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Abstract

This study evaluated heavy metal contamination in sediments from the Andong Dam reservoir under seasonal
hydrological conditions. Sediment samples were collected during stratification and circulation periods. The
concentrations of arsenic (As), cadmium (Cd), lead (Pb), zinc (Zn), and mercury (Hg) were analyzed. Contamination levels
were assessed using lake sediment quality guidelines and pollution indices, including the contamination factor,
geoaccumulation index, and pollution load index. During the stratification period, Cd concentrations ranged from 1.10 to
10.70 mg/kg, whereas during the circulation period they ranged from 1.90 to 10.77 mg/kg. At some sites, concentrations
exceeded Grade IV of the lake sediment contamination criteria, and the corresponding CF values reached approximately
27, indicating extremely high accumulation relative to background levels. As concentrations ranged from 4.70 to 103.27
mg/kg during stratification and from 14.70 to 98.20 mg/kg during circulation, with several sites also exceeding Grade IV.
Zn concentrations reached up to 736.50 mg/kg, corresponding to Grade II at certain sites, whereas Pb and Hg exhibited
relatively low contamination levels. The Igeo results classified Cd as strongly to extremely contaminated, and As as
moderately to strongly contaminated at high-concentration sites. The PLI values exceeded 1 at most sites during both
stratification and circulation periods, indicating multi-metal contamination, with some locations showing very high
pollution burdens exceeding 4. The Andong Dam reservoir was thus evaluated as a high-accumulation contaminated
reservoir type, with Cd and As concentrations significantly higher than the average levels reported for sediments in other
dams and reservoirs in Korea.
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Fig. 1. Sediment sampling sites in Andong Dam reservoir (LS-1~LS-9) and control sites (SS-1~SS-4).
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Table 1. Contamination classification based on CF, Igeo, and PLI values

CF values (Hakanson, 1980)

Igeo values (Miiller, 1969)

PLI values (Tomlinson et al., 1980)

CF { 1: Low contamination

1 < CF { 3: Moderate contamination

Igeo < 0: Uncontaminated

0 (Igeo < 1: Uncontaminated to

PLI = 0: Unpolluted
PLI < 1: Background level

moderately contaminated

3 < CF € 6: Considerable contamination

CF = 6: Very high contamination

1 {Igeo < 2: Moderately contaminated

2 (Igeo < 3: Moderately to strongly

PLI = 1: Baseline level of pollution

PLI ) 1: Presence of pollution

contaminated

3 {Igeo < 4: Strongly contaminated

4 (Igeo < 5: Strongly to extremely

PLI ) 2: Heavily polluted
PLI ) 3: Very heavily polluted

contaminated

Igeo ) 5: Extremely contaminated
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Table 2. Heavy metal concentrations in sediment samples from the Andong Dam reservoir during the stratification period,
including reservoir sites (LS-1~LS-9) and control sites (SS-1~SS-4)

Sample No. As (mg/kg) Cd (mg/kg) Hg (mg/ke) Pb (mg/kg) 7n (mg/kg)
LS-1 4.70 1.10 0.01 11.00 59.00
LS-2 33.07 6.10 0.12 93.00 315.00
LS-3 65.70 10.70 0.31 119.67 618.33
LS-4 71.10 8.13 0.18 111.00 463.33
LS-5 79.05 7.50 0.16 102.00 371.00
LS-6 82.20 6.57 0.18 117.00 348.00
LS-7 80.63 6.27 0.15 113.33 331.33
LS-8 103.27 9.97 0.16 117.33 566.67
LS-9 96.10 6.75 0.14 133.50 447.00
Min. 4.70 1.10 0.01 11.00 59.00
Max. 103.27 10.70 0.31 133.50 618.33
Avg. 68.42 7.01 0.16 101.98 391.07
SS-1 4.30 1.30 0.00 9.00 85.00
SS-2 3.60 1.30 0.03 45.00 52.00
S§-3 0.40 0.60 0.00 12.00 20.00
SS-4 3.60 1.00 0.01 14.00 35.00

