o=zl 22t A - ol K| st3| K] http://dx.doi.org/10.7846/JKOSMEE.2014.17.4.283
Journal of the Korean Society ISSN 2288-0089(Print) / ISSN 2288-081X(Online)
for Marine Environment and Energy

Vol. 17, No. 4. pp. 283-296, November 2014

Original Articles ‘
A3kE QA AES U FEE 5259 2 S 97
U ZIEE o] R - o)y - R A

e P P B R T MR e R S
Bt lsd 7171 g A Al

Characteristics and Risk Assessment of Heavy Metals in the Stormwater
Runoffs from Industrial Region Discharged into Shihwa Lake

Kongtae Ra', Joung-Keun Kim', Jung-Moo Lee?, Seung-Yong Lee', Eun-Soo Kim?, and Kyung-Tae Kim"'

'Marine Environments and Conservation Research Division, Korea Institute of Ocean Science and Technology (KIOST),
Ansan 426-744, Korea
’Oceanographic Measurement and Instrument Calibration Service Center, Korea Institute of Ocean
Science and Technology (KIOST), Ansan 426-744, Korea

Q o

AT AL AFYR AP P ABE RN W R FHR AU TS 1 5, 09
= 5 SIS 11| fsiel Wl 2l i) o SI1 245 o) B4 1A F(Co, N
Cu, Zn, Cd 3 Pb)& ZASHSIEE. §54 Cos) Ni& Z-$-3le] 517} 3531 o) F 7hdhs A%S nglonh, L]

24 FEE YA FEES Y 0wl B0k 2 Bow ke 4L nath F 3945 F I
Fa450] AASHE JThARL H1&S Pbo] 97.2%% F 3L CusCd>CosZn>Nigeo| L0, Y488 RalA5=(K,)
A3k F4RES U] AR Pois T FE%e] wls) #hl) IAReR AARE AOR Uedrh & 472 B

2.21 kg, Ni 30.5 kg, Cu 278.3 kg,
W31 Q= AlskEe) feiua, ez

3 1292] 719 oW E £} 27)0] EFE Bl GEH= £ 2249 $E2S (o
Zn 398.3 kg, Cd 0.39 kg 2 Pb 40.0 kg LFERGT 910ke dEadkvla) 4|7} A8y

A9 5 el v geie oo Fi4ol nHede] Fe ABER FUuHI 9es & 5 gk Pl %
$4E4 84 Ni, Cu ™l 7] WS EE B4 SAS Ushis $A2@ w7152 29903 9o, 4

R
A B oA E vk e Ws) FEEQAEVH I L, S BAE e FPELS 2 2ok
23kt glel, 7 al} §7 5 Yee) ofIgEs vA S0 Bk,

Abstract — The distribution of heavy metals in the stormwater runoffs from industrial sites around Shihwa Lake
that implements the total pollutant load management system (TPLMS) was studied to characterize the temporal
changes of metal concentrations and to assess the ecological risk in dissolved and particulate phases of the selected
metals. The dissolved Co and Ni concentration demonstrated first flush and tended to decrease with increasing of
the duration of rainfall. The intensity of precipitation was found to be the main controlling factor of particulate
metals in the stromwater runoffs. The particulate concentration of Pb accounted for 97.2% so the particulate phase
was its main form. Other metals followed the sequence: Pb>Cu>Cd>Co>Zn>Ni. The particulate-dissolved parti-
tioning coefficient (K,) indicated that the K, of Pb were bigger than that of other metals because the metal Pb in the
stormwater runoffs is quickly removed into the particulate phase. In a single day rainfall event, total runoft fluxes
for total metals as the sum of dissolved and particulate forms through only two sewer outlets were 2.21 kg for Co,
30.5 kg for Ni, 278.3 kg for Cu, 398.3 kg for Zn, 0.39 kg for Cd and 40.0 kg for Pb, respectively. Given the annual
rainfall, the number of rain days and the basin area for total pollutant load management system (TPLMS) of Shihwa area,
enormous amount of non-point metal pollutants were entered into Lake with any treatment. The dissolved metals (e.g.,
Ni, Cu and Zn) in the stormwater runoffs exceeded the acute water quality criteria. Additionally, all metals were
significantly enriched in the particulate phase and exceeded the PEL criteria of sediment quality guidelines

TCorresponding author: ktkim@kiost.ac

283



284 hpH) - RE ol oleg - e

(SQGs). These results indicated that the heavy metals in the stormwater runoffs may pose a very high ecological

risk to the coastal environments and ecosystem.

