Journal of the Korean Geo—Environmental Society ISSN 1598-0820
21(3): 13~21. (March 2020)  http://www.kges.or.kr DOI https://doi.org/10.14481/jkges.2020.21.3.13

OpMlaL LS 51 S EIREC) 534 oUE A e

Estimation of Heavy Metal Contamination Level
in Masan Bay and Nakdong Estuary Sediments
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ABSTRACT : The purpose of this study is to evaluate the concentrations of heavy metals in the marine sediments near the Masan
bay and the Nakdong estuary, and to investigate the pollution intensity levels of six heavy metals using the existing pollution intensity
assessment method. According to the US environmental protection agency, in the case of Cu, the Bl area was classified as severe
pollution, while in Ni and Zn, it was classified as moderate pollution in some areas. According to the classification of Igeo, EF and
PERF, the A and B regions were polluted by Cd. In particular, in the Bl region, Igeo, EF, and PERF values were the highest in
all regions, and were regarded as serious pollution. According to the mean PEL quotient classification, which takes into account the
effects of all six heavy metals, there is a 21% probability of toxicity from heavy metals in all regions. The highest concentration
of Cd in the B1 region is 1.5 mg/kg. Therefore, the contamination of Cd contained in sediment near Masan Bay is serious, so it
is necessary to clarify the cause and take careful approach to future treatment.
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Fig. 1. Map showing the sampling sites of Masan Bay and Nakdong Estuary
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Table 1. Summary for Scale of pollution intensities for Enrichment Factor (EF), Geoaccumulation index values (lgeo), Potential ecological
risk factor (PERF), and mean probable effects level quotient (meanPELquotient) (obtained from Lee et al., 2015)
EF Pollution Intensity Igeo Pollution Intensity PERF Ect;l:kgslcal Nrj:ﬁ:iL ]1222?;“(}; /:;f
<1 No enrichment <0 Background level <40 Low risk <0.1 8
1-3 Minor enrichment 0-1 Unpolluted 40-80 Moderate risk 0.11-1.5 21
3-5 Moderate enrichment 1-2 | Unpolluted to moderately polluted | 80-160 | Considerable risk 1.51-2.3 49
5-10 | Moderately severe enrichment | 2-3 Moderately polluted 160-320 High risk
10-25 Severe enrichment 3-4 Moderately to strongly polluted 3 7
25-50 Very severe enrichment 4-5 Strongly polluted >320 Very high risk
>50 Extremely severe enrichment >5 Very strongly polluted
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Fig. 2. Distribution of N, C, H, S and ignition loss measured for
sediment samples

Table 2, Results of elemental analyses of sediments collected
from Masan bay and Nakdong estuary (wt, %)

Sm:ililsmg N c H S Igﬁi;lson
Al 0.18 1.73 1.19 0.99 7.7
A3 0.13 1.74 1.06 0.38 8.7
Bl 0.22 2.09 1.25 1.19 11.7
B2 0.14 1.75 0.99 0.30 9.5
B3 0.09 1.92 0.84 0.25 9.8
B4 0.12 1.59 0.84 0.16 8.6
B5 0.06 0.08 0.77 0.00 8.6
B6 0.15 1.71 0.94 0.25 8.7
B7 0.11 1.47 0.81 0.24 7.5
B8 0.07 1.80 0.85 0.02 8.6
Cl 0.03 0.03 0.39 0.00 5.2
C2 0.01 0.07 0.67 0.00 6.8
C3 0.21 1.69 0.84 0.25 7.2
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Table 3. Concentrations of heavy metals (mg/kg) in sediments for 13 sediment samples
. Ignition loss
Cu Pb Ni Zn Cd Cr (Wi, %)
USEPA Non polluted <25 <40 <20 <90 - - <5
sediment quality | Moderately polluted 25~50 40~60 20~50 90~200 - - 5~8
standards Heavily polluted >50 >60 >50 >200 >8 - >8
TEL guideline 18.7 30.2 15.9 124 0.68 52.3
PEL guideline 108 112 42.8 271 4.2 160
ucc 25 20 20 71 0.098 35
Al 34.8 23.5 24.6 93.4 0.4 38.2 5.6
A3 224 239 24.5 104.2 0.1 38.7 9.2
B1 91.8 329 32.7 181.8 1.5 44.6 79
B2 28.3 18.4 23.8 94 0.1 34 6.1
B3 39.7 19.9 24 90.6 0.3 33.6 6.9
B4 34.6 18.7 22.6 145.4 0.2 329 5.7
Sampl
ampe BS 314 24 245 104.5 02 36.4 39
number
B6 17.5 18.2 25.2 85.8 0.1 35.8 6.1
B7 18.2 18.3 24.7 88.1 0.1 36.8 59
B8 30.8 23.2 29.3 99.5 0.4 42.1 5.8
Cl 16.1 21.1 12.8 147.2 0.2 25.6 6.6
C2 19.5 20.4 18.5 94.2 0.1 32.1 10.1
C3 16.5 21.4 18.2 91.5 0.1 30.2 5.4

