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ABSTRACT

& ATolM = Bt o =TT e AE old B 79 Y] AAA7E =254 B 2E(Road-deposited sediments; RDS)
SlereHE v 524 2 9% meln A< © P 2] RDS| AR A712ick. RDSE) 35 Okez) ] 51271 2,982
mg/kg O 2 tfY =9Fom, 3.2(Cr>UANI)>H(Pby>T12](Cu)>H| 2 (As)>7FEB(Cd>54-2(Hg) 2] 4203tk RDSY] F24 55
L A AR S S0 5, BEAIES AR A PRI AR 22 S ES B 125 m Dgte] <
Zp| A oFA(Zn)©] 7H =2 2 H = (very high enrichment) S WEFH 1, Cr, Cd, Pb-2 4 2}eF 425=9] @ ¥ T (significant enrichment)
£ Btk 3, SIYEAE W 335 5= HF-E =W “5-9] 7|F(threshold effect level, TEL)” ©]5F1.2 1, 2010 ©]% Zn2]
Hs 7t 30~40% S7Fotith A7 A T2 W Zn, Cd, Pb -2 739-A1 A Bl 2 o] FEiE §E7HT 125 i m]Tto]
A7) 54% 8 AR 20 2 Uehydel, B9) ofd(zn] A9, A7) LE Bk ofie 118 o] ALgH oA o] 34
ol SI3t e ZA W= A0 2 WET), FH4 55/ 2 A8 RDSE v, 2ol 5ol <Js) A HArs]o] o] Bt of et
A 1 2ol A G mIE = 7] tiwoll = 2 2 A A o] ml )= Fell st F71HAQ1 A7 B 2 s

In this study, heavy metal in road-deposited sediments (RDS) and marine sediment around Gwangyang Bay area have been
investigated to assess the pollution status of metals and to understand the environmental impact of RDS as a potential source of metal
pollution. Zn concentration for <63 um size fraction was the highest (2,982 mg/kg), followed by Cr, Ni, Pb, Cu, As, Cd, and Hg. Metal
concentrations in RDS increased with decreasing particle size and relatively higher concentrations were observed around the metal
waste and recycling facilities. For particle size in RDS smaller than 125 (m, EF values indicated that Zn was very high enrichment and
Cr, Cd, Pb were significant enrichment. The concentrations of metals in marine sediments were mostly below the TEL value of
sediment quality guidelines of Korea. However, the Zn concentrations has increased by 30~40% compared to 2010 year. The amounts
of Zn, Cd and Pb in less than 125 um fraction where heavy metals can be easily transported by stormwater runoff accounted for 54% of
the total RDS. The study area was greatly affected by Zn pollution due to corrosion of Zn plating materials by traffic activity as well as
artificial activities related to the container logistics at Gwangyang container terminal. The fine particles of RDS are not only easily
resuspended by wind and vehicle movement, but are also transported to the surrounding environments by runoff. Therefore, further
research is needed on the adverse effects on the environment and ecosystem.

Keywords: Heavy metal, Road-deposited sediment, Resuspension, Stormwater runoff, Gwangyang
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Foflo] 3t s olli= FA=T AR, oSS TR, 2R A 5O tivti AFe e Ao Fert
Ao et AR B Aol frolls wE e s B AT e S w1 ofd(Zn), 721(Cu), H(Pb) 50 v 2 H| ¢+
7} SAeKCouncell e al., 2004; Lee et ., 2020a). 53] 0] 5 Fsoli shsloll ] 248 215 S Aol 427
e 327J0] 91212 QIS o] 245 ARIHP1ES AEIR0] ofrigho BA) B4 55} 32 lAeA] W So| #4EA
So) o} w1 9l

