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a WA FAF g Fel AHD&J e BT T 7 AL FE EAE Felsly] Hste] 20029
59, 84, 19)°] ARE Asio] A, FRULQTHCOD), $E FLAF DN, Silicate)sh F

< AL et A ZAPM 9} ¢ COD, DIN % Silicater 212} 13.08~31.96 psu, 0.12~3.43 mg/L,
001~2.638 mg/L 7721 0.010~3.181 mg/Le] HYE YERZCE 7F 2AF Wi} oD DINS g7t 48t
= W% s AR 7HE =9t °*°k?§%~«1 TE EEE B 3 st} 24ET A AskA A
Alslo] wE G2 W3l AR WS el i, Ao odvo] F& gEiolelA wWilth &5 559
% WE Co 0.006~0.115 ug/L, Ni 0.26~0.114 p.g/L, Cu 0.14~0.93 pg/L, Zn 0.04~0.53 pg/L, Cd 0.010~0.043 pg/L,
Pb 0.010~0.795 pg/L, A7H/d Hg& 0.25~4.16 ng/L3Ath. Cd& A% THE55S WA s34 1 & 3)l
M 7P =A UERRTE ditoR S48 IR GRG0 R ATE Tashs S BYloH, &
& 7190l g JOE DIN ¥ Silicateo] tisto] ko] AeHdE Btk &, Cd FEE dEl g FrE2

Tl

FRE Q] g osie] 70& ol 3L AgRelA wgteh 1180l Co, Zn, Cugl Poe 37 FE5Y Ad#
Jako g Xk sl BE sjolod 2o FEE W) iR 8F 234 kul 34 o] el uur)
oRZF kARt A #4¢ M Lena?d SRR EITH

Abstract — In order to investigate spatial and temporal distributional characteristics of major water qualities in
the Saemangeum area during the Saemangeum dike construction, salinity, COD, dissolved nutrients(DIN, Sil-
icate) and heavy metals were analyzed from the surface water collected in April, May, August and November
2002. The overall value of Salinity, COD, DIN, and silicate in surface waters were in the range of 13.08~31.96
psu, 0.12~3.43 mg/L, 0.001~2.638 mg/L, and 0.010~3.181 mg/L, respectively. The COD and DIN in each sur-
vey showed the highest concentration at the mouth of Mangyeong river estuary(St. 1) where freshwater flow
into the Saemangeum area. The concentrations of nutrients were high in the inner part of the Saemangeum dike
with low-salinity, and low nutrients in the outer part of the dike with high-salinity, which strongly indicated that
concentrations were adjusted by physical mixing. The ranges of dissolved metals and acid-soluble Hg in surface
seawater were 0.006~0.115 pg/L. for Co, 0.26~0.114 pg/L for Ni, 0.14~0.93 pg/L for Cu, 0.04~0.53 pg/L for
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Zn, 0.010~0.043 pg/L for Cd, 0.010~0.795 pg/L for Pb, and 025~4.16 ng/L for Hg. The highest concentrations
of some metals except for Cd were found at the estuary(Sts. 1 or 3). In most cases, a decreasing order of metal
concentrations towards open sea(low-salinity—high-salinity) was observed and showed positive relationship
with DIN and silicate caused by land base pollutants input. On the other hand, due to Cd desorption from sus-
pended solids in saline water, dissolved Cd concentrations were high in high-salinity area and low in low-salin-
ity. In November, Co, Zn, Cu and Pb were relatively high in the northern area of the outer-side of Saemangeum,
which was only influenced by the Geum river discharge. The concentrations of most dissolved metals of this
study were lower than those of the past data in this area, but higher than those in Lena river estuary under the

pristine environment.

