Journal of Korean Society on Water Environment, Vol. 37, No. 4, pp. 296-305 (July, 2021)
PISSN 2289-0971 eISSN 2289-098X  https://doi.org/10.15681/KSWE.2021.37.4.296

L

il

NX| EAISHY ES E|SE o9E Byl Bt ol

Contamination Assessment of Surface Sediments in Urban Rivers, Busan
Jin-Suk Kwag®' + Jung-Won Son” * Chu-In Kim® + Bok-Joo Song®
Busan Metropolitan City Institute of Health & Environment, Busan 46616, Korea

(Received 7 December 2020, Revised 25 May 2021, Accepted 14 July 2021)

Abstract

This work investigated heavy metal pollution in surface sediments of rivers in Busan, Korea. Surface
sediments were analyzed in order to conduct contamination assessment of organic matter, nutrients, and
heavy metal concentrations. Contamination assessment of heavy metals was conducted using geoaccumulation
index (Igeo), pollution load index (PLI), and potential ecological risk index (RI). Accumulation of organic
matter and nutrients were affected by water discharged from sewage treatment plant. The concentrations of
organic matter and nutrients were found to be greater in points which were close to the sewage treatment
plant more than points furthest. The concentrations of Pb, Zn, Cu, Cd, Hg, As, Cr, and Ni were found to be
greater in surface sediment more than in the background. The mean concentrations of heavy metals were in
the order of Zn (323.5 mg/kg) > Cu (70.5 mg/kg) > Pb (39.8 mg/kg) > Cr (33.4 mg/kg) > Ni (13.5 mg/kg)
> As (9.4 mg/kg) > Cd (0.84 mg/kg) > Hg (0.092 mg/kg). The result of geoaccumulation indices indicated
that Hg > Cr > Cu > Ni > Zn > As > Pb > Cd were found in order of severe contamination by heavy
metals. From PLI and RI analysis, it was evident that the Suyeonggang 2 was the most contaminated river.

Key words : Geoaccumulation(I,.,), Heavy metal, Pollution load index(PLI), Potential ecological risk index(RI),
Surface sediment

at Corresponding author, $1-7-AK(Researcher), tnr302@korea.kr, https://orcid.org/0000-0001-7058-6236
" &3 FLAK(Researcher), jwson@koreakr, https://orcid.org/0000-0001-7876-0577

¢ ATAK(Researcher), cikim@koreakr, https://orcid.org/0000-0002-5974-056X

4 & F-P(Researcher), bjsong2@koreakr, https://orcid.org/0000-0002-5451-4141

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

SI=ESgrass| x| 373 A4S, 2021



SRl EASHE B ENE oHT Ijol BEt eF 297

1. Introduction
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and Oh, 2016). LG &3
gl A &, ol2u
B3 HHEM E s Wl we 502 AEET
A oAl A A cHAlloway et al., 1988; Kim et al., 2017;
Thornton, 1984). 5% 4&2 53] &3li7F AHL 4F
71E, F71EHY FoFgste ES FHEHWU, FAT
FotHA FHEC AolHo] AF9 A&E AMsH &
oy At A A e HHAHLE HolHo] 4F Y S
oF7] tth(Jeong, 2007; Kim et al., 2011; Kwag et al., 2019;
Oh et al, 2017). sFd HHE9 LEEE F7lob7] A &
HeRE /718, 9¢dF 5855 5 AA R o2 74
st & LAEE F=olA 43S H 771 vl
sted Frbske Wiol Utk FUldAM e FHIA AL
(National institute of environmental research)oll A |7
St - 54 HHE 2¥9H7} 7] (sediment pollution evaluation
standard) (NIER, 2015)& A& 7€, SFEF 2 S5
& FF B2 AN ES dg SHS GEFHL

o Prlsta vk HHE LEEE = =
SRE FEH AEY FFE BASY A=

g

(Igeo)y 2FFHAS(PLD, FAH BATHEATRI) &
|

X,

e OfN
i}

2

o

2

off

A

ol
e

e
F{E F[O
el

2]
N
>
M
=(IJL_|‘
xg
=)

bt

ETR
2
e

>

2 o i of

(2 rfr Wy dz 1o fo ¥ oE O

&g 75T NEem T
F7td ¢ gtk PLIE= BE 3559 L9AF(CHE 4
Ag 29% Frtel AHEHM, Rz H4 = A
oge frelasd e 5 54& 1A 9 At
2 54 SHdA gt = gl Aot
2 ATAAE 2016 5E 2018744 FAAA G thEH QA
107] AME des 2H9=ES Frietr] HAsiA