T 252 B2 Z(Road-deposited sediment; RDS)> S5, BF4H, 171= 2] thRt L @4 0] Fa 3t -2t vl 7|4
o]th(Sutherland, 2003; Ma et al., 2016; Shahsavari ef al., 2017; Chen et al., 2018). At & FTLA oA F-EE] o] TALEZ |
A2 5o EFr50l Ao e a5 L d=d2 HiehE 5ol B2} B @ ¢ 0] = Z--1-E(stormwater or
rainfall runoff) & -&ofl =R G2 v A2 ATy, o]of thgh A= FEot). thf i AP EHA] X[ H 2]
&, ofATE, T, AAE A6 50 o= TE5 50l LHE GRSl F4] Hofqlow, A HIH e elo] FEHl=
ZH SfjoF k4 © & o] E3HK Drake ef al., 2014; Zafra et al., 2017; Liu et al., 2018). RDS 32 & G4 U] 342 9]
2P RS 5ot 2 £02 S7VsHH(Hilliges et al., 2017; Folens et al., 2018; Lanzerstorfer, 2018; Lee et al.,
2020a), = AFG A -9 725U A2FF125 im oJ5ke] 27171 80~90%E 2[5k QLo A T e o = olF
Fltk(Lee er al., 2020b). 77 B2 A &= A2 glo] sk 9718 Bl obd S22 sfifo s A fEEL QL
o AAIA TPt Had Ao Alg et

wEbA] 2 Ao BT =7 HEdER| et AF e[| K ool EAck= YA RDS 2 S E A= F
a5 QFTG wpett A4 @ P = A RDS7 e v+

2, 2= 3 'S

2.1 SR U AlZAh3

Fgo] H7MteA] 9 Ao H5 2] ellA 20133 2178 70l 252 €24 E (Road-deposited sediments;
RDS) A& A5Gt (Fig. 1). RDS Al&2AF = %187 47](Dyson DC35, USA)E ©|-851310H, 7+ A3 471 o<
Aol 0.25 m* (0.5 m x 0.5 m)2] ARFE Aot A= o] thi g S o3t A E Alms 2w uo] gof AE
A9l QB(40C)oflA AZAIR & Y24 2F A5 A A 7] (Analysette 3, Fritsch Co.)S ©]-8-519] Wentworth(1992)°] E]4
= AT EFAAl] whet 6702] JAF71(>1000 @m, 500-1000 wm, 250-500 um, 125-250 un, 63-125 um, <63 (m)= F-55}0q
FAE S5k

el =2 2016 Fdt 3l 3170 oA 13H(Grab) AlBAF 7S AFESH] BE(0.5 em o) ThE AF 5t &
AAZSIA E A g3 25547 (Pulverisette 6, Fritsch Co.) 2 &St A7 & B A 7ER] AbA| 2 2o Edl A=
i

ol
=
A S5 g 24 96l HaE AR oF0.1 g= HIZE ARESHE 7ol YAl Ao EAKHEF), EAHHNO3),
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Korea) 180C= 36 A7t -5<T ePdwalislAirt. sl & AR 8715 Bl 160 Colld SEALAZLOH, 1% Fito =

10 mL 2 A-8-5)] 3+ 5 dAof w2t s|Aula~E G7]s}to] ICP-MS (iCAP-Q, Thermo Scientific Co., USA) 2 24519t 4=
(Hg) A5 212417](Hydra-C, Teledyne Leeman Labs., USA)E ©|-85}0] 245130t} 249 A= 0] = A5=
sted 2714] F70] Sfof Bl E EEEZ Q] MESS-4 (N=6)2} BCR667 (N=6)& Al=o} o] EA41513]. 00, MESS-4+=

Pae)

91.2% (Zn)~98.8% (Pb), BCR667-295.6 (Ni)%~103.7% (Cr) 2] tl-&- 2}& 51 3]4=8-2 1 oJr}. RDSS} ajoFE| 2 E0] 9w

AHAAKHHCIO,) 2] &8H: k2 €o] Graphite digestion system (ECOPRE series, Teflon coated Hotplates, ODLAB, Co.,

B0 N GAk} TAEslA R 212 B4t (72 Al 5 A4 7] (Mastersizer, 2000; Malvern Instruments

Ltd., UK) 2 E45}9ct.
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Fig. 1. Map of sampling sites for road-deposited sediments (RDS; upper) and marine sediments (lower) from Gwangyang Bay.
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23335 28 Wt
RDS W 242] 9% H71E 9f61o] 5= AK(Enrichment factor; EF) S AR89 0™ APPALL tR237H L Taylor, 1964).