Keywords: Saemangeum(*} ¥H), Surface seawater(¥%-5), Water quality(5=3), Dissolved nutrient(-8&3&

BUEF), Heavy metalE2%)
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s Bt gt Thi EgEE Yo g AEE U, &
ol LA A7 5 AAAS gk L @AH o= six}
T A%olr} ¥ TA] 9 AR 8433le] HR) T ALEAAE
o% L3} o]& o] H& Folrhe] F[2001]). ool wet &
A ARE ZF Uzhs SR EX 28 53] 98k A
o] wgd sjictolut sFAGE X0 myste] gt
(Desplanque[1982]; Chowhury[1982]; Cook[1982]). 2] vz}l
78 Ak 2] 2t A3, dieke) wiEo] Wk o}
24 kel S AT Qlo} 7489 AX = Hrleo] g}
1960 ©1%F- F&3 TAI3, ARR13}e] W olote] FAlow =
T 7HgaZe] eAE veRlwA 3 X9 A, g 24
@A) 2 B 24 F o8 X EHoE gXgR | FeAo
SHH R IHE ARglo] Wo] ool Au(solEAETTA}
[1996]).

ghd 7HY Al ket B39 4 SR E ol g5 s
715 Skt (5ol ERETAN1996)), B3 E 94 5A19) 3
¥ AA AQel] X8 wWiiEe] $4F o HEA Rapk Fuiol
TE9] A ot 4 o3tz Qe o] f AL 0]F7] o]
e 5 ATHI[1998]). FUoA Q1F B39 AR A
5130)M A dFEREY 53] AFe o Ay metn
3 vl 2 Ao vl Fe) whe) @43 34 Fol Yehd 94,
5 F4Us, 585 2 EEEE 290 RuggickE 5
[1997]; & 5[2002]; $=81%A74:[1997]; Hyun et al.[2004]; Li
et al.[2004]).

2 AT A A9 ARERAT AL S 537
8 sk A QellA o]Fo|X|& F WA 40,100 ha, 9 W2A 2
o] 33kme] ©|2= AhE FAleltk. 1 Flel= T, ik, A
T, 7t 8 A T EAG AR B, a3 A4 AL B
o] Al AHEHF-ELF[1997]). ©] FHAIL 54, A
829 A FdHE A% AP =l gesle] s 8, =
8] ] WA 7] AE7L, A B v)Fo) w2 A)29)
A3tE 8 T, AR AAA o E e dige] Ha Qloh A

= HEA AE o9 #3 547 £ AFE Felshy) {3t
o] o] A77F FAENE dgF o a7 shtel Al
= HEA WS fr1es A £2 540 512006)), i
4 HAE $9 F7192A 54 X SAF F[2006]),
Nonylphenol¥} IBP2] Al¥7H2] -3 (Li et al[2005]), 7114l
] EE©] F[2006]), TN 3t HAE Fo] 535
EEF S[2003]; & F[2001]) 501 ATt T3 Auk wh2A
Ad A3 5o dutrd 9 JEEe wigle] Ui A7S T
[2008]5°] 1o} o] X|F s} At FGF Fo] FFE Ul
3 A7 wIekst Aot

dukA o2 FFEL AT Fol| Fu|FoE EASIY, +4)
2 F9¥ TEES OIS AR o153 It 5004
9] EAE £, 4A P2 dgEEY, AF5H o B &
AR ofg] 71A] HAol] 2] £Fo2 Ags= o] £
o] Ag A3 FE U} B SFEE yold e FEE
Fol| gJste] Hol AlEe] A1 AgelAl v X9 3¢
& 4o+ 3 &2 2 (Forstner and Wittmann[1981]), %
#] LIS Alge] AZREE % FEoZ 87 715
7= qdct.
i T 3 Qelo] kA Zgshe At AL SF
EEZ ATl Ao B, YUEHF, DOC 59 74 QIAHE0]

#=o] = Aoz Jebd o (Byrd ef ol.[1990], Salomons
and Forstner[1984]; Schindler[1991]; Sharp er al.[1984]), 1= $
alo] A w& Aurt a7 53] 5 Al 3255
9] AEs TS 7] e ARlEge] FAVed Heg
St §lom, FArEs A 83 dskE A 9 Hslel A
% 2 29 e vlAsked AE JAH, AE2A 88 7t
X7} Sk 512002]; Bruland[1983]; Burton and Statham[1990];
Windom et al.[1991a]).

