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Physicochemical Characteristics and Analysis of Pollution Potential in the
Sediments of the Rivers Flowing into the Saemangeum Reservoir
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Abstract : In order to understand the extent of contamination of the sediments on the Mankyoung and Dongjin Rivers flowing into
the Saemangeum Reservoir, the concentrations of ignition loss (IL), COD, total nitrogen (T-N), total phosphorus (T-P), and heavy
metals (As, Cd, Cr, Pb, Zn) were measured. The average concentrations of IL, COD, and T-P were 2.40 (£2.18)%, 2.97 (£3.06) mg/g
sediment, 0.370 (£0.351) mg/g sediment, respectively, showing the extent of contamination is not serious. However, the concentrations
of these parameters in the samples taken in year 2009 were higher than those in year 2008, indicating the contamination of sediments
goes on gradually. The concentrations of T-N were in the range of 0.59~13.11 mg/g sediment with variation of locations and seasons.
It was determined that the T-N contamination is serious when the concentrations were compared with the dredging guidelines of
sediments in the Korean freshwaters, indicating the countermeasures are required to maintain the water quality of the Saemangeum
Reservoir. The concentrations of heavy metals except chromium did not exceed the worrisome level of soil contamination stipulated
by the Soil Environment Conservation Act of Korea. The high concentration of chromium to be concerned in some samples from the
upstream of Mankyoung River requires source analysis and countermeasure to control the contamination.

Key Words : Saemangeum Reservoir, Mankyoung River, Dongjin River, Sediment, Physicochemical parameters

Q9% NuFER FYEE AT A AL HAE QAEE ulolsly] 95, §AE F FEuE, COD, A4,
29 9 FF4(As, Cd, Cr, Pb, Zn)Q] ==& EA3ch A3, COD, £219] swX+= Z1ZF Hf 2.40 (£2.18)%, 2.97 (+£3.06)
mg/g sediment, 0.370 (£0.351) mg/g sedimento] O™, o]& EZlof 95t A EO 2 AXr} =] Qkotrt FA9E 2008 o] H|
3l 20091 2] A ROA FETF STV o™, o]t Al EHES oo FXHoRE AP &S Yu|gitt. FHL
9] Z%-ol= 0.59~13.11 mg/g sediment®2 A3 - W 23 Al7]of ule} Hol7l F1om, = 5bd 9 49 EHE £4 7]
F3 vlash o, Fa4 @ o] Mgt AR Uetylth o3t dits Auase =AS A5 $ete WA s317e] A
29099 AJE wrofstar i o] =ylo] HAghE gttt FE&9 Bfole AFS AYstal Egedsries 24
SHA] ¢rol @ o] o] k2 Ao 7 ATHTy A7 A, WA AR dF AFoA SH7ES 2t 2 FE
7F &= o], oo thet ¢l NI tfl f=go] Bagt AOoFE AuEHT

A gEs, w7, 517, HAE, EE8istE a9l

oM.

1.ME 2 $A9 297N S 5T = 7] diEel, HAEol
e eHBAY) FEE V22 HAE PesEe 4
deddold vidededorie s sbdor /91 v, e9fo] 4% ¢ F4 o] Al 25 FH5H
" Az, A 5o JFAT TS, 5o T edEHe, =©?
A7 Abeel B WAL YA B 25t o] 44 AR EA] A FESPY, A SR Sof B
of upeto] Zletgkg o 2N EHES AL HHES F 2 191 TARES 2HE5ke] 20061 49 21 EEulo)
W golonne odwdol 44 Fu Wsle] M2 Auel A grsiglon, W YR B4 2§ Ao Ay
CHFE AL Tgo] wat AWE JAAT oY) wel  of sate] ayE|m Qick AukE Ak A&RsE AT
ol Wskel o fw Ao g5t olgE i QUrk? H el 7H S85HA thFolof st A F St Avke
Azof 23 ede=dS A7 A E ATrL &l T2 FYEHE LAEEY &S dSstaL o= QIR A71A
SAE, AR, AEas 50 o] s o AH8=E ¢ Ry 7hsAdol AnH o R A sk Aoty Aute
gof 2 o e A o] G v o 9 5259 59 fpfEel SHEL EARl T dHAo] X1y
FEH w7 Ao HHEA AEEH FHe= =9 AFAIZEOl S8 stz fAEH @
el 2ol o= gt webA EAES] LHHE HdEdo] T FAHORN T o8 =FE A5HA7IH

" Corresponding author E-mail: choy@chungbuk.ac kr Tel: 043-261-3577 Fax: 043-261-3577



