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Abstract — The spatial and temporal distribution characteristic of trace metals in seawater and surface sediments
were investigated in the Geum River Estuary. Concentrations of Co, Ni, Cu, Zn, and Pb in seawater and sediments
tended to decrease from inside of the Estuary to outer sea, showing distinct regional differences. In the July sur-
vey, where precipitation was relatively high, the mean concentrations of these metals in dissolved phase and total
suspended particles (TSS) were higher than those of other surveys, indicating that terrestrial- and runoff-derived
trace metals were discharged from Geum River. However, trace metal concentrations in surface sediments were
higher in the September than in July. The mean particle size of sediments was 131.6 pm, and large particles were
present compared to other sampling periods. Therefore, it was found that fine particles with a high concentration of
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trace metals were removed to the outer part of Estuary due to the discharge of Geum River. The overall contamina-
tion level of trace metals in TSS and surface sediments was very low, and there was a good positive correlation
among trace metals. These results suggest that the discharge through the Geum River Bank due to precipitation
rather than the pollution source existing around the Geum River Estuary is a factor that mainly affects the spatial-

temporal distribution of trace metals.
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Fig. 1. Sampling stations for seawater and surface sediments from the Geum River Estuary and outer sea (base map from Google Earth).
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Table 1. Comparison of mean values for dissolved trace metals (pg/L) in surface seawater in the Geum River Estuary and outer sea and those

in the other published data

Cr Co Ni Cu Zn As Cd Pb References

June 0.11 0.027 0.41 0.53 0.38 1.30 0.036 0.022 This study

July 0.09 0.064 0.49 0.63 0.77 1.39 0.023 0.031 This study

September 0.14 0.031 0.33 0.47 0.28 1.60 0.026 0.015 This study

Zone I 0.10 0.061 0.46 0.63 0.85 1.46 0.022 0.033 This study

Zone 11 0.13 0.019 0.34 0.44 0.28 1.41 0.034 0.015 This study
Masan Bay, Korea - - 0.50 0.66 1.42 - 0.015 0.012 Park et al.[2020a]
Gyeonggi Bay, Korea - 0.027 0.83 0.61 0.36 - 0.048 0.020 Park et al.[2020Db]

Shihwa Lake, Korea - - - 2.14 6.39 - 0.056 0.064 Raet al.[2014]

North Yellow Sea, China - - - 0.80 3.80 - 0.14 0.35 Tian et al.[2009]
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Fig. 2. Comparison of the spatial distributions of dissolved trace metals (pg/L) in surface seawater at the Geum River Estuary and outer

sea during three sampling periods.
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Table 2. Correlations of dissolved trace metals in seawater of this study
Cr Co Ni Cu Zn As Cd Pb
Cr -
Co -0.77" -
Ni -0.81" 0.87" -
Cu -0.80" 0.90" 0.94" -
Zn -0.80™ 0.90™ 0.87" 0.82" -
As 0.30 -0.00 -0.19 0.00 -0.21 -
Cd 0.52" -0.80™ -0.48" -0.56™ -0.75" -0.02 -
Pb -0.63" 0.72" 0.79" 0.78" 0.70" -0.15 -0.45" -
*Correlation is significant at the 0.05 level; “"Correlation is significant at the 0.01 level.
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Fig. 3. Comparison of the spatial distributions in trace metals (ug/L) in TSP of surface seawater from the Geum River Estuary and outer sea.
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Table 3. Comparison of mean values for trace metals concentrations in total suspended particles (TSP; pg/L) and surface sediments (mg/kg)
from the Geum River Estuary and outer sea and those in the other published data.

Cr Co Ni Cu Zn As Cd Sn Sb Pb References

Total suspended particles (unit: pg/L)
June 407.6 78.0 1929 1389 6839 640  0.81 20.8 5.6 178.1 This study
July 826.0 154.1 4308 3745 1574 2145 1.66 47.1 156 5178 This study
September 203.4 38.6 99.2 98.2 370.3  41.1 0.82 10.1 2.1 1059 This study
Zone | 819.6 1550 411.8 3327 1471 1774 1.70 438 134 458.1 This study
Zone 11 107.2 19.1 55.2 66.3 2258 304 044 6.6 1.7 618 This study

Surface sediments (unit: mg/kg)