meba] 2 AFoM e o] 23S 4% H2A AP S
T ARk AGelA T2 72 AR FATeS H8E S5
& ZAEAS AXE 3 A3 7 5 RS
A& Telslal, WA ¢y o]F9 #74 W3} v EA 9
HE % 7| HEE gRY BHo7 ATE 33}
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*H“&l A}‘ﬁfﬂ 4 WAl F M TR A, 13
AARE k] AR SEd TR
9] 4,694mi 1991& 1149 2890l FAFE A&l 19984 12
€ 3040 EFHAT} 25(9,936 m), 352,693 m), 45(11,436 m)
HAlE 25 19929 62 1089 FAKE &<r3le] 20093 129
ol £33 clgsta YA WA L] Eeo] H} 45 oln| o]
TRt & 35 EA= 19943 78 259, 435 WEAE 2003
Q62 104, 7891 25 BERAR= 2P h% 2006Lﬂ 49 2194
Edbo} FAL 2EFTh 2A SEE 200282 18 WA
7t olm] FFHUL, 35 WAL Euo|gAl gnE o|Fo|y,
2% Y 45 A9 Edto] FAL o]de] sFeHCH http://www.
isaemangeum.co.kr).

7H e ARl 2002 49, 59, 88, 11890 1318 33|
oM (Fig. 1), EF 9= 2= omu 2z}t 1R S8E Y
Pﬂ Zy ZA} wplc} 5 2o duto g polg RBaksle] xalst
gtk B AT SRS 2L AN AE, 398 el
TEH(COD), 8 FUAF(DIN, Silicate) N2 AF 24549
on, @R thkE A5 (YS1-6600)S o]83te] #4

368 00N
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Fig. 1. Map of sampling stations in the Saemangeum area.

Zoalel B S FE% WL 54 37

, AEE AFHS BE Basio] A9
°@7§%X3M% ‘a’j( N [2005])01] o dZejiow
AA| BTE GF/F ol HA 2 o3t
%H%L?é%?—%wa h;lcﬂl T3 PO% ATt
g vy A AHg Zelodiye pve T
9] pCcte] Tygon tubings ©]83l] 1T & Ag=ollA AL
Ao} Aol =& Y3l £2F E%s W AF35te] PE #
07 olF EAtsle] EepAE Fo BASISTHBoyle ef al[1981)).

HAF AFAE o] %3} Class 100 552] Clean bencht)
ol AL ATEBE pore size 0.4 pm@73 47 mm) PC TolZ1] (Nuclepore)
2 ozl i} RREAS FEjsh § AR IeE
HCI(Merck, ultrapurys 71510 pH 201812 BB,

£ Z34E(Cd, Co, Cu, Ni, Pb, Zn)d] ¥8]-5%52 TdEY
Clean benchlol] Danielsson ef al[1978]2] APDC-DDTC-Freon
SIS T o] F[198918] Rl WO &yl CFC-
113 A AEAZE A= 8= HCFC-141b(CH3CFC12)
& At AMEaIgla, #E-550] E'd F ICP-MS(Perkin
Elmer, Elan 6100)5 ©]§30] S433lc). BE A%k S35 2
AL HiAlE) Yated o] 5119891l wek gAl F ARSI,
A A4S $38ke] NRC(National Research Council Canada)
2] CASS3E 8 B4s1gin). 22 At A& 300mL {2
o Z24E AFHsle] 4AP HCL 3 mLE 718l A5 857
WA oF SR AR O] $5HT B3R F[1998)]), AR FE
7 (Tekran 25002 ©]8-3t CVAFSH O 453t}

Ut NRCE EFE4S #2438 3= Table 19 VeI
o g U 88 FE5Y B4 AEE AS5E % CASS-39
7+ P40 Hit FFE-E PbY 91.7%4 Col 105%2] HAR
on =49 BE 240 HE w5 Best B Ul ol
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20023 44, 59, 84, 1€ AF e A 9 255 o
3 95 COD, DIN, TAME (Silicate)s} E34 4] A3 Table
20 AABIF o, 72 FEEE BEE AEgit)