(Metal | Li)

o sample
~ (Metal / Li) )

background

o714 (Metal/Li)gmpie Al 20] 545 7 LiQ] %E0]™, (Metal/Li)packgromd= A122] Ha%%(Rudnick and Gao, 2003)
£ ARSSHH sE5AE 4 Sas 94l diste] F 5719 5E0E R, 20|5ke “deficiency to minimal
enrichment”, 2-5+ “moderate enrichment”, 5-20- “significant enrichment”, 20-40-> “very high enrichment”, 400’342
“extremely high enrichment” 2 -2 TH Yongming ef al., 2006).

1175111 pollution load index; PLIY:= 4151 87 94:0] 412191 =4G9S BrFsb7] Slal ALG=1e), cha} 2
o] AxFsttH Tomlinson et al., 1980).

PLI= {/CFp. X CFy; X CFg, X CFy, X CF, , X CFg; < CFp, X CFy, @)

CFRR 7h E4:9140] 35 o} 4% . 0] WS ke, 4% i 557150} niir i) 2 27be] Hs g ARas)
ot LG = F 6719 5Fo® FTEEM 0-1 (0<PLIL 1) “unpolluted”, 1-2 (1<PLI<2)+= “unpolluted to
moderately polluted”, 2-3 (2<PLI<3)-2 “moderately polluted”, 3-4 (3<PLI<4):= “moderately to highly polluted”, 4-5
(4<PLI<5)%= “highly polluted”, 50AH(PLI>5)-S “very highly polluted” 2 F-H-%T},

=

3. 2%t 2 03

3.1 E222ERE Y S35 22 2 28 Tt

FR S/FFroll EXIkE <63 m®] RDSOIA FE49] Bhs e Zn712,982 mg/kg © & 7P =3Lom, thgo=
Cr>Ni>Pb>Cu>As>Cd>Hg 2= |T](Table 1). Crit CuZ A5t BE F4- U040 i 2 9717 AS4-2 Z716 190tk Cr
= 7P 2RI IAH>1000 m)elA 1,591 mgkg®] Babstes HIOw, oF=R10 4N 21,825 my/kg O] 2 F 52 2]
QI AR 0 AAERI Cra Xt E5H o2/t & e Hol| EA6I317 | Wit = Feelt):. Cu 5e=250-500 ime] AR
7101 A0 2 e £ Mglrk oR=Ro1 AR 8 1217 ] Cu t55713,655 ke U217 ] mhEolc
R21 A7 Q1ofe HjE24 w7 ) AHekE QA EReHL Q1glom, o] A e] mE Q1zla 7104 Curt Hdis w2 Lehich

RDSOIA] <63 m U] S5 = 0] F7HLILE Fig, 20 AAISACE Crit AsS R17 AolA, Lhe]2] B4 ¢atR219]
A s T2 Bt o5 AR FHloll= Aolu o] 0% W 529X WAgg 24 7| BE-S w7/ Aggsts A7t
RISt lof 2Tl ELo] AAjgte 2R e fEHo] Rt 545 __7}_/\-10] 9

2 72 e ARIA G(R1-R11) T Ao FF 2] G(R12-R21) 0.2 F-E51 F7<:

N

= vlaslgct. 94 27]

500 um ©1449] RDSOIA Cr, Nie] A1 SolA] B 3 5128 Lhe o0, 500 m OlonL BE 34 Y27} ol
S Aol B 58 S Bk Aol (oS e B 2E Fa4 U U 18 o) ¥ 512 Hsie, 5

28 A1 £ AT A B4 8 el S0510] 9 2% 9B AE] 4% efoole] 2]
QA A 02 ST 715l 9)
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RDSO| 54-94-0] @ =5 Hrisl] ffste] Zh Afo| 2| izt EF4kE Table 201l AIAISIAH: Zno] @ HX7t7Fd Z1 o™,
AZE=7] >1000 2] E[AE-2 “moderately enrichment”, 125~1000 um= “significant enrichment”, <125 im= “very high
enrichment” 2] @ &53-2 HLIt}. Cr, Cd, Pb=250 im ©]6}2] YA} Z7]of| 4] “significant enrichment” 2 WERG O™, o] KTk
2 JAZ7 A= tHEE “moderate enrichment” 2, Y27t =271 w2t @ A7} k2 7] H7b=|QIck Nidt Hg2 T2 25
o] vlo) QA7 WA RO, 125 im 0151e] AR/ “moderate enrichment™ . th4: 37 Lpeet