June 37.9 8.4 15.0 8.7 49.2 7.6 0.11 1.8 040 237 This study
July 35.0 7.8 13.8 8.2 46.8 7.7 0.11 1.8 038 238 This study
September 42.6 9.4 18.1 12.2 61.1 7.8 0.13 2.1 045 254 This study
Zone 1 54.8 10.9 22.7 15.8 76.2 9.4 0.17 26 055 274 This study
Zone 11 22.6 6.3 8.7 3.6 29.0 6.1 0.06 1.2 028 213 This study

Nakdong estuary, Korea 29.3 - 16.5 17.4 111 - 0.13 - - 21.0 Lee et al.[2020]
Taehwa River estuary, Korea 43 - - 38 157 10.2 0.3 - - 28  Hwang et al.[2015]

Yangtze Estuary, China 79.1 - - 24.7 82.9 0.19 - - 23.8  Wang et al.[2015]

Eastern Yellow Sea 53 10 23 12 60 0.06 - - 24 Sun et al.[2018]
South Yellow Sea 77.2 - 314 20.0 78.4 - 0.21 - - 21.8 Xu et al.[2018]
2 3 g S AR b RS FRAEA FEE B BREAE U RES SEE ahstn Yotk et HAE
of, SFHE Fa 4710l H-4EA0) o] YR 2O Wek ] nPFEe] FFeE BE 927} odo] ATHOT Fe
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Fig. 4. Comparison of the spatial distributions of trace metals (mg/kg) in the surface sediment from the Geum River Estuary and outer sea.

Table 4. Correlations of particle size and trace metals in sediments of this study

Size Cr Co Ni Cu Zn As Cd Sn Sb Pb

Size - -

Cr -0.91° -

Co -0.88" 0.96" -

Ni -0.87" 0.99 0.97 -

Cu -0.81" 0.96" 0.93" 0.98" -

Zn -0.84" 0.98" 0.96° 0.99 0.99" -

As -0.85" 0.89" 0.91° 0.91" 0.90" 0.92" -

Cd -0.87" 0.96" 0.88" 0.93" 0.92" 0.93" 0.87° -

Sn -0.89" 0.98" 0.94° 0.98" 0.98" 0.99" 0.93" 0.96° -

Sb -0.86 0.98" 0.95° 0.99 0.99" 0.99" 0.90° 0.94° 0.99 -

Pb -0.75" 0.89" 0.88° 0.92 0.95" 0.95" 0.94° 0.87° 0.94° 0.93" -

*Correlation is significant at the 0.01 level

Table S. Comparison of the mean I, values for trace metals in inner and outer sea sediments of the Geum River Estuary

Cr Co Ni Cu Zn As Cd Sn Sb Pb
Inner (Zone I) -1.4 -1.3 -1.8 -1.7 -0.6 0.3 0.3 -0.3 -0.2 0.1
Outer (Zone 1) 2.7 -2.1 -3.1 -3.6 -1.9 -0.3 -1.2 -1.5 -1.1 -0.3

I:I I,¢,<0; unpolluted : 0<I,,<1; unpolluted to moderately polluted



134 e - o]dF

Ho
oz
o
12
2
R
3
0%
o
=)
o
i
I
i ol
1o
o
tle o2
b
)
rlo
ol
L
£
ol

=y
o oft
d
12
1o,
>

[(su’
O]

B
kel
o
o,
re
rO
riet
o

et HU o

HE S, s ol
ZgHiste] oJaf 258 Rtk

X
O
R
2
B

sk
ﬂllO —
ol
=
30,
=
s

o 2 e
-4

o
:
A
5
ol
ﬂF
E d

offt 2
ol

djl
o
i}i
12

o

B
:oé
B
Ofp\r
i

(o3
¥
i)
W,
Ekl
o\
m
e
it
=

Fhm o] WiSels 1AL 915

v
=3
P
3
:Io{é
a
=
=
ol
ol
AP
Flo
o
o
ol
o
o
=
QL
N
g
K
S~
e

3
)
ol
X
ol
S
S
R
39,
=
o
ol
{
3
e
>

=
ok
i
0,
53
Ho
>
O:
%
o 12 @
=2
R
i)
o
ot
=)
ot
ol
Y
o
s
:oﬁ
18
o

>

O

ro,

o

2
A
o
il
offl o
2
19 o
1IN
2
g
L x0
% 32,
e &

W 12
flo Fiﬂ ‘c:l
o o &
@ L
01>L o0t
=

= 302 deba, T} F971F olate]
o sHe] 87 ) vl B o)
FRvle) Ego] FBw EASAT

|
B H G20 Al7)ek nlwe
(e}

i
©
:(I>1:4

¥o ol 2
ol
[0
%

o
o
o
> o

ﬂllﬂl
of
2

Rl do

" 2
o_(%ﬁ
2
ER)

AT e ATAI(PEA0013)e] of8l =3
AFUTE =0] P FE flato] freldt 291S a8l 4l
39 AARIEEA =R

References

[1] Adnan, M., Xiao, B., Xiao, P., Zhao, P. and Bibi, S., 2022,
Heavy metal, waste, COVID-19, and rapid industrialization in
this modern era—Fit for sustainable future. Sustainability 14,
4746.

