"m Check for updates

A AsES]|A] A 594 Al 3F, p. 463-472, (2023 99) ISSN 0435-4036 (Print)
J. Geol. Soc. Korea, v. 59, no. 3, p. 463-472, (September 2023) ISSN 2288-7377 (Online)
DOI https://doi.org/10.14770/jgsk.2023.038

[ oo o |
SA0[eHD 2| TS HA| AR IS

Assessment of heavy metal contamination and ecological risk in riverine
sediments collected at the Hyeongsan River Basin, South Korea
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HAT EAIS S ARASER QlE) A 19 W FAA, s ADA K AEA] Fof HAA 2 d o] 23
FUE 1A= S sH A= 3 A H AgsE A5 o] € 4 glnk. mEhA, o]
W gl M s At 25 2 ARl A7t sHd H#E Al U] $54(Cr, Co, Ni, Cu, Zn, As, Cd, Pb) &
E#4E E TS L= (EFAT | oA s AR A (A Al = A AR 257
oA S ABAH AR HE FEE T P HAw LAVIEAEG wotou A AR 2F
I 7IEE, FRA AR BE FEE2 VIS EY w3 s5Acet e @RS F3l WUkt AHA
A TEE LA 27, dAT AFHAA vHst AT, AH H FRHY SEE 292 AR A=
Ebgtt. A sl = 2|5 Sk A A 7 A, R AN A FhEso] A W A sl
ol 7P AAet Ao R e o, ARt 7tEE 2 E9 F4E A3l 7tEE THYAE 8 Ut AT
7t dad Ao = Wt

2201 J47), 334 L 9% AN, =R

ABSTRACT: With rapid urbanization and industrialization, inorganic pollutants from potential contamination
sources, such as residential areas, and agricultural and industrial complexes, in the Hyeongsan River basin can
act as continuous pollutants through adsorption onto riverine sediment, precipitation and re-dissolution. Here we
measured heavy metals (Cr, Co, Ni, Cu, Zn, As, Cd, and Pb) in riverine sediments collected at the main stream
and tributaries of the Hyeongsan River basin in order to examine the pollution level (enrichment factor; EF and
pollution load index; PLI) and ecological risk (ecological risk index; ERI). Although concentrations of all heavy
metals in the samples from the main stream, and Dae and Chilpyeong streams were lower than Korean government
standard for riverine sediment, while two elements (Cr and Cd) in the Chilseong stream and all elements in the
Gumu stream were higher. Based on both EF and PLI, heavy metal contaminations in the main stream, and Dae
and Chilpyeong streams are negligible. However, they were significant in the Chilseong and Gumu streams.
Furthermore, the assessment of ecological risk based on ERI indicated that Cd shows the most serious potential
risk to the ecosystem in the Gumu and Chilseong tributaries and that additional study using Cd isotopes are needed
to trace Cd sources.
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(Buccolieri et al., 2006; Hyun et al., 2007; Song
and Choi, 2017). 194 L HP 2 HE FAH &
AR g W S5 S 9 A &8
o =2 sk EAE Woll EAstH &8s
H3lol| oJsf & FEi= A= o] shd A=
W Fa452 A ed¥es A= Qi
(Salomons et al., 1987; Soares et al., 1999). A=
SRt A2E Tl st oE fUE FaE2 A
HA 2 BE 534S 9l FEsH o= Qe A%
o= oFdSFS u|E 4= Ut Verma and Dwivedi,
2013). webA hd EHE2 s 2 FYE 9
2 QHAEA Uittt LHE H7F L 2 GAIR} F
2 59 Aol d7] &85 3tk Cho and Kim,
1998; Ra ef al., 2013a). &2 So], 22 344 HA
£ U 7IEE(Cd) Y 198 2 Ho] HaE|lar o]
L o) AT 2L A1 Bl 3t Ao A
A= QT Wu et al., 2021).

T3 S HAE ) 3249 09wS Wl
= A2 TA U Fa50] 2 2 A=A r)A=
P dSsh=t i 783 HHo R A
QO W(Yuan et al., 2012), EZE U SF<E9f gt
AR Qe Bt A AEY HolAkes B3 A
5222 U AW7tA| o G A T
]9 = Q S}ch(Ra ef al., 2013b; Fang ef al., 2022).
A& 5o, FA &5, a5 A9, A 3 THG
Z2 AR A B2 T o= WS
£ Cd= 7k A, Holl SA = o] 2 18, A&
el o5t ZA3HS21 ool oleto] Y (Itai-itai dis-
ease)= sk T B Q17 A7l tish 4
25 YL F= AoZ BuEy 9tiJoshi et
al., 1981; Lee et al., 2004; Noh et al., 2015; He et
al., 2019; Zhong et al., 2020). A F5& 55
Argste] o ElAE W LHE D A SIS
Brlsh= WhH o 2= == |4 (enrichment factor;
EF), 2 F53}A]4(pollution load index; PLI), A}
B¢l = X|4=(ecological risk index; ERI) 5] )
TH(Caeiro ef al., 2005).

