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Geochemical Characteristics and Pollution Assessment of Surface
Sediments in the Nakdong River Estuary
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Nakdong River Environment Research Center, National Institute of Environmental Research, Daegu 43008, Korea

Abstract

To evaluate the geochemical characteristics and assess the pollution in surface sediments of the Nakdong River estuary,
two sites adjacent to the estuary bank (Hhl and Hh2) and one site at the upper part of the estuary bank (Hh3) were
investigated. The surface sediments were analyzed for their contents of metals (Cu, Pb, Ni, Cr, Zn, and Al), organic matter
(IL, COD, TOC, and TN), and grain size from 2018 to 2020. As a result of the pollution assessment, there was little
anthropogenic contamination by most of the metals. The surface sediments in Hh2 had comparatively abundant silt and clay,
whereas the other sites were mainly composed of sand. The organic index and contents of organic matter were highest at Hh2.
Multivariate statistical analyses (cluster analysis and Pearson correlation analysis) showed that the contents of organic matter
and pollution were associated with fine sediment. These results suggest that the geochemical characteristics were changed by
the estuary bank built in the research area and that the increase in fine sediment attributable to the low-energy environment
resulted in an increase in organic matter pollution.
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(Thornton, 1983). 2}, &2zl JddE 2 245
QIR AR Aol Ql=obd, AP AL e RG U 85 50| 28] Jste] St =AY E A
At o2 WA= 7718, FFEF D v e of| 2Fod 3RS 1)) A| Tt Dekov et al., 1997; Kim and
9 29 o] FE o R e e F Jeong, 2007). 53], h= SA4eHd o} s ek o] <l
aff Aol A F-8taL B 4wl I HH: A a2 T 8l A 0 & Tho) lj=0] A R O & A F7FR O
7+e] 7 W= Wh g stz A of] vlsf Al-31H4] ¥zt = 22517 Wslsl(Lee et al., 2007), 24 9 uleo]
HAT o gEhe] As RS S RN BF L yaagmatoliehfr B2 Bl o8 GRS

Received 3 May, 2021; Revised 7 June, 2021; (©) The Korean Environmental Sciences Society. All rights reserved.
Accepted 14 June, 2021 0 This is an Open-Access article distributed under the terms of the

"Corresponding author: Shin Kim, Nakdong River Environment Creative Commons Attribution Non-Commercial License (http://
Research Center, National Institute of Environmental Research, Daegu  creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
43008, Korea non-commercial use, distribution, and reproduction in any medium,
Phone : +82-53-602-2754 provided the original work is properly cited.

E-mail : sinima@korea.kr



488 A8 - o]9]

)

Rl off oft o

Hh=rlKim et al., 2011). o]&} o] 31L2] -7
ol o3t FaFe ofsfistr] HlsliA= BA = 4
Blo xlatel BAT 0 98 2|44 0 2 Thelslan
2o g AHE A2E 5ol tigh =2 27 WD
gt A7} =g ofof ik
SE7 S 1983 E  1987dof /o
(MOE, 2015) B2} aj=2] mgto] AJghe| il 5-9]
7V 715 71 E Ao, st s 7
© 2 G0 O] AR e} el o SRR EHSkA AitE]
S ] e = Sl U RS B i R R B e S
& APA A 5] et 20 O] s, 24101
P 5t o] 5} EAEolA o] = Bk &
HosHA| sk YQle s 2851 (Byun et al,
2004), 9] 282 A A W5 Sl s 2+
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Fig. 1. Sampling sites, water depth, and geographical position of the study area.
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Table 1. Sediment pollution evaluation standards of NIER and Ontario sediment quality guidelines (a : standards of metals, b :

standards of organic matter)

Ymetals organic matter
class Cr Ni Cu Zn Pb IL COD  TOC N
(mgkg)  (mgkg)  (mgkg)  (mgkg)  (mgkg) (%) (%) (%) (mgkg)
I <112 <53 =60 =363 =65 - - - -
11 =224 =875 =228 =<1,170 =154 - - - -
NIER
il <991 <330 =<1,890 =13,000 =459 - - - -
v >991 >330 >1,890 >13,000 >459 >13 - - >5,600
LEL 26 16 16 120 31 - - 1 550
Ontario
SEL 110 75 110 820 250 - - 20 4,800