862

R BRI TE @k S

o8| - ROlLt - T

AH AN X e JFe F 5 ek
o 537 WS tt 1507 §5H

)
=
g
foj
ut
o
i)
i)

Ir
9‘_1,
e
ofy
2
R
ol
ol
o)
N
o
ru
41
e
o)

>
r
r

Ak AREe] Ao AHAQ AR wAE ALy
A

O~
A=)
offt
)
o}
o
o
o O
o = = o

N
Bt od ot

Ng)

ol
ol
D)

27Fe] s EjF ol A thaFet

L W] 9} 2004E 2 E 2005 7R
Q7o) A E A4 Aito]| =1, COD:= 5
Fol A 20,027~32,383 mg/kge]

s

lo
N o2
= X

N g
oﬁé
o3t

o
=
2

r
f

2

1S
0
(=)
7
[\
=
W
3
~
(é
e

rd
ol
oN

7}
mg/kge] Mo|&, TPE= 7}z 917~1,307 mgke, 1,018~1,599
mg/kgo] M= FAE et o]2jgt AR HE o]F9 &
A=7t ) £47]150 - EE SHE Y= 4
B AL 4 Qe A1) Faio] A7=E IR Aut
3359 3 d5 4 =4 #AeE A3 Al F5S 26
Hrop A71A¢] HUEo] Hagh Aog wekEch

2 dFod= Atese] 4R WA 510%

o] Eeletety 54 24

= 5
o, e el Azl v

o 2 of

=
o,
N
N,
g
offl
>
N
N,
)
X

= loorr du
=
et
rd
oM,
__)N_,‘
>

off %@ > ox

rab samplerg AR2-3}o] 233} 1L, Y
HE ANme SA AFARE A4 AA-E & £4S s
AT A= 20089 9] -9, 84 5Y, 104 104, 114 3
dojglom, 20092 o= 49 11¢, 64 18Y, 84 25
4, 109 9do|qth ARE FUT Fof, S¢o g F& 7}
& F71ES AASKL 7HEA E4skTh 2t A RS
2 mm AH(ASTM EZA| No. 1002 A2 T3t A& Aol

A3t

Daechun
(MK-UP)

Dongjin/ ™
b, 4
7, floodgate M

%DJ-MID)
EX Sintaein

(DJ-UP)

Fig. 1. Map of sampling site, The names in parentheses indicate
the codes of sampling locations,

B Ik QAxte] Ajof wek AU R
A715 AHgsto] &4 s3It AlEA o= 1,000 (#18), 500
(#35), 212 (#70), 150 (#100), 106 (#140) pm =& 2719
BEAZ AL 100 um o]3k] QIARE w7 (Pa-
rticle Size Analyzer; Mastersizer 2000, Malvern Instruments
L. UKE AHgate] #4ehelch E4& Qs et
@ ¢z} 2715 2 (sand, 0.05~2.0 mm in diameter), A4 E
(silt, 0.002~0.05 mm in diameter), & E(clay, smaller than
0.002 mm in diameter)=2 U0 Z}Z+9] H|&-S 13 &, vl
i BoF B2 H(U.S. Department of Agriculture Tex-
tural Classification)o] wg} EF3lo] A3}
pHv= A5 Fdoll FAA7IA 2 A= S/TE H
stol 21get F SASTACHES 2 AT AR, ES 073
02.1). ZF<E 7=k (Ignition Loss; IL)2 FAE A

= EHS =
7HE 7120 YL, 500TCoflA 271 303t 71Eskal 650

o= *
COD e sjFatd s A A7 Eol nhet w45kt
FALL AzE HAE A2 A Kjeldahl AAEAHE o]
Gato] HASHYTE H2 AxE ARE HAtal dgaat
o7 gt & ofarzERA o2 821 FEE 4
stk 2 4(As, Cd, Cr, Pb, Zn)2 E7A|7] A|RE 2
mm A2 AE T, As¢] H9 1 N HCIE §&311eH, Cd,

—_
W

Cr, Pbo] A< 0.1 N HCIZ £2319th, ofdo] 7
mm (#100) AE AL ARE FRIZLVL g
T Ao SEAAE? $2H A RN FF49
& g AstZatRupdbstgE A|(JY-38Plus, ISA Jobin Yvon,
France) o] §-3te] HAjahelet.

