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In order to examine the degree of heavy metal pollutions around Samcheonpo and Youngkwang
power plants, marine sediment samples were analyzed to determine heavy metal contents. Some of these
sediment samples were also analyzed by using of a sequential extraction technique to know geochemical
forms of the metals. The results showed that the spatial distribution of heavy metals coincided very well
with those of mean grain size, carbonates and organic matters. The chemical speciaton data using
sequential extraction analysis also showed that a considerable amount of heavy metals except for Mn
were bounded in the residual fraction, which mode of occurrence of heavy metals was generally
interpreted as being the result of the lithogenic origin.
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(a) Samcheonpo
Fig. 1. Map showing the study areas and location of the surface sediment samples.
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(Ignition Loss)e- A27]o) 4 50~60'CZ F23) B A= o
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BAE QNS BE SRARRN EFAR, 24
, TARE o] 83l EAdole A (quality control)g
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(b) Youngkwang

Table 1. Sequential extraction scheme for partitioning of sediment
samples

Fraction Extractant Extracted Component
Exchangeable 1M NaOAc, pH 8.2 Exchangeable ions
Carbonatic 1M NaOAc, pH 5.0 Carbonates

with HOAc
Reducible 0.04M NH,OH - HCl Fe and Mn oxides

in 25% (v/v) HOAc
Organic matters 0.02M HNO;+30% H,0, Organic matters

with HNO,
Residual HNO;+HCIO, Lithogenic material
Zi 9 E9|
EIEE BXQl =N
FRTEAAL FHHG FZHHYEY HYFYEE 0.2~

8.6 ®Z, zzo] 49l Al (gravelly sand)ol| A Y& (mud)7/}7<]
Tt 279 HAE] stk A2 g5 0.1~30.2%,
AABFE 30~87.8%, AEDFZE 17~382%, AEAS
2 29~59.8%= t}orsl QAxle} EAEo] ¥3Flgg o), S1, S8,