Keywords: Heavy metal(% = %), Lake Shihwa(*]3}3), stormwater runoff(’d-$--f-& %), dissolved metal(-

£ T2, particulate metal(JAM TH5)
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Fig. 1. Location of sampling sites in stormwater runoffs of sewer outlet from industrial region around Shihwa Lake.
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Table 1. Comparison of the analytical results of metals for Certified Reference Material MESS-3 (n=6) and SLRS-4 (n=6) from National

Research Council of Canada with certified values

MESS-3 (mg/kg)

SLRS-4 (mg/L)

Metals Certified value Measured value Recoveries Certified value Measured value Recoveries
Co 14.44£2.0 13.6+0.5 94.6 0.033+0.006 0.031+£0.005 95.4
Ni 46.9+2.2 44.4+0.6 94.5 0.67+0.08 0.72+0.07 108.1
Cu 33.9£1.6 32.6+0.9 96.1 1.81£0.08 1.76+0.14 97.2
Zn 159+8 1554 97.7 0.93£0.10 0.91+0.10 98.0
Cd 0.24+0.01 0.25+0.01 103.7 0.012+0.002 0.011+0.001 93.9
Pb 21.1£0.7 22.0+0.8 104.5 0.086+0.007 0.083+0.009 96.6
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Fig. 2. Temporal changes of precipitation (a), water discharge (m*/min)
and total suspended solid (TSS) in the stormwater runoffs from 3™ sewer
outlet (b) and 7" sewer outlet (c) located on Banweol Smart Hub.
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Fig. 3. Discharge patterns of dissolved and particulate metal concentrations (mg/L) in the stormwater runoffs from 3™ sewer outlet.

Table 2. Mean and range of dissolve and particulate heavy metal concentrations (mg/L) in the stormwater runoffs from sewer outlets at

Banweol Smart Hub

3rd sewer outlet

7th sewer outlet

Metals

Dissolved Particulate Dissolved Particulate
Co 2.00 (0.58-3.93) 4.76 (0.28-14.8) 2.11 (0.52-9.87) 8.90 (0.60-36.8)
Ni 80.6 (35.0-249) 89.2 (13.5-384) 42.9 (8.0-281) 69.5 (6.0-345)
Cu 56.8 (6.6-216) 1,416 (86.3-15,305) 11.1 (0.80-93.0) 847 (137-4,748)
Zn 339 (159-807) 789 (36.7-2,970) 577 (24-1,723) 2,077 (116-12,320)
Cd 0.39 (0.04-1.75) 1.57 (0.02-7.96) 0.07 (0.002-0.36) 0.95 (0.12-4.14)
Pb 0.60 (0.06-2.78) 123 (1.0-580) 0.83 (0.03-3.35) 170 (4.4-670)
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Fig. 4. Discharge patterns of dissolved and particulate metal concentrations (mg/L) in the stormwater runoffs from 7™ sewer outlet.