3.1 98, sIsEAMAQREHCOD), 2227|124 (DIN), FAt
A (Silicate, SiO-Si)2| BE
Ak A ollA GE-2 42 29.31~31.96 psu(ET 31.58 psu),

Table 1. Analytical results of CASS-3 nearshore seawater reference materials for determination of dissolved metals in waters

Element Certified value Concentration measured (Mean + 15D) Mean recovery (%) N
Co (ug/L) 0.041+0.009 0.043:+0.004 105 6
Ni (ug/L) 0.386+0.062 0.394+0.023 102 6
Cu (ug/L) 0.517+0.062 0.520+0.021 101 6
Zn (ug/L) 1.24+0.25 1.29+0.06 104 6
Cd (pg/L) 0.030+0.005 0.031+0.003 103 6
Pb (ug/L) 0.012+0.004 0.011+0.002 91.7 6
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Table 2. General water quality and dissolved heavy metals of surface waters collected in 2002 in Saemangeum area

Month st Salinity COD DIN Silicate Co Ni Cu Zn Cd Pb Hg™
(psu) (mg/L) ) )

April 1 29.31 2.01 0.111 0.023 0.115 1.14 0.90 0.25 0.036  0.050 0.70

3 31.62 1.11 0.004 0.024 0.051 0.46 0.42 0.09 0.032  0.025 0.58

4 31.65 0.90 0.015 0.031 0.054 0.56 0.60 0.08 0.043  0.026 0.45

7 31.88 1.06 0.013 0.010 0.036 0.39 0.33 0.09 0.034  0.025 0.58

9 31.83 1.36 0.010 0.018 0.052 0.47 0.50 0.10 0.038  0.024 0.70

16 31.90 1.09 0.008 0.010 0.023 0.53 0.52 0.09 0.040 0.018 0.58

18 31.90 0.84 0.002 0.017 0.040 0.54 0.58 0.07 0.043  0.019 0.54

22 31.90 0.70 0.001 0.013 0.031 0.46 0.52 0.14 0.037  0.022 0.54

24 31.96 0.57 0.002 0.016 0.012 0.41 0.47 0.13 0.037 0.014 0.54

27 31.68 0.54 0.012 0.014 0.038 0.49 0.54 0.14 0.037  0.026 0.35

29 31.76 1.00 0.004 0.029 0.050 0.48 0.57 0.12 0.039  0.036 0.50

May 1 2418 3.03 1.707 0.141 0.055 1.06 0.79 0.35 0.014  0.050 2.75

3 28.78 1.35 0.219 0.041 0.072 0.49 0.58 0.19 0.026 0.017 0.50

4 30.26 0.94 0.068 0.029 0.069 0.51 0.47 0.18 0.028 0.027 0.38

7 31.04 0.89 0.036 0.026 0.061 0.50 0.49 0.19 0.031 0.075 0.50

9 30.89 1.14 0.028 0.038 0.066 0.48 0.41 0.17 0.031 0.022 0.63

16 31.38 1.00 0.006 0.032 0.037 0.43 0.33 0.23 0.033 0.051 0.50

18 31.29 0.68 0.014 0.026 0.038 0.47 0.43 0.27 0.035 0.026 0.50

22 31.01 0.86 0.015 0.016 0.034 0.48 0.26 0.24 0.010  0.027 0.50

24 31.46 0.37 0.021 0.018 0.020 0.38 0.36 0.08 0.036 0.017 0.50

25 31.05 0.97 0.021 0.015 0.020 0.36 0.31 0.07 0.032 0.015 0.25

27 30.09 0.79 0.059 0.021 0.043 0.32 0.14 0.12 0.030 0.027 0.38

29 30.84 1.06 0.023 0.028 0.038 0.30 0.16 0.15 0.032 0.031 0.25

August 1 13.08 3.43 2.638 3.181 0.047 0.70 0.68 041 0.019 0.019 3.07

3 24.79 0.77 1.039 1.297 0.065 0.58 0.64 0.29 0.042  0.050 1.20