422 AAsel 47189, GYIT 2 53

=

N
& gFe BASGT A4S 447 B dvs 49 5
Bl oJa) 2shalo] wasl vk Fele) sAlo] glon =
3 244, 94 5 Hu BYR 9N HAL =4
ECELERY

4 AFES HHAA 25 L85 HE A sHETh
ol &3 A HY EF HAEC driy LEHAE=A,
QYRS ¥& FFS F 9 £EE WY ¥ 294
A HHE 24 A $4 &9 AT P odE Huld B
Axg wdsag v
2. Materials and Methods
21 Y3 XA

PG e F7F 8k &, A A 46Md: F F
4 ol At} F7HeHHd S Y5 ER

o Agsd, B4, 9Ed 5 a2 T A% 59.19 k
2 F9% F 46MAE F A% 190.64 kmol
AAAT B o] BEExE AL NF2z & el
Jstel st el & AAgelH s Fulzk Fsith

~

8

07 AAE AFste 20163 K€ 20183 7}HA)
23] 2A EF HIES Ak G5 AR AT
e oA dgste FEAIMAE A
G574z FYHE 9AADC)), FET S5 5NA A1F
o2 FEE WAAMDC2) F 270 Ao
NGedsAd ddete AP AGedEF(DE
) 7] AHEN), AGEsdAFAN= BAAPG), 4=
(MD) 27 APz & 370 Aol Yk Agskd AFHA A
2 FI97F AL dEAFFEOYD), dEAEY2)A-G &
HAH(00), FFH(IG), =2 (CC) & 570 AH <] YrkFig. 1).
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Fig. 1. Location map of the target area of the study.
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A ARG om SAALNEHIL%)), HE FroT
(CODy) 5 #71% 242 98 AQ mm)E A& AHgHe

Journal of Korean Society on Water Environment, Vol. 37, No. 4, 2021



EAS 95t 200 meshA & o] &3te] AAES
o B2 Az F FHAA Egsietd AHESATh &
ZE2 105 CTAA AxE ELE A7F stz A 550 T,
ZEAZ F FAAZ FoA HHESY CODwE
o #&F9 0.1 N KMnO, S @i 6083t

ih
do
o,
>
b

At H T TNS 4387 98 EZ2H KoS05 A
skl ZhbEd A st AHsiA 7| o FG o] pHE -
3t & Uv-vis(Shimadzu, uv-2450) A&t 220 nme] 3}

TS ST TP 4L 93] 450 TollA 3
A ZEE 1E AStAIZl £, 3.5 N g4H8d& Yol 16

4H,09} CeHs06Z #H7}3+ & UV-Visible (Shimadzu, uv-2450)
£ AH&sto] 880 nme] A FBEE FFSIATh FF
& 9F EME E£¥std AIRE ZAHHNO:), FHALA
(HCIOy), B2HHF)S AU E H7tste A ER o] ¢hA
5] &3 E w7tA Ztgstginh B8 E0] B EH <F 20 mL
o] AAEAN2%)S 7Hste] LAIA BAS A AT F ThA
A4 892%)= 7Hetdth A48 | A&+ ICP(Inductively
Coupled Plasma-Atomic Spectrometry/Agilent
720-OES)E AM&3t9] 34 85 Al, Zn, Pb, Cu, Cr, Ni,
Cd, As& EA3IL F2EXN7|(NIC 3P-3D)E AHE3HY
Hgs A3+t

Emission

23 5IM E|ME 2¥E EI}

ATAS Wl 48 S5 dFS T 4T IHE
Bt AP o - 24 HHE LHFT IES
EdE 245 tHTable 1). SHEZFtAolA 2012900
HES 5HE - 54 HAE 2997t 7|E(NIER, 2012)2 &
FERIG Y NEEES At oF xAsE 4
743 egsFoR BRSA 201590 BEF HH - &
A HAE 99¥rt 71E(NIER, 20152 #718, 999+
2 S5 T ut AL E W FHs FEHC=E
Table 1. Korean sediment quality guidelines

. Korean Sediment quality guidelines®
Variables
Class 1 Class 1T Class Il Class IV
IL(%) - - - >13

