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Abstract : We measured various geochemical parameters, including the grain size, loss on ignition(LOI), total organic carbon(TOC),
total nitrogen(IN), total sulfir(TS) and metallic elements, in surfice sediment collected from 19 stations in Gamak Bay in April 2010 in
order to understand the sedimentary types, the origin of organic matters, and the distribution patterns of alkali(Li, Na, K, Rb) and
alkaline earth(Be, Mg, Ca, Sr, Ba) elements. The surfice sediments were mainly composed of mud. The concentrations of Chlorophyll-a,
TOC, IN, TS and LOI in sediment were the highest at the cultivation areas of fish and shellfish in the northern and southern parts of the
bay. The redox potential(or oxidation-reduction potential) showed the positive value in the middle part of the bay, indicating that the
surfice sediment is under oxidized condition. The organic materials in sediment at almost all of stations were characterized by the
autochthonous origin. Based on the overall distributions of metallic elements, it appears that the concentrations of alkali and alkaline earth
elements except Ba in sediment are mainly influenced by the dilution eflect of quartz. The concentrations of Sr and Ba are also dependent

on the secondary factors such as the eflect of calcium carbonate and the redox potential.

Key Words : Gamak Bay, Surtice sediment, Alkali and Alakali earth element, Biogeochemistry, Sediment type, Oxidation-reduction potential
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Table 1. Analysis results of certified reference materials
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bt 72 A4 YR BAE 8-S Table 29 Fig.
20 YERfI AT

2 2AF S| G A A (Grave) 2] s EHSE A4 9914 051
%E HPom, 1 & HHoA A FEIA] ATt B
TR 049~1556 %(F 3t 387+334 %)= 44 10914 o) =
& Bylom wke] 53304 E4te 5415 dll971A] 2 %mRke]
SAdo] EAEh AlYT B Al E A A 10579 sl HellA]
T2 A v3) tha =4 Vet AESI O] e 348~
70.70 %6(33 1 54331099 %6)2] HAIZ A 10004 7Hg o v
553 B4 ZFor s Fkeke AEs Btk A E(Clay)
9] FEE 28.60~60.81 %6(F T 41.78+9.63 %)) W= ZAAA
< FE Below nhe] BESajgeA il F
SEE Bk 15 429 FHdes A
A Z9] AdER] 7.00~885 (FHt 7.764 @) M2 At} Folk(1968)
o] Bl w} H2E F-3(Sediment type)S A7 1004 Sandy
silt(sZ), 874 1, 2 2 814 Silt(2) & Al&Jshd 7 ARG A ol A
MudM) & 2= 3et Yol thk SAM ] Hsts Aoy,
EHE(Sort)= 253~337 O(FT 283 0) WA= vf$- Bt BF
(Very poorly sorted)S BGt) B8 = -032~141(F 7 041)
HolZ A4 9 11, 15 2 18914 S(Negative skewed, -)2] =5
Bojomw 1 9] AHEA & ) =(Positive skewed, +)E YER
A WEE 1.75~-4.03(F 1 2.44) BAZ FH 904 40302
AR Hls] S8 o2 S (Extremely leptokrutic) %12
W, 71 9] AR BN AR vg) $Yo R v " (Very
leptokuritic)¢] FElS B tHTable 2). o1&+ A3}+= o] S(19%)
o] A¥e} FAFetA