4 28.08 1.54 0.678 0914 0.034 0.37 0.37 0.07 0.035 0.012 1.07

7 29.94 0.74 0.453 0.487 0.025 0.37 0.18 0.22 0.036 0.016 1.07

9 29.76 0.59 0.304 0.372 0.049 0.36 0.47 0.18 0.041 0.019 1.07

16 30.24 1.13 0.020 0.049 0.013 0.29 0.26 0.09 0.027 0.013 0.54

18 30.31 2.04 0.015 0.178 0.018 0.34 0.38 0.12 0.034 0.010 0.40

22 30.48 1.20 0.073 0.443 0.017 0.34 0.33 0.08 0.033 0.012 0.48

24 30.64 0.12 0.115 0.088 0.013 0.30 0.38 0.04 0.037 0.011 0.40

25 30.95 0.15 0.037 0.137 0.013 0.27 0.23 0.06 0.029 0.013 0.40

27 28.72 0.99 0.044 0.184 0.015 0.26 0.35 0.06 0.029 0.010 0.40

29 26.40 1.85 0.013 0.097 0.011 0.28 0.51 0.09 0.019 0.011 0.54

November 1 30.19 2.07 0.499 0.644 0.035 0.77 0.41 0.19 0.032  0.025 4.16

3 30.92 1.45 0.233 0.445 0.025 0.43 0.55 0.07 0.031 0.023 3.04

4 3141 141 0.151 0.407 0.023 0.41 0.55 0.12 0.034 0.033 1.88

7 31.10 1.20 0.217 0.471 0.039 0.40 0.54 0.04 0.031 0.025 2.31

9 31.12 1.13 0.204 0.489 0.028 0.33 0.33 0.06 0.029 0.024 2.22

16 31.46 0.71 0.144 0.316 0.020 0.35 0.43 0.05 0.038  0.025 1.26

18 31.54 0.54 0.149 0.373 0.035 0.41 0.46 0.05 0.038  0.034 0.99

22 31.66 0.65 0.135 0.367 0.018 0.30 0.40 0.08 0.034 0.024 1.33

24 31.80 0.59 0.091 0.256 0.006 0.29 0.37 0.17 0.033 0.015 1.49

27 31.84 0.60 0.103 0.312 0.056 0.38 0.45 0.53 0.028 0.179 2.32

29 31.38 0.51 0.185 0.420 0.042 041 0.49 0.36 0.033  0.091 1.12

*Acid-soluble phase
5¥ 24.18~31.46 psu(BT 30.19 psu), 82 13.08~30.95 psu(Bd  ZAS g UehiwA FA7 o|@T=Aahy} 7P Al

27.78 psu), 118} 30.19~31.84 psuCd<t 3131 psu)2] WA Al &}]9t gdoll= Q<] Hito] TlE ARt} 71 Bu B2H
718 GE9) FAL 4ol 7P w3k, 11900 429 FEe]  Ap= 7P 3 vehdohFig 2). ZE A7 B 104
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Fig. 2. Seasonal average(bar) and standard deviation(line) values of water quality parameters in the Saemangeum area.

7P e dEE YRR ol W% sl A)sle] ot
& ARG ge] FaFd] 248 Sil | WiEolct. 593 ghoj
A 15 32 U5 WA 8 = Se|odo] v)e) v o

5 vehjigls 2oiEas 71502 380.5 mm) °J%" &5
e JERNEA (http:/www.kma.go kr) 3HF SEHS
T = 9E B TV O ARG 2.6~5.48) S718E 8ol
(http://www.yeongsanriver.go.kr) 47 1914+ 13.08 psu® A
ZAAT] T 7P S v YERSITE 88oll: Al Ui
o] B AA% 30 psu 0311, 5T B skt
7 29014 26.40 psuz Tha W2 FE-& vehiQIt) AjuE w
Z2A4 9495 H9E Eeshe AFEAL G AF oA

x] /\] [l

A3 A

52 BAlel 57 shrellA At RNk http//www.nfidi.re kr).
i sHAIR] 8, A 1, 28 A WA B-dS i
9] zle)7} A4 %M ol frAule] @5 & o) A
Holof hzA| FAPE A F el A 7o s 1
o] g3 wFolgt *@ Fert.