Table 3. Correlation matrix among the water discharge (m*/min) and dissolved metal concentrations in the stormwater runoffs from the sewer
outlets by Pearson’s correlation analysis

Flux Co Ni Cu Zn Cd Pb
Flux -
Co -0.360 -
Ni -0.364 0.692" -
Cu -0.048 0.154 0.455" -
Zn -0.293" 0.436" 0.117 0.074 -
Cd 0.094 0.108 0.087 0.615" 0.173 -
Pb -0.192 -0.071 -0.018 -0.042 0.416" 0.168 -

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)
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Table 4. Concentrations of heavy metals (mg/g dry weight) in the stormwater runoffs relative to other studies in literature. All data are in the

mean value
Metals Co Ni Cu Zn Cd Pb Source types
2.06 61.8 34.0 458 0.23 0.72 Industrial runoff, this study
0.05 0.82 0.67 8.3 0.10 1.43 Rainfall, this study
0.17 3.53 1.77 2.53 0.06 0.02 Seawater'
0.13 2.22 2.14 8.83 0.03 0.07 River runoff”
Dissolved 0.16 1.2 1.96 5.80 0.06 0.38 River runoff®
0.1 2.89 12.4 522 0.11 1.06 Residential runoff”
0.56 4.71 19.2 239 0.47 6.63 Industrial runoff®
- 4.9 14.9 68.8 0.24 7.6 Highway runoff”
- 11 3.0 34 19 7.6 Water quality(short-term) criteria®
6.83 79.3 1,131 1,433 1.26 147 Industrial runoff, this study
0.03 0.09 0.25 1.41 0.002 0.16 Seawater'
Particulate 0.35 5.94 33.5 389 1.72 52.8 Residential runoff?
2.58 11.6 217 892 4.21 87.1 Industrial runoff?
- 6.3 18.6 118.3 0.46 40.2 Highway runoff”
8.89 141 1,165 1,891 1.49 148 Industrial runoff, this study
0.20 3.52 2.02 3.94 0.057 0.18 Seawater"
0.48 8.88 44.8 436 1.82 51.3 Residential runoff”
Total - 2.34 11.8 23.0 0.09 4.74 Residential runoff”
- - 7.5 100 0.12 1.5 Residential runoff®
2.84 15.2 241 1,127 4.57 90.2 Industrial runoff?
- 5.39 57.5 142 0.33 16.1 Industrial runoff”
- 1.2 33.5 187.1 0.7 47.8 Highway runoff”

YMLTM[2009]; ?Ki et al.[2011]; YKang et al.[2009]; PJoshi and Balasubramanian[2010]; ¥Kayhanian ef al.[2007]; “MOF[2013];”Rule et

al.[2006]; ®Davis et al.[2001]
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A=

2

H|al 4.2(Cd)~181(Zn)Hl 5=
AL T, YA T fel vlE) Rk 2wt
F7F 1.9(Pb)~51.9(Zn)Hll F=7} 52 Z10= e, A
O EAORE AHET U Tu5 5ol A s &
TH(Kang ef al.[2009]; Ki ef al.[2011]). 3714191, 2117
g AHET U 84 555 Hd s R vuE §
o] Co, Ni, Cu ¥ Zn= HHE AnlES B} 1.8~13.18) &7}
Ao, Cdsl Po= ATA O Bhe FEE VEI e &
= Sl th(Kayhanian et al.[2007]; Joshi and Balasubramanian
[2010]).

4o b b

P
lo

@ sl ol
o

g fNr
o ox
;g;; to of oly

N
O
_{

N
32 2

»oH St w2 ) R
§ﬂ>§2

3.3 QXkY =52 HIEQYE RE5Y H SkH(uw

3BT A-Er U AR Col FEH9E 0.28~14.8 mg/L
(BT 4.76 mg/Le|31 o, -] F58 ZARAZ 243 5 &
A S I Ed s i o A R e A o e o e =
YEFATHFig. 3 and Table 2). 423 Ni- Cog} R A & 73-9-A1 2
AFofl= 20.6 mg/Le] W FEE B oL} 7912 2417 - 384.5
mg/LE 1869 5527t H50aL o % Ak 0= 1HAsIithFig. 3).
AR Cull EEH LI 86.3~15,305 mg/L(H T 1,416 mg/L)E 3
A3 Nigh frAFE Akl i W3t 5705 vhebdiar ASle 42k
A} 7n2] Y= 36.7~2,970 mg/L(E T 789 mg/L)°1$1ew Co
o} fAkHAl Aol wa st -t kel 543] st
71l Y4AMd Cds} Pbe F91E ZH2) 0.02~7.96 mg/L(E
7 1.57 mg/L)2} 1.0~580 mg/LCAT 123 mg/L)= FAMAIZ el weh
T Fo] sEAolE HAlom, bgE T55% i v AR e
o] {53t A7l 015 FIt 9] S7I8lAL AUSITHFig. 3).

