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Abstract

This research work was focused to evaluate the contamination of heavy metals in sediments
collected from Nakdong River downstream. From April to October 2021, we analyzed heavy metals
(Pb, Zn, Cu, Cr, Ni, As, Cd and Hg), nutrients (Total nitrogen, Total phosphorus) and organic matter
(Ignition Loss) in 13 sampling sites (main 5 st., tributary 4 st., estuary 4 st.). Heavy metals contents
in main stream (Nm-1,2,3,4,5) and Nt-3 in tributary were at Ilevel, which does not affect the
benthos, according to the sediment pollution evaluation standard of the National Institute of
Environmental Research (NIER). The Cu and As (Nt-1), Zn, Cu, As, Cd and Hg (Nt-2), Cd (Nt-4), Cu,
Cr, As, Cd and Hg (Ne-1), As and Cd (Ne-2,3), Cd (Ne-4) contents were at II level, which was potential
for toxicity in the benthos, according to NIER. The amount of Cr (Ne-1) was categorized as SEL
(Severe Effect Level) and PEL (Probable Effect Level) by SQGs, SQAVs, respectively.

Sediment contamination was assessed on the basis of enrichment factor (EF), geo-accumulation
index (Ige0), pollution load index (PLI) and potential ecological risk index (PERI). The value of EF > 5
for Zn and Cu (Nt-2), Cd (Nt-4) suggested that the contamination levels in sediments were moderate
severe enrichment by anthropogenic activities. The Iz values revealed that Zn (Nt-2), Cu (Nt-2) and
Cd (Nt-4) were moderately polluted. The PLI values were 0.6 ~ 0.8 in main stream (Nm-1,2,3,4,5), 1.1
~ 2.2 in tributary (Nt-1,2,3,4) and 0.9 ~ 1.8 in estuary (Ne-1,2,3,4). And Nt-2, Nt-4 and Ne-1 were
founded to be 2.2, 1.8, 1.3 and 1.2 respectively. The PERI value were calculated on the basis of Er'
(risk index), it appeared that main stream (Nm-1,2,3,4,5), tributary (Nt-1,3) and estuary (Ne-2,3,4)
were low ecological risk, however the value (PERI >150) of potential ecological risk assessment in Nt-2
(183), Nt-4 (180) and Ne-1 (193) suggest a moderate ecological risk effect.

The inter-correlational analysis among the metal contents showed that contaminants related to the
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discharge of nutrients were considered to be main cause of heavy metals contamination in Nakdong

River (tributary). And the concentration of Cr in Ne-1 was reveled to have a strong correlation with
Pb, Zn, Cu and Cd (r=0.81 ~ 0.99 p < 0.01), which can flow into the water system during the inflow
of domestic sewage and the discharge oh industrial wastewater.
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Fig. 1. Sampling sites in the study.
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Table 1. Analytical results of Standard Reference Material 2711a

o ese e Ot g =
Pb 1089.1 £ 2.9 1400 = 77.8 0.5
Zn 2915 £ 1.0 4140 * 70.4 0.7
Cu 116.8 £ 0.4 140.0 £ 2 83.4 0.7
Cr 382 £ 0.1 52.3 £29 73.0 0.6
Ni 194 + 0.1 21.7 £ 0.7 89.6 1.1
As 975 £ 0.5 107.0 £5 91.1 1.0
Cd 417 £ 0.1 54.1 £ 0.5 77.1 0.4
Hg 6.48 £ 0.08 7.42 +£0.18 87.3 2.5
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Table 2. Standards of the National Institute of Environmental Research for the assessment of heavy metal pollution
in river sediments

Class 1 Class I Class II Class MV
Ignition Loss (%) >13
Organic
matter & Total nitrogen (mg/kg) >5,600
Nutrients
Total phosphorus (mg/kg) >1,600
Cu (mg/kg) <48 <228 <1,890 >1,890
Pb (mg/kg) <59 <154 <459 >459
Ni (mg/kg) <40 <875 <330 >330
Heavy As (mg/kg) <15 <447 <92.1 >92.1
metals Hg (mg/kg) <0.07 <0.67 <2.14 >2.14
7Zn (mg/kg) <363 <1,170 <13,000 >13,000
Cd (mg/kg) <0.4 <1.87 <6.09 >6.09
Cr (mg/kg) <112 <224 <991 >991

Table 3. Standards of the National Institute of Environmental Research for pollution assessment of river and lake

sediment sites

Class Condition
Good Class [ for all 8 metal items
Fair At least one Class II or Class Il among 8 metal items
Poor Class 1 standard index” 0.34 or higher
Very poor At least on item of Class IV
" Class I standard index = [ﬁ) (EG/PEL))/8 (EC; : =9 =%, PHL; : 248 3249 1 532 71%)

i=1



TEE A3 / 20224

Table 4. Standards for assessment of heavy metal pollution for Sediment Quality Guidelines and Sediment Quality
Assessment Values proposed by Persaud(1993) and Smith (1996)