Table 2. Sedimentary texture and grain size for each station

(MESS-3, NRC) St. | Gravel | Sand | Silt | Clay | M Sedim
St. | Gravel | San Silt “lay ean | . .| Sediment
T 0 No.| €0 | ©o | €0 | ©0 | (@ | SO |Skewness| Kurtosis | T
Elements | Certified value| o omon 104 ccovery T | 000 | 051 | 7070 2878 | 700 | 264 | 0 | 242 | 7
(Mean+SD, n=4) (%) 2 000 | 049 | 6763 | 3183 | 742 | 262 | 078 273 7
Stopm) 9511 315 o324 3| 000 | 051 | 3863|6081 | 85 | 306 | 141 267 M
4| 000 | 912 | 5092 [ 3096 | 718 | 300 | 062 240 M
Ba(ppm) - 967+34 - 5| 000 | 864 | 5394 | 3742 | 717 | 284 | 03 237 M
Li(ppm) 73,6452 712493 97+3 6 | 000 | 452 | 4877 | 4672 | 816 | 323 | 020 5 M
7 1 000 | 180 | 6321 | 3499 | 754 | 269 | 069 267 M
Rb(ppm) - 63.9+7.93 - 8 | 000 | 117 | 7023|860 | 714 | 28 | 0% 269 7
Be(ppm) 2.3+0.1 2.18+0.07 05+3 9 | 051 | 402 | 41% | 5892 | 837 | 25 | 015 | 403 M
K% 26 2 6240.089 10123 10| 000 | 1556 | 3483 | 4956 | 789 | 337 | 004 190 M
- 11| 000 | 627 | 2012 | 5461 | 840 | 281 | 02 | 234 oz
Na(%) 16 157059 93+4 12 000 | 154 | 5946 | 3900 | 753 | 281 | 086 | 231 M
Mg (%) 16 1704055 107+3 13| 000 | 236 | 4389 | 5374 | 869 | 258 | 060 251 M
14| 000 | 482 | 5867 | 3651 | 743 | 289 | 013 208 M
a(9 + + +
Ca(%) 1472006 141£0.55 %+ 15| 000 | 318 | 5473 | 4209 | 776 | 281 | 027 | 216 M
Fe(%) 4.34+0.11 4.34+0.12 1003 16| 000 | 224 | 4932 | 4844 | 807 | 2.8 0.76 244 M
Al(%) 859+0.23 8.78+0.59 102+7 17 | 000 070 | 6478 | 3452 | 740 | 253 0.20 2.36 M
18| 000 | 444 | 5316 | 4239 | 75 | 2% | 032 | 210 M
Hg (ppb) 91+9 87+3 96+3 19] 000 | 168 | 5048 | 3884 ] 761 | 2.8 | 0671 | 243 M
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Fig. 2. A ternary diagram of surface sediments in
the Gamak Bay.
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FAHAA 7MY e FEREE B Kao et al (0008 55
ol A TOC 0.07~1.31 % L8] TN 0.01~0.17 % & ¥ af <=}
FAFeFAEE Kang et al.(1993)2 3hikw ¢1oke] F=wol A TOC
0.17~3.44 %2} TON 0.03~0.26 %, Hyun et al.(2003b; Hyun et
al, 2004) & Fg 2 ot Bt 25 FHAES TOC 032~
214 %2 TN 003~0.83 %= Hirste] FALSE 718 F=olth
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Fig. 3. Horizontal distributions of ORP, chlorophyll a,
TOC, TN, TS and LOI in surface sediments of
the Gamak Bay.
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Table 3. ORP, TOC, TN, TS, TOC/TN atomic ratio and

LOI concentrations in the surface sediments of

the Gamak Bay

Station | Chlorophyll a| TOC | TN | TS | LOI |AC/N| ORP
No. (mg/kg) (%) | (%) | (%) | (%) | Ratio| (mV)
1 6.07 178 | 034 | 134 | 111 611 | -169
2 112 140 | 016 | 1.27 87 11021 | 204
3 2.96 09% | 014 | 1.00 77 800 | -180
4 0.35 111 | 035 | 076 6.7 3.70 2
5 082 083 | 009 | 051 77 11076 | -107
6 0.58 080 | 007 | 0.34 6.2 | 1333 116
7 051 070 | 007 | 037 58 | 11.67 122
8 0.69 065 | 007 | 027 50 |10.83 119
9 114 063 | 004 | 027 47 11838 -13
10 058 041 | 002 | 017 51 | 2392 =79
11 0.46 049 | 006 | 0.16 47 11021 115
12 052 050 | 014 | 021 55 417 111
13 0.62 052 | 007 | 028 52 867 104
14 0.35 047 | 006 | 022 48 11097 97
15 061 062 | 009 | 017 59 804 91
16 0.29 0 | 04 | 018 57 | 1575B | 62
17 0.85 064 | 010 | 029 56 747 -34
18 097 083 | 006 | 037 60 | 1614 | -300
19 0.89 063 | 006 | 028 59 | 1225 | -119
min 0.29 041 | 002 | 0.16 47 370 | -300
max 6.07 178 | 035 | 184 | 111 | 2392 122
avg 107 076 | 011 | 047 6.2 11.08| -18
Sd 1.34 035 | 009 | 045 16 494 133