_9.—10

o g o
ol

| Joumnal of KSEE | Vol.33, No.12 | December, 2011



KEESE TEERE 3
MZES 72 ok skt ENEC| Selelety S40t 2¥E 2

== =o

3. Za o o Hzo] gAHoR e 279 ARz FAE o] AT
(Table 1). 5179 72}t SRolA AT =HHE 94 B
TR FR7FN A A F S S EAES] pHe 5.12~ o= ukAZF} Zho] BE A R0 EAo| “sand”E H A

AR ST WA AHE o gmo sadmen ek Az silt YAk H1g°
A

24 A, ohp e Wl dees sand & 26 goi0) wiglm Ay wa YFAIY] wbe wolzh w
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Fig. 2. Variation of contents of silt and clay particles in the se- -
diments taken from Mankyoung and Dongjin Rivers, et
Table 1. Percentage distribution of particle sizes in the sediments from the Mankyoung and Dongjin Rivers
) ) Mankyoung Dongjin
Particle size (um)

MK-UP MK-MID MK-DOWN DJ-UP DJ-MID DJ-DOWN
1,000~2,000 17.6(£19.8) 231 (+3.56) 0.06 (+0.11) 16.9 (+18.5) 233 (+18.9) 213 (+2.41)
500~1,000 292 (+11.5) 16.7 (£11.2) 412 (+£6.29) 258 (+22.4) 27.5(+14.0) 757 (+£9.29)
200~500 259 (+15.0) 233 (+14.5) 116 (+£10.6) 8.54 (+8.49) 156 (£11.3) 6.27 (+7.09)

100~200 7.94 (+7.67) 9.14 (+561) 247 (+7.00) 3.38(+2.78) 5.00 (+4.01) 7.49 (+4.08)
50~100 6.55 (+6.57) 10.4 (+£5.40) 25.3 (+9.06) 10.2 (+9.48) 765 (+6.91) 18.8 (+7.64)
5~50 10,6 (£10.3) 30.9 (+16.1) 28.7 (+10.4) 30.0 (+28.7) 171 (£14.7) 478 (+13.9)
<5 224 (+1.83) 7.38(+3.38) 553 (+1.61) 5.21 (+4.48) 3.87 (+£2.72) 9.94 (+3.04)

* Numbers in parentheses indicate the standard deviations
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Table 2, The correlation

analysis of environmental parameters in the sediments taken from Mankyoung and Dongjin Rivers

Parameters pH Silt Clay Silt + Clay IL, COD T-P T-N
Silt -0.042
Clay -0,069 0.920*
Silt + Clay -0.044 1.000* 0,931*
IL. 0.149 0.500* 0.544* 0.506*
COD -0.074 0.678* 0.669* 0.681* 0474*
T-P -0,009 0.792* 0,657 0.786* 0.439* 0.779*
T-N -0.041 0.663* 0.546* 0.658* 0.249* 0.609* 0.856*
Heavy metals -0.044 0.761* 0.631* 0.756* 0.438* 0.666* 0.882* 0.773*
* The values are statistically significant (p <0,01)
14 14
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Fig. 3. Variation of ignition loss in the sediments taken from
Mankyoung and Dongjin Rivers,
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Fig. 4. Variation of chemical oxygen demands in the sediments
taken from Mankyoung and Dongjin Rivers,

s, Bel 617) A5t 3 4% A9l Fadmel ¢
Qe Al 7%k Wi gho] 28] ZAH Uk o] AWE A9
b AlROIA FALEE B 213 (+1.63)% iLlH s 2

50| 24 7)Ze] Ha) % e vehigith
AT ER7F0] B HE 2= COD e Jausa g
Fe vEidla A . 5 sk EldE $ CoD
Baa2 42 1.58 (=1 46), 4.44 (+4.13), 2.46 (£2.08) mg/g-
sedimento] g om, R oR Z2ojA =2 S YEY
Ak 57 Aol AOHET, S5, shiolA 27t 222 (&
2.55), 2.27 (£2.51), 4.78 (£3.66) mg/g-sediment=® =4 =}

o, shFolA w2 ghol 54 = Ik(Table 3, Fig.4). w74

Table 3. Ignition loss (I.L), chemical oxygen demand (COD), total phosphorus (T-P), and total nitrogen (T-N) in the sediments taken

from Mankyoung and Dongjin Rivers

Sample Information IL. (%) COD (mg/g) -P (mg/g) T-N (mg/g)
MK-UP 117 (£0.60) 158 (*+1.46) 0227( 0.162) 210 (£1.20)
Mankyoung MK-MID 3.37(£3.32) 444 (+413) 0,595 (£0.,562) 414 (+316)
MK-DOWN 194 (£0.62) 246 (£2.08) 0.426 (£0.275) 3.84(£222)
DJ-UP 1.73(£1.25) 222 (+255) 0,201 (£0.168) 244 (£211)
Dongjin DJ-MID 177 (£1.73) 227 (£251) 0.325 (£0.379) 287 (+£1,99)
DJ-DOWN 432 (£248) 478 (+£3.66) 0.448 (£0.290) 490 (+£257)