COD+= 4¥ 0.54~2.01 mg/LC3T 1.02 mg/L), 52 0.37~3.03

mg/LCBT 1.09 mg/L), 8¥ 0.12~3.43 mg/L(ET 1.21 mg/L), 11
€ 0.51~2.07 mg/LEET 0.99 mg/L)2) MYt IF sras
8%01] 7P =31 1 919 Aol Blsest B FES Bglod,

U 9] 84l 7Hg AA UeRgth(Fig. 2). 2AR7IvR
_Ero] A Vel A 12 7}761— =2 Cops L]—E}LH%-‘:E]] vAS

u&

Fgo 1 7 e 8ol 71 =2 343 mg/l, 5EOIE 3.03 mg/L
= H3 o 1 918 Aol "Eng/LEE}A siokch A 1
= 194 A4 U, 9% 2F EE 1 mgl YY) 55
Ewaiﬁu%, 1199 3¢ 95 6H°ﬂ°l WEET F5EA 2

55 YERSITK(Table 2). CODE AGE-oIA Ha1 @GR
sobr &4 719 QHEA ] JeRS Hhdslar glon, o) di
3} =2 oz & vehdal Qtk(Table 3). Ze 499 4
e 7@@ 19 5= | ]HHQO{ /J_gtq’j_uv‘:_l_ @@‘ﬂ"g By

_>L

Uha Aol E9ia, T 99 A7 AAHoE 18 FEE Y
ettt

| 2, oA, dREE - sk 57714
Z2(DINY 42 0.001~0.111 mg/LC3F 0.017 mg/L), 54 0.006
~1.707 mg/LET 0.185 mg/L), 82 0.013~2.638 mg/LEHT 0.453
mg/L), 11'€ 0.091~0.499 mg/LCAT 0.192 mg/L)S} 5% tﬂﬂcﬂ

o ZF A7 et w499 A9 7P Weker 1 T
593} 11929 oF 1/10, 829 1/26 AEQW, 75 28t g &
F%o] B2 82l 7 ¥ s UeRlth 2FRAR

AF-2 Mgk 7g Ak 88l 7P FA UERATHEg. 2). Hell
A e 2 A 8T Zo] DINS TR 2 A 194
ZAA 7 mpt 7}%““’ FTEE UEHISItE Ao 2 88
e UF A9 2 sy IS5 FEI v ke,
T A7 elle A% i}°1 } UoLt HiFHol 815 a9 rct E}*
steh 1€ WSS F5 xjo)7} 4] °}X1UP 94
2] e TR QU] thE ZAL AR
£ RSiTH(Table 2). Fig. 30+ G537 ok 7u 3
Eligich 2 21719 DIN xSl tisle] &2
AS VERISEE 1189 A HE F2 98 #ele
2 29 A (R=-0964)S R on, GE
Al VRt 8EeE st A s YeRiGIT 4
A (R=-0.984)2 FA 1] 2 7]oj7} Am,
S R=-0.448% HolA|7| % 3}5ith. SRRk A4
ol 2Jsto] DIN 557} Au== 73] Adsto] $4 7
g fadol IA e 5 AAlskar gl olegt
9 FEFe] Ba gizat 838 7R 3 sk W A
71RF 1 ARkl FHE (Y F{2007a]; S EirAT
[2007]), 2] 3 Sl Ak B W ARIA| o] wdstan ¢l
© A =k wiilvlel] gk AR 5 [2007b])e = WL
W up Qick
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Table 3. Correlation coefficients(R) among the water quality parameters