3 W AEEg=E
HFea 2 Ak deE eV A e 28a uy
7152 A7 2 53 5ol JrvHRomankevich, 1984; Lim and
Hong, 1994; Choi et al, 2006). f71& < 1201749 &2 C/N 947H]
= 54 714 7189 52 7199E e aL(Lignin C/N atomic
ratio 1500; Greaves and Schwartz, 1952), 6~9+= Al &ZH =
(Phytoplankton)2] Helol™ 5~12 A% kS 7Hd A 3|9 2A|
A& % H¥d 77 IEdYE ngrhKukal, 1971
Muller, 1977; Holligan et al., 1984; Stein, 1991; Hyun et al., 2003b;
Hyun et al, 2004). $HH 26~4.39] 2+ O/N Hlghe dart F533t
W globyd S EolA &8] YEhv= gho R 5olate) sidate
w2 ON |3 37715 5 ghHglole] &2 7|o1E YEll&
AR o] ¥ HLee and Fuhrman, 1987).
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Fig. 4. Plot of TOC versus TN for the surface sediments of
the Gamak Bay. The terrigenous and oceanic sources
are shown as solid lines, the Redfield ratio is shown

as a dashed line.
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Fig. 5. Plots of ORP, chlorophyll a TOC, TN and TS

versus LOI, and LOI versus Al for the surface
sediments of the Gamak Bay. The regression lines
are shown as solid lines. The 95 % confidence limit
is shown as a middle dash line, and prediction limit

is shown as a long dash line.
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Table 4. Al, Li, Na, K, Rb, Be, Mg, Ca, Sr, and Ba

concentrations in the surface sediments of the

Gamak Bay
Sto| Al Li Na K Rb | Be | Mg | Ca | Sr | Ba
No. | (%) [(pm)| (%) | (%) |(Epm)|(ppm)| (%) | (%) |(ppm)|(ppm)
1 [8Y | 808 | 321 | 236 & | 261 | 149 | 161 | 118 | 640
2 1868 | 8.7 [ 317 |23 | 122 | 258 | 151 [ 236 | 1& | 68
3 |87 | 8l5 | 331 | 247 | 102 | 273 | 150 [ 069 | 117 | 708
4 |82 |0 [ 271 | 215 | 109 | 241 | 134 504 | 24 | 702
5 | 877 | 814 | 261 [ 220 | 116 | 264 | 1.4 | 228 |15 | 790
6 | 845 | 775 [ 301 | 221 | 106 | 265 | 1.37 | 146 |1584 | 777
7 1864 | 737 [ 294 [ 236 | 118 | 269 | 142 [ 130 | 149 | 815
8 | 817 | 662 | 270 | 231 | 113 |25 [ 132 |13 | 14 | 83
9 | 787 | 629 | 274 | 228 | 109 | 252 | 129 | 128 | 150 | &42
10 | 778 | 397 | 269 | 232 | 107 | 243 | 124 | 245 | 210 | 84
11 | 782 | 612 | 287 | 224 | 110 | 248 | 128 | 179 | 176 | &47
12 | 831 | 686 | 290 | 228 | 116 | 267 | 1.38 | 1.9 | 180 | 819
13 | 859 | 663 | 297 | 235 | 117 | 264 | 141 | 165 | 173 | &42
14 | 813 | 648 | 302 |233 | 116 |25 | 1.34 | 181 | 161 | &b
15 | 845 | 687 | 2% | 234 | 120 | 260 | 141 | 200 | 155 | 815
16 | 857 | 699 | 234 | 243 | 123 | 2638 | 142 | 1.74 | 198 | &9
17 | 828 | 700 | 28 | 237 | 122 | 274 | 142 | 150 | 153 | 815
18 | 824 | 680 | 28 | 239 | 120 | 260 | 141 | 149 | 145 | 800
19 |89 | 711 |29 | 249 | 126 | 279 | 147 | 159 | 142 | 86
Min. | 778 | 597 | 261 | 215 & | 241 | 124 | 069 | 117 | 640
Max.| 8% | 815 [ 331 [249 | 126 | 279 | 151 |54 | 24 | &5
Avg.| 840 | 709 | 291 | 233 | 114 | 261 | 139 |18 | 164 | 7H
Sd | 036 | 70 | 019 | 0.09 91010 | 008 | 087 29 64