S108 AEE AQstus 2 U] A3 HHEo] £x3
Aot JFAE R AL FEEFEY HFYEE 2.8~6.3 0=,

AL AHd(sand)E FAE o] ot SJaiF o g FhaA vt
Zro}lA ALA A E(sandy sil)2 B A Eo| T}

HATHTAL FHINY FFHAH BN ST FED
F2 3.3~114%2 1 Fo] vl ggton, JFdA=eA
& FHsy RFTHA=Y A 13~59%2 AH X v &
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Table 2. Analytical results of surface sediments from Samcheonpo and Youngkwang area
Arca Sample 1L CaCO;, Mz Fe Cd Co Cr Cu Mn Ni Pb Zn PV
D (%) (%) _@h) (%) (epm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
st 75 619 03 =7 - — — - - - - - -
S2 6.1 12.3 6.5 3.6 1.2 7 50 19 502 27 21 64 1.2
S3 9.4 9.6 7.8 5.0 1.6 9 77 22 645 42 25 102 1.7
S4 11.4 11.5 8.0 3.0 1.0 6 68 22 390 32 19 78 1.1
S6 9.8 11.5 7.6 41 1.4 9 77 22 582 42 25 90 1.5
SCP S7 7.2 9.6 8.2 2.2 1.5 7 45 14 472 27 19 63 1.3
S8 33 46.7 0.2 - - - - - - - - - -
S9 6.1 15.5 5.0 1.9 2.0 8 37 13 509 26 21 58 1.6
sio 103 9.3 8.6 21 1.6 11 85 19 555 40 21 81 1.5
si1 112 58.9 29 1.6 34 8 33 12 665 31 27 38 24
Mean 7.9 24.4 5.6 2.8 1.8 8 59 18 553 33 22 72 1.6
In 34 1.7 32 27 0.2 7 51 7 317 26 20 39 0.7
Di 1.3 0.9 2.8 42 0.1 3 23 3 495 13 14 18 0.5
Ref 3.1 1.1 5.4 23 02 5 79 7 232 23 15 41 0.4
C1 59 1.4 5.0 32 0.3 9 89 11 300 34 22 59 0.6
2 3.6 1.1 51 2.4 0.2 5 75 8 112 22 15 41 0.6
YK L1 4.1 1.6 4.4 3.0 02 7 74 9 407 27 19 48 0.6
12 5.4 14 6.3 2.8 0.2 6 73 11 135 13 17 52 0.4
R1 2.2 1.3 28 22 0.1 5 40 4 152 16 16 28 0.7
R2 4.2 0.9 3.4 31 02 8 71 9 519 29 20 65 0.5
R3 32 0.8 3.1 2.4 0.2 6 55 6 90 23 17 39 0.5
Mean 3.6 1.2 4.1 2.8 0.2 6 63 8 276 23 18 43 0.6
Average Crust” 56 02 25 100 55 950 75 13 70
Y PI: Pollution Index
2—: no data(rocky sample)
* Taylor, 1964
3t WEFo] avkA] X Gtri(Table 2). o= 7rAztake] Yo Tasdae gEinE 4Ry sjste] it
T 23 W Xt v 9 HEEA R dnste J«‘ﬁlﬁ Fig. 20 JepfATh A sxe] 45 CO(r"
BEE BRI AL vla) AH o 4y ron  0.15)E dEshel WAL FelskA gort Crr—0.77), Cu(r=
siEn. FAdmet FAgEe] #AE yehd Fig 29k 0.70), Fe(r=0.46), Nir=0.43), Zn(r=0.77) 5 B9} 3jo|:=
Table 3, 4 ME & 4 USO|(AHE, r=042; 33, r=0.68) YAT Yxeo] G vty glon, A7} APalste] ua 4
BT AR g go] Zksh Aol A el A o] ek UuHHQl A4S RAFT Itk ol §)
U glew ol ARE HAE gde 2] 9t 4718 oS3 gpshs oy A7AEd gsME BauEHo &
of o3t dgkow Al FAF O 7 A (Forstner and Salomons, 1981; Horowitz, 1991; =%
Azt Rds FEH0Y FEHAE T @y gge 5, 199), HA R YLt FES w%-@ zAa= £98 o
96~61.9%2 AEY Wl Aow, 55 2y NABl ¥ A4AL GG T Cd, Mn, P F& JRYwS} Lo 4
Eahz AR 50% Ui9le] =& gk uginh o) o) AW #A(ZHZ r=-085, —042, ~0.48)2 Yrhljo] t}2 Fg4g
o AHAT HHE F APLo) Ad WMoz ool gy ASshE PEHE BE AFE Mol glow, iy Fakle)
AEes Bd QU FIL AN Yl 4 2 G S FRACI =09 031 061)% o] o} olF Ha
g Pome 2ye HHBolN 2/ ehid, o ¥ o FHE i TAG o) AuHL YSe d S 9
Eo 542 GRULS WAY 929 WAR BAT 28 2B AT AAE Fo) FE4 Y5t Yuoe v
DA 2 FEAA B & 5 JrhFig. 2, Table 3; 1=-0.92). A ¢] Cr, Cy, Zn(ﬂzJ( r=0.77, 0.72, 0.48)% A&l 1 = vA U
S8 GFUARLH: BEHNAE T vl UL 08~ ek ol o3y FusY FAHAEY A% nRE A
L7%2) §k& 7hA 51 9lom, 1 ko] Mel7E ol ol 583 (sand)olo]X Qmo] mE o] kalA bt Ao se}
B 3PS Holx agivh A0 B ) Yae) £7189) B vehle 39
27 R B 7D 9o o] A9 FEE G ¥
35 e 28y T2 Ut G A HAHE el frls dHel o
2 H4Ro Uehd 3340 BE Y 0 WNE AR 28I IS AARE ZoHTable 4). HAR Yo} £7]
Table 200 ANSIATE ANE Qe FEae) BT GRS 23 FFEV) AT 474 14E § 9 Yo (adsorption)
Cd¥} PbE Aot A 424 Fof A=l MiAglell 2nlx] oA RE sexor 73iA AFE ¥ e)(chemically bonded
£ 5FE0RM 299 98 U a%ee ANz, form)7}4] thea}u] (Saxby, 1969), B4 & the] Co, Cu, Fe, Pb,
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Table 3. The correlation matrix of element concentration and textural characteristics in sediment samples of Samcheonpo

metals against mean grain size of the

Mz CaCO, IL Cd Co Cr Cu Fe Mn Ni Pb Zn
Mz 1.00
CaCO, -0.92 1.00
IL 042 -0.13 1.00
Cd —0.85 0.92 0.07 1.00
Co 0.15 -0.03 0.20 0.20 1.00
Cr 0.77 —0.58 0.33 —0.55 0.54 1.00
Cu 0.70 -0.59 0.27 -0.72 0.06 0.85 1.00
Fe 0.46 -0.47 0.23 -0.55 0.01 0.54 0.78 1.00
Mn —-042 0.51 -0.07 0.67 0.55 0.05 -0.14 0.00 1.00
Ni 043 -0.19 0.52 -0.13 0.67 0.85 0.67 0.56 0.43 1.00
Pb —0.48 0.61 0.36 0.63 0.41 0.03 -0.02 0.26 0.83 0.52 1.00
Zn 0.77 -0.71 0.10 —0.64 0.34 0.89 0.86 0.73 0.05 0.76 0.01 1.00

Mn, Ni, Zn §3F9] 1~10%S =

Hale 4% Jth(Swanson

2 7o a9l AR 2ok

£ 2doz AgHTh £ @

et al., 1966; Hirner et al., 1990).
LARHE WSEIE) FRBAS o 83he] N2 FAD
58707 BolFE PHozA T2 Ao BFHE Zol

TAAE B3

159 TEEYA FFE M= 8UES E‘ﬂ'
AR o2 geotstr] g5ty £4d HHEe Huys, @
9 &, 7972 Ignition Loss), Cd; Co, Cr, Cu, Fe, Mn,
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Table 4. The correlation matrix of element concentration and textural characteristics in sediment samples of Youngkwang