[2] Dong, Y., Rosenbaum, R.K. and Hauschild, M.Z., 2015, Assess-
ment of metal toxicity in marine ecosystems: comparative tox-
icity potentials for nine cationic metals in coastal seawater.
Environ. Sci. Technol. 50, 269-278.

[3] El-Amier, Y.A., Bessa, A.Z.E., Elsayed, A., El-Esawi, M.A.,,
AL-Harbi, M.S., Samra, B.N. and Kotb, W.K., 2021, Assess-
ment of the heavy metals pollution and ecological risk in sed-
iments of Mediterranean Sea drain estuaries in Egypt and
phytoremediation potential of two emergent plants. Sustainabil-
ity 13, 12244.

[4] Haddout, S., Priya, K.L., Cecilia, J., Casila, C. and Samad, B.,
2020, Assessment of heavy metal contamination in the surficial
sediments from the Sebou River Estuary, Morocco. Environ.
Forensics 23(1-2), 23-31.

[5] Herrero, E., Arancibia, V. and Rojas-Romo, C., 2014, Simulta-
neous determination of Pb**, Cd** and Zn** by adsorptive strip-
ping voltammetry using Clioquinol as a cleating-adsorbent agent. J.

A%F g

Electroanal. Chem. 729, 9-14.

[6] Hwang, D.W., Lee, 1.S., Choi, M., Kim, C.S. and Kim, H.C.
2015, Evaluation of pollution level for organic matter and trace
metals in sediments around Taehwa River Estuary, Ulsan.
Korean J. Fish Aquat. Sci. 48(4), 542-554.

[7] Jeong, H., Choi, J.Y., Lee, J., Lim, J. and Ra, K., 2020, Heavy

metal pollution by road-deposited sediments and its contribution

to total suspended solids in rainfall runoff from intensive indus-

trial areas. Environ. Pollut. 265, 115028.

Jeong, H., Lee, J., Choi, J.Y,, Kim, K.T., Kim, E.S., Sun, C.,

Park, J.K. and Ra, K., 2019, Study on dissolved and particulate

heavy metals in stream water and stormwater runoff from

—
o]
—_

Suyeong watershed in Busan special management area, Korea.
J. Korean Soc. Mar. Environ. Energy 22(4), 203-214.

La Colla, N.S., Negrin, V.L., Marcovecchio, J.E. and Botté,
S.E., 2015, Dissolved and particulate metals dynamics in a

—
\O
=

human impacted estuary from the SW Atlantic. Estuar. Coast.
Shelf Sci. 166, 45-55.

[10] Lee, J., Yang, C., Han, K. and Lee, T., 2020, Estimation of
heavy metal contamination level in Masan Bay and Nakdong
estuary sediments. J. Korean Geo-Environ. Soc. 21(3), 13-21.

[11] Lee, PK., Lim, J., Jeong, Y.J., Hwang, S., Lee, J.Y. and Choi,
B.Y., 2021, Recent pollution and source identification of
metal(loid)s in a sediment core from Gunsan Reservoir, South
Korea. J. Hazard. Mat. 416, 126204.

[12] Li, L., Wang, X.J., Liu, J.H. and Shi, X.F., 2017, Dissolved trace
metals (Cu, Cd, Co, Ni, and Ag) distribution and Cu speciation
in the southern Yellow Sea and Bohai Sea, China. J. Geophys.
Res. Oceans. 122, 1190-1205.

[13] Maldonado, M.T., Allen, A.E., Chong, J.S., Lin, K., Leus, D.,
Karpenko, N. and Harris, S.L., 2006, Copper-dependent iron
transport in coastal and oceanic diatoms. Limnol. Oceanogr. 51,
1729-1743.

[14] Muller, G,, 1969, Index of geoaccumulation in sediments of the
Rhine River. GeoJournal 2, 108-118.