Al (%)
34" 45'N

Yeosu-city

34° 40°'N

34° 35'N

@%@};@@@ A

T
127 40'E 127" 45'E

Fig. 6. Horizontal distributions of Al in surface

sediments of the Gamak Bay.

3.4. &z A oyAE| EFS L9 I X
Zhet #3H 4w T G 2 G Eud 940 vt
WEEE Table 49} Fig. 7 2 Fig. 8o Wehi2ich. =& Martin
nd Meybeck(1979)] o] s} waiel 733} shd& SeiA sfjFoz
E= 7] daEe] FH =91E Table 5ol YehliSic 471
d7te] Edd 94 F Ca>Na>Sr 50~90 %, Li>Mg>Ba>K

QO

52 Jo

H4g 5 9w % o

10~50% , Rb 1~10%7} 43} sbds Edtod sdo= feiwoixich

Na2 |48 A &S Fevishyt vlaws] g fshks ol &3t
I, S Bal & AR o)lsHY, aANeREE T2 A
SHEQl AN g, 314 Sl Z3lEo] flEE Ao A
ATHBowen, 1979). 7HRF REE A E 5 HEFS] v%+ 261~
331 %(H3 291+0.19 %)) B2 FIHEEE Sand F=7F 7HE
=2 A 10014 7 wtar whe] B delA 7 =1 553
U0 8 HAap Frbske MAMAE Y] FEEVE ASS BAth £
AT G vt F9 e Fx 2 HaE 91314 Table
el o] 3t

o ATApEe] ATANE soksarh BANA w9
s, Seube e HAE Ueld S Welel 1)
A 9w, ko] v ATl
G491 A7k 74 Ahz el 2lekBowen, 1979).
15 T K9 s%+ 2.15~249 %3+ 2.33+0.09

24 A7 4004 713
ugom gl wel SRl i b e

ve s

AT FE AH 1904 M B s RYoy 7 AHT
TEAE A @3tk E AT v 79 sdY R
v w4 afellA FEHLle H3] =i, et Adal EXE
el 5= Heeks AR FE5 2Tt Table 6). Na?t K&
22 AEe] 47 YaRA T2 PR ol mE 1 st
W3R T Na> AFgA 9] gaks, K2 Ao a8 weths
oA ik

Table 5. The Dissoved Transport Index(DTI) in global river
water(Ranked Martin and
Meybeck, 1979)

in decreasing order;

Percentage(% ) Elements
50~90 Br, I S, Cl, Ca, Na, Sr
10~50 Li, N, Sh, As, Mg, B, Mo, F, Cu, Zn, Ba, K
1~10 P, Ni, Si, Rb, U, Co, Mn, Cr, Th, Ph, V, Cs
011 Ga, Tm, Lu, Gd, Ti, Er, Nd, Ho, La, Sm, Th