TET AHET U 9AM3 Cofl s=H 19 Bt s 2
0.6~36.8 mg/LEt 8.90 mg/L = 3%=7-¢] Fx =gl vlwshd 1.8
] 35 FFO] U TH(Table 2). Aol e Z-9-F-5F W YA
Co®] FEWsh= 3E7-9} fFARH 793l J3gt Alktell 4=t
d Co2l F& A T7Fshs Zo® YEISITHFig. 4). JAMd Ni
O] FEEEE 69.5 mg/LE 3ET2] 89.2 mg/Lell BIEl 78% 5
o7 gke Pt s s Blo At e s EHshE fARI
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ok A Cull F=H = 137~4,748 mg/LC 1 847 mg/L)=
oF 35ul] FEAto]7t Wl o, ZRe-AIRE 2A]7F 3 4,748 mg/Le]
HlsEE HQl o]F A&A 0% 143k JISTHFig. 4). 79+
T U A Cde S 0.12~4.14 mg/LCE T 0.95 mg/
L)E 3E7 vla] s Wou 3ET 9 tE S5 ¢
29} AR FEHEEE Holal ISt A Pbel s ERI9E
4.4~670 mg/LEET 170 mg/L)Z AP W sEx1o)7) 152
HI = T8 Sasol val wlg- & 202 UERtTt
A R FEER) ARME Cd(=0.312, p<0.05)2} Pb(r=0.392,
p<0.01)ito] G} kS sk oF(+)0] AAS Wtk 854 F
4(Co, Ni ¥ Zn)&= §28% ()2 43S EO% 7‘%%%? 5
712 Qlsle] BT Ul B2 R EAS 5 TES0
EH 529E Holu B e e %%*ﬂr
& VER TR AT AR W A EEE
Axlo] I YA E4E o] Hol = 21712 8
‘ﬂﬂ- @ﬁrﬂj =5 UX](TSS)’— HE oz
£ k53 AR (p<0.01)S BT, 5 izt
S ‘%E} ATH(Table 5).
ET W M S5l Hits e ARk 25 Ak
3 %—%%oﬂ H|3] 230(Co)~4,524(CuHl] 32 A¥}E HSITH(Table
4). Joshi and Balasubramanian[2010]7} 1-7-3F =4 X&) & Ak
A AHFES Ul A T FEs vlwst 49, Co, Ni,
Cu, Zn ¥ PbS WFE AnfES HIL JHF o R F27) =9kon,
Cd= iﬁ‘] 1:7} \il—g 74_0_; L]—E}‘/‘ﬂ:‘r u}% /\u]_E—Eﬂ H 71—0
FE2F U F 5559 Hasie XY vl 0.8~155.34)
:‘8‘ _/,:2,’:0]04 ocq }\}-cﬁz]o:l —yiaolzo] ULO ﬁ&t:i (0] oi—q_
H w8k Az} AA] 0.3~34.84)] =2 T Ao Z Yepyitt vk
AutESH -2 U w% & 57 FE o] njEEo] X
Al

A T WA TS 5
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273E)

5 A 25 AAEQ vEE e 3BT S,
Co, Ni, Cu, Zn ‘;1 Cdi= 7921 24 F350] 2K ek vl&
}XJ Yo uhel 854 -gliA H|&o] 7

- =ik & %—%ﬁ %— 68.5%% A8kl ont
7357} R18d el et 548] 7RSIl er 739 Ftel| = i
Fagol o AL F F9% F 854 Fuse] Ak
H&2 HHH 02 Co 39.5%, Ni 54.9%, Cu 16.1%, Zn 47.1%,
Cd 39.8%, Pb 4.6%= Niz #l9)stas YA Tasol 574
Fugol vlsl Z9kth. 7272 A9, Co, Ni ¥ Zn= 7 24k}

