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A Study on Chemical Compositions of Sediment and Surface Water in
Nakdong River for Tracing Contaminants from Mining Activities
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Abstract: There have been found mine tailings, wastes, and mining drainage scattered in the area of Nakdong River due
to the improper maintenance of the abandoned mines. These contaminants can flow into rivers during the heavy rain
periods in summer. Along the study area beginning Seokpo-myeon, Bonghwa-gun of Gyeongsangbuk-do untill Dosan-
myeon, Andong-si, there are one hundred five mines including sixty metalliferous mines and forty-five nonmetal mines,
which can adversely affect the adjacent rivers. To verify the contamination, we collected sediments, seepage water and
surface water for a year both in rainy season and dry season. This study found that sediments, containing high
concentrations of heavy metals caused by mining activities, are dispersed throughout the entire river basin (68 sample
points with pollution index, based on the concentration of trace element, (PI) >10 among the total of 101 samples). The
results of river water analysis indicated the increased concentrations of arsenic and cadmium at branches from Seungbu,
Sambo, Okbang and Janggun mine, which concerns that the river water may be contaminated by mining drainage and
tailing sediments. However, it is difficult to sort out the exact sources of contamination in sediments and waters only by
using the chemical compositions. Thus the control of mining pollution is challenging. To prevent water from being
contaminated by mining activities, we should be able to divide inflow rates from each origin of the mines. Therefore,
there should be a continued study about how to trace the source of contaminants from mining activities by analyzing
stable isotopes.
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Fig. 1. Location map showing the major mines in the study area.

2008)7F At A 1181.6 mmolH, <t
o] < 4d(2004-2008' )7 A A 1028.9
mme|t}. F 3t 25 5H 6~99 Aol Tt
Az o|r7]e] e 7 HA 7he-ge o

73.3% (886.5mm), 73.7% (7587 mm)S AT}
(http://www.hrfco.go.kr/web/sumun/floodgate.do). T2}

A, o] Al719] HEeg ol oste] 3t 3 o4
do] GA FAR o5 = e Aol 2HE F
At

AR e FAEAER S 9 HlEST AR
AF= 20009 1€ 304 FH 20108 129 19¢
Atolel] St=sgall el ade] AURAE B3 S35t

ek AT F AL SR <l wEI<l
20100 19 254%E] 20109 3¥Y 319 74 AR
ANHAE GA A S B HHE A AF
ANFA7F 7Fsst ARE AdEste] AAE 5
o AAFE st HAFol 4A dE A
W0l Zgele oy Hde] AEE AFsieH, o
AEe 31 HHEY HE EAS st F
HEL F UESE MZE TE XA oF
500 g oS AFASIALE AEAH Alele vl H
AZolA s d | TS 91FE AfHE o,
Fr HA= ARY o Afeld] 7)o =Fd
HE, 2T s Foll EAE Fn| SollA A
Fskek AHE B FHHE AEs AEUda &
A 781357171 A (NICEM)l| E418 olF]sion,
AREE R sk AAEE Fot] EYRH
FTAAEH wet fe A% Sh=v )
(Inductively Coupled Plasma Emission Spectrometer)
2 BA4E AAISHTHhttp://www.me.go.kr/home/web/
policy_data/read.do?menuld=10264&seq=3950).
SA= 2% olujelth,
g 9 wiEs AlEe shs 38K wiEr
AR (AP, g, S8, A-ihs

L

R

=

a5

B R

NEg

el

A=}
2y



214 ZNg - Hoft - wsst- F5E - 0™E

>
o
of
o
2
N
)
S
N
Iy
—{o
)
=2
e
:L
[¢
=
A

} A5
e 9ed 2Fek AR7E ke X]Xd ol A
R 72 AR AR F4E /\]E—é— Z¥zt A7 sted
A% & £ aoH, 2Ry ARl
gt EUBEISS s Lol‘/} TE7F 2 B4t
FHE AR At 2Ae Ade Fopr
22k silth wilE AlRE 7] Al skl
Aagake] g 223 A silen, $hulE
B3 Sl e wETE MiEERA % o} A EA
& A 2ok 71 101]% YH AH BIFA]
ARE At 471 B3 710 AFHE sk
767 MRS WiEF 619 Alese AR 7]
SA71E ol&stod pHﬂ' k==t éxééb—’-, ’é’@éli

=71 ZEES AT § A AAYE
EAgEE=A A4 7] (Inductively coupled plasma
mass spectrometer)= +ASIATE B4 9= 2%

ojfoltt.

