cr, Ni,
Cu, Zn, Pbo]Qlth, E3F (63 um AlR= AHER
LHBO] 12%, tl$- LHBo] 88%%1aL ul$- LHEo] 919
2 Cr, Ni, Cu, Cd, Pbo|Sitt, A B9 Bts=E

H=Al] RDSE £ 387|190 % Hl&
T AR R 9] RDS -5
59

SES vk

[ IE=T wh T

Holrt,
WF7|H Qo A"
thKhademi et al, 2019), & <

29 2] RDSO)| 714 53 7 o &2 Yepd Cu, Zn Y
o AL Go)| A & & 22 74|, 7, 8t
52, A7) A o] At (Acosta et al, 2010), Z}

FeAIE 7hg 2 welo] Qi

et al, 2011; Bian and Zhu 2009).

RDS¢] 7t

=P
=4 YAs

SAE

21
= o T

o]tk (Amato

9] HE9}F Y=719] Pearson

o of e Q% 7E A} 63125, B3um 2& W AAE Table 40 KFsIATE Cud A9 &
- tHRo] gl o Q1 F45-2 Cu, Phol it & E AAEL QA 2719} §-2](p<0.05, 0.01)3F A
A X35 B foehio] AAH 9 PUA RDS  mEAS Rtk 1Z719 949 ALV, Cd, Hg
A YA P E AR R A&A 02 fE o] = AT o T4 daths Aol WA veht
A A A= sk B AISRE Y AA YA o =4 V, Cd, HgE A28t RDS Y $EF4552 Aozl
o] Uehd 4= A= et e 4 7HsAdol A A 7o) Y4 o] F ks thE A Bl ofsl] £4]
&g ojulgict H AU HolFoth F24E ZolE fo5E
oA o] WAE 0] 7| 9E 25F S 9o,
Table 4. Pearson’s correlation coefficients among the concentrations of metals in RDS
Al Fe \% Cr Ni Cu Zn As Cd Sb Pb Hg Size
Al 1 308%* | 757|026 067 -036 | -.020 104 340%* | 072 112 333%% | 636%*
Fe 1 652%* | 677F* | 703%* | 083 219*% | 289% 720% S579%* 632% .592%* .502%*
A% 1 364%*% | 412%*% | 046 .108 241%% | .690%* | A13%k | 424%K | 586%* | R35%*
Cr 1 923*%* | 116 A89% | 307%% | 495%F | 510%* | .626%* | 460%* | 298**
Ni 1 113 A79% | 371%% | 574%F | 603%* | T41¥* | STIRR | 378%*
Cu 1 T73%% | .065 220%* | 137 255%% | 126 148
Zn 1 062 341%% | 197* 278%* | 303%* | 267**
As 1 360%% | 434%% | 342K 1 21k | 3R1**
Cd 1 JI9FE | ISIER | T3TRR L T66%F
Sb 1 869** | .646%* | 530%*
Pb 1 609%* | 468%*
Hg 1 686%*
Size 1

*, *#* Correlation coefficients are significant at p <0.05 and p <0.01 (two-tailed), respectively.
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Table 5. The results extracted by Principle component analysis (PCA) for heavy metals in RDS grain-size fractions, which
are >250 um, <250 um and total RDS. a) initial eigenvalues, b) rotated component matrix