SRE o]F 84 FuEol AAshs HlEe] ¥ =2 54& UEt
St} Cus 25 20} Faboll 854 o] Ashe HE

o] ok7k AFER7] BF o) tiiito] QIR S50 AR &
Ashz Ae & 5 J3lek cdo] B, &5 = 82N FT
ol of 10% JE AASH oM - FHE 25 7k
ASITE. Pbi= 378} PRI R QIAM Tl tiREE A
SFaL Sl TETOIA & SEE 5 854 TEE0] AHAs
H| &2 HH 2 22 Co 31.7 %, Ni 48.3%, Cu 2.9%, Zn 36.3%,
Cd 12.8% 2 Pb 1.1%= 3E7-o] 0|al] 9z Z540] 2Aeh=
H)go] § =2 A7 Rolr}h QM FE5S 79 xut 7&_?_%&
(el S7Feh ZAE Aol A1 o] FRado] el

\HE Y =2 555 E%O AR %kO] e }_/\]-/\]7]—0111:_

A, 1E &

ZHlo

= pH, salinity, F-F-&522] o, UAT7] 5
theFet QRlof ks wkon o]y, 715 4 E0] 843 AvE o]
ATHBac[1987]; Wang et al.[2012]). YO 2 F] == Zn, Cd,
Cu ¥ Pb= U Az §99cta B adul ok (Martin
and Maybeck[1979]; Martin and Whitefield[1983]). Table 6= &
T rET U S A a5 ARl vlE §f
Zp-8E AT (KYE YRR AT} Pba) Cus YAMS el
Z¥7t 97.2%9) 90.5%% & T55 5 YAMde] Fog e A

Table 5. Correlation matrix among the water discharge (m*/min), total suspended solid (TSS) and particulate metal concentrations in the
stormwater runoffs from the sewer outlets by Pearson’s correlation analysis

Flux TSS Co Ni Cu Zn Cd Pb
Flux -
TSS 0.017 -
Co 0.274 0.805™ -
Ni 0.093 0.642" 0.682"
Cu 0.204 0.389™ 0.473" 0.662" -
Zn -0.062 0.912" 0.846" 0.712" 0.400™ -
Cd 0.312" 0.512" 0.559™ 0.730™ 0.838" 0.501" -
Pb 0.392" 0.687" 0.856" 0.702™ 0.732" 0.729™ 0.808™ -

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)
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Fig. 5. Relative contributions (%) between dissolved and particulate metals in the stormwater runoffs from 3™ sewer outlet.

A3}al AT} Co, Zn D Cdi= 2+ 64.4%, 58.3% 2 73.7%7}F
AxMS et SIS, Ni 8574 3
R0 2 YERgTh YA-EE FHAIFK)E thed 22 4o

AR THBalls[1989]).

K, = C/C,

HE7} 51.6%% ] $-Ast

o714 C o} C = A AV 854 T55S] ROt 2 A
TFoA A-FEF Ul K& B Pbel 580.6°0% 7 AH,
Cu(155.6)>Cd(41.9y>Zn(17.0)>Co(5.8)>Ni(2.3)2] £=0]3IT}. Pb=
YAk} wkgAdo] 7H A7) wiitell A& Ul EAI5H: Pb
Ot ARbE wEA] AAR RS o 5 ATk B AR Al
sho oM = IAF-BE Al K= Po7t 82 71 E3toH,
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Fig. 6. Relative contributions (%) between dissolved and particulate metals in the stormwater runoffs from 7™ sewer outlet.

