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Characteristics and Assessment of Metal Pollution and their Potential Source in Stormwater Runoff from
Shihwa Industrial Complex, Korea. Jihyun Lee'? (0000-0001-8175-344X), Hyeryeong Jeong'~ (0000-0002-6280-9206),
Jin-Young Choi'? (0000-0001-6439-4932) and Kongtae Ra'?™* (0000-0003-1882-2886) (‘Marine Environmental Research
Center, Korea Institute of Ocean Science & Technology (KIOST), Busan 49111, Republic of Korea; *Department of
Ocean Science (Oceanography), KIOST School, University of Science and Technology, Busan 49111, Republic of Korea)

Abstract  Stormwater runoff is known as a major non-point water pollution source that transports heavy
metals, which have accumulated in road surface, to stream and coastal area. Dissolved and particulate metals
in stormwater runoffs have been investigated to understand the outflow characteristics of heavy metals during
rainfall events and to identify their pollution sources. The concentration of dissolved Co and Ni decreased
after the outflow with high concentrations at the beginning of the rainfall, and other metals showed different
characteristics depending on the rainfall and rate of discharge. Particulate metals showed a similar trend with
the temporal variation of suspended solids concentration in stormwater runoffs. The results of geo-accumulation
index (Igeo) indicated that the stormwater runoffs from industrial region were very highly polluted with Cu, Zn
and Cd. As a result of comparing the metal concentrations of <125 um for road dust near the study area, Cu, Zn
and Cd were originated from inside of metal manufacturing facilities rather than traffic activities at road surface
and these metals accumulated on the surface area of facilities were transported to the water environments during
stormwater event. The average discharged amounts of heavy metals for one rainfall event were Cr 128 g, Co
1235g,Ni98.5g,Cu607.5g,Zn 8429.5¢g,As 6.95g,Cd 3.7g,Pb 251.75 g, indicating that metal runoff loads in
the stormwater runoffs are closely related to surrounding industry types.
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§247} B 29 Solo] F34 AL A e
tH(Zhao et al., 2010; Gunawardena et al., 2013; Jayarathne
et al., 2017; Zhao et al., 2017). 3] EAIAG3} A
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ol Az vl BEFA WAo] ot AHAT ¢
SZ U o g5sleFo] 2 A yeldth(Becher et al., 2000).
e ol e £ 99 o A3k o7 dF
ot A&F e HuHD jlon, AeRETE S5
LHE 4ol FAT HFFUCRA A EH 9]
Th(Drake et al., 2014; Zafra et al., 2017; Liu et al., 2018).
7RISR Q] Wk 9 A3 AnkES H (o]s) AFATEA)
47 71% QAR Al BAlol A A8k glom, F
B2 31.9km o B3l ¥ 18,32771(20199 64 715)<]
HA7L 7HE Folth AFE2E 714 52%, A7) - AR} 23%,
AR 38 7% L2 E0kAL AIER| 9 BX] 52 ¥
A9 38.5%, LEAY 31.5% 522 FAE 0] QoA Ak
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o BFAEeR 4% 4 AL, WAL Tat fUEE
A S0 <lsle] ohH o] AFYH AL WE 4
Qlt}h(Lee and Choi, 2015). ¥H & A5} AHFez] fH9] =
207 9 584 SAEHEY F34 LPEE ofd AT
£ 58 219 v} 9J 2™ (Jeong et al., 2016, 2017; 2019a,
b), A&7 AFHLE 2EeHA He AYEA d2
AT AN = X&EH o2 2 FF& ¥l U
3 Utk (Ra et al., 2011, 2013; Lee et al., 2019). ZF*7=4
£ ST A AAZQ HY E oA npEE fleiA=
A 9 Al 2 e 559 #2548 34 2 9=
B7E7E A Eojof & Aot o]of] & AtelA= A3t A
PHAE Bl =25 549 EFE Foto] HiEH=
ARET W E5Y Al ©E w=Wst 2 554
= RARBIQAL, FEs U 559 Lddol dig