FiolA 3 HAE W F55 oG #
g ATE T2 S YN SHoE 3
RAA|9HLee et al., 2004; Bailon et al., 2018), 44
AA et Fa55 28 A= vlEe AdFolth
wEhA o Atol|A= FARY ARRE sk

—

AN BR L AR AHD 3 HAE Y F
T4 BHL B S HAE ) F3S B2 54
2 s, $EAS, LGRS L el
% A58 AAgstel T 28 Pol Bug 47
DR RO REESEEREEETEEREE
a2 wla B7hshacs.

9o WAL 1,140 knt’, §-= AR 61.95 km,
7F 822 549,672,480 m*o|H, 479] @ A&
&l i, AHH, 2AH, o] EXZITH Ministry
of Environment, 2020). FA} 49 U X |3
9] 20%= A|5k= A7F 110,863,275 m> 9] <=7}
HHAsEaL glom, et (78%), A H4(20%),
SAH4(2%) &o]tH(Lee ef al., 2003). A H|=2]
7 tiFEo| ZAFE 8IS 18099719 HA=
T ZFEZFAAGA 7 ARk sk A Fo
A FdEo FAPFE S8l At E siEEtH(Lee
et al., 2004).

22 A=z A3 L 24

2022 29 4P oA EtiE F4E o]
L3t F 1170 SHHEHES AFH . 257
A T7H(HSR1-HSRS), A 53¢ i, ABH, FAA,
FE AN A ZHzt 1718 = 47H(HSR2-1, HSR4-1,
HSRS-1, HSR8-2) A|22 A Fstgch2d 1).

AHE AFEE 60°C LEAA FE-Z AAS H
Q12} 3717} 2 mm 0511 A|ETk XFE-EA7|(Retsch,
MM200)= EE35t ¢ A3 o B8 A=
°F (.1 g& 60 mL H|ZE 7)o @1 5 mL T34
(HNO; : HF : HCIO, =4 : 4 : )& Y2 3 7ldgt
oA 180°CE 24|17t Wh-S-A|FiTh. o] % BEg-8§oHS
SAxe ¥ 5 mL EFAHHNO; : HF =5 : 3)&
Y7t 9 Sz 39S vHEgt S 6 NHCI S
mLE 7}t ohA] gt ¥ S whESEG T oA
L3l AIRE 2% HNO; & 3|4sto] S5 &4
< skt
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Al B2 BoATsh 4787 S AE o
2" $EAF Sehzoh BREAY(Inductively
Coupled Plasma Optical Emission Spectroscopy;
ICP-OES, Optima 7000DV, Perkin Elmer)& ©]&
3R, F5<4(Cr, Co, Ni, Cu, Zn, As, Cd, Pb) &
He g a o] AAE SEAs et
Zu} AR A H(Inductively Coupled Plasma Mass

L ot Bl E L S35 28 = U dEleled E7t
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Spectrometry; ICP-MS, iCAP-RQ, Thermo Fisher
Scientific, USA)= ©|-85FAtt 4] Zfof| gt
g U AUEE eIk 98 HAE 2 LE
291 JSd-1 (Stream sediment; Geochemical Reference
Samples, Japan)@ MAG-1 (Marine sediment; United
States Geological Survey, USA)S A|&2} &4 A
2Jato] BABHACHE 1),

Table 1. Measured heavy metals concentrations in two standard reference materials.

JSd-1 MAG-1
Element Certified value Measured value  Recovery  Certified value Measured value ~ Recovery
Al 7.45 7.86 105 8.68 8.22 95
Cr 21.5 22.1 103 97.0 100 103
Co 11.2 10.9 97 20.0 21.1 105
Ni 7.04 7.48 106 53.0 49.2 93
Cu 22.0 233 106 30.0 28.8 96
Zn 96.5 102.9 107 130 137 106
As 2.42 241 100 9.20 10.3 112
Cd 0.15 0.16 111 0.20 0.27 137
Pb 12.9 14.6 113 24.0 27.8 116

*Units of Al and heavy metals are in wt.% and ppm, respectively.
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Fig. 1. A map showing sampling locations.
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Table 2. The concentrations of heavy metals in sediments collected from the Hyeongsan River.