A
i

- 25

April
Salinity COD DIN Silicate Co Ni Cu Zn Cd Pb Hg
Salinity 1.000
COD -0.800 1.000
DIN -0.987 0.810 1.000
Silicate -0.303 0.249 0.218 1.000
Co -0.914 0.849 0.886 0.514 1.000
Ni -0.967 0.778 0.961 0.307 0.882 1.000
Cu -0.841 0.585 0.822 0.422 0.780 0.927 1.000
Zn -0.857 0.527 0.846 0.079 0.663 0.790 0.735 1.000
Cd 0.166 -0.179 -0.131 0.202 -0.098 0.066 0.328 -0.294 1.000
Pb -0.863 0.745 0.833 0.514 0.925 0.803 0.732 0.725 -0.163 1.000
Hg -0.436 0.788 0.459 -0.069 0.441 0.415 0222 0.297 -0.246 0.281 1.000
May
Salinity COD DIN Silicate Co Ni Cu Zn Cd Pb Hg
Salinity 1.000
COD -0.948 1.000
DIN -0.966 0.947 1.000
Silicate -0.949 0.965 0.981 1.000
Co -0.374 0.371 0.225 0.332 1.000
Ni -0.889 0.897 0.937 0.941 0.368 1.000
Cu -0.727 0.708 0.728 0.759 0.549 0.854 1.000
Zn -0.597 0.657 0.640 0.691 0.364 0.777 0.614 1.000
Cd 0.594 -0.593 -0.569 -0.513 -0.198 -0.620 -0.330 -0.584 1.000
Pb -0.203 0.306 0.289 0.329 0.251 0.378 0.289 0.448 -0.126 1.000
Hg -0.915 0.915 0.981 0.975 0.212 0.960 0.737 0.696 -0.565 0.339 1.000
August
Salinity COD DIN Silicate Co Ni Cu Zn Cd Pb Hg
Salinity 1.000
COD -0.775 1.000
DIN -0.942 0.657 1.000
Silicate -0.943 0.693 0.993 1.000
Co -0.531 0.184 0.669 0.656 1.000
Ni -0.863 0.578 0.942 0.943 0.803 1.000
Cu -0.778 0.540 0.688 0.694 0.690 0.756 1.000
Zn -0.820 0.532 0.884 0.865 0.762 0.933 0.654 1.000
Cd 0.496 -0.629 -0.252 -0.269 0.398 -0.048 -0.146 -0.085 1.000
Pb -0.324 -0.085 0.413 0.399 0.820 0.640 0.571 0.602 0.421 1.000
Hg -0.920 0.668 0.979 0.965 0.661 0.903 0.642 0.896 -0.270 0.339 1.000
November
Salinity COD DIN Silicate Co Ni Cu Zn Cd Pb Hg
Salinity 1.000
COD -0.891 1.000
DIN -0.964 0.838 1.000
Silicate -0.940 0.832 0.924 1.000
Co -0.109 -0.006 0.178 0.271 1.000
Ni -0.842 0.753 0.930 0.798 0.322 1.000
Cu -0.096 0.203 -0.004 0.078 0.278 0.123 1.000
Zn 0.257 -0.258 -0.106 -0.178 0.625 0.111 -0.008 1.000
Cd 0.154 -0.241 -0.143 -0.257 -0.405 -0.050 0.117 -0.488 1.000
Pb 0.371 -0.359 -0.257 -0.256 0.765 -0.037 0.088 0.924 -0.443 1.000
Hg -0.818 0.884 0.819 0.749 0.215 0.763 0.058 0.068 -0.515 -0.038 1.000
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Fig. 5. Relationships between general water quality parameters (Salinity, DIN, Silicate) and heavy metals.
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Table 4. Comparison of dissolved heavy metal concentrations of surface waters(ug/L)

Region Co Ni Cu Zn Cd Pb Source

Geum River estuary - - 0.84~1.52 3.35~13.4 0.009~0.032 0.025~0.365 KORDI[1993]
Saemangeum 0.032~0.188 0.32~1.99 0.50~1.93 0.10~1.89 0.004~0.026 0.10~0.177 KORDI[1999]
Lena River estuary - 0.23~0.49 0.36~0.75 0.25~0.66 0.002~0.023 0.002~0.031 Martin et al.[1993]
Bristol Channel & Severn estuary - - 1.7~4.7 - 0.011~0.140  0.020~10.0 Harper[1991]
Saemangeum 0.006~0.115 0.26~1.14 0.14~0.90 0.04~0.53 0.010~0.043 0.010~0.179 This Study
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