a)
Initial Eigenvalue
Total >250 pm <250 um
No. Total V:f; ;nfc . Cum(l)zative Total V:ﬁ a(;fc . Cum;l)ative Total V:f; ;nfc . Cum;;l]ative
1 5.773 48.111 48.111 3478 28979 28979 5.648 47.063 47.063
2 1.774 14.783 62.894 2285 19.038 48.017 2273 18.942 66.005
3 1.497 12.472 75.366 1.197 9.975 57.992 1.373 11.441 77.446
4 - - - 1.051 8.759 66.752 - - -
b)
Rotated Component Matrix®
Total >250 pm <250 um
Component Component Component
1 2 3 1 2 3 4 1 2 3
Al -.058 924 -.066 -.687 .020 -.046 -372 -224 -.185 878
Fe 732 429 067 -116 544 489 .033 856 -.086 .096
A% 362 877 018 -508 480 180 -337 342 -.094 .848
Cr 855 .002 035 107 931 129 023 924 039 -.090
Ni 908 051 032 183 902 045 022 932 -015 -.060
Cu 051 -.024 929 073 .095 -.094 699 019 947 -111
Zn 136 .050 928 -.024 -.069 142 748 142 948 -121
As 497 067 -.029 321 217 -.056 -014 360 -.052 346
Cd .693 522 261 382 062 717 074 73 227 383
Sb 819 182 .140 772 -.019 197 -.156 886 118 186
Pb 851 164 229 648 524 284 048 886 176 .061
Hg .590 507 208 -.019 145 721 -.025 635 .190 354
% of Variance® 393 20.0 16.0 219 214 123 11.1 445 16.5 164
@ Rotation method : Varimax with Kaiser Normalization.
b Extraction Sums of Squared Loadings.
THFe a.Qlofl ofsl] FFe e olHe 557k tfsto] ZH2F PCARAS 85t 1aL A3E Table

A
ek,

RDS % H|W
9 20| nhrglx) 2

H

PM)2] 3-8

Go F7 2]

Z
%S|

o upl-
e T

i

E]—/\‘] RDS/] :L_/,\_o

= o
e

H
7ro.

Pearson AAH Ao 2

HhE | (250

o] u

S

A RDS 2 Y250 pm, (250 um £&9|

dgst7]ole A7}

A TR B2 et
H] #}=<Q)2Hnon—exhaust
um® mA|YREe]
292} (exhaust PM)&}F -
o] Qlth(Doung and Lee 2011; Lim et al, 2006), u}
A 7] AATaAIL} YA} 27
o B T4 LAY AAS] Hlwslr] ffsh A

Nk
== o

=of

of Qokaloleh, £47

1 =
AE

THTable 5a). 2|

a3t Al 7

o] 60—80% AFo] = Q.0le A

ViEE

A= 37F4] f.¢l(principle component, PC)o] &

A=,

A RDSY| A12Q1(PC)2

Fe, Cr, Ni,

Sb, Pb, PC2= Al V, PC3+= Cu, Zno|%ltt. )250

ume] £&2
H {3l PCI2 2 As, Sh, Pbo], PC2+=
Ni, Fe—V—Pb, PC3& Hg, Cd, PC4= Cu, Zn°]
2 dytEo] Fade Yehdth (250 umold= &

=2
CR=hat

wEAME 4714 8.910]

==

T=

—ri Cr—
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ol =2 PC12 Fe, Cr, Ni, Sh, Pb, PC2+= Cu, Zn,
PC3= Al VE Yehgt, 2 AR W edE A&
gho] vlsxgt fl4Eo] RDSO| & AAghe|o] £xshs,
290 & Ao R FIT 4= ItH(Table 5b). ©]
A= 5250, (250 um 27]19] RDSY| g5 &
£9] 7)ol mj-¢- th=w, (250 pm4 s B2
a2l AA| RDS«] L3} vl FARRS ofm|gte},
»250 ume] 7o+ PCl, 3, 49 &3 Fo YA
0] Al} 28] TS Holr Q1914 EEat H
o] 903 Arstar glrh(Table ob). o] Y459 4
£ unpolluted~moderately to highly polluted®]
Loy, dAf A7l whE Fedix EHs B
o] 2] gko}, AHdg-solAl 71Q1%t B ujE YA} of
g Are T2o] fH Ao® wohdr: Cu, Zn
& 7V FHEH B2k, 1914 e 9wert 7 Al
St Y149t} Jeong et al, (2019)2 AJskAFIEHA] 9]
RDSe|| 23+ Cu ¥} Zno] A} 7] L4 ofe} =1
ARAgRsollA 7108k A es B astelct,
(250 um®| PC1#} 29] 8 aRl&L A4
714l Yo wetE e, 2T =4 2 5
Sk Sh Ahge] Hjo]= sj=9f nfito] ofs)
HL-0] 9 A (lijima et al, 2007), 15 TH
9] g3tA9l &R} (tracer)= AH-EltH(Lehndorff
and Schwark 2008). PC19] &2 @29l¢l Pb, Cr,

A
=

OJ:

A

=

fo v iy o}m

o2 12

Ni, Fet= Sheo} oA 2bF B =2 9] wpkLof o|gt
HjE 7] @Yo 7HEn, Ph Heo]=L 2oy,
T2 HQlEQ} glo]o] WA o] Eof|(Thorpe and
Harrison 2008; Del Rio—Salas et al. 2012; Root
2000), Fe2 Byo]a tA S} sf= (Hulskotte et
al, 2014), Ni& ol AT E (Ozaki et al, 2004), Cr
L Bdo] glo]yd(Adamiec et al. 2016)2] uf=
7F = FaAd oIt Cuft Zn7h PC29] 8 24l
o7 FEEo 7|Ho] TS & 4 st AE
A Aatol A Cue YA 2719F dto] A& Ao
UL, F e <250 pmoflAl v 2ok, <250 um
o AAflol &4 wiE ol Cudl Yol =
et e, §ARE 2317} Fujiwara et al, (2011),
Adamiec et al. (2016), Han et al. (2008), Li et al.
(2015), Lanzerstorfer (2018)¢f 9j3 2 1%l Hf
Tt RDS9| Zn L AX7A ol AHE-E|m AFE2t
wj 7|7} 7) & &Y o|th(Harrison et al, 2012),
o] ATZ (250 um £-&9] Cule 8j717}A7F =8 7]
HY Aos doEgich

Metal elements

0% 20% 40%

60% 80% 100%

Loading ratio

Figure 5. Average GSFiding Of heavy metals in each grain-size fraction of RDS.
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PAEEE SF49 L HHSHE(Grain size fraction
loading, GSFludng) S AFE58}9] Figure 59 UERY
Qlct. Hg, Pb, Sb, Cd, Cu, Ni, V= 671 Y& 27]
HZE 2 63 um 0]5+e] YRt AdjF oz 713w
S oFo] ZA5h= A= YERFAL, AsT Cre 250—
0], Zn+= 63-125 um®] E-&o] 714
BT 125 um o|5ke] #&- A
RDS9] 2= Sa<ol theh 7]o&o] Bt 51%3itt.
(63 um 9] &2 YA o == AA| RDS FollA Bt
12.4%7F EAHol e Etokal 2o 545
oA 7]of&o] 7Hd w8, B HE a5deE
<250 um®] E-&ofl Ht 70,4%(55-81%)7F A3}
= AeR ‘*}E}”ﬂr o= RDSE| &} 27]9f| w2
%%4 A HlES sele W, (250 ume] vl
A} &l = ioﬂoﬂ ek 71 =7t ok A
UERHT, ol (250 um® wIAYA} E&9 S5
W30 a2lo] MA RDSE| 88913} v FARE A2

I

l'JZ

¢

2 UERt PCA 24438 AW T 4 Qlrt, &3t o
A= (250 um) T QYA EAsHE T4 2.4
=]

Hop7t A3ts ARTA] €] RDS 54242 Aut o
g AR, AR O] v e de] E 9
A= E2A A A 250 ume] YA AA 7} ule- &
Q3 Uehdth, AbeA] ] RDSQ 27]+= Q1914
TS5 gRst Fadt FFS vA= adol
(Khademi et al, 2019), 7L A%< RDSQ] QAR *®
of whe} EFdth(Furumai et al. 2002). Zhao et al.
(2010) 9] Beijing AlW2] RDSoA (250 ume]
&0] A4 RDSQ] v .ol o3t F45-5t2] 80%,
44 um9| £&o] 5P FRAEA 557519
70% ©o|AFS AFA| ettt al B 1159 th, Sutherland
and Jelen (1996)+= <63 um&| A7} 714 F2.3t
A woln AA| B AEQ 38%2] Pho] o] £
AE o] Qltkal Huskeleh, RDS+= EERE42
&0 oo tigt 7] w7} 231 (Walker et al, 1999,
Stone and Droppo 1996), Y=} 7|7} n| &2

GH517F 27] wjiof|(Khademi et al, 2019) =2
Ao A olgfgh mA| YRS A Ak Aol vi¢- 5
Q3FcH(Zhao et al, 2010),

>~

l

V.4 &

e

Aol Aetse] aaba el S4uE 9
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o rlu s ¢
of

Rk

NIt e

T BE B4E 2481 o]0 o3t §17
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