Table 6. The solid-water partitioning coefficient of heavy metals in the stormwater runoffs from the sewer outlet. All data are in the mean value

Item Co Ni Cu Zn Cd Pb
Dissolved ratio % 35.6 51.6 9.5 41.7 26.3 2.8
Particulate ratio % 64.4 48.4 90.5 58.3 73.7 97.2

K4 5.8 2.3 155.6 17.0 41.9 580.6
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WA TEE 1 oleke] v ghs Hol Pbe] e A ElES]
AAE = A5-S 53 sk Qlet. cu®l 73, Cu-organic complex
7FIAME EAloll Sk Walisk ] wikell K7 S ghe wolw, o
HEAQL aljoFellA QIAHd FEN7E 40% olsks YEhl= Zlo% B
TE A Muller er al.[1994]; Wells et al.[2000]). 121} 2 A+
ol A ZH-f= Ul YAV FEN7E 90%E A sk A 4k 2
TE s} A el FA5o] gl CuE v g
=54 AT iEE ] Wi wdE )

35 dRRET U 325 285 2 2oy Eot

e Wl 8548 W A S ke A= glol
AR AT R fEEo] i HAY AFoR EFE]7] wliel Al
sk 81, BA1E 9 AelAle]] otd ks nlE et ulg- sk o
2hA] I ATelXE Bl SRS VISR ORE kel Y] o Y
A& 7IeHe] vlas Ao R o9 9 SEidE Hrtet
A}, A= Ul Ni&] HsEE 61.8 my/LE e B
37122 D171 11 mg/Lel Bl3)] o vl =2 ol o
BE AR 7158 238 =2 555 R 3ITH(Table 3).
Cu®} Zn 9] 739755 U 34.0 mg/Le} 458 mg/L] HAEES K
o] 7182 30 mg/Lol 34 mgLE & FEOR SIS 207
UERLTh 9554 W Cde} Pbe] His T 47 023 myLe}
0.72 mg/LE ©717]%21 19 mg/L8} 7.6 mg/Lell olate] 2 55
AE & & QQleh AoH oz efES Ul 454 Ni, Cu ¥

o

Zn 32 FEE 0] Qo] frEvs a Al &3]

ao] tha st B Ao R RASE AN,

EF = (metal/ Al)paniculale/ (metal/Al)background

A

s EEE A 1912191 25do] §ld Algts Aol T
FEE ANEEIITHRa ef al[2011a)). SEATE 2 25 Ao
giste] F 7719 S5 Lo 2 FHEE ™, 10]81= no enrichment, 1-32
minor enrichment, 3-5= moderate enrichment, 5-10-> moderately
severe enrichment, 10-25+= severe enrichment, 25-50 very severe
enrichment, 50 ]/~ extremely severe enrichmentE WEFHATH
(Talyor[1964]). 3=7-llA EFS] H1-> CoS} Pb7} 212} 6,99} 41,572
moderately severe enrichment®} very sever enrichment®] 73 Bl &
LERSTE Ni(109), Cu(1,476), Zn(202), Cd(117y= H+ EF/} 508 =
el 760 5 EHT7F 7FY 32 extremely severe enrichment
FEAE & g AT TR A Co®l At EF7E 9.9% 3
ET2} vl7FA 2 moderately severe enrichment® UERGE O 1,
Ni= 41.89] ¥4 EFE YER very severe enrichment] 2 &2
VRS Cu(1,449), Zn(638), Cd(148), Pb(74y= B4 02 extremely
severe enrichment®] 53l dF= oM, 2719 EF-E Fo 7
TRET U A a5 SEERATYE - A S o
T A TH(Fig. 7).