of A Zthzkel 103.27 mg/kgE WERAIT LS-9
A7 9A] 96.10 mg/kg= ¢ E2 FEE Ho| =
W 54 HHE AWPIES NVedF 71E02.1
mg/kg 2IDS ZIote 1E @A 1ol s
Aot LS-6(82.20 mg/ke), LS-7(80.63 mg/kg) &
LS-5(79.05 mg/kg)E 57 eIl sdsh= -1
T 0 & UEo] A4d AdtolA HlA 5
T/t =0 AL o 4 9t
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A z3stEeH, LS-8 A1H(9.97 mg/kg), LS-4 A
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A(6.75 mg/kg) 3 ¥ V53l dldshs sat
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7F =l 71248 1-1158 H9el sigsct. J(Pb)
11.00-133.50 mg/kg ®Hol™ B+ 101.98 mg/kg

ot} LS-9 A|- oA i 521 133.50 mg/kgol™,
LS-3(119.67 mg/kg), LS-6(117.00 mg/kg), LS-8
(117.33 mg/kg) % 1S-7(113.33 mg/kg)®] E&=gto
2 35 5+ B9l sigdgttt. oFd(Zn)2 59.00-
618.33 mg/kg HYIE2 XA FE S PG =2 5 5
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A 566.67 mg/kg¥ LS-9 A4 447.00 mg/kg= =4
o S 71 -3 1ol sigsle 28 &5
ojt},

9 R YR 2 sBd AR A=<l SS-1(As
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Table 3. Heavy metal concentrations in sediment samples from the Andong Dam reservoir during the circulation period,
including reservoir sites (LS-1~LS-9) and control sites (SS-1~SS-4)

Sample No. As (mg/kg) Cd (mg/kg) Hg (mg/ke) Pb (mg/kg) Zn (mg/kg)

LS-1 14.70 1.90 0.00 58.00 80.00

LS-2 27.70 4.70 0.07 58.00 314.00

LS-3 55.60 6.50 0.22 51.00 357.50

LS-4 60.57 10.53 0.19 70.00 499.67

LS-5 84.75 10.15 0.23 73.00 476.00

LS-6 81.60 10.77 0.18 62.67 530.33

LS-7 96.80 10.55 0.21 61.50 736.50

LS-8 98.20 10.60 0.18 64.00 607.67

LS-9 74.35 9.60 0.18 97.50 515.50

Min. 14.70 1.90 0.00 51.00 80.00

Max. 98.20 10.77 0.23 97.50 736.50

Avg. 66.03 8.37 0.16 66.19 457.46

SS-1 7.40 1.20 0.01 30.00 137.00

SS-2 7.50 1.80 0.01 45.00 58.00

S§-3 13.50 1.20 0.00 32.00 32.00

SS-4 6.90 0.90 0.00 51.00 26.00
Bt b AT HAE(1S-1~189)9] 55 5 A o] Hhd 9 Ase] st AdH o g HAst
L= AS719 FAEAY 5 5004 23518 $7t 2] ka1 §2] B G A olA FTtohe @70l Bl
She @S AT Hl2(As)= 14.70-98.20 meg/kg =]o] £Fth(Gobeil et al., 1997; Owens et al., 2005).

(Bt 66.03 mg/kg) ©9I= #3513 0™, 7FEE(Cd)
2 1.90-10.77 mg/kg(B+ 8.37 mg/ke), +2(Hg)2
0.00-0.23 mg/kg(®# 0.16 mg/kg), H(Pb)
51.00-97.50 mg/kg(B 66.19 mg/kg), oA (Zn)<
80.00-736.50 mg/keg(Bd 457.46 mg/keg) HHAE
UER Qleh tH2 AlE(SS-1, SS-2, SS-3, SS-4)&