Table 1. Comparison of heavy metal concentrations (mg/kg) in each RDS fraction, marine sediments of this study and other
literature values

Region Size (ym) Cr Ni Cu Zn As Cd Pb Hg
Road-deposited sediments (RDS)
>1000 1,591 92.4 522 248 114 0.3 59.6 0.01
This study 500-1000 405 82.1 126 455 13.7 0.7 87.5 0.03
250-500 368 63.3 227 782 13.7 0.5 76.4 0.06
(industrial road) 125-250 554 101 87.6 1,114 10.7 0.9 120 0.08
63-125 736 146 175 2,017 11.9 1.4 155 0.16
<63 841 246 193 2,982 16.0 2.1 221 0.21
>1000 154 35 120 633 7.8 0.5 130 0.02
Shitwa? 500-1000 287 96 251 1,797 20 0.8 283 0.02
250-500 539 145 484 1,167 16 0.8 147 0.03
(industrial road) 125-250 476 162 1,949 2,573 16 1.3 484 0.06
63-125 579 231 1,997 3,290 19 1.9 706 0.11
<63 769 312 1,810 3,605 24 3.5 1,438 0.24
>1000 - - 36 83 - 8 154 -
Spair? 500-1000 - - 47 139 - 11 210 -
250-500 - - 141 268 - 22 297 -
(urban road) 125-250 - - 104 309 - 19 273 -
63-125 - - 91 399 - 23 280 -
<63 - - 124 630 - 38 350 -
Marine sediments
This study 63.0 25.8 19.8 112 9.3 0.2 292 0.03
Gwangyang” 67 33 19 95 - - 35 -
Gwangyang” 51 24 18 86 - - 28 -
Gwangyang” 68 30 26 122 8.3 0.15 31 0.02
Shihwa® 86.8 38.4 91.2 233 9.5 0.4 54.3 0.06
Ulsan” 61.4 31.1 83.8 216 14.9 0.4 56.0 0.13

DLee et al.(2020a); ?Zafra et al.(2011); PCho et al. (2000); “Hyun et al.(2003); *Ra et al.(2013)

Table 2. Comparison of EF values in different size of RDS and marine sediments of the present study

size ({m) Cr Ni Cu Zn As Cd Pb Hg

>1000 18.5 1.8 1.5 3.1 2.3 3.0 2.9 0.2

500-1000 3.5 1.6 3.5 54 2.3 5.9 4.1 0.5

RDS 250-500 34 1.2 7.0 10.2 2.4 4.7 3.9 1.1

125-250 5.1 1.8 2.8 14.4 1.9 8.2 6.1 1.6

63-125 6.5 2.4 5.1 1.9 11.5 7.1 2.5

<63 6.5 3.6 4.7 2.5 154 8.7 2.7

Marine | ean 02 0.1 02 0.4 0.5 05 0.5 02

sediments

- 20<EF<40; Very high enrichment 5<EF<20; Significant enrichment 2<EF<5; Moderate enrichment

I:l EF<2; Deficiency to minimal enrichment
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Fig. 2. Spatial distribution of Cr, Cu, Zn, Pb concentration, sum of EF value (SEF) and pollution load index (PLI) in <63 ymfraction
of RDS in this study.

B ALof|A] BAE g7) UAof tigt @ FRSEASHPLI)S] ZF Afo] A B2 1.8-8.70]912H, 125 um ©]5k= very
highly polluted 2] @ 55l sIF= AT}, EF 2] F3H(SEF)Z PLI= S5 R21 A4 7P =2 QAR E HF.om, ]
oy B z]Ho] FoF 7 MIATR B} =2 EAIS H It(Fig. 2).