* The values in parentheses are the standard deviations
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7 FX17 B A&=2] COD g2 Aozt gl ALz e
S Th(t-test, p=0.59). A& A3 Al7]o] o HIFE HH,
20080 A3t A|Z2] COD Zre H 0.89 (+0.92) mg/g
sedimentl BFH, 2009 o A FH gt A|2L] HF2 4.36 (£3.21)
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= 20082 2009 Abojof we 9Fo] {-7]Eo] %?JEJ
7] Wl Ao g sk v S0 EHAE
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L
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B2 F 240 SEE B4 FA%) HHgo
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AElew, Q3 A7l D A|Ho] wE o7t & Aem 1
el thFig. 5, Table 3). YA S27}e] 224 w9
B2 Zbz} 3.38 (£2.46), 3.42 (£2.47) mg/g sedimentE %
AR ez Zol7t gl A= UEFtH(t-test, p=0.93). 3]

A7) W3S AR, 20083 2009  of HFH T A=
9] Hato] Z+ZF 1.52 (+0.75), 4.66 (£2.39) mg/g sediment=,
COD =74 ZAolA yepd viel o] 2008d o] H]l 2009
dol lEst 27 kolHee & 4 AN WAL 5
A HAE F T84 55 B 9 HHEY &47E
I vashd, R AlR7E 2EE F4d 71E(1.1 my/e-
sediment)S AF3]5tg o, B A HoA = skl =4
712 mg/g-sediment)S 23}5FATE o]2gt A= o5
Aol HARE BaA(RAdRI} CODR Hrhreh Ak
ol ofgt @Yo AZsHA dojds ozttt ot A}
= YRERE A&HHeR vt fAES oulsh, At
FBY 242§ FaAE daogel 4 e

o

o

0.393), 0.325 (+0.302) mg/g sediment® T+ 733} 52 7}9]
T =9 Aol gle Aoz UEhyth(Table 3, t-test,
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Fig. 5. Variation of concentrations of total nitrogen in the se-
diments taken from Mankyoung and Dongjin Rivers,
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Fig. 6, Variation of concentrations of total phosphorus in the
sediments taken from Mankyoung and Dongjin Rivers,
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Table 4, Heavy metals in Mankyoung and Dongjin River sediments (mg/kg sediment)

Heavy Guidelines* Total Mankyoung River Dongjin River

metals  Worrisome  Measure MK-UP* MK-MID MK-DOWN DJ-UP DJ-MID DJ-DOWN
As 6 (50) 15(150) 121(£117) 110(£1.14) 113(£1.08 133(£124) 109(£110) 1.00(+1.000 156 (=1.45)
Cd 15(10) 4 (30) 0.16 (x061) 0.07(+010) 0.11(x0.14) 011(x015 041 (£142) 007 (x0.10) 0.14(+0.16)
Cr 4 (15) 10(45) 060(+1.11) 145(+242) 054(+064) 053(+054) 030(£040) 0.29(+0.38) 051 (£0.50)
Pb 100 (400) 300(1,200) 4.01(£3.02) 338(+269 4.13(x293) 385(+228) 387(£345 353(+x273) 522(£374)
Zn 300 (600) 700 (1,800) 147 (£17.9) 120(+852) 203(*+19.8) 133(£879 118(£19.8) 169(£312) 146(£9.77)

* The worrisome level and measure standard of soil contamination for the river in the Soil Environment Conservation Act of Korea, The numbers in
parentheses are the new guidelines, which were revised by changing of the analytical methods for heavy metals since year 2010,

** Numbers in parentheses indicate standard deviations,

F34E BAS] R, A ol B dES
L

H|220] A9, F2179] shFel X FFollAl 2008
d 8 5Yof A|F 3 AR A 4.36 mg/kg sediment= 7}
o gol 250, Bded SUNES Ui ¢ 24
5%] gitehTable 4). 7HE5o) o= 20084 102 102
of T ARl AlEfQl A o] -bollA AfFHT Al
A 6.59 mg/kg sediment® thAM7]|ES Zi}sls =& 7lo|
zAE o, ol F FANAIA AT AR BT
¥} 0.12 mg/kg sediment ©]3}He] $-2 Fro] S w o], A
¢l el Ao AREIE o] A ARt B A
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