= 55 A Ay yRES @] B2 5
T Ueifiglon, ok A4 L2 559
FE7F =A A= Aok

Ast 1S-1(14.70 mg/kg)°lA 7 Watow 24
T9 YWHE 455 Frlte Ade 2t E9
LS-7 A17ellA 96.80 mg/keg, LS-8 A4 98.20
mg/kg®E ZA= o =l 71&F Nogd BA Ee 23
£292.1 mg/kg)Q =& 2F AHE YeEhiITH
LS-5(84.75 mg/kg)2t LS-6(81.60 mg/kg)+= MI5F
el sfgste] 1sre] @ Hol B LlokA ek
th 8ol A 2o R AS HEE 5 1

=4 weho] SIS A, AR FAF5 ST A

Cde <87 ¢ 3¢ s 225 Yeoh
LS-4(10.53 mg/kg), LS-5(10.15 mg/kg), LS-6(10.77
mg/kg), 1S-7(10.55 mg/kg), 1S-8(10.60 mg/kg),
LS-9(9.60 mg/kgl= 25 =Wl 7IE NGH(6.09
mg/kg Z3HS ZAstH o, 1S-3 A 94| 6.50
mg/kg= VE=°l sidstdlrt. o= 457|Ht ¢
T2 AHANA s @ o] ERIF I &3] £F
2 Cd9 YA AE[-E FEIokARE A&5H o7
TEI AHE Ao =2 Qe FF FolA= 2ol
28} 7 Ao BuEo] itk (Salomons and
Forstner, 1984; Simpson et al., 2013).

Hgx W 0.23 mg/kg (LS-5)2 YER}
22 328 §ASHAE 37 23tk Eotal
Hg 5x+= 43719t & AFol& HolA] ¢ttt ot Hg
= 2|2kt gE| W3} 7hs/do] A7) wie] 7] B
YEH A= AE2 Q0 w7t a4H ok

Pb= LS-9 A"l 97.50 mg/kg= XtHat=
EF o™, 1S-4(70.00 mg/kg), LS-5(73.00 mg/kg),
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Fig. 2. Comparison of heavy metal concentrations in sediment samples from reservoir sites (LS-1~LS-9) and control sites
(SS-1~8S-4) during the stratification and circulation periods.
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Table 4. Contamination factor (CF), geoaccumulation index (Igeo), and pollution load index (PLI) of heavy metals in

stratification period

CF Igeo
Sample No. PLI
As Cd Hg Pb Zn As Ccd Hg Pb Zn
LS-1 0.32 2.75 0.15 0.22 0.27 -2.25 0.87 -3.29 -2.78 -2.45 0.48
LS-2 2.22 15.25 1.85 1.85 1.47 0.57 3.35 0.30 0.31 -0.03 3.10
LS-3 4.41 26.75 4.77 2.38 2.88 1.56 4.16 1.67 0.67 0.94 5.33
LS-4 4.77 20.33 2.77 2.21 2.16 1.67 3.76 0.89 0.56 0.52 4.64
LS-5 5.31 18.75 2.46 2.03 1.73 1.82 3.64 0.72 0.44 0.20 4.32
LS-6 5.52 16.43 2.77 2.33 1.62 1.88 3.45 0.89 0.64 0.11 4.30
LS-7 5.41 15.68 2.31 2.26 1.54 1.85 3.39 0.62 0.59 0.04 4.15
LS-8 6.93 24.93 2.46 2.34 2.64 2.21 4.06 0.72 0.64 0.81 5.71
LS-9 6.45 16.88 2.15 2.66 2.08 2.10 3.49 0.52 0.83 0.47 4.95
Min. 0.32 2.75 0.15 0.22 0.27 -2.25 0.87 -3.29 -2.78 -2.45 0.48
Max. 6.93 26.75 4.77 2.66 2.88 2.21 4.16 1.67 0.83 0.94 5.71
Avg. 4.59 17.53 2.41 2.03 1.82 1.27 3.35 0.34 0.21 0.07 4.11
SS-1 0.29 3.25 0.00 0.18 0.40 -2.38 1.12 N.C. -3.07 -1.92 0.51
SS-2 0.24 3.25 0.46 0.90 0.24 -2.63 1.12 -1.70 -0.74 -2.63 0.64
S$S-3 0.03 1.50 0.00 0.24 0.09 -5.80 0.00 N.C. -2.65 -4.01 0.17
SS-4 0.24 2.50 0.15 0.28 0.16 -2.63 0.74 -3.29 -2.43 -3.20 0.41