Distance

Sample _from HSRI Al Cr Co Ni Cu Zn As Cd Pb
(km) (%) (mgkg) (mg/kg) (mghkg) (mgkg) (ngkg) (mgke) (mghkg) (mgkg)
Main stream
HSR1 0 6.82 13.8 8.40 8.95 11.1 88.1 14.1 0.228 21.3
HSR2 4.86 6.18 284 10.3 12.5 13.2 113 10.3 0.296 42.9
HSR3 19.3 634 16.6 3.61 3.87 5.00 39.1 6.38 0.177 20.0
HSR4 29.1 6.24 253 6.56 7.28 10.3 78.1 4.88 0.192 18.8
HSRS5 38.3 6.61 17.0 4.41 5.55 7.65 55.5 8.26 0.189 17.2
HSR6 42.5 726 533 15.4 22.4 303 177 10.4 0.738 38.5
HSRS 49.8 6.21  96.5 5.77 10.1 11.3 101 7.32 0.174 24.1
Tributary
HSR2-1 16.5 7.38  33.8 15.7 11.9 13.4 83.6 14.5 0.172 22.0
HSR4-1 36.4 7.09 58.0 15.7 31.0 27.9 158 9.44 0.233 32.7
HSR8-1 49.5 6.07 220 11.3 35.5 303 324 10.7 1.02 39.5
HSRS-2 49.6 593 469 26.5 138 152 1669 19.9 6.50 140

N

3355 28 U MEl?lsid ot

H7HA] EEE Y= JFS 2GS A8 &
Al Al g A A F5AGEF)E A
A5 THTaylor, 1964):

ook HT ol

(Metal/AI)

_ sample
~ (Metal/Al) M

background

A7VA (Metal/Al) sampie= A= W Al] i3t 2}
a4 U8 FX, (Metal/AD pacrgroma= Alol
P 7t a5 9o AT EE Yudith wiE s
e LEEA ¥ AP JdF AIRHSRDE
AFgsTE

EFgto] 1 ofs1}] ¢ L )R] ke Aeli(no enrich-
ment), 1 - 32 2k7F @ G Abe(minor enrichment),
3 - 5= &7+ 2 ArEl(moderate enrichment), 5 - 10
L ZF A%t 2F AlEl(moderately severe enrichment),
10 - 25+= A3t 2 g AEl(severe enrichment), 25 -
502 o9 A5k @ ¢ AElj(very severe enrichment)
°]aL 50 o]/e] A =3] Aet 2 AJeli(extremely
severe enrichment) 2 FEE tHTaylor, 1964).

F7H o2 BAE Y BE FaKol tigt A
Hol 0 @S Brhshudt © GRS SPLYE A

o, o{N

r

AFslH Tt Tomlinson et al., 1980):

PLI=/(C/B) x(C/B) x--x(C,/B,)  (2)

7|14 G2 2t 9ol F5, B2 oY 94l
Hj7 5otk PLIgEO] 1 o]5}el ¢ 193¢l &
o] gz Al 1 o}kl A 2191a1s] g ol
L A= A2 FEE K Tomlinson ef al., 1980).

E3 BAE W SaE5l g3 AXYES A8l

= WIS BAH AESISLEAIHERDE o
21} 7o) Akt tH(Hakanson, 1980):

E\.=T', x (C,/B,) 3)

ERI = ;E “4)

oAFNH T2 7t F34 U4 SYARCA -
30, As=10,Co=Ni=Cu=Pb=5,Cr=2,7Zn=
1)& JehditHakanson, 1980). E'.gko] 40 o]5l=
o A& T (low risk), 40 - 80-2 =7t Y& =(moderate
risk), 80 - 160-2 A3t 3 =(considerable risk),
160 - 320-2 =2 ©]3 % (high risk), 320 o]Ake b
2 =2 A3 % (very high risk) 2 T2 Hakanson,
1980). ERIZo| 150 ©]3}2] AL F2 A3 (low
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Table 3. Comparisons of heavy metal concentrations in riverine sediments.