Mz CaCO;, IL Cd Co Cu Fe Mn Ni Pb Zn
Mz 1.00
CaCO, 0.30 1.00
1L 0.68 0.41 1.00
Cd 0.34 0.32 0.83 1.00
Co 0.14 0.38 0.76 0.93 1.00
Cr 0.77 0.23 0.84 0.74 0.64 1.00
Cu 0.72 0.39 0.98 0.86 0.74 0.86 1.00
Fe ~-0.22 (.09 -0.11 0.12 -0.03 -0.33 -0.03 1.00
Mn -0.35 ~0.04 -0.12 0.31 0.27 -0.16 ~-0.02 0.77 1.00
Ni 0.06 0.19 0.55 0.84 0.88 0.66 0.54 —-0.07 0.27 1.00
Pb —-0.01 046 0.69 0.87 0.96 0.46 0.64 0.07 0.28 0.79 1.00
Zn 0.48 0.16 0.88 0.89 0.86 0.84 0.89 —~0.11 0.13 0.70 0.72 1.00

Table 5. Varimax factor matrix of variables and factor score for
surface sediments in Samcheonpo region

Table 6. Varimax factor matrix of variables and factor score for

surface sediments in Youngkwang region

Factor Factor .
Variables Communality Variables Communality
1 2 3 1 2 3
Mz 0.93 0.89 Mz 0.96 0.97
CaCo, ~0.89 0.96 CaCO, 0.19
IL 0.84 0.71 L 0.58 0.78 0.94
Fe 0.63 0.52 0.68 Fe 0.97 0.95
Cr 0.87 0.93 Cr 0.50 0.77 0.89
Zn 0.92 0.94 Zn 0.72 0.60 0.88
Cd —0.86 0.49 0.98 Ccd 0.83 0.49 0.98
Cu 0.85 0.41 0.89 Cu 0.53 0.83 0.97
Ni 0.58 0.64 048 0.98 Ni 0.91 0.84
Co 0.85 0.79 Co 0.96 0.99
Mn 0.90 0.89 Mn 0.89 0.90
Pb 0.71  0.57 0.92 Pb 0.95 0.93
Eigenvalue 581 354 119 Eigenvalue 687 240 116
Percent of variance 484 295 100 Percent of variance 57.3 200 9.7
explained by factor explained by factor
Cumulative percent  48.4 779 878 Cumulative percent  57.3 773 869

of variance

of variance

(Factor loadings less than 0.4 are omitted.)

Ni, Pb, Zno] gek-& W= 3lod R-mode R Q1EA-E AAEY
th 891849 ZAwi= Table 59} 6o VMY OB, 217} 3 7)¢]
fQlew FEAL] 87.8%, 86.9%7F A HACH AHE] A4
Factor 1& &£8219] 484%E M9l 891024, d# Y59}
Fe, Cr, Zn, Cu, Ni¢] gafo] 9lo] w9 =& HAFS B}

T Uz 23 g9lo g AT gH R
B PR E R % GFe) FEE FFe 24
= F8 JAgE Mg DelFn gtk Factor 2= FE49)
29.5%% AHd= 2910 F Co, Mn, Pb, Cd, Niol|A] f-2l3 &
A& BT S FEA oA Mn 2 Pb, Cd, Co:= Cad} X33
o2M B B4 o AHer &9 S gler(Kitano
et al., 1980; Pedersen and Price, 1982; Zhang et al., 1988), o]
& olfr R olE Y] FHE HAB EAshe vty I
o o3} A= vk & = g} o] AR UM AFF )
o Zro] Bl ek o]l5 P4 & AnmaAe olaiA
= 83k 4= lti(Table 3). Factor 32 79 7+8F, Fe, Pb, Cu,
Niol A frost AAEE 2] o5 4o Fibo] #7129 3
Feisto] oMz FFE il 9SS AAEIET 939 4

I~ O
ol g MFEL B
|

o

(Factor loadings less than 0.4 are omitted.)

$- Factor 1-& F8Ake] 573%F AHsls gcloga] 7rdxt
2, Co, Pb, Cr, Zn, Cd, Cu, Niofl §1o] mj$- =2 HAZL B
F)E o] B (o HAR W F54 FIFE 2 F
2% 914 S ukdsta vk, Factor 2= B U9} 270
183 Cr, Zn, Cudll 910 frolsh HAFE Bojx 9lon o=
BHFAE] 213 goloZ A 4 k. A Factor 32 Fe
o} Mool M2t f-o) 3 AA S ebfv, o]E F d4e] A3}
g FEAHOE nFolE o AslEd o 0% FAM]
7Fedt Aoz gadn) o] g 8RR o] A FA] UM A
F3 vle} ol HEdxel 9T FFo] F A BFA FF
20 Fakel glo] 2% AAYE & 5 gom, iy
F718 S et 89 9A FEE5dA gebasiel 9%
& uAE Fa8 AxAE vk s gt

=340 EME
Aol AEA, $ANE A7 Qo] B o] 53}
ol 28& RE ok ol FIFHYLEY PE, oF

(mobility) & AEE-H F4A = (bicavailability) = T 9429
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Fig. 3. Partitionings of sequentially extracted metal contents in surface sediments (S2, S4, §9, S11: SCP/In, Di, Ref: YK).
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