N.C.: Not calculated (below detection limit)
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o] gttt Zne CF7F A= 0.27-2.87 9
2 FHE 0 o sidstlal, Phet Hge 22t
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Table 5. Contamination factor (CF), geoaccumulation index (Igeo), and pollution load index (PLI) of heavy metals in
circulation period

CF Igeo
Sample No. PLI
As Cd Hg Pb Zn As Ccd Hg Pb Zn

LS-1 0.99 4.75 0.00 1.16 0.37 -0.60 1.66 N.C. -0.38 -2.01 1.19
LS-2 1.86 11.75 1.08 1.16 1.46 0.31 2.97 -0.48 -0.38 -0.04 2.46
LS-3 3.73 16.25 3.39 1.02 1.66 1.32 3.44 1.17 -0.56 0.15 3.18
LS-4 4.07 26.33 2.92 1.39 2.32 1.44 4.13 0.96 -0.11 0.63 4.32
LS-5 5.69 25.38 3.54 1.45 2.21 1.92 4.08 1.24 -0.05 0.56 4.64
LS-6 5.48 26.93 2.77 1.25 2.47 1.87 4.17 0.89 -0.27 0.72 4.62
LS-7 6.50 26.38 3.23 1.23 3.43 2.12 4.14 1.11 -0.29 1.19 5.18
LS-8 6.59 26.50 2.77 1.28 2.83 2.14 4.14 0.89 -0.24 0.91 5.01
LS-9 4.99 24.00 2.77 1.94 2.40 1.73 4.00 0.89 0.37 0.68 4.86
Min. 0.99 4.75 0.00 1.02 0.37 -0.60 1.66 -0.48 -0.56 -2.01 1.19
Max. 6.59 26.93 3.54 1.94 3.43 2.14 4.17 1.24 0.37 1.19 5.18
Avg. 4.43 20.92 2.50 1.32 2.13 1.36 3.64 0.83 -0.21 0.31 3.94
Ss-1 0.50 3.00 0.15 0.60 0.64 -1.60 1.00 -3.29 -1.33 -1.24 0.87
SS-2 0.50 4.50 0.15 0.90 0.27 -1.58 1.59 -3.29 -0.74 -2.48 0.86
S$S-3 0.91 3.00 0.00 0.64 0.15 -0.73 1.00 N.C. -1.24 -3.33 0.71
SS-4 0.46 2.25 0.00 1.02 0.12 -1.70 0.59 N.C. -0.56 -3.63 0.60

N.C.: Not calculated (below detection limit)

SkGATt. Igeo #tol 38 2t 79 Q1914 7]oj7h & E2 w2 UEdle] 5214 109 548 YErigich
13t @ 4 A= Al 4= ot Miiller, 1969). As 9 Y ot 22 A= 1 me 92 W ghe
LS-8~LS-9 A/ A Igeo”} 2-3 HEIE YR} & BRI Sl

~743t @ A(moderately to strongly contaminated)
ol sfFste o, ol A v T E 2=
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Loska et al., 2004). & dA+olA Cdet As7t =2
Igeo TE= H AL o A-A Y A4 54
7HsS AgH o g SRt

HA AZF(PLDE 4271 A+ vk A
A 1& 2t or, Cdot As9] 5=7t FA =2
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ohd B 549 4 a7 yrej | AR sfAHrt
(Tomlinson et al., 1980). & Aol A A A% PLI=
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4y i = ot

3.5. &87| 2¥E 2|+~ EM
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A= AAA $A4| 28 o] 3ok Cd o] FH o] ¢t
2] a1 A&EHE ou|giet

Aste LS-77 LS-8 5 G A HoflA CF = 622 §
ZtEo] - =2 0| 52 HYlom, Zn2 HHE e
& A7 8} CF gtol Aot AdE Ue i o]
= 8 A FHE QRS 2 a5 AEErEd
S 7573 AARIHForstner and Wittmann,
1983). Wt Pbet Heg= A1 ¥152 A5t
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Fig. 3. Variations in contamination factor (CF), geoaccumulation index (Igeo), and pollution load index (PLI) of heavy metals
in sediment samples from reservoir sites (LS-1~LS-9) and control sites (SS-1~5S-4) during the stratification and
circulation periods.