Element'

Location Reference

Cr Co Ni Cu Zn As Cd Pb
Hyeongsan River 13.8-96.5 3.61-15.4 3.87-22.4 5.00-30.3 39.1-177 4.88-14.1 0.174-0.738 17.2-42.9  This study
Dae Stream 33.8 15.7 11.9 13.4 83.6 14.5 0.17 22.0 This study
Chilpyeong Stream 58.0 15.7 31.0 27.9 157.8 9.44 0.23 32.7 This study
Chilseong Stream 220 11.3 355 30.3 324 10.7 1.02 39.5 This study
Gumu Stream 469 26.5 138 152 1669 19.9 6.50 140 This study
Hyeongsan River  3.86-50.6 3.75-98.2 1.93-14.8 20-173 1.27-5.50 0.02-0.39  3.63-24.5 Bailonetal.,2018
Chilseong Stream  23.1 14.6 9.28 87.2 3.19 0.2 10.1 Bailon ez al., 2018
Gumu Stream 365 73.3 84.6 877 114 2.59 51.8 Bailon et al., 2018
Han River 27.3-146.8 8.8-57.5 5.1-158.5 52.1-690.7 1.4-15.1 0.05-1.32  17.1-106.2 Laietal., 2013
Nakdong River 433 13.0 11.1 97.1 0.270 18.8 Kim et al., 2017
Yeongsan River ~ 47.2 19.7 32.0 163 7.27 0.253 29.6 Yang et al., 2018
Geum River 37.6-78.6 9.9-209 11.8-22.4 57.5-124.9 0.9-2.3 0.05-0.18 8.3-19.4  Leeetal, 2014
'Units are in ppm
risk), 150 - 3002 =7t ¥ = (moderate risk), 300 4, E 9|
- 600-2 =2 9|3 Z(high risk), 600 0] uj$ =
L Y3l (very high risk)Z FE-FIthHakanson, 41 =22LE5 s B2X

1980).
3.4 1

® 2 3 HHEY $34 RS Helgth
HZ A]FE(HSRI - HSR8) Q] 5<% 5= 0.285 -
93.0 mg/L2] H o], Zn > Cr > Pb > Cu > Ni >
As > Co > Cd £22 7} ZH459t) R&2l
Al A|ZE(HSR2-1)9] 2<% 5= 0.172 - 83.6
mg/Le HYZ Zn > Cr>Pb > Co > As > Cu > Ni
>Cd £02 =57 7HA3, B3 AR v]s] =
£ 334 sk ok 1 - 2 ek AWA A=
(HSR4-1)9] 224 55 (0.233 - 158 mg/Le] ¥
HAEZn>Cr>Pb>Ni>Cu>Co>As>Cd &2
2 527} hadin, 25 AR 8] =5} -3
v} =8keh AA4H A RHSRS-1)= 555 ¥=7
1.02 - 324 mg/Le] HYZ Zn > Cr > Pb > Ni > Cu
>Co>As > Cd £22 7} ZHAsH, 2= A
2ol v3} w7} 1 - 68 E3ith S8, TRA AR
(HSR8-2)9] 224 %L 6.50 - 1669 mg/Lo] ¥
A2 7Zn>Cr>Cu>Pb>Ni>Co>As>Cd £2
2 FE7F sk, &7 AR vl 52712 -
230 =gk,

337 O 2= ol At 71 U
HE A7Ae] vuS BelZt A 3 9
AE U 555 s old g4t ol A ¢
FEAA Ba1% H%(Bailon et al., 2018)E T} 2
5 AIE(HSR1 - HSR8)oIA NiE A| L3t HE 4

A2 - 3uf 4 =S ZHer} A4 AR(HSRS-1)

314 &

A BE F34 FE7F2 - 108 9k, TR A
F(HSR8-2)04] Cr& AR F=& HAT ok
£ e 252 - 38 30tk B3 Sy =2 4t
7ol b HHE ) $34 w0} 0w AKLai
et al., 2013; Lee et al., 2014; Kim et al., 2017,
Yang et al., 2018), FA} EF AR FFE =
< S Al=of| BlE] Asth2ul 243 1 9 S5
T HISSAY Wt ST GARE A=
HejA = 2 Fa50] BT 555 B9, &

7 Aol HSIA L As, Cd 9 P 2 - 65 32

U1 9 SEE2 Bt w28 Btk FAPE A

F AR FE5E s== Y 4ol vl Cd7t
Zdf 598 =UTHH 2).