= AT

Shihwa Lake

Fig. 1. Location of sampling site for stormwater runoff at storm-water sewer overflows from 3™ water way (Jungwang stream) of Shihwa
Industrial Complex. Red box indicates the watershed area (0.168 km?) of stormwater sewer overflows of the study site.
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A3t AHRAE BEste] 32 5719 shd 5 374
22 (HYRE T2 S0 Hsto] S%elA Cull B
7} =2 ™ (Jeong et al., 2017), =2 = & E|F &0 A
£ Cr,Ni, Cu 59 $8% L8957 2 S35 Hed v 3l
tt(Jeong et al., 2019a). 3HAFERE FEEHE HHPLE 5
34 2ge RUEYS] ool IHSE 79 F 289
HF o] 0.168 km*Ql S5=ELA 20184 6€ 2627} 2018
W 7¢ 9Y F 239 - AMY WE AeRETE AHFSH
ATk (Fig. 1). 7=l what 158004 2A12F 7HH 2 & AF A
e Egoddl AR 0|85t FefErE FHGHA
o, BG4 (SS) & U2 FE e S5 (Cr, Co,
Ni. Cu, Zn, As, Cd, Pby& BAsHgth 296285 fape
- H AW (Velocity-Area method)S 0835t 4315920
o, AR A S (=4, F) g ASE {5 (AR
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He8Ee NRE AYATAR 71 F A AFE 04
um E7IRYO|E oJ3}2] (PC filter, Whatman 47 mm)
o|-gsto] §EI YA FH=Z FEEHS s &
FE 9| FEE52 oIHE A& A= (Ultrapure grade,
Merck, Germany) JARE 7} pH 2 o|3t2 HE3F 5 3
4 SujFds 253 BA A A (seaFAST SP3, Perkin
Elmer)¥} A%E ICP-MS (NexION2000, Perkin Elmer)
2 S48 dAEE Y 552 oRAE dEste #
=29 dZ AT T e TIAHEAL 4L T
Faihoz GAEs), FEHr D AEste] ICP-MS
(iCAP-Q, Thermo Scientific)2 243}t E4H F34
Az A FAEFS Hste] vt =9 A+ (National
Research Council Canada)2] SLRS-6 (3F44>)2} MESS-
4 (BFHE)E NEY YT HHoE AA~EA5S
f, SLRS-6-2 94.5% (As)-112.2% (Cd), MESS-4-2 96.6%
(Co0)-108.0% (Zn)®] Wi~ F=3t 3|pa2 Hch
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Igeo=logz( G )

1.5%Bi

94714 G B $55 9 SAs= WA=l
H, 1.5 AZ7|400 9%t 3 EA57] flste] AR
Aot AeEe U dAEEE sHHE B9l AlEERE &
Qslef o] HAEEE B AFolAL 3 aAsiH ©
A Il YA 19009 Aske S|F BSHAEY] 5=
(Raet al., 2011)E HiAFEE o83l LHEE A4S
o} H3R|4 ko] 02t 2H2 ™ background concentration,

0~1°]™ unpolluted to moderately polluted, 1~20]H

a4
=

moderately polluted, 2~3°]™ moderately to highly pol-
luted, 3~49¢|™ highly polluted, 4~5°]% highly to very
highly polluted, 5 ©]4Fo]® very highly polluted9] 2 FA}
eE 2m|gtch(Muller, 1969).
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ZF 5AIZE & HU e Bl § gasta Qo e
o] AP 79 AN E FF Z
o] HAdow F7let=
SFETNAN FFHFE 690] 13.9 ton min~', 78]
min'2 6¥o] 7€o] H]3] o 6ul] & ANE HYow, 7
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2 YT AeREF W F55Y BdsEs Znvt
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N da F 7P 7t %L, 23] 2AHY HdEsEe
Zn>Cu>Ni>Co>Cr>Cd>As>Pb &o]glth. 7-9-gfo|
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Fig. 2. Temporal changes of precipitation (mm), water discharge (ton min ') and dissolved metal concentrations (ug L") in stormwater run-

off from sewer outlet in June (left) and July (right).
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Table 1. Comparison of mean metal concentrations of dissolved and particulate phases (ug L") in stormwater runoff at 3" water way (Jung-

wang stream) with other literature data.

Cr Co Ni Cu Zn

As Cd Pb References

Dissolved metal concentration (g Lfl)

June 0.50 3.54 12.3 19.5 817
July 043 3.65 17.5 70.0 1,129
Mean 047 3.60 149 448 973
(CV, %) (11) 2 (25) (30) (23)
Suyeong 019 024 141 2.12 104
(Busan)

Jungwang - - 15.5 422 3322
Sewer outlet - 2.00 80.6 56.8 339

0.30 0.28 0.30
0.36 0.62 0.15 Stormwater runoffs
033 045 0.23 (this study)
(13) (53) @7
Stormwater runoffs
(Jeong et al.,2019c)

Dry weather
(Jeong et al.,2019a)

Stormwater runoffs from Shihwa I.C
(Raetal.,2014)

0.62 0.02 0.14

- 0.09 1.40

- 0.39 0.60

Particulate metal concentration (ug L™

June 10.9 0.95 5.66 221 409
July 6.53 0.40 2.12 129 268
Mean 8.72 0.68 3.89 175 338
(CV, %) (35) (58) (64) 37 29)
Suyeong 956 144 255 27.1 157
(Busan)