Cd & Asoll vl e o e 0 22§25t 3.6. 2¥= 2|5(CF, Igeo, PL)2| AI7|E 2% £4
art. Fig. 3¢ 44279} 2:517] ot 249 $24 =

o =

}’)LI TS 8] Ao b A HoA 38 % = Higro 2 ARt o dr AS(CP), AAE=AAS
Jtste] uf-9- et 2 A(very heavily polluted) /e <1 (Igeo) T .4

oo ey ey ey paluted) B BEAS(PLYE AHEE AAT Zo]
A2 8 . = - ° Zre } e 1o HHo
3 24 AR, LT 2] 271 o}, CF & Cd7t 7H8 70 vehgon), ojzie] 4

0w mgods goe avon gasad o AN u}s Srso] u]ol @A) 2 2k B

As®} ZnE 7 59 CF 4h& Yeti o™, Pbet He
O} 7:1_14._‘:_ ’\"_‘9/]'7]0115— ;QT?'O:] EJ %—’1 1—4"::1’__{'—7" ’ETOL L= /k]—EHX—] OE L]—O ]71}:0 _ﬁ_;qa_]_ojq_ _/|\_§]_7] o} CF
o 540l A%H T gL P oz IwAAt. o o U

ghe AR AFel A 57k B gastd o AAAR)
2 e 45719 § Ak



35719k =2lel wE <tE

Igeo 2 Cde} AsollA =2 9] & Hon,
A52] A hE2ol A i x AHET =2 2 E U
EF it Hget Pbe] Igeo a2 th4 A|- A &9 2k
= 0ol 24-T a2 HloH, Znte AHERE F9
k59 grol EAsteh. tx Aol A= e
=& a7 29 Igeo 4LE LEFATE

PLI 2 BE 22| 204 1 o)/ & Hele
, LS-35E 1S-8 F7tellA iAoz =2 Fho]
=%k LS-13 LS-20A= Bl A Y2 PLI 3ol u
B, tiE 2ol A= @‘i}ﬁoi 1 \|9ke] gho]

2|E %t £=87] 52t PLI 4k 45712k fAKRE B9
£ Bglom I oA 4Fo] WEo] ERIE ek

r:i

3.7. QMM B € Y E/HS OHE| YA bl
24

e A HHE é% 19} =87 BT
A = B A2 & obd E|&Ee Bl @A5] =2
FTa5 F4 54& Uehllon, 59] 7tEE(Cd) H]
A(As)7t T2 29 7|0 &5 r ERIESIH Cd F
T 1.10-10.77 mg/kg W2 YERt = s E A
& W+ Wi (Cd 0.4 mg/kg; NIER, 2011) tiH] 2|
o of 2781 &2 LFAF(CHE HERoH, o=
F =2 29 £F(CF = 6)°ll sfig?ict. g = 5=
8 A2 E oz P9 Ao e = AL

2] E8=9 Cd a7t B2 502 Ueyton, o
B Aol At ddom =2 o d 0] HEG]
tHJeong et al., 2022).