PAPL M HHES Fa4 =8 HdET
oA AAE =Y ok B - E e ARt 71T
H| w3t ZIYNIER, 2022), 257 X Z57<] thZ(HSR2-1)
3 AP H(HSR4-1) A 89 BE FF4 527 A
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AR that S4o] Lk 75 Aol A9 gl
Sol 5taAe DA AR Crt Cdi I
Foll 430 A4 B hg S4ol ek 7hs Aol
shelgiginh. PR AR RE FF40] 53 o]
Apo) Sgo] £3H 1, 53] Cdi BAol ek 7}
o] S e IVEFOR FREIYT. B3t Y
A7} BT NRHESRDS 334 SEE A4
Boll H4o] Lk 7540l A9 gl 153l 3
Gt Aol SlEglom of g A RS W%
=2 Ao A A0 R geEr,

42 2HEE ™It

42.1 FFE5E o 9% B}

FAE 5P BAE W S5l itk 94 Ql
AAQ A= Bt F5AT EFE ARSSHS
t}. &5 A|Z(HSRI — HSR8) 9] 8F a0l thet
EFZIE Cro] 3 ojAle 2 HE oduE Hy oL}
Ni, Cu, Zn, Cd ¥ Pb7} 3 m|gto 2 oF3t @ g,
Co%t As= 1 H|9te 2 @ HEX] oF2 AHIE B3
o} &<l - A|E(HSR2-1)o| A %= Cr, Co, Ni ¥
Cu7} 3 mjghe] ot R H=E HE o} o]& A9
g OE fgae R 1 Rt ® e go] gl AH
ek AP AZHSR4-D) A= Crif Nivt 3
oo 2 27t eHEE WY Co, Cu, Zn ¥ Pb
R 3 meke] ot @ =, As@F Cd= 1 P]FHe] H]
LA AHE vEbleE 13y 24973 A|=(HSRS-1)
L Cro] 10 ole] e ApAIE A 29, Cavt
5 oJAte] ZF A%t 2 9%, Ni, Cu & Zno| 3 o]AF

This study

—_ TTo T

o] 27t 9 9%, Pb&} Co7} 3 w|wto g oFst @ ¢
&, As7H1 u|ike) Bl e HHE Btk S55 5
=7 7P =3 5 A2 (HSR8-2)+= Crit Cd
7} 25 o] e wlje HZHE S EE, Ni, Cu ¥ Zn&
10 oJAre] Azt @ P, Pbi 5 oAk 2 AJ5H
Q2FE, Co=3 oA 27 LFEE O As
=3 1|9 oFdt @ Y= E HTH1E 3).

=Uf 4th7}oll thigt EFgL2 §F A& Wi Cro] 3
oo s F LATEE 2 0|5 A YstaLA
= EBF 3 ugte] 2 oA g BtH(Lai ef al.,
2013; Lee et al., 2014; Kim et al., 2017; Yang et
al., 2018). FA} A|=29] EFgt) v st 21, §
A7y ER0L T Ao S QY EL H 2SR A
YA A|&9] Cra} Ni, FAA A|&9] Cr, Ni, Cu, Zn
9 Cd, FEAH AR AsE AT RE T4
EFZhe SHUj 4th7de] u]3) 2) 53uR7H] Se5ket.

422 F 534 9= H7t

B sk HAE Y 2E FE5 sEo] A%
L GH3R| ol diste] EF AR Pt PLIGR
1+1 (o, n=7Z F TF5] gt A2 2F
o] gl JHl 2 et X573 dide At A
B, AEA, 7 A= PLIGRE 42 2,3, 10
O BE AZOA 1 o2 A AR F7Fel 9
o oo Az A2 YERETHIH 4).

ol g7 A 27 % A AR ot
PLIgE2 1 oJ3l=2 193¢ 299 F3] gl
o, R A BE 602 AN 2 Fo] EXfst=

Previous study

10000

1000

100

Conc. (mg/L)

0.1
Hyeongsan Dae

Chilpyeong Chilseong Gumu  Hyeongsan Chilseong Gumu Han

Nakdong Yeongsan Geum

River Stream Stream Stream Stream River?  Stream?3 Stream?2  River® River ©) River d) River ¢