TN(mg/kg) - - - >5,600

TP(mg/kg) - - - >1,600

Pb(mg/kg) <59 <154 <459 >459

Zn(mg/kg) <363 <170 <13,000 >13,000

Cu(mg/kg) <48 <228 <1,890 >1,890

Cd(mg/kg) <04 <1.87 <6.09 >6.09

Hg(mg/kg) <0.07 <0.67 <2.14 >2.14

As(mg/kg) <15 <447 <92.1 >92.1

Cr(mg/kg) <112 <224 <991 >991

Ni(mg/kg) <40 <87.5 <330 >330

* Class of Freshwater Sediment Quality Assessment Guidelines
(NIER, 2015)
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EF = (Mmetal/ Mreference)sediment / (Mmetal/ Mreference)reference value
M

(Mueta/Mreferencereference value’= W14 SZAA S EFSF 4
o gt 249 HlE 9v|gtth(Bruland et al., 1974; Kim
et al., 2017). Sutherland (2000)°] <& AA1E grol wW=w
EF < 2¥ A% 554 ¥t =7t LA/ EF=2-5

A A% A 525 Pk EF =5-208 A% A3 =
€ T4 F3E Uehin EF = 409 Z9E FER ¥
T34 Fetz FrhackFang, 2019).

2 XI5t SEH T lge0)

A8y sHAFE 19799 Mullerell 9J3f Atd B}
AFR Ipo AT #E 767 7IE22 T F7FR, &
A 2 ()9 B I < 0 4 BF 2LAFHA F2
)M Igo =0 - 1 € A% 2H 28, Lo =1 - 2¥ B¥

2017; Ni et al., 2018).

Ioco = 10g2[(M)sample/1.5(M )packground] ?2)
(M)sample : Heavy metal concentration of sample
(M)background : Heavy metal concentration of background
1.5 : Constant indicative of the natural fluctuations and

minor anthropogenic influences
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() 2Y+&X|=(PLI) £ 4 9lth(Hakanson, 1980; Yi et al., 2011).
LAFHAFPLDE BEE 5559 2L9AIS(CF, 4 (3)
£ A& HXE 9% gHUb AHEHE SFdAToIT E' = CF*T/ (5)
(Islam et al., 2015; Liang et al., 2015).
RI= Y E/ 6
CF = Msedimem/Mrel'erence sediment (3) i; ( )
PLIE BE 3348 TS ol Aol Bxste A4 T'2 $8% 5988 AF2 24 8% Pb, Zn, Cy, Cd,
29l LUEES PIF 4 gl WHoZ 4 (4)9 o] A4 Ni, Hg, As, Cr9 5448 Alee 44 5, 1, 5, 30, 5. 40,
gt} 10, 2] TK(Chai et al., 2016; Zhang et al., 2018).

PLI = (CF,*CF,*CF; ---CF,)'" 4)

al., 1980; Fang et al., 2019).

(4) ZIHE MEHSHRIE K| S(RI)

FAH B FAAAF Rz S5 I LAE=E
Z7t2 Yel7] Y8 =S ATHLI et al, 2013). o] A5
= HAEd e bIS flFEH E}E *ZJ EQe n
2 o AdHER Fg5t4 & nem 4
(5), (6)& AH&3st] Uebdth RI
AElol® RI = 95 - 190 %l !
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3. Results and Discussion

31 E|lME 38t EY
A9 U 3Hd 25 HHEY 17152 (IL(%), CODwn)
I GFEF(IN, TP)9 A9 5= Fig. 22 YehATh

Z 100 ARY HFE E4Z27, IL(%)2 0.72~4.75%9
HIE Hgon £3] SY2, MD, PG, OC AHA t& =
2 7Ze et CODyye 0.04~1.70 mg/ke? WS B
olH SY2, PGolA &2 #S UERoH, TN 720~2612
mg/kg®] MAZE OC, PGAIA & %S HolH, TP+= 211~
2491 mg/kge] MY Z PGAlA E2 #S etk UiFE
G2 L AFQ SY28 PGE Q2o s do] 9
o IS 2 Aoz wg

Ak glo} A5AY G RS
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Fig. 2. Distribution of ignition loss(IL(%)), chemical oxygen demand(CODyp), total nitrogen(TN), and total
phosphorus(TP) in surface sediments collected from rivers in the target area.
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5349 g7 dF2 Zn(323.5 mg/kg) > Cu(70.5 mgkg) > 29 Hol7t AL fle Aoz O‘EW AL QA
Pb(39.8 mg/kg) > Cr(33.4 mgkg) > Ni(13.5 mgkg) > | g, 9%, 2 JHHY 548 YRR A2