Table 4, Results of index of enrichment factor, geoaccumulation and potential ecological risk factor for samples obtained from Masan bay
and Nakdong estuary

Heavy metals Cd Cr Cu Ni Pb Zn
TEL guideline 0.68 523 18.7 15.9 30.2 124
PEL guideline 42 160 108 42.8 112 271 meanPEL
ucc 0.098 35 25 20 20 71
Index Igeo | EF | PERF | Igeo | EF |PERF|Igeo | EF [PERF|Igeo | EF |PERF|Igeo | EF |PERF | Igeo | EF |PERF
Al | 1.44 | 3.08 |122.45|-0.46 | 0.09 | 2.18 [-0.11| 0.39 | 6.96 |-0.29| 0.23 | 6.15 |-0.35| 0.18 | 5.88 |-0.19] 0.32 | 1.32 0.30
A3 |-0.56 | 0.02 | 30.61 |-0.44| 0.11 | 2.21 |-0.74|-0.10| 4.48 |-0.29| 0.23 | 6.13 |-0.33| 0.20 | 5.98 |-0.03 | 0.47 | 1.47 0.27
Bl | 3.35 | 14.31 [459.18 | -0.24 | 0.27 | 2.55 | 1.29 | 2.67 | 18.36| 0.12 | 0.64 | 8.18 | 0.13 | 0.65 | 8.23 | 0.77 | 1.56 | 2.56 0.54
B2 |-0.56 | 0.02 | 30.61 |-0.63 |-0.03 | 1.94 |-0.41|0.13 | 5.66 [-0.33| 0.19 | 595 |-0.71|-0.08 | 4.60 |-0.18 | 0.32 | 1.32 0.26
B3 | 1.03 | 2.06 | 91.84 |-0.64 | -0.04 | 1.92 | 0.08 | 0.59 | 7.94 |-0.32| 0.20 | 6.00 [-0.59| 0.00 | 4.98 |-0.23| 0.28 | 1.28 0.29
B4 | 044 | 1.04 | 61.22 | -0.67 | -0.06 | 1.88 |-0.12| 0.38 | 6.92 [-0.41| 0.13 | 5.65 |-0.68|-0.06 | 4.68 | 0.45 | 1.05 | 2.05 0.30
Sar;lple B5 | 044 | 1.04 | 61.22 |-0.53 | 0.04 | 2.08 |-0.26 | 0.26 | 6.28 [-0.29| 0.23 | 6.13 |-0.42| 0.12 | 5.60 |-0.03 | 0.47 | 1.47 0.29
B6 |-0.56 | 0.02 | 30.61 |-0.55| 0.02 | 2.05 |-1.10{-0.30| 3.5 [-0.25| 0.26 | 6.30 |-0.72|-0.09 | 4.55 [-0.31|0.21 | 1.21 0.25
B7 |-0.56 | 0.02 | 30.61 |-0.51| 0.05 | 2.10 |-1.04|-0.27| 3.64 |-0.28| 0.24 | 6.18 |-0.71|-0.09 | 4.58 |-0.27| 0.24 | 1.24 0.25
B8 | 1.44 | 3.08 |122.45|-0.32 | 0.20 | 2.41 |-0.28 | 0.23 | 6.16 [-0.08| 0.42 | 7.08 |-0.37| 0.16 | 5.80 |-0.10| 0.40 | 1.40 0.31
Cl | 044 | 1.04 | 61.22 | -1.04 | -0.27 | 1.46 |-1.22|-0.36| 3.22 |-1.23|-0.36| 3.20 |-0.51| 0.06 | 5.28 | 0.47 | 1.07 | 2.07 0.23
C2 |-0.56 | 0.02 | 30.61 | -0.71|-0.08 | 1.83 |-0.94|-0.22| 3.9 |-0.70|-0.08 | 4.63 |-0.56| 0.02 | 5.10 |-0.18| 0.33 | 1.33 0.23
C3 | -0.56 | 0.02 | 30.61 | -0.80|-0.14 | 1.73 |-1.18|-0.34| 3.3 |-0.72]-0.09 | 4.55 |-0.49| 0.07 | 535 |-0.22| 0.29 | 1.29 0.22
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3.2.4 mean PEL quotient
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Fig. 3. Results of pollution level assessment for 6 heavy metals on 13 sampling sites: (a) lgeo, EF and (b) PERF
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3.2.5 Discussion of PERF, EF, lg for heavy metals
2 dAolM= F 13709 A&7t ARge] Sl Al
A3 A& AA=et nhhito] thh= oA SFEo=
Sol7t AFollA s, BAE AlzE2 nHkt oF%
oA Aztst] ARt 7MY =S FHFE & Qe W=
AHES Ast] A3k Cl, C2, C3= Y54 skt
A} 77 A AHFRE AlRE ou]dit) vl=r 2k
% 710 wh=w Cuft Nio] A9t B Aol &7 H=0l
|93l Zno] A9 B6%} B7S A|Llst AR oA e dH
Ao wotE|girt. BFe] ¢ 2 Cdofl el 9
U= AR o] F B19] A 14318 A7k 9
FRFE S ez F7HEATh o] 39 =2 Cdoj
ol =2 Aor FriEslet Bl 3359 gh=

TP SR Artedol S AR B Heloh
PERF 9] 7-9-o] = Cdojl thgt AJefet=] fisfdo] =A 37t

7} =tk o] & Bl A9 459.18% Cd 2.@o= Sl3)
Sk 4 Sl AEEHA fleldol Wi =52 & 5 AN
th 67 Fas BEE e S 7HsAS Ao

Al 21%%1 A o2 A= o
£ AT F Cdof| it Aak(Fig. 5a)9F 7]E2] EH
E A9} H|aL(Fig. SbyshH o itk Cd9] = (mg/kg)
7} =2 &0 2 Ydshd Bl(1.540.12), G578 19(1.39+
0.15)(Lee, 2019), o32=810H0.75+0.24)(Lee et al., 2015), A
Z&1H0.45+0.13)(Lee et al., 2015), SHAIE Q1La]|(0.42+
0.11)(Lee et al., 2014), FARFEH0.18+0.15)(Lee, 2013), =
T2 FE)(Woo et al,, 2013), FAF Zotz] ot 2l

1.6 T
14 q
12 - q
2
=
S
g 0.8
c
8
3
04 ] -
0\: \m\ . \m‘ . xﬂﬂ’im HWJW:

A1 A3 B1 B2 B3 B4 B5 B6 B7 B8 C1 C2 C3
Sampling sites

16 [

0.8

06 |- y

Cd concentration (mg/kg)

04 - b

0.2 - -

—~
o
[

BA1 (This study)
Nakdong
Yeosu
Jeju
Hansan
Busan Harbor
Tongyong :

Gwanganli
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