H]A(As)= s HlA 470—103.27 mg/kg <
2 UEh g7 2504 T4 A ]v;f—% o
15T 2Ho] Bxstoct =y 4 14—5._7 2 F9 5hd
E|HE AFoAE As, Cd, Zn, Pb 04%%* 1
2, 4 HiE 2 79 7199 Rk Wt 1.%

Ael= Ao BiEglon ofzdh £ W—'?’——E’_—
Eﬂ 214 w2 A o= Yeh= A
et al., 2015; Jeong et al., 2022). ]|l HI5f <F Fé‘ 2
Agt Rk A Cdet Ase] BA] sk
it HoflA 2ApEAd-& Helrt

Zn GA| FsHollA Hh 736.50 mg/kg= = F

851 9 B EHEANA BE1H 7n 5 HYHET =
2 FE UEth 5l Y, a8 9 P A 5
HAE AP E Zn s&7F dErE o= oF 50-300
A2 Ut ti 2 A~F e 2 5o

)h

mg/kg

o 5220 334 09 54 2 0dE W 399

dot= Aoz BUEHKim et al., 2015; Kim
et al., 2017).
B30 AR 4(PLD= e HAlA diFE 2 Ho] 3-6
HAZ Ueht o =2 B3 d AHE vehilen,
ol U 8 A5 4 opd El-ZolA drtdo=
By o EAT} v we of @A5] =2 ot =
W F8 A28 e s £3E Aoss s
Ag=Z]of| 4 PLIZ} 1 olst Ei= 1-2 H—J Hd s
Hepi, g5 2ol At *JEH Hog =2 99 E4
o] et Ao 2 HIEtHJeong et al. 2022). &
ot =7t 9 9 5k EFE A= giiE 7t
oA TE& Qo] v o2 YriEglen, X
L HY AT AT A A sk S o] e A
oz HIHEYY (Kim et al, 2015; Kim et al,
2017). ol2iet Axtet vlw e o, FEH2 Cd S
AT 5T EAT As A5 2| o] Ao L
U= EAE Ko, Iy A4A] FolME =2 B3te
2 Z= 542 Yo webA e ElEE
T%iﬂ A Bt =2 55 58 E4E 7
= o 9 2 B9 E Y5 Cdet AsE
A EH Aoz AT dart 9l AR

re

-

rir

2

offt
o
2L
>

-
i)
A

%

s}

i
4
o
Am fu
lo XN ox oX

HU > o ol

N,
L i
>
il
N
N
o
el
N
T oY,
o W g
o o
n\% 2
ol _a‘
3
AN "ﬁ
o
2 5
2 I

!
_?L
2
o
of
+
N
flo
ofN
m&v
)

(CF, Igeo, PLI)
B7ystact
Cde 83571 «87] BEolA J}”‘Ha‘ﬂ] sk
2 Fasto] thg: 2o 24 B AE 7|1 Nog
Z3Fekedar, vz oiH] ioﬂzﬂT(CF)L Zofj oF 279
|12 Wl 52 54 58 B} |35k 24X
BEHEo, Cd L
<!

[«

(Igeo) FAl Z~=A4 29 SA=
o] ©714 f-o] obd 714 2 BAof olsf &

FAYS BoAZ Ase 47 AN V5dE& 27
She HA A Wk 2| 3o] Baxstgl o, s 2o
A CF 2 Igeo T3t 119 ¢ EAo] EalslA| Upelyitt,
=4tk | A HHw ] Sa45 w7t i
TFE B ALY Bl HREs A taA ot
e Gut A7) PtHoh 6] & sk Cdet
As 54 54L& Hehdch

rlﬂ 2 N 2 e



400 Asg - 4

%L‘-”ﬂ/ﬂ% e HAH=ol A 2 2

Tu5 2] 9}1‘41] 2= 4714
S FHstgo o}%tﬁ g
ﬂnqa ﬁ&ﬂa ]

e =2

H 1
_'__1

=
O [e] A
]‘L’_‘ Hro} 4=

lo
2
i

=

B AIEL 202695 AR

= ZERISEAH 9 = Y= 2| A=

A q}iﬁ]%iﬂzﬂ(RISEH A7YYrH2026-RISE-15
-104).

REFERENCES

Abrahim, G. M. S., Parker, R. J., 2008, Assessment of
heavy metal enrichment factors and the degree of
contamination in marine sediments from Tamaki
Estuary, Auckland, New Zealand, Environ. Monit.
Assess., 136, 227-238.