As(9.4 mg/kg) > Cd(0.84 mg/kg) > Hg(0.092 mg/kg)& o2 FEgE AEFHATHE 3] fdF =¥

E¥ska o Cue 9.8~171.4 mgkegd HWHS BYoH (Kwag et al., 2019) Ni2 5.1~22.5 mg/kgd HIZE SY2,
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Fig. 3. Distribution of heavy metals in surface sediments collected from rivers in the target area.
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Eo zre Ut HASFEL B
2 ZA3A, AxA so2 AHgdte 57t 3
< 8l

FU 5 Y L 24V} B

HQlth AsE 3.2~23.6 mg/kgs] HS
1=
AR

=
B

hi
L
=

=

°
Q1 gt 29

83 Aoz HRth Hg 0.003~0.272 mg/kg, Cre 11.9~
65.8 mgkge HHAZ WFE FA Y shiel FHEHA AT
S & F Atk Zne 98.4~765.4 mgkg HYE SY2, OC,
CC, DC1 & =AIA FH9 stHdA &2 & Uit
Zn< 400 mgkgold Al AE9 4F A 59%8&s ¢
ERlm AEake] FElojoje] EFhEo] glon, T2
Al B2 A wEt E2FH wEE= Ao W
A THYoo et al., 2010). CdZ 0.29~1.77 mgkegs HAZS
HolH SY2, PGAA E2 3t UERTH

33 E|ME 7|Z=0e) Hlw
29299 3 9AE T

29 oduste FYBAR
o BES o - B4 HAT 0P

[e]
HE7} 712(NIER, 2015)<

=:]
=
]
=

EQZ {7122 (IL(%)), @FEF(TN, TP), S2E(Pb, Zn,
Cu, Cd, Hg, As, Cr, N9 HH#3e &5t YAt
(Table 2). AFE {7152 (L(%), CODwy), G ¥FF(TN,

TP), $3%(Pb, Zn, Cu, Cd, Hg, As, Cr, Ni)9 B3>
Table 322 UeYth A¥dE BA ZA3 SN 34

Cd(0.71 mg/kg) U FLE F 2FF7toA AMBES =
& YebE 7hsdel e o Yoz Jeinith AA
PGE GY9F = TP491 mgke) IVEFLE AZsta 1
et 9= eH, FAVIHCE MEANL 2 FIFFY
7t dad w9 Yoz eyt A3 MD, DC2,
SY12 Cd(0.83 mg/kg, 0.46 mg/kg, 0.81 mg/ke) T2
FZF Jwroz yehgth DC1IE Cd(0.75 mglkg),
Hg(0.179 mg/kg)S2 IeF ‘9 o2 yeyltt
SY2+ Pb(73.3 mg/kg), Zn(765.4 mg/kg), Cu(171.4 mg/kg),
Cd(1.77 mg/kg), Hg(0.150 mg/ke) NIedH &+ lIe7 7]
% A$(mPELkQ" value) 0482 ‘U o=a Uelytth OC
AA] Zn(414.0 mg/kg), Cu(162.2 mg/kg), Cd(0.90 mg/kg),

Table 2. Organic matter, nutrients, and heavy metal concentrations in surface sediments collected from rivers in the target area.

Site Organic matter & Nutrients Heavy metals mPELKQ" Pollution
IL TN TP Pb Zn  Cu € Hg  As Cr Ni value Stage”
SN <V <V <V I I I 1I I I I I 0.17 Fair
PG <v <1V v I I I I II I I I 0.28 Very poor
MD <v <1V <1V I I I I I I I I 0.20 Fair
DC1 <V <V <V I I I I I I I I 0.24 Fair
DC2 <V <V <V I I I 1I I I I I 0.11 Fair
SY1 <1v <1V <V I I I I I I I I 0.16 Fair
SY2 <v <1V <1V I I I I I I I I 0.48 Poor
ocC <v <V <V I I I I I I I I 0.36 Poor
JG <V <V <V I I I I 1 I I I 0.24 Fair
CcC <1V <1V <V I I I I I I I I 0.19 Fair

# Mean probable effect level(PEL) quotient

® Good: Status of using a sediment affected by geological background concentrations and atmospheric deposition; Fair: Status of sediment
with possible toxicity, which needs to be assessed using a sediment toxicity test; Poor: Status of sediment with probable toxicity, which

needs to be comprehensively assessed by gradient sampling to identify the spatial scale and the severity of the contamination; Very poor:
Status of sediment with severe adverse effects, which should be managed by source control and secondary pollution prevention measures.