= ==
B WBOR feld $S Ange goizr
B AoR #4393, B4 AU g oge

o %@% sjoels e Faw o rHig
(Crounse et al., 1983; Plant and Raisewell, 1983;
Lee et al, 1999, Lee et al., 2001). we}r] o] Ao
Me Herd Al ZA Zhdd] "€ Fr 54

F34 B PAYon, o8 Fo) Yoz

A
F2 u 2AME 1089 B4E AR
FEE 39.5:9,107.6 mgkg WA F
7 2,1409mgke” (EFWA 1,8203 mgkg NOE
velston, 71 w2 w28 Yehd AEe dskd
A AR TLOM xﬂﬂf‘f& Algoltt. Cde 0.7-111.52
mgkg' H9e EEoM Fit F= 117mgke” F
F82} 172mgke )& VERTH Cdo] 7MY =& %
S UeM AlEE Aseh o] skt AR F2o
A AF3 A8olt}. Zn 166.0-11,478.5mgke” W
oA HF 1,5289mgke”’ (FFHA}F 2,0922mgkg )
o Tx& BT, Zno] 7MY =L #E 7K Al
e RN AR FRA A2l AF =T =
Cuel 7%, 18.18-685.65mgkg el HSIoIM Hit

371
37.05
37
36.95
B
S
o 369
°
2
©
—136.85
36.8 -
. Oto <1
| O 1to<2
36.75 @ 2005
@ 5t0<10
@ 10to <100
36.7
| | ] | | | ]

12885 1289 12895 129  129.05 1291 129.15
Longitude(deg)

Fig. 2. Pollution index (PI) of heavy metals in sediment
samples.
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Fig. 3. The concentrations (ppm) of heavy metals (As, Cd, Pb) in water samples collected from main river and branches.
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Table 1. The concentrations of As, Cd, Pb, CN and Cr in mines drainage (Yunhwa, Seungbu landfill, Okbang and Janggun) at

dry and rainy seasons

Dry season (ppm)

As Cd Pb Hg CN Cr

Yunhwa 0.006 ND* ND ND ND ND
Janggun 0.214 ND ND ND ND ND

Rainy season (ppm)

As Cd Pb Hg CN Cr

Yunhwa 0.011 0.001 0.002 ND ND ND
Seungbu landfill 0.031 <0.001 0.018 ND ND ND
Okbang 0.147 <0.001 <0.001 ND ND ND
Janggun 0.235 0.004 0.004 ND ND ND

ND denotes values below detection limit

Zn, Hg, CN, Cr 5 &/l &Eojr] o]Fojx oL} Hg,
CN, Cr IEolX e BE AR 7|7] B4 ¢ v
Tkl 2k JERATE 9% 2R A4S 98

o Cd BAgt Pb BARE AL
7

3 AHETHLee et al, 2001; Dold and Fontbote
2002; Lee et al., 2003). B=3F 93 Zkat AZE A
7 2Fek e olF BRel 9% st

Oﬂg_',
Moo gl

Ju) WES ARE o 457

A TFeHL AMeke Ao A

4
O]

r*ﬂ y

g Jﬁ
b o
o
jins

(Table 1).

-
=2
=
rﬁi'
ruﬁ
r
tllo
=
ALY
N
)
::01:
>,
rr
JLL) _0‘ 00"
£

de & op

o
ot = jo
4o o ng
ME oo 2 e
122 B 1o

o
>
5
1o
r O
oZi
[ o
Y 4o

o
stk ge] 7] tist A7t 7FssHh(Budakoglu
and Pratt, 2005; Rock and Mayer, 2009; Tostevin et
al,, 2016). FHME AA| 2t AHo] FgEH9
& Aol Bge] WA Fol Atk

Qo] $HEA Qink. 9E FA 299 Y¢S
];d 2= 0l ALO _é_ 1057H :L]-)\}QE ::

2 T M eUT
Sl gk Az A
QIgH EZZo] THHAUCH, ©]

6070, e Ak
Akl AA 3o

=

HASES AA A% 9L viAE TEES
Egetal Atk 53] FAAFIE AR A3
AAFF B2 2wt Boh =7 Jepdoh
sl B oEe v‘%d AN G Feom QI
By 5/3% ARl

(o
:
b

y fo
ol
o T

Se ] %um ot 242 olgaly Pl
7t #A8 BiE 29 ¢ W1 e 7 o

A A}

o] =EL 20153 =gy
NIAIGH S R hbo} =¥ 4?3%‘.

o2RE Ve

References

Budakoglu, M. and Pratt, L.M. 2005, Sulfur-isotope
distribution and contamination related to the Balya Pb-
Zn mine in Turkey. Environmental Geology, 47, 773-
781.