(high temperature combustion) 2]Q1 HAEA7]
(Vario MACRO, Elementar, Germany)5- ¢]-&35}o] &

Aot

QItHKim et al., 2015; Kim et al., 2017; Yang et al.,
2020; Yang et al., 2021). 2 Gt A = 9= FU&
flste] B2 E e 71 vl E ARSI e w, A4
Aol vl el et L Y= E ERet = HE e
el B3 E L @B v e @ 2 o)
B A& S 752 o 8-5H3th Table 1). =+ H2Hg w5}
A EAE e FH7H 7SS AR 54 ol A4
Aol ml A= Fakel whet A=l 54 o] UEhg
7hs/dol A9 Y15+, 5440 vehg 7HsAdol
=15+, 540 Yehd 7FsAo] vl 4 #2111 &
o 530l Uehd 7Fs/do] vi9- 2 1V 559 $4
WA 2 B&3513 QITHNIER, 2015). 7iuth 2El2] 2
SR A AT B A E ST e a5 2
710 Sl whet Bj3Eo)] A A=) gk ok
23407 135}tk LEL (Lowest Effect Level)
2 REL] AABEC] AY 4= Ye 29 7o),
SEL (Severe Effect Level)-2 # AAJ &0 2GRS 1]
A ¢ U= AFO R o5 2k B[ - S A &

A= Ao ZFFIITHCCME, 1995).

332 x| AZE
3321 &7 X

A8 B4R 298 HHE0] JFH EL A<1Y
21 5.919] et F45 090 AEE BolF] 91t
o AR 2315 ARE-5to] H7IRITH Alghamdi et al,
2019). 249 @ A2 motsly| 913 EF, Igeo, PLI
T2 QPR ARES o] -8R o] =R AREE]
11 QJt{Hwang et al., 2015; Yang et al., 2018; Kim et
al., 2019; Hoang et al., 2020). |2} Zro] & Lo A
A B SRS vRho R EjAE i B0) 5
= 9 25 Jfolstr] 9I5he] EF, Igeo 2} PLIE A=
shsick

EF= A& & 52 Tz EAsAY 2
HAE 717 EE8E YAE o] g3fo] ugRao] 5%
ol whet L HS Btk o R 2 Aol A=
A% 28} 92 AMgslglon], 4] (1)7h o] A
CHBruland et al., 1974; Hwang et al., 2014).

( QVzeLal/ Crej'erence ) sample

Gl Crgrone)
‘metal’ reference / background

M

A (10N (Crnetal/ Creerence)sample= S-7-4] <] W =] 4]
= A= 5 Al dig 7+ 34579 skHlolH,
(Crmetat/Creference Joackgromnd+= Bl 7351 U] Alof| th3t 2t =
&579] FEHE UEhdh of7]A AlY] Wi e
Taylor(1964)7} A ARt k& ARESFR o, U 2] 545
T v 5 e a2k o) HalE sk vl
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ELE oSS THNIER, 2011). EF g2 1.5 o]5}d

3 0.gj0] 5 9 Al HEYE oJufsha, Ls
ek Aol v Iu P Bel 0 E s 24 34
Sroll ot Q1914 2 Y] 3= ©m]3trHZhang and
Liu, 2002). EF= 2 77}7] 520 & 1}-0] 2|, EF g}
o] 1 u|e+d -2 no enrichment, 1~3 AF°|= minor
enrichment, 3~5+ moderately enrichment, 5~10-2
10~25%= severe
enrichment, 25~50-2 very severe enrichment ~12] 37

02 238 739 extremely severe enrichment © 2 =
—.:%E]-(Grant and Middleton, 1990; Loska et al.,
1997).

Igeo= ATA W) A& 54 WH9S e A AHE
upefek 4= glom A (2)9F o] AXbEthMuller,
1979).
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Al 738F @ ¥(moderately polluted~strongly polluted),
3~4= 733t @ Y(strong polluted), 4~5+= 733F © Foj
/\1 uf]- - 736t @ A(strongly~very strongly polluted), 5
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= e,
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(5)9} Zro] 718k 2= QJti(Yu et al., 2010).