Jungwang - - 0.6 66.1 75.6
Sewer outlet - 4.76 89.2 1416 789

0.61 0.66 26.8
048 0.31 17.6

0.55 0.49 222
an (629 (29)

Stormwater runoffs
(this study)

Stormwater runoffs
(Jeong et al.,2019c)
Dry weather

(Jeong et al.,2019a)

Stormwater runoffs from Shihwa I.C
(Raetal.,2014)

1.66 0.32 12.8

- 0.05 20.6

1.57 123

. &Z As? Pbe= 69 ZAMWL
A5 JAH o Frvt kst eu, 74
EA}OHA % o Zubol| 1R $2E T HaFoR B
T7h sk YSith 697 78 8 FE4 Bt s =Y W
A (%) 2~80%= CuZt ZAA 7)o WhE BsE 2}
o7} 71 2 EA-& B th(Table 1). Co, Cr, As, Ni, Zne
ZAA 710 w2 HMEAST) 25% nHe 2 HisE 2}o]
7b Zrgkom fAkgt A1ZF WEt EAS EA o, WEASTL
£ 92:(Cu, Cd, Pb)= ZAMA7]0] w2t fE5HE= E4% oF
7t o 2A Yebsit
$E TEES AT L 15 AHglo] A2
FES YEhAY o A7) A3t 2 For 3
F7hke S UBd, EF5S 918 52 AxRES
7} ol5olzint FAEH A SFETE fFEHE A Y
5 te] FE=7t ke SAE Hol=
RUS| 91811*1 FE=E AT et
Fagol F7HQ A9 FFeE fEHAY dAEZA

e} JE e FEH0] MA3] fEse ¥R I

(i oy
I

2 AFoA AdEA] SeESE FeREs W & F
34 FEs EAXYY FAF =g A ] |5 16(Pb)~936
(Zn)H ot AAEE o FFE A L glgloH, 5"‘Xl
o H|7F$ Al spl H]3) Zns 294, Cde= 5H] =2
A& E At (Table 1).
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23] AL ARE U A FE5Y HdsEe
Zn7} 339 ug L' & 7P =9k, 0]o] A Cu>Pb>Cr>Ni>
Co>As>Cd &0 2 8 2743 SAVSHA Zn9} Cud &
Fert w2 A ¥+ AT 2 ARG AgddA] |
o YX|eto] ZARHo| A5HH 22§ HAOZ i
2of| o]2&= A7} Fot @77t w2 =R Tk
AED 9 SE450 22 vFe IR FEHE 27
AA&Ao] et Aoz daA O‘l:]-(Kayhanian and
Stenstrom, 2008). 687} 78 AN RGBS FFET
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Fig. 3. Temporal changes of suspended solids (mg L™") and dissolved metal concentrations (ug L™") in stormwater runoff from sewer outlet

in June (left) and July (right).
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11Y=E 792 590 B3] oF 24l o} AFA| 2 2| FHe|
SR YAEZ] o W FFUS & 5 ATk

T2 70 A B9l 697 79 BT YA 2249
e BREEY EEAT AR AR 1~3A17E
T HAde=E B § ARH R &rt gasta itk
(Fig. 3). 7o) wdd 6¥ A4 Cr, Co, Ni, As, Pb

L 7rogfko| AR oz Zy)sle] Sko] 243 2713 7
A AL T AREE ol S5 38 2R

FH| FHE o] Jd YAEH] FEH AS Y+ “zit}
a8y Cu, Zn, Cde 1~3X7F & Atﬁi =g Ho 22 7
Qo= o]ZAo] T =8 YIS Hhe Ao 7 wohHh
FE4 W AR Cr, Cu, As, Cd, Pb2 £F |9

H]3) 1.1~98.74] E9k2 1}, Co, Ni, Zni 19~35% 5202
UEbgTh 23] 22719 dAY SE4 BT WA
F(%)= 171~64%= && SF5) v | o7k 2 AL
2 Uittt 27| F o3 25 fEEH= 85
FEEE U2 715 APH(F 491 Ze=F Zoell B
< WA gkgtot Y SEES §E TSl vlE A
5 7 AVl B & e W 9SS & 5 AUtk
ARAA G ] EAL 7R = 3HAERE FeREe W A
5559 st ZARA G Falk =g A ]3] Co, Ni 2
Hll, Cr 464}, Cu 83Hl, Zn 334}, Cd 244, Pb 1594} i=o} A}
AAE W FA o] AE F4 4= W F7]1E 5o B Al
o &4 2o wetEth FYA Y HIFS A g AR
o} H]JJ.O]—‘:H_, Ni2 30% $£222 27| 743819 o Cu,
Cd, Pb 4.1~159 & W =/t 52 205 B
%ch(Table 1). TY AFATA] W th2 A7A G2t B] w5},
Co, Ni, Zn, Cd& 37H142 /&9 527 ALY &+
AFSEARE, Cuot Pbe Q7R Ho] 22 3uljel 37w =7}
EoH AFAAIAE S AF E Feol gt JFE EAs= A
& 4= itk