Sediment Quality

Guidelines (SQGs)

Sediment Quality
Assessment Values (SQAVs)

Heavy metals

(ma/kg) LEL SEL TEL PEL
(Lowest (Severe (Threshold (Probable
Effect Level) Effect Level) Effect Level) Effect Level)
Pb 31 250 35 91.3
Zn 120 820 123 315
Cu 16 110 35.7 197
Cr 26 110 37.3 90
Ni 16 75 18 36
As 6 33 59 17
Cd 0.6 10 0.596 3.53
Hg 0.2 2 0.174 0.486
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(Mmetal/ Mreference)reference value

R3IeHA =ZK]4 (Igeo, Index of geo-accumulation)
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Table 5. Classification of Sediment pollution by the Igeo

Iyeo—class Igeo Designation of sediment quality
0 0 unpolluted
1 0-1 unpolluted/moderately polluted
2 1-2 moderately polluted
3 2-3 moderately to strongly polluted
4 3-4 strongly polluted
5 4-5 strongly to very strong polluted
6 5-6 very strong polluted
L FF5HK]4 (PLL, Pollution Load Index) CF = Msediment / Mreference sediment
PRI AL BT Aol RESIE FI4 A
AH dws BT & e Y AeR Y 2 PLI = (CFXCRXCFx +CFy) /"
£0] suol wPismole] ulgRE QURIRCE,
Contamination factor)2 AP thS 7 Q AX| AEfQIE X4 (PERI, Pollution Ecological Risk
45 olgslo] QAREIXSE AEF £ AP Index)
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™ Msediment= 1G B42] &%, Mreference sediment= | Vg B7lohe Alez ot Zo] R FX|A(CF)I
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Table 6. Classification of ecological risk index for metal elements

Er' (risk Index) Classification
Er' < 40 low potential ecological risk
40 < Br' < 80 moderate potential ecological risk
Er' < 160 considerable potential ecological risk
160 < Er' < 320 high potential ecological risk
Er' > 320 very high potential ecological risk

Table 7. Classification of potential ecological risk index

PERI (Potential ecological risk index) Classification
PERI < 150 low ecological risk
150 < PERI < 300 moderate ecological risk
300 < PERI < 600 considerable ecological risk
PERI > 600 very high ecological risk
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Fig. 2. The concentrations of heavy metals in the study area.
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Table 8. Sediment pollution assessments from organic matter, nutrients and heavy metal concentrations in the

study area

Organic matter &

Site Nutrients Heavy metals CIEZ;? Pollution
L TN TP Pb Zn Cu C Ni_As Cd Hg SRR
Nm-1 <N <V <NV T 1 1 11 1 1 1 0.13 Good
Nm-2 <V <IV <IV /AR TS S SR S SRR S 0.15 Good
Nm-3 <V <N <N A TS S SR S SRR S 0.13 Good
Nm-4 <NV <V <IV o1 1 1111 0.16 Good
Nm-5 <V <IV <IV L1 1 1 111 0.15 Good
N-1 =V =N I T 0.23 e e
Nt-2 <N <N IV I m m 1 1 m @ 0.42 Very poor
Nt-3 <NV <N I L1 1 1111 0.19 Very poor
Nt-4 N <N <IV R T T T 0.28 Very poor
Ne-l =N <V =NV I 1 10 1 1 10 1 1 0.33 Fair
Ne-2 <N <IN <N 1 1 1 1 m 1 I 0.21 Fair
Ne-3 <N <IV <IV I 1 1 1 1 nm 1 I 0.19 Fair
Ned <NV <IV =<IV L1 1 1 1 11 0.18 Fair
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Table 9. Results of comparison of the heavy metal sediments collected from the Nakdong River Basin with the

SQGs and SQAVs

Sites Pb Zn Cu Cr Ni As Cd Hg
SQGs® SQAVs’| SQGs SQAVs | SGGs SOAVs | SQGs SQAVs | SOGs SQAVs | SQGs SQAVs | SQGs SQAVs | SQGs SQAVs