Fig. 2. Comparison of heavy metal concentrations in Korean riverine sediments. Co was not reported in the Han,
Yeongsan, and Geum Rivers. Co and As were not reported in the Nakdong River. (a) Bailon ef al., 2018, (b) Lai
etal., 2013, (c) Kim et al., 2017, (d) Yang et al., 2018, (e) Lee et al., 2014.
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A o] )& itk(Bailon et al., 2018). o] &L
A9l g4t Algol tigk PLIgM R vlwgt A, o]
Aof vjgl & A4 LE=T}F 7K Aol g
QUE|9Ir T3k PLIZEO] | - 29] WelE 2 v 4
731} v wEtg-S w(Lai ef al., 2013; Lee et al.,
2014; Kim et al., 2017; Yang et al., 2018), JA}
25, 43, ABA A5Y 9%+ vsHRATt
PP EERPER PR s
FHo YA 4 AR | F34 04
e 27 9 o, AEA AR A vlustAARE,
AXAH A 759 Cri} £5- A|&9] Cr, Ni, Cu, Zn

ot ElXE L S35 28 = U dEtelsd ot 469

9 CdolA] AZHe 19122 S Q) ekt &
3] Q1914 OUE AP Be TRA AlRE A
Zlo] ZAJSHE T Ea AT ZEE 7)al
3 0] gako 2 ekt

4.3 ‘Hef2lsid B2t

4.3.1 325 9188 571

s HAE W S50l et 94 A A
e st doll thet 87t 23}, 5 A =(HSR1-HSRS)
of it 8% Fa& £k Bt 92 W2 A=
£ 23, A7 HH(HSR2-1) 7 P H(HSR4-1)

This study
40
very severe enrichment

30
[TH
w 20 )

severe enrichment
10 - R

____moderate enrichment I ,,,,,,, Iﬂ -
0 I A . I_.-l
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River Stream

Chilpyeong Chilseong
Stream Stream

Gumu Han
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Previous study ——————

Geum
River 9)

Nakdong Yeongsan

River 2) River b) River ©)

Fig. 3. Comparison of enrichment factor (EF) in Korean riverine sediments. No data for Co in all previous studies, and
no data for As in the Nakdong River. (a) Lai e al., 2013, (b) Kim ez al., 2017, (c) Yang et al., 2018, (d) Lee et al., 2014.

This study Previous study
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Hyeongsan Dae Chilpyeong Chilseong Gumu Hyeongsan Chilseong Gumu Han Nakdong Yeongsan Geum
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Fig. 4. Comparison of pollution load index (PLI) in Korean riverine sediments. (a) Bailon et al., 2018, (b) Lai et
al., 2013, (c) Kim et al., 2017, (d) Yang et al., 2018, (e) Lee et al., 2014.
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A& EGE BE a0 ) ZzF i 83t 122 %
2 E=EE B3k 28 " A= (HSRS-1)
9] % Cd9] Egho] 1342 A3t JHEE 714
= §H, CdE At 2E 947t 32 i=E
BHyok 75 AR (HSR8-2)9] 49 Cde] E3to]
8552 mjo =0 9F == AT, Cr, Ni ¥ Cuzb
ZYZ+ 68, 77, 692 =7+ YA &, Co, Zn, As L Pb7}
40 o3t 2 P =E BT IH 5).

ol ATt FAKY EFot AAdH AR gt
EZre BE SE40 2 =E Boy
BH AZ9 Cd7F 30602 =2 YIS Hola
Cr3t Ni7} Z+2} 44, 4002 271 992 Byt
(Bailon et al., 2018). o]* Aol A EHels FAET
AN 29 E'Zr3 v mg A3f, A, FRA AR89

% - 2 -

EIN|

=
o

Al Cdo] A fisfAdo] oo Hls A=t STt
gk o] FIE ATk T3, FU 4ol digh £,3)
L %40 ngte 2 3o o dAT-E HYrHLai ef
al., 2013; Lee et al., 2014; Kim ef al., 2017; Yang
et al., 2018). P47k A 2ot v WS o, FAY
25, A, AEH A2 AP =e vt AARE,
AR A7 Cdet 2 A2 Cr, Ni, Cu ¥
Cd9] E'ghe 2| 66u17H4] &34t

4.32 3 5 AHS18EE 571

Age] gt F Sa e ed B 24 2
F A=A 2] HHF ERIZEE 72 £40 (lo, n =72
A e fisldo] EASHA] = A= Uk
oo, A7l AT APH AR = 22 663

This study Previous study
1000
very high risk I cr
Co
high risk B Ni
| Ci
100 considerable risk i Z:
moderate risk i - é;
Pb
-
i J_N J_|‘ J.IH J_M J_“
| J]‘
0.1 — ! e
Hyeongsan Dae Chilpyeong Chilseong Gumu Hyeongsan Chilseong Gumu Han Nakdong Yeongsan Geum
River Stream Stream Stream Stream Rivera  Stream? Stream?  River®  River®  Riverd  River®

Fig. 5. Comparison of potential ecological risk factor for each element (E';) in Korean riverine sediments. No data
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