Choi, S.W,, Lee, C.H., and Jeong, H.C., 1998, Environmental



geochemistry of soils and groundwater in the
KongjudacKeum mine area, Korea. Journal of the
Korean Earth Science Society, 19(5), 549-564.

Crounse, R.G., Pories, W.J., Bray, J.T., and Mauer, R.L.,
1983, Geochemistry and man; health and disease. In
Thornton, I. (ed.), Applied environmental geochemistry,
Academic Press, London, UK, 267-330.

Dold, B. and Fontboté, L., 2002, A mineralogical and
geochemical study of element mobility in sulfide mine
tailings of Fe oxide Cu-Au deposits from the Punta del
Cobre belt, nothern Chile. Chemical Geology, 189(3),
135-163.

Jung, M.C., 2001, Heavy metal contamination of soils and
waters in and around the Imcheon Au-Ag mine.
Applied Geochemistry, 16(11), 1369-1375.

Jung, M.C. and Thornton, I, 1997, Environmental
contamination and seasonal variation of metals in soil,
plants and water in the paddy field around a Pb-Zn
mine in Korea. Science of the Total Environment,
198(2), 105-121.

Kang, H., Kim, Y.H., Jang Y.D., and Kim, J.J., 2013,
Studies on characterization of soil pollution and
variations of heavy metal contents after water-tailings
reaction from Yonghwa mine. Journal of Soil and
Groundwater Environment, 18(1), 85-93.

Kim, M.J., Kim, Y.K., Park, K.S., and Jeon, S.H., 2008,
Mineralogical changes caused by the weathering of
tailings deposited of the riverside of the Nakdong river,
Bonghwa, Korea. Journal of the Mineralogical Society
of Korea, 21(4), 331-339.

Kloke, A., 1979, Contents of arsenic, cadmium, chromium,
fluorine, lead, mercury and nickel in plants grown on
contaminated soil. United nations ECE symposium,
Geneva.

Lee, C.G., Chon, H.T., and Jung, M.C., 2001, Heavy metal
contamination in the vicinity of the Daduk Au-Ag-Pb-

ol
=

S Ko SRS 3 SHEee) ssiEy o 217

Zn mine in Korea. Applied Geochemistry, 16(11), 1377-
1386.

Lee, C.H., Lee, HK., Lee, J.C., and Koh, Y.K., 1999,
Hydrogeochemistry and contaminatiom of meteoric
qater at Narim mine creek, Korea. Economic and
Environmental Geology, 31(4), 297-310.

Lee, PK., Kang, M.J,, Park, S.W., and Youm, S.J., 2003,
The effects of pH control on the leaching behavior of
heavy metals within tailings and contaminated soils:
Seobo and Chengyang tungsten mine areas. Economic
and Environmental Geology, 36(6), 469-480.

Nimick, D.A., and Moore, J.N., 1991, Prediction of water-
soluble metal concentrations in fluvially deposited
tailings sediments, Upper Clark Fork Valley, Montana,
USA. Applied Geochemistry, 6(6), 635-646.

Park, C.Y., Cho, KlJ, and Kim, S.K. 2005, The
production and geochemistry of evaporite from the acid
mine drainage. Journal of the Korean Earth Science
Society, 26(6), 524-540.

Park, C.Y., Kim, HN., and Jeong, Y.J., 1998, Geochemical
dispersion of heavy metal in diorite and around soils at
the Kwangyang mine. Journal of the Korean Earth
Science Sosiety, 19(1), 35-55.

Plant, J. and Raiswell, R., 1983, Principles of environmental
geochemistry. In Thorton, L. (ed.), Applied environmental
geochemistry, Academic Press, London, UK, 1-39.

Rock, L. and Mayer, B., 2009, Identifying the influence of
geology, land wuse, and anthropogenic activities on
riverine sulfate on a watershed scale by combining
hydrometric, chemical and isotopic  approaches.
Chemical Geology, 262(2009), 121-130.

Tostevin, R., Crew, D., Hale, R.V., and Vaughan, M., 2016,
Sources of environmental sulfur in the groundwater
system, southern New Zealand. Applied Geochemistry,
70(2016), 1-16.

Manuscript received: June 3, 2016
Revised manuscript received: July 5, 2016
Manuscript accepted: July 11, 2016