Forstner, U., Wittmann, G. T. W., 1983, Metal pollution
in the aquatic environment, Springer-Verlag, Berlin.

Gobeil, C., Macdonald, R. W., Sundby, B., 1997,
Diagenetic separation of cadmium and manganese
in suboxic continental margin sediments, Geochim.
Cosmochim. Acta, 61, 4647-4654.

Hakanson, L., 1980, An Ecological risk index for
aquatic pollution control, Water Res., 14, 975-1001.

Jeong, Y. S., Lee, D. S., Lee, D. Y., Kwak, L. S., Park, Y.
S., 2022, Characterization of heavy metal pollution
in sediments of major reservoirs in South Korea,
Korean J. Ecol. Environ., 55, 175-183.

Kim, S., Ahn, J., Jung, K.-Y., Lee, K., Kwon, H.-G.,
Shin, D.-S., Yang, D.-S.,
assessment of heavy metals in river sediments (for
the surface sediments from Nakdong River), J.
Korean Soc. Water Environ., 33, 460-473.

Kim, S., Kim, J., Lee, K., Lee, K., Jeon, H., Yu, J., Lee, L.,
Ahn, J., 2015, Distribution and pollution of heavy
metals in surface sediments from Nakdong River, J.
Environ. Sci. Int., 24, 969-980.

Loska, K., Wiechuta, D., Korus, 1., 2004, Metal
contamination of farming soils affected by industry,
Environ. Int., 30, 159-165.

2017, Contamination

Miller, G., 1969, Index of geoaccumulation in
sediments of the Rhine River, GeoJournal, 2, 108-
118.

National Institute Environmental Research (NIER),
2011, Baseline concentrations of heavy metals in
river sediments in Korea,
TRKO201300007691, Incheon.

Owens, P. N., Batalla, R. J., Collins, A. J., Gomez, B.,
Hicks, D. M., Horowitz, A. J., Kondolf, G. M.,
Marden, M., Page, M. J., Peacock, D. H., Petticrew,
E. L., Salomons, W., Trustrum, N. A., 2005, Fine-
grained sediment in river systems: Environmental
significance and management issues, River Res.
Appl., 21, 693-717.

Park, J. C., Um, M. J., Song, Y. I., Hwang, H. D., Kim,
M. M., Park, D., 2017, Modeling of turbidity
variation in two reservoirs connected by a water
transfer tunnel in South Korea, Sustainability, 9(6),
993.

Salomons, W., Forstner, U., 1984, Metals in the
hydrocycle, Springer-Verlag, Berlin.

Simpson, S. L., Batley, G. E., Chariton, A. A., 2013,
Revision of the ANZECC/ARMCANZ sediment
quality guidelines, CSIRO Land and Water Science
Report 08/07, CSIRO Land and Water.

Son, H. W., Shim, S. H., Oh, H., Choi, J. H., 2021, An
assessment of heavy metal contamination in the
Nakdong River around the weir, Water, 13, 684.

Tomlinson, D. L., Wilson, J. G., Harris, C. R., Jeffrey, D.
W., 1980, Problems in the assessment of heavy-
metal levels in estuaries and the formation of a
pollution index, Helgol. Meeresunters., 33, 566~
575.

Report  no.

* Postdoctoral Research Associate and Lecturer.
Hee-Won Kwon
Department of Environmental Engineering, Gyeongkuk
National University
heewon0424@gmail.com

* Professor. Young Hun Kim
Department of Environmental Engineering, Gyeongkuk
National University
youngkim@andong.ac.kr

* Professor. Jeong Jin Kim
Department of Earth and Environmental Sciences,
Gyeongkuk National University
jikim@andong.ac.kr



	성층기와 순환기에 따른 안동댐 퇴적물의 중금속 오염 특성 및 오염도 평가
	Abstract
	1. 서론
	2. 연구 방법
	3. 결과 및 고찰
	4. 결론
	REFERENCES