Table 72> 732 Wl A S5552] Batsies) sif= 4= ¢
2]7]51 F22]7|5(threshold effect levels: TEL)Z} ¥+2]7]5=(probable
effect levels: PEL)¥2] Bl & 2SI THMOF[2013]). 3E7-2}F
TET A Nio) s 22 793 mg/ked} 340 mg/ke® -

Moz A%HQ PFS F Seh e e Zlow RHEt A AR To)] WA o] S £ FEQ PEL/ES
P TE5e FFEQIER)E F7s] fleto] Als o8 & Foz x¥skar QIQIth Lie® BAPE Cu 94| PEL 7)<l
10000
I 3" sewer outlet
1 7" sewer outlet
T
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T
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Fig. 7. Enrichment factor (EF) of the particulate metals in the stormwater runoffs. Bar and error bar represent mean and the standard error,

respectively.
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Table 7. Summary of concentrations between the particulate metals (mg/g dry weight)of stromwater runoffs and sediment quality guideline

values in Korea. All data of this study are in the mean value

Metals Li Co Ni Cu Cuy; Zn Zn; Cd Pb
3" sewer outlet 29.6 40.9 793 7,084 15,328 6,748 12,259 8.5 818
7" sewer outlet 23.0 514 340 4,931 4,931 12,017 12,017 6.7 1,141

TELY - - 47.2 - 20.6 - 68.4 0.75 44

PEL? - - 80.5 - 64.4 - 157 2.72 119

DThreshold effect levels (TEL); ?Probable effect levels (PEL) of sediment quality guidelines by MOF[2013]

64.4 mg/kgs 3ET-2} TET- B 23882} 77HH ZIBR= Ao=F
UERTE Zn A 2719 B 25 PEL 715 709 o 3%
she & 7 dAEEHE fEH ‘%‘lﬂ‘r. Y2 Cde} Pb
A PEL 7155 Z2I8hs w9 & R SAEIRoH, BE
ZAA 710014 PELS 235131 THTable 7).

HH 2Tl SETSL TET 242 91-fF A ol
FHL AL F 2 AP 1E FEE #EB ek

WO ® 20094 78 9 (108K AP IRE ERt 854 9 dAd
Fu50 F AEES ARSIt 3ET9L TR Hat > 7t
Z} 256.5 ton/min®} 173.6 ton/min%. 2~F-H WA (3ET-: 2.94 kim?, 7
B 1.73 k)P Bl (P=1.00)5H= 2 o2 e o]g 4
Th= TR AT CFAPS el WHE AntESE. 7l B et
T AFEET] ko] AR (17=0.946) UX|sHs AFE B
%(Ra et al[2011b]) 774l AEHS wet 2= A9-FET9
7392k 1l S8y Ay} WAk stvr_]-o] gles ¢ =
ET9] 49, 18] A Co 1.15 kg, N ! :
197.20 kg, Cd 0.30 kg, Pb 20.57 ng = %—3@1 FET L S’}‘ii
om FAow ok 718%7F YA FE45 FHE FEHI Y
=5 & 5 AATK(Table 8). 7=7IAE Co 1.05 kg, Ni 7.45 kg,
Cu 80.26 kg, Zn 201.73 kg, Cd 0.09 kg, Pb 18.32 kg®| & &=+

1T

Ho| fEEE FoE EOJI% 3ETT} TET) H)a)] golw Al
1790 FANE Zn8] ¥ FEHS TE ) 9318 ¥ w2 0% o

1__7)\
Bl B4l HES BT # ) EASHE AN FR S
98 U S AT A, APE S % 10
m

=

r1r

Al7Fe] ZAPZE &=

TE 3 F

o LektekTable §). FS0AT} 2R ETE B0 o102
FESE 824 U YA FIEE SPIHA BT E@))
) S Mg Eakoe SRl o 7] sl A

YA g 5 AFE 7t B esith A -aEs |l odEAS
AATH B mX)= FES HAslslr] flste] AP EE(sand

et Ae]7 o] &8+
S tH(Davis et al.[2009]). Lim ef al[2015] BB &8]#] 22
biofilteration systems F310] &%= 7 184A%) T55S 90%
o]/d—,_ zﬂ}]sl Z= 011;].J_ E_J_o].oﬂr/]. i Oi:rLQJ/]"‘ E3 ].01 H}OJ
2tESEE T fEEHE T S YA e HaAe
2 82.1%% AABIAL = Ao T v} AR 9} Rjoi A=
TAE EHol A S ?91 ol AX|ak= Mo RE B