Org—index = TOC (%) < Org— N(%) 4)
Org— N= TN(%) < 0.95 5)

Org-index”} 0.05 w|7FY  wl&=  unpolluted,
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0.35~0.75 A}o]+=moderately polluted, 0.75& Z1}&
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3.4, E7| BA upd

= od
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3 SPSS 20.0 version =S 0]-8-5}0] 2] B 31} Ak
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Table 2. The contents of metals (Cr, Ni, Cu, Zn, Pb, and Al) in the surface sediments of the study area

site yr. Cr(mg/kg) Ni(mg/kg) Cu(mg/kg) Zn(mg/kg) Pb(mg/kg) Al(%)
2018 61.6 235 28.0 191.3 36.6 7.63
Hhl 2019 106.0 31.7 49.8 216.9 46.9 9.47
2020 70.0 20.5 17.2 98.8 28.6 8.87
2018 70.0 342 40.8 229.9 44.5 9.19
Hh2 2019 60.7 30.2 37.5 166.2 389 9.34
2020 60.4 30.5 33.8 154.7 37.4 9.36
2018 55.7 15.0 13.6 101.3 27.8 7.40
Hh3 2019 55.5 17.3 15.0 94.8 25.5 7.62
2020 58.5 30.3 28.6 155.6 35.0 9.04

Pb (avg. 35.69 mg/kg) > Cu (avg. 29.37 mg/kg) > Ni
(avg. 25.91 mg/kg) 2] HO= ExLslich F<45F = Ph,
Cu, Cr22019d Hhl A Ao A o} Sl R0
Zn, Ni->-2018'd Hh2 2| 5ol A Z|of ghego] Lrehyitt.
A uteh g4 S tha Zpo| 7} QLo At w)
£ 57Hb s Hshe RiekA] 92 Al e = Uit
ATFA Aol 4] ZARE T35 FhgS Table 1ao] A4
Q) B2 = 2 71 Bl sk qiek = e st
A EHE e FH7H 7S vl wet A, e a5
5O e YPE=1 TH oz AR S0 verd 7
57301 A9 = Ao = yehstth vt e e 2
730 I B4 = 2 7] v w gk -9, Ni> 2018
d Hh3 A]A-ofA], Cux= 20181} 2019 Hh3 X F,
Zn¥} Pb-2 2020 Hh1l A|A¥} 2018, 2019 Hh3
A5 oA LEL 7|&2] wjgto]lom o] & A3t =
Ao A= LEL o} SEL m|qEO = A A Y=o oF G 3
= 1A 4 e AR e g ofd Zl o= Yelyth 4
W O & F5o] o7t @ P2 AMAY = mIAl= Gk
o] - njeFet 7l o 2 P 7Heth EF 4k A, 20194
Hhl A3 Cr& 1.11 & minor enrichmento] 33t}
o] 5 A7k U x| 352 A X[l A 1 o5k gh&
Ho|H no enrichment 5ol S cH(Fig. 2a). Igeo
4 he A} EJFEF Aeb Al o Holal §lom
P2 545w &9 o= AEE o] practically
unpolluted AEE H 3 1, Crof 79 K= A3 ol A
0~1 AFo] 9] 718 LFEF ™ moderately polluted 2 LFE}
S THFig. 2b). A 221 @ Q=5 H71517] 918l PLIE
A& AT} 20199 Hhl A& A 713 18 23519

O} L) Aol As 712 nlge] gro i Q1914
©.9J0] ZAFBIA] o= 20 2 LebgTiFig. 20). T
ATA AL Cre AOJF ThE T T 21914 G
ol 2.9-& 3] mjoFe Ao 7 g