olFd 5 Tl =5 AT AAPE 7P Bol EAsH] RDS W 55 L AT ik =34 E Al At de Al et vl

g+ ATKLee et al., 2020a), Cr 9] JAFT 7ol 4] Alghatdtzof] Blel 7t =8kt 63 um o]5te] ¢, & 4]
G2 ABHitdR]of HISl| Ni, Zn, As, Cd, Hg= 60~88%(H+t 75%) =01 Uth. Al2 AHATHA] O] AFIA <] T4 3t ¢
Z5t AL Z427F 21,168 HmPT} 19,5827 2 ZAFE] Q.0 H, oAtz e ARIA ] HAL G AksILH20,582
m’) Y52 GAG7H AT ] 0.8%(1627H)]l Bakeh 2 0 2 APtk www kicox.or.kr). THEEA] 1 ¢1512] <]
ATAEALS 7128 W Ni, Zn, As, Cd, Hg®] A= the- 52 40 2 TeheTh

FSFAFAEA RDS(63 im ©15H W Cut Pbo] Bat-sri= A2t AP eA] ol Hlal ZF2F 11%2F 15% a1 o, TEAA]

*|(Zafia et al., 2011)7F -FARY 0] Tk, 53] L ATAA S RDS Wi Zn 0] ‘FIes TAIA| Hof vl of sull 22 58<

(¢}
Ho| T5E Y4 T Zn 2ol AR HI Y-S & 4 AT Table 1).

B BT HAE W S50 B 5= Zn7F 112 mghkg O &2 7P =3 ™ Cr>Pb>Ni>Cu>As>Cd>Hg o] =0 =
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EPTH(Table 1). 29H4.0 2 447t 5 2fol= A0, CripNi2 FIAE A H= of
7} 34.6 mg/kg 2] Hl3sE2 B Hrh(Fig. 3). Cu, Zn, As, Pbi=ZU4THGQ151AS] o1e A
AR M21 AHoA A 0 2 & S5 LRIt Cdo Hge 25 B=7MEdeA] 55 siHQl Msolld 2424 0.27
mg/kg}0.060 mg/kg O] 25t 2 FASIIL USIT 0] Yol A FFAtiThA]- AT SR gk HEo]q HF
I oA A 02 =2 F=E Holal )itk

EF 9] B2 0.1~0.52] 422 “deficiency to minimal enrichment” 2] 4=5220] @ FAFERZ LFERATH Table 2). 871 44
O] FEARI L HEE YEl= L ARSI 22 Ht 1.10]9, 24| 317 A4 52170 A5]0] 1-& Z34510] “unpolluted to
moderately polluted” ] 5522 Q1|43 2 Ho] thA ZA k= A& & 4= ASThFig. 3). AFEH=E U 5552 5
£ =] SHFEZE F2]7]5 Threshold effect level: TEL)¥} H| gt A3}, AsHho] M21 7oA TELS 21510, Lt
H2] g4 YaE B TELEO W2 55 2 EA6k I3l

BT FEAE U a5 S Cro] AlSket At AR 55 3L ™, Ni, Zn, As, Cd, Pb=48~67%2] 5=
T2 AU h(Table 2). 53] Cu®t HgO| Bt ASh -2 24l HISl °F20%9] 5 o= 0= TR o] vl o=
o] @ Frrh i o= WES o 4 QI Bt s ol A1 2] 1997 (Cho er al., 2000), 2002 A(Hyun ef al., 2003),
2010%(Ra ef al., 2013)% T2t} vl Wt A3, 7Zno] 20109 ©]F Hi-s 7} oF 30~40% SVt A0 2 Vel

Aol EJA =0 550 H e, s Bt 5, At 7154, Bl B 7= 5 Thsie gagwtel] 914

SH A7} SEEIAE U] Cu, Zn, Pbo] Bt = 217} 15.4 mg/kg, 50.4 mg/kg, 33.1 mg/kg=(NIER, 2008) Cu®} Zn= 3l

.‘



ol ol / FFH W ==EAEAE H olgEAEY] 55 24 Bt - 49

= ARt Ej2E2 vioel ofsto] ARAHE 7t (Amato ef al., 2009;
Martuzevicius ef al., 2011), 7&' =55 505l 79 3ol A JFS vt Malmquist, 1978; Ball ef al., 1998).