Nm-1 [ [ [ I II Il II [ I [ I II [ [ [ I
Nm-2 [ [ [ [ Il [ I Il I Il I I [ [ [ [
Nm-3 [ [ [ I Il [ I [ I [ I II [ [ [ [
Nm-4 [ [ I I I [ I I I I I I [ [ | I
Nm-5 [ [ [ I II [ I Il I II I II [ [ [ I
Nt-1 Il I II I II Il I II I II I I [ [ [ I
Nt-2 Il I Il I I Il I Il I Il I I Il I [ [
Nt-3 Il II Il I Il Il I Il I Il I I [ [ [ [
Nt-4 I il I I I I I I I I I I I I | I
Ne-1 Il II Il I II Il I Il I II I I Il II [ I
Ne-2 [ [ [ [ Il [ I Il I Il I I [ [ [ [
Ne-3 [ [ [ [ Il [ I Il I Il II I [ [ [ [
Ne-4 [ [ [ I Il [ I Il I Il I I [ [ [ I

@ I:<LEL, II: >=LEL, <SEL, II: >SEL, LEL: Lowest Effect Level, SEL: Severe Effect Level

" I:<TEL, II: >TEL, <PEL, Il: >PEL, TEL: Threshold Effect Level, PEL: Probable Effect Level
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Fig. 4. Enrichment factors(EF) of surface sediments in the study area.
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Fig. 5. Geo-accumulation index(Igeo) of surface sediments in the study sites.
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Fig. 6. Pollution load index results in the study area.
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Table 10. Contamination factors and pollution load index(PLI) of surface sediment in the study area

CF Contamination Factor e
Sites Pb Zn Cu Cr Ni As Cd Hg
Nm-1 0.8 0.4 14 0.6 0.8 0.8 0.5 0.3 0.6
Nm-2 0.8 0.8 1.2 0.8 1.0 0.9 0.3 0.3 0.7
Nm-3 0.9 0.6 1.0 0.7 0.8 0.9 0.2 0.3 0.6
Nm-4 0.9 0.6 1.1 1.0 1.2 0.8 0.6 0.5 0.8
Nm-5 0.8 0.7 1.1 0.8 1.0 0.8 0.6 0.5 0.8
Nt-1 1.3 1.6 1.9 1.0 1.3 1.2 0.8 1.0 1.2
Nt-2 1.6 5.2 5.7 1.8 1.6 1.6 1.5 1.7 2.2
Nt-3 1.1 1.3 1.5 0.9 1.1 0.9 0.8 1.0 1.1
Nt-4 1.2 1.9 1.5 0.8 1.1 0.7 3.8 0.9 1.3
Ne-1 1.4 1.5 2.1 2.4 1.5 1.2 2.1 2.2 1.8
Ne-2 1.0 0.8 1.3 1.0 1.2 1.2 1.3 0.8 1.1
Ne-3 0.9 0.8 0.9 0.9 1.2 1.2 1.2 0.7 0.9
Ne-4 0.8 0.6 0.8 1.0 1.0 0.9 1.3 0.6 0.9
Average 1.0 1.3 1.7 1.07 1.17 1.07 1.17 0.8 1.1
200 1 Moderate ecological risk
N Pb
[ Zn
N Cu
150 +—————————— —— — — 3 Cr
N Ni
N As
N Cd
3 Hg
100 A

50

Potential ecological risk index (PERI)

o -

Low ecological risk

Nm-1Nm-2Nm-3Nm-4Nm-5 Nt-1 Nt-2 Nt-3 Nt-4 Ne-1 Ne-2 Ne-3 Ne-4

sampling site

Fig. 7. Potential ecological risk index of heavy metals in the study area.
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Table 11. Toxicity response factors(Eri) and potential ecological risk index(PERI) values for heavy metals in surface

sediments from the study area

sites B PERI
Pb Zn Cu Cr Ni As Cd Hg
Nm-1 39 0.4 7.2 11 3.9 8.3 135 102 49
Nm-2 4.1 0.8 5.9 1.6 49 8.7 8.5 1.9 47
Nm-3 43 0.6 49 1.3 42 8.9 55 114 a1
Nm-4 43 0.6 53 2.0 6.0 8.1 19.0 19.6 65
Nm-5 4.1 0.7 56 1.6 5.0 7.8 170 216 63
Nt-1 6.3 16 96 2.0 6.4 123 250 398 103
Nt-2 7.9 52 28.3 36 8.2 160 450 684 183
Nt-3 5.7 1.3 7.7 1.7 5.4 9.2 230 389 93
Nt-4 6.1 1.9 75 1.6 5.4 75 1150 355 180
Ne-1 72 15 10.7 48 7.4 124 615 872 193
Ne-2 4.9 0.8 6.3 21 6.2 120 385 315 102
Ne-3 43 0.8 46 1.9 5.9 116 350 281 92
Ne-4 4.1 0.6 4.0 1.9 5.2 9.1 390 238 83
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Fig. 8. Correlation coefficient between heavy metals and organic matter, nutrients in the study area.
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