4.2, M
A

Y= At T-5 ARESHo] Table 30] Lt
EFCh Hh1 2142 o] gtepo] 90% oo = uf
Eltal Hh3 X732 g geFo] oF 85~95%= Hhl X]
A fFAFSHA 3z shs Hh2 23 A E Sefo] oF
50~77% Ato| 2 A E7} 2 Aslch Hh2 2] 3-22019¢
= wef 3] SR A BV aseh 2y elixl 3 A
HolAl= 3ol el Hh3 23220209 = A E
o S7h= Qlel Hhl 2|5 Ho) A4 o= Al g3t 7
ko] Uepyth HhlZ} Hh3 AL mef7} SA|shs
Hh2 232 A E7} A 43RS vrehie ALA213
T 7P A BilER A E o Qlek A= A A
£ v}E0 & Folk and ward(1957) %] wjgbx] Ho-
T(mean grain size, Mz), E(sorting, So), Y%=
(skewness, Sk) S AF=5HITE Ha 1 == Hh1 2]
A 1.40~1.8DZ ZHYAL Hh3 | H-22.30-2.60F A
YALZ eyttt Hh2 -8 4.60~6.502] 2 1
ojm] AE & vepyith B2 O] HAE S e
U= Ze= Hhl A2 0.660~1.030 He=
moderately well sorted ]| A poorly sortedo]] 3% 12
Hh2 A2 1.620~2.17® HE]Z poorly sorted o] A]
very poorly sorted®]] €514, Hh3 ]2 0.94®~1.51
@, moderately sortedo]|A] poorly sortedof 3|t}
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Fig. 2. (a) The EF (Enrichment factor), (b) Igeo (Index of geoaccumulation) and (c) PLI (Pollution load index) in the

surface sediments of the study area.
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Table 3. Grain size parameter (mean grain size, sorting, and skewness) in the surface sediments of the study area

. mean sorting skewness
site yr sand silt clay arain "
N 0, 0, 0, value
(%) (%) (%) size(d) (@ type value type
2018 93.6 6.4 0.0 1.4 1.00 poorly sorted 0.19 positively
skewness
itivel
Hhl 2019 963 3.6 0.1 1.7 066  mederatelywell o positively
sorted skewness
itivel
2020 97.0 3.0 0.0 1.8 1.03 poorly sorted 022 positively
skewness
| .
2018 6.8 76.2 17.0 6.5 1.62 ng;g -0.01 symmetrical
Hh2 2019 408 537 55 4.6 2.17 Versf)ftzgﬂy -0.04 symmetrical
2020 20.1 70.1 9.8 5.6 1.82 gz;zlg 0.04 symmetrical
itivel
2018 91.1 8.9 0.0 26 1.03 poorly sorted 015 positively
skewness
Hh3 2019 949 5.1 0.0 24 094  moderatelysorted  0.13 positively
skewness
2020 85.4 14.1 0.5 23 1.51 poorly sorted 038 very positively
skewness

2019 =5 A5t = X&) A poorly sorted =2 Lt
Bt = 2 WSEE disHA Uetll= =2
AFgSkcHFolk and Ward, 1957). Hhl XA]3¥&
positively skewed, Hh2 Z]7-2 symmetrical, Hh3 %]
-8 positively skewed o]l 4] very positively skewed ]|
STk Hh2 2|82 9= gho] 05 54 02 T /g o]
e 30 s 7 Al Bl E o] U=
Aot o] = A ES a2k =] 4] 2Hgo]
H| 1.2 oRgt Aol 2] 2Hof| 4] B4 2kg-0] ZhdlsiA Y
o U= AL AJAKSHC K Hails, 1967; Folk, 1974).
o|9} Z+e AytZ HolHhl¥} Hh2 X AL 5l5-%0]
L8l U= AR 2 ol E5-5tal Hhl A5
ZHA EAEo] 9AIRFHh3 AT fARE Y = 24
< ol §lom, Hh2 A2 A2 o= A3t e
B2 Ro|1 Yok WA U S HEL 49 2 U
Sf}ol 7kzA e HRbE S A et gl o]
(MOE, 2015), $-Qhulj=- W7ol wh-2 o7 AJ el JF
= F|axofel7] flsto] HRMg-E WHe-F5to] 7idsiaL
LOomllr e 2714 0 2 JEHFsal QItH(An, 2014). 0]

5131% 405 ol e, el

PRSP
A)5H= Hh2 2|4 Aoflu] ] 8o qlsto] gl
=2 go] u]id $AJs1A Lhepte) A1 7 Qe 2
430] o) 7} T A 0.2 Wk,