= AR BibAZ] o] ofgt 7| @ AEA ] 7ol g2 =2 AR )71 77.7% 8|3l AR5} Efelo] k7t 9.8%
&, 5ol A A o g 2 e A= A o= HalE HE Itk(Yoo ef al., 2009). 942F=7]7F100 im 0511 RDS+=
Ao ls = vl Qo] @74] HE-FEo] th7]E Bl RS 02 ST Rogge ef al., 1993; Zhao et al., 2014). &

5] L2 H2| 5 MG S UAE= F2 PM, 07 PM, 50l 27 719 5= 71 0 2 YERGTtHKuhns ef al., 2001; Amato ef al., 2009;
Bukowiecki et al., 2010; Karanasiou et al., 2011).

AR A2 FF AElo|H Ff 24, 29 o F oA H w5 = B o ol A 7]t B2 oFe] BlabA] 183l wE
&5oll oIRFRDS O] AjH}4H5-2] € —‘?—11]7} °F7]H1 Lo, o] ot iahA] ALY A A== wlgot) PRt A
Aekz] FHA| Y m|A|HA|(PM, ) Y F54 Y4 5 Zn ] B E= 1,010 ng/m’(H 9] 631~1,658 ng/m’) 2 the F5U4
o Hlaf uf$ =& EAS HATHNIER, 2017). PMyp Y Zno] Hr+= 2 tA|¢l FAK219 ng/m?; Jeon and Hwang,
2014)H AAR|SF-S 22 TR -24K(137 ng/m3; Moon et al., 2001)°f| B|5}] 4~78l =kct, 3Ffat AATR] 34 PM W Fe,
Ni, Cr, Ast==7U] 1271 A AFdRTE Bt A 0 2 2, 1-2. 74 =2 50 2 B VE|QTHNIER, 2017). & A-LoflA] 2iFeH
FSAIH RDS @] Hat U= 200 um(H 9] 94-437 um) =, RDS W PM, 2] FEI= 7150 & AHlihe 7F57d0] &2 10 im
olgh= 2A|] 5%0lct. BFatd A W iE]o|u] K 2] 9] Th9] WA F RDS -2 Bt 1,147 g/m*©13 O™, 63 i
] 9k] ARl A Zn O] Bt-5e1=2,982 mg/kg ATt =R A 0] AT 7|7 Aot R F 7t 5 A S| Stk BT 5=
VAT O, 2 ol aE e 2 SAE @ HEE-S AolSks RDS O AR B2 FR S mIAHA|(PM,0) W Zn®]
Q@S A 0 aolo AN

Fa4 55 2 ARE RDSE 29580l ol 47 F4 B0 o} ulo] 34 ogltloR 2484 4 o}
(Zhao et al., 2016; Wang et al., 2017; Logiewa et al., 2020). Zhao et al.(2016)= 7% A1 T RDS W YA 7] 32 AL
£ 55191 105 um 1|TH] ARt IAF7} 740l ofal] o W A| A= o] o] Foh= 202 H TSIt gt A 2| HoflA]
7F9-3-Z<(urban stormwater runoff)©]] 2J3}] =2 =HoJ A KA (wash off) A YAR= 100 um 2]FHo] QAR 7 0 2 LERE
THBrodie and Dunn, 2009; Zhao et al., 2010). - TA] A oA & 73-9-8-24= U] QAP F24 557 719 o] 2o H]sf
2mow Zlelo] B2, 2a0|E 5 8410 B 248 ERuAl 240 @08 sk HoR B g
v} ltiJeong et al., 2019). T3t o7 A5 S0l = AFHTA] 3 -F-E50ll 125 im v[THe] 27t A|9] 80%E 1A}
= A= AAISH B QItK(Lee et al., 2020b).

AR A RDS YA A7 S5 LAFSHEE Fig. 40l AASIATE Z--FE=roll ol Al 78 o = o] 57 Fs3t
125 im ©]5F] RDS ] -2 26%(771 7159)= A O, Zn, Cd, Hg®] L A719 %= 50% oV d= ARk, ZF d#t=7] '
HAG SE40] F27S Table 300 AAGFA 2T, 63 im o5kl Zn®] 2% 313.7 mg/m’ = THE 77 242 F9
(155.9 mg/m*) Bt} 28} o) =0t Zn o] @ AL 9 ke 21 ZARko] Q- =A Urelidth. Tt 1iEo] B 2] o] 4He]
S]] B[S RDS W SHAS G4 S270] =2 5742 T Zhao and Li(2003)2] =A% RDS W] Zno] 4]