Table 3. Organic matter, nutrients, and heavy metal mean concentrations in surface sediments collected from rivers in the target area

(unit : mg/kg)

Organic matter & Nutrients

Heavy metals

Site IL%) TN TP CODyw(%) Pb Zn Cu cd Hg As Cr Ni
SN 237 1496 809 0.43 270 1051 335 0.71 0.048 9.4 293 13.8
PG 342 2491 2491 1.20 36 2828 635 118 0.104 116 534 224
MD 360 720 670 0.62 343 984 30.5 0.83 0.065 8.3 2.1 19.5
DC1 124 1970 994 0.47 502 3294 589 0.75 0.179 6.1 30.1 10.0
DC2 082 1293 211 0.04 231 2698 9.8 046 0003 4.1 11.9 5.1
SY1 0.72 1418 305 0.07 402 2931 250 0.81 0.015 32 12.9 6.7
SY2 475 1924 954 170 733 7654 1714 177 0150 121 65.8 25
oC 299 2612 991 0.90 551 4140 1622 090 0272 8.5 404 15.6
JG 100 1352 340 0.06 294 3183 676 0.71 0017 236 24.0 11.4
cC 143 1806 765 0.32 340 3584 823 029  0.068 75 246 7.9
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Hg(0.272 mgkg) I53% 2&7F Uew 7IF AF 03622 E2 29 5 YE I Cue SY2¢ OColA, Cre SY2
‘g o 7 Jehgth JGE Cu(67.6 mg/kg), Cd(0.71 mg/kg), AA 2 FHE UETH
As(23.6 mg/kg) lIe5 22 CC+ Cu(82.3 mgkg) Ie52Z
T XA o 9z Yoz eyt 35 35 295 HIHlg,, PLI, RI)
Lo LHEA F2 HHEFH T35 FEE vlaste %
EHE S5 ot 3% U LYFYEES AEHed B AT sz
o}ﬂ HAEY 555 559 9FS F= QU= FF FoEE 20189 5€o AAT AR HIE AEE AHE

S, O]E’b FHEY U= Fol ded &
FE oldat] AAAE HHE A= g ¥

< ?ﬂ]ﬂé} Aol %23} HGrygar and popelka, 2016; Vltal
and Stattegger, 2000; Singh, 2009; Vystavna et al., 2012). ¥
AE Y=o g TS wiA ] A& HHE ol EA5)
£ FagdoldA BEY Y94 AL Fe ¥ Li 55 A
8% FHTERNE Este BHol UtHGrygar and
pooelka, 2016; Vystavna et al, 2012). & dAFdXE AlS
o]&ste] A HE EFE A stAThFig. 4). AHE 24 2
3}, DC2, SY1& _E.'_E ZF<&0 A EF < 22 34 R}
A9 glom SN, PG, MD, JG, CCx SF% 135 o]dolA
EF = 2~52 A3 F5% F35HE BolH DCI, SY2, OC
& 1g5 o]idolA EF = 5~2022 dA3] 2 F

T O
[RESAR RN % Hg2 DCI, SY2, OCellA

3, x]w

=1
'6‘1:!
A B A Z2aAk ==
& Hals Fe&

ol e

14
12 J‘ A

10—

I Cu
. Ph
e Ni

As
N Hg

cd
Cr

i |
2 1| || il | B |

LA L

SN PG MD DC1 DC2 SY1 SY2 OC JG CC

Fig. 4. The enrichment factor (EF) of surface sediments
collected from rivers in the target area.
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A& Hg, Cr, Ni°] 2<[,,<3 F92922 Yelygth DClol
e Hgol 3<Ie<d4 AT 2922 DC29I1AE Zn, Cr,
Ni¢] 0<Lp@<l ZHLFLE YERT. SYIAE Zn, Cu,
Hg, Cr, Nio] 0<Ig<l ZHLYLE SY24A4 & Cu, Hgol
3=<peo<d AT 2 @902 YERsTh OCE Hgoll 93 &4
Tt & AR vE 7 20 4<[<5E Cudll &3t

2FLE 34 E YEFRTE IGH CCAHAME Curt 2<

Leo<3E FY2doz Yelygt =4x G A5 e
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Fig. 5. The pollution load index (PLI) of surface sediments

collected from rivers in the target area.