43. 77|12 ¥ 4 Q€8x

AR ] 71 ol theh 213 E S Table
4of ERRIT Hh2 A2 B 7 )= oA te
A HET =2 g Hola Qlom, 7= 2o o=
E3F2018 = of Hh2 A3 ofl A Lebg). A7to] w2
IL. COD, TOC®] §3 W8} 1l Hh1 <] Hol A= A
{718 G Gaol A 49Ok, Hh2 o Hh3
A A T 3745He AP Bolw gk TN @
© wE Aol 7ha F Z7ksks ko] Uehn,
2020 = Hhl A 2] TN A QJshd AR o] =
©71& skeko] A 74 Wisks AlE Sleko) Al 714 wiEh
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Table 4. The contents of organic matter (IL, COD, TOC, and TN) in the surface sediments of the study area

site . IL COD TOC TN
a %) (%) (%) (mg/kg)

2018 1.78 0.43 0.38 1034

Hhl 2019 0.90 0.17 0.14 776

2020 0.80 0.12 0.12 1128

2018 10.56 2.92 2.19 3665

Hh2 2019 5.98 1.86 1.10 1925

2020 7.99 2.22 1.65 2952

2018 2.23 0.37 0.36 814

Hh3 2019 1.26 0.19 0.19 794

2020 2.40 0.40 0.55 1572

a) 2018 yr. b) 2019 yr. c) 2020 yr.
N Hh3 {0.03) Hh3 (0.01) Hh3 (0.08)
J ° °
>
o &
&
S
3 legend

o 1 08 lun,,
§ 0.15 fun./
3 0.25 |ma.
0-73,‘ .45 g .gi:. -
- ° [ ) g’ 0.55 [mo.

0.65
Hh2(0.76) (0.04) —— Hh2(0.20) o Hh2(0.46)  pii0.01) ...ghl o

Fig. 3. Temporal and spatial variations of Org-index in surface sediments of the study area (un. : unpolluted, un./ma. :
unpolluted/marginally polluted, mo. : moderately polluted, he. : heavily polluted).

Ao} AR B B e 8
0] el v 4] 28] 571 b
AL S E AR TOC W TN §HF2 7F1.10~1.13%
2}1500~1700 mg/kg o] HH Q2 LERGE S H(Woo et al.,
2014), 7 5 B QA Sl tt Hhl v Hh3 25
of| A e A 0= w2 SRS Holal Qli= R, Hh2 2|
A T A 2 e = YEylt

SHH, §7159] L A% H7HE 213l Table 1bo] A|A]
H ] B 5E 9 st 2Ehe] @ S R e Bl A
2 09 7\Ev v msl ek S B4 o dwrt e
of wh=H ILTH TN O k2 A ellM Va5 7184

o= vrebetth Hueh 28k @ e o) g A
& 71502 H75HS o, TOC=Hh2 X3 o)l 4]
LEL o4 SEL m|qke & vpehibm, 71 9]0 2132 LEL
n|Rko = 7 Ik TN-S H= A 7ol A LEL o)/
SEL n|yto 2 vrelyith

B2 ] §71E 0 @A4E B Slstol
Org-index & AF&5}99 Fig. 39l T=AI51% ) Hhl A3
9] Org-index+=0.01~0.042] H| & Ho]il 1o A
Zto| W2 W3} glo] unpolluted 5522 UEFHTE
Hh3 AH-& 0.01~0.089)| 4 E3ESHH pollutedof A
unpolluted/marginally polluted 2 UEFF O L A|7HA
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Fig. 4. Dendrogram of sediment composition, grain size parameters (Mz, So, and Sk), organic matter (IL, COD, TOC, and
TN), and metals (Cr, Ni, Cu, Zn, Pb, and Al) using hierarchical clustering analysis in the study area.
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Fig. 5. Pearson correlation coefficient among the sediment composition, grain size parameters (Mz, So, and Sk), organic
matter (IL, COD, TOD, and TN), metals (Cu, Pb, Ni, Cr, and Zn), Org-index and PLI.
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4.4, S 24
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