[e

_1

¢

3. 8E/Yxte| doiH H|E H|lw X PCA 24

4525 W YA Cr, Cu, As, Cd, Pb2 €& FE9]
B]3) 1.1~98.78) &9koLt, Co, Ni, Zne 19~35% $+&2
2 YEbT 239 X*}AVMIH TE5 T 424 4
A FaEol AAsH= HlE2 Cr, Cu, As, Pbe= YAH4Jo]
58.5~98.7%% A5t 2, Co, Ni, Zn, Cde €& 32
40] 54.6~78.4%=% A AIE Bt Cde 7ol
BE 68 ZAIAE Aol AAISh= HlEol 62.3% %
O, Aol AU 78 2AIME 28.5%= A4t 2
TS HAT, RS T4 Haox 69 A 7| H
3 ARG FEEo] AAshE HEo] AdiH LR w2 A%

O|

34 2 58 o7 97

oo} 2ol H9-5ES U B4 Pak e A
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AW (Principle component analysis; PCA)<
[elol 795290} 2 B AT
%1 ‘Jil—% g‘ﬁom s E&H e, F4
= dExre dysHA HE ¥
UElAT) (Joshi and Balasubramanian, 2010; Shajib et
., 2019). & AFollA SEH ARHE SEEL A5
3 2487 50| AFBABAL B4 ojo] FAR B
A& A3 TH(Table 2).

FAR Aol ofstel 1) aglo] SEEson, A 7}
Qo) 4 ARYGLE 149%= ekt g2 B
< 929 YA FE5el 89 1= d9E, 353%9] 7]
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Table 2. Result of principal component analysis (PCA) among the
measured parameters in the present study of stormwater runoffs.

Factor
Element
1 2 3

Precipitation —0.142 -0.703 0.008
Runoff discharge 0.492 —0.685 0.027
SS 0.896 0.019 —0.131
Dissolved Cr -0.179 -0317 0.856
Co 0.013 0.604 —-0.699

Ni —0.086 0.734 —-0.542

Cu —0.106 0.704 —0.164

Zn 0.225 0.330 0.592

As —0.039 0.777 0.191

Cd —0.004 0.835 -0.177

Pb 0.017 -0.013 0.715
Particulate Cr 0.885 —0.294 0.115
Co 0.904 —0.064 -0.289

Ni 0.782 —0473 -0.070

Cu 0.558 0.482 -0.370

Zn 0.896 0.196 0.111

As 0.938 0.048 0.182

Cd 0.618 0.327 —0.430

Pb 0.941 -0.126 0.244

Initial eigenvalue 6.705 5.330 2.204
% of variance 353 28.1 11.6
Cumulative % 353 633 74.9
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Table 3. Mean Igeo values and contamination levels in particulate metals of stormwater runoffs at Jungwang stream.

Cr Co Ni

1.9
23

1.3
0.8

3.0
24

June

July

Unpolluted Unpolluted to moderately polluted

Highly polluted Highly to very highly polluted

+F 7kl o8 AFZFE50 9
$TETE FYE As gtk
4 LHAEE L R
3 4= qlom, A fUE
gREY T4 FREAT daE] e AeR de
43 A ok (Calmano et al., 1993; Wei et al., 2016). 221 2
£ 28.1%9] 719&5 7HAIY A, fEF 2 8& Co, Nj,
Cu, As, Cd= EFESIH ol 8494 s
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Table 4. Comparison of heavy metals (mg kg™') in particulate matter (PM) of stormwater runoff and two sizes of road dust (RD) from In-

dustrial complex.

Sample type Cr Co Ni Cu Zn As Cd Pb References
June 328 27 195 5,506 11,704 20 18 840 )
PM This study
July 370 20 125 6,114 14,029 28 13 1,003
RD 63~125 um 579 28 231 1,997 3,290 19 19 706 Lee et al. 2020
<63 um 769 39 312 1,810 3,605 24 35 1,438 (in press)

Table 5. Estimation of discharged amount (g) of dissolved and particulate metals in stormwater runoff sampled in June and July.

Cr Co Ni Cu Zn As Cd Pb

g
Dissolved metal
June 8 56 121 8,456 3 2 4
July 2 26 93 3,631 0.8 1 0.5
Average 5 6.5 41 107 6,043.5 19 1.5 225
Particulate metal

June 230 11 110 819 4,143 9 4 449
July 16 0.7 5 182 629 1.1 04 50
Average 123 5.85 575 500.5 2,386 5.05 22 2495
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