loam), 7-71%&, vermiculite, perlite 5

£ Bl A2y 5SS AR AA 7EsE A
O = gtec,
25 Ul 29549 5% matrixe 183 QJAEF7HE

e, 7595, 7APY 5 Brozonik and Stadelmann[2002]; Lee
et al.[2004]), A1214 QA (EAXEFH, ¥]5A1A S, Kim ef al.
[2005]; Gobel et al.[2007]; Kayhanian et al.[2007]), =837 (pH,
salinity, 771 &8, 754 5 Guecguen and Dominik[2003];
Nguyen et al.[2005]), #H L FEE F7H(F F3IF S Grout et
al[1999]; Surbeck ef al.[2006]) 51l Wt & %j0]& Holi= Aoz ¢
HA Stk RHY AntES B A7t e W AedreE 2
1,541 mms} 107920123 71)elm], 379} TE79] &
AL 4,67 km’Z YA 570 B9 92 5.56 km’}
7re] AR G A E o] gslo] W AntESEE
T =TS 7P 7Fs s @AY AR RS AT 22 2
g7k 27} ok, & ArellM= AR el EAeh= 7
[e)

TEH|EEA QAL 1l G2 AZAS okeli=)|

T R

N
N
3

PN 40
12
rE

of
@T <

=r
[OX =4

=z
3
>a= Tl

N
2

ANTh AlBte o] 7, At AFA 2] HelTelo]
A g folS o w shu B, AkjiAA
Aol g-FHE EFskaL Q7] whiel Al
5% umzowm % ﬁﬂ% Mam A= A9 By

5 24 AnlES|HE A3LS A

Table 8. Estimation of discharged amount (kg) of dissolved, particulate and total metals in the storm water runoffs from sewer outlets

Sites states Co Ni Cu Zn Cd Pb
3rd Dissolved 0.27 11.26 10.72 58.92 0.07 0.07
sewer Particulate 0.88 11.76 187.33 138.28 0.24 20.49
outlet Total 1.15 23.01 198.05 197.20 0.30 20.57
7th Dissolved 0.13 2.39 0.83 60.66 0.01 0.11
sewer Particulate 0.98 5.06 79.43 141.07 0.08 18.20
outlet Total 1.05 7.45 80.26 201.73 0.09 18.32
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A Bl el 14%e) 2o, AIA) WAIsle] Y 5y
4§ ke dFFR AL BBl FFET 2L f9)

RS MEA] Tgsjolof & Ao% gadrt.

U g9 1AM F245(Co, Ni, Cu, Zn, Cd 2 Pb)
NS} 454 Cot Nid 7-3-ZHto]]
T frashs AEE Aoy, A 8543 S5 ¢
TEL A ST et et 2 Fo' kR A
Atk & TEE T YA TEEC] ARk Al v
97.2%= 71 =950 Cu>Cd>Co>Zn>Nisr0] 9 2™, A A}-
S PATKYE 3l A -HEF Ul EA8KRE Phe tHE =
4ol nlaf wEA ARG 2 AAEE Floz YERTE
TE Bl 199] A9 oE B2t 2702 EFE 8 fEEE F
559 &% Co 221 kg, Ni 30.5 kg, Cu 2783 kg, Zn
39 d 0.39 kg 2 Pb 40.0 kg T} <At AFHFo2 Al

C
3 g ABES] felEA, A B9Y L neld
[e)

3
) welgt ko) FE4o] v Hese) Jel sk £9)%5 9l
& oF 5 QI ol 4925 U] 854 Ni, Cu 2 Znd)

=
Basis 34 548 Uehlie $27158 skl 9ler, §
A FEE A e davh s el vlel] s H (AR )
w3231, =] 5k PRI (PELS 2 FO® skl 910,

W e} $73 9l AEiAlel oS vE Zlow whdkent

7|

ol

B AT kAt AArg «AlstE e AR
(PG48391)7°] 1] #]€le] ofa)] 3= st
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