ol

¢
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%21 25 mg/m’ 7}t H| WP At e s 2] <} Ao A PTtalAe] ot zn @ o] uf¢- Azt A o 2 vERidT.
Zne A2t Belo| A ool w2 e 9F 1.9%) 0= 3ZtE] o] L™ (Thorpe and Harrison, 2008), 71578 9] 74
SR ZnO7} Efolofof] H71E]7] wflZo] efo]o] WY Zno] 5k 1.6~1.8% He]o]thWeckwerth, 2001; Councell ef al.,
2004; Apeagyei et al., 2011). Efo]o] upiof] oJgt = 2 2] W] Zn @ H-& EA[X] Yol A o3 @ @eo= de] UefA] gl
THWeckwerth, 2001). 9 117 oA g7 -2 YAl o] 9617 wizol] o] Aok w<of ofddeha 2 ot 9]
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Fig. 4. Histogram of mean mass percentage for amount and heavy metals in different grain size fraction in RDS.

Table 3. Mass and heavy metals of RDS per unit area of industrial region by grain size fraction for this study

Size (um)  Mass Cr Ni Cu 7n As Cd Pb Hg
g/m’ mgm’ mgm’ mgm’ mgm’ mgm’ mgm’ mgm’ mg/m’
>1000 101.8 77.4 7.9 49 26.3 1.2 0.03 5.7 0.001
) 500-1000 177.3 54.5 10.6 18.0 76.2 2.4 0.11 13.2 0.005
This study
250-500  318.6 102.2 16.5 37.5 200.2 42 0.13 19.8 0.011
125250  255.2 1252 20.6 17.3 246.2 2.6 0.17 26.0 0.013
(Total area)
63-125 186.3 136.5 26.6 33.1 359.0 22 0.022 25.0 0.017
<63 108.1 85.8 28.6 18.5 313.7 1.8 0.22 21.0 0.018
>1000 71.7 117.9 10.0 3.0 11.7 0.6 0.01 3.1 0.001
This study 500-1000  155.8 55.5 11.0 5.8 40.8 1.4 0.04 10.5 0.006
250-500  350.8 79.9 11.2 14.3 117.8 33 0.09 16.1 0.008
(Industrialarea, 125-250  299.5 93.4 17.2 12.8 203.3 22 0.13 24.8 0.010
RI1-R11) 63-125  204.8 100.2 26.8 243 3183 1.4 0.18 19.6 0.016
<63 117.0 65.9 34.1 15.5 288.2 1.2 0.17 14.8 0.017
>1000 134.9 32.8 5.7 7.0 423 1.9 0.05 8.7 0.002
This study 500-1000  201.0 534 10.1 315 115.1 3.4 0.19 16.2 0.003
250-500  283.3 126.7 224 62.9 290.9 5.2 0.18 23.8 0.014
(Container terminal area, 125-250  206.6 160.2 244 223 2932 3.1 0.23 272 0.016
RI12-R21) 63-125 166.1 174.3 26.3 42.9 403.8 3.1 0.27 30.9 0.019

<63 98.3 107.6 22.5 21.7 341.7 2.4 0.28 27.9 0.018
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FEE A2t *}?Q, T, ARl dB] AR 1L Q. ofd e w S5 WO B k2 Ao 1 E 0] Zn7t 2ol
11.9)o] jﬂ 2 Al 5o o) 2 e © 2 =X EIthHelmreich ef al., 2010; Huber et al., 2016). *3F AH|o|H] F5&=
Ao M= 2HA 574o] tha EAI6HH, AElolH EF o] B2 A Holtt. 5 wfid-S o83 234 34, T E ]
A L A ﬂ v Foll= =25 floto] ot a3 T 5HA ARSsEL St afid A4 9] Hashe
o, sfiellxl 71719 sl d AFe] P 234 0= Hiot ot g Zdatol| 4] FA E|o] Hojl Zno] k& ol =
B FAEo] e A o= Tty ZnE IR HA S 540 SAF2 4AdA e AS4 o &2 st 4
Hof H]aff 1 EﬂOM HI 2]do] o Avl= Kol v} QJtk(Table 3).
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