Table 4. Level, value, and pollution degree of I,.o(Muller, 1979) and the grading of Is, in the study area

Grading of Ly,
Grading Igeo value Pollution degree state
Pb Zn Cu Hg As Cr Ni
0 Lgeo<O No pollution SN 0 0 2 2 1 2 2
Light pollution / PG 0 1 2 1
1 0<T,<1 . .
Medium pollution MD 0 0 1 1
2 1<L<2 Medium pollution DC1 1 1 2 0 2 2
DC2 0 1 0 0
SY1 0 1 1 1 0 1 1
SY2 1 1
ocC 1 1
JG 0 2 2 2
CcC 0 1 2 2
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Table 5. Statistical results for toxicity response factors (E.) and potential ecological risk index (RI) values for heavy metals in

sediments from the rivers in Busan, Korea.

E/

Site RI
Pb Zn Cu Cd Hg As Cr Ni
SN 4.7 0.9 15.1 26.6 192.0 19.6 10.1 21.6 290.6
PG 5.5 2.5 28.6 443 416.0 24.2 18.4 35.1 5744
MD 5.9 0.9 13.7 313 258.7 17.2 14.5 30.5 372.6
DC1 8.7 29 26.5 28.1 717.2 12.7 10.4 15.6 822.1
DC2 4.0 2.4 4.4 17.3 12.0 8.5 4.1 8.0 60.6
SY1 7.0 2.6 11.3 30.4 60.0 6.7 44 10.5 132.7
SY2 12.7 6.7 772 66.4 600.0 252 22.7 352 846.0
ocC 9.5 3.6 73.1 33.8 1088.0 17.1 13.9 24.4 1264.0
JG 5.1 20 30.5 29.6 68.0 49.2 8.3 17.8 208.2
CcC 59 3.1 37.1 109 272.0 15.6 8.5 123 365.4
300 1 mmm Cuy - 1400
— L 1200
F 1000
200 -
] - 800
150 >,
r 600
100 ~
r 400
3l 1 - 200
0 - -0
SN PG MD DC1 DC2 SY1 SY2 OC JG CC
Fig. 6. The toxicity response factors(E)(excluding Hg) and potential ecological risk index(RI)
(including Hg) values of surface sediments collected from rivers in the target area.
AFLR, sY27h 7HE SdE AR LeE Yesten Aol Eoked ol Hgd 54 whe AN(T/=40)7t o2 $3%
2@+ DC2 < SY1 < SN <MD <JG < CC <DCI < PG < of g ¥7) W&otk AA AHANM FFEE E Bk

St P e E SN, MD, JG2 PLI 2~322 A3 egoeg

PG, DC1, SY2, OC, CCE= PLI > 322 uj9 A3 ogo=

Uetgth J7EE7 52 EAXYY 9XA% SYI, OC,

DC12 A3t v A HYY Yoz & sk 1

3 FF& AT 290] Aoz G SY29 &2
=

[e=]
=
2 Ao
597 A AND SY1S BAolA "ol AREpon

SY2el Hls) e@Est Yom DC2e EAAYGY 9Xsta
Aoy YA EAAI S Sl 20069 o] FHE FFE

9% A HAEY A= YA YeERgTh

=48t ZHA 371 & e RI A& AFE Table
59 Fig. 62 B3 2oFstth. Hgd E/gkol O FF<5
Hls) AtiF o2 o} Fig. 6ol= Hgg AYsta A
ot DC2AAE AYsta ZE AHA HgY E'gkol 7+

-0 X~ O
o] EL &2

= Hg > Cu > Cd > Ni > As > Cr> Pb > Zn ]
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SN > JG > SY1 > DC2 +=2& Uehed 5452 S8
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4. Conclusion

2 AT E FAAS W F 10/ AF 9 sH-elA 5H
HAES AFstd HHEY IS Lotr7] & /71
EZ(IL(%), CODw,), GELF(IN, TP), 3F% 9TZ(Al
Zn, Pb, Cu, Cr, Ni, Cd, As, Hg)S EA353tt. ZH A F4A
TLolA AQT - - A HAE 29Hst V1Fe2 FH
AE QUTE A% 49, X PG YIEF TP IVEF
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o2 AZsta FHEHA LAHALH, FEI|HLE WEA
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