[15] Niu, L., Cai, H., Jia, L., Luo, X., Tao, W., Dong, Y. and Yang,
Q., 2021, Metal pollution in the Pearl River Estuary and impli-
cations for estuary management: The influence of hydrological
connectivity associated with estuarine mixing. Ecotoxicol. Envi-
ron. Saf. 225, 112747.

[16] Pan, D., Ding, X., Han, H., Zhang, S. and Wang, C., 2020, Ra,
K., Kim, E.S., Kim, K.T., Kim, J.K., Lee, J.M. and Choi, J.Y.,
2013. Assessment of heavy metal contamination and its ecolog-
ical risk in the surface sediments along the coast of Korea. J.
Coast. Res. SI65, 105-110. Species, spatial-temporal distribu-
tion, and contamination assessment of trace metals in typical
mariculture area of North China. Front. Mar. Sci. 7, 552893.

[17] Park, S., Choi, M., Jang, D., Joe, D. and Park, K., 2020a, Dis-
tribution and sources of dissolved and particulate heavy metals
(Mn, Co, Ni, Cu, Zn, Cd, Pb) in Masan Bay, Korea. Ocean Sci.
J. 55(1), 49-67.



ul
=

Ol
ol

37 a7

<

iy

[18] Park, S., Choi, M., Jang, D., Joe, D., Park, K., Lee, H., Woo, J.,
Kim, T. and Park, J., 2020b, Spatiotemporal distribution of dis-
solved heavy metals in Gyeonggi Bay, Korea. Ocean Sci. J.
55(1), 69-84.

[19] Petit, J.CJ., Schifer, J., Coynel, A., Blanc, G, Chiffoleau, J.F.,
Auger, D., Bossy, C., Derriennic, H., Mikolaczyk, M., Dutruch,
L. and Mattielli, N., 2015, The estuarine geochemical reactivity
of Zn isotopes and its relevance for the biomonitoring of anthro-
pogenic Zn and Cd contaminations from metallurgical activities:
Example of the Gironde fluvial-estuarine system, France. Geo-
chim. Cosmochim. Acta 170, 108-125.

[20] Posacka, A.M., Semeniuk, D.M., Whitby, H., van den Berg,
C.M.G, Gullen, J.T., Orians, K. and Maldonado, M.T., 2017,
Dissolved copper (dCu) biogeochemical cycling in the subarctic
Northeast Pacific and a call for improving methodologies. Mar.
Chem. 196, 47-61.

[21] Ra, K., Kim, J.K., Kim, K.T., Lee, S.Y., Kim, E.S., Lee, J.M.
and Wu, R.S.S., 2014, Application of the artificial mussel for
monitoring heavy metal levels in seawater of the coastal envi-
ronments, Korea. J. Korean Soc. Mar. Environ. Energy 17(2),
131-145.

[22] Rudnick, R.I. and Gao, S., 2003, Composition of the continental
crust. In: Rudnick, R.L., editor. The Crust, Elsevier, pp. 1-64.

[23] Sun, C.I., Park, GW., Park, H.S., Park, J.K., Kim, S.G. and

5

%

A% ) S

J

¢

135

M
F

Choi, M.S., 2018, Distribution of heavy metal concentrations in
surface sediments of the eastern Yellow Sea. J. Korean Soc.
Oceanogr. 23(4), 179-191.

[24] Tian, L., Chen, H., Du, J.T. and Wang, X.H., 2009, Factors
influencing distribution of soluble heavy metals in north yellow
sea surface seawaters. Period. Ocean. Univ. Chin. 39, 617-621.

[25] 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.

[26] Xu, F., Hu, B., Yuan, S., Zhao, Y., Dou, Y., Jiang, Z. and Yin X.
2018, Heavy metal in surface sediments of the continental shelf
of the South Yellow Sea and East China Sea: Sources, distri-
bution and contasmination. Cantena 160, 194-200.

[27] Wang, H., Wang, J., Liu, R., Yu, W. and Shen, Z. 2015, Spatial
variation, environmental risk and biological hazard assessment
of heavy metals in surface sediments of the Yangtze River estu-
ary. Mar. Pollut. Bull. 93(1-2), 250-258.

Received 12 May 2022
Revised 24 May 2022
Accepted 24 May 2022



	금강 하구역 해수 및 표층퇴적물 내 미량금속 분포 특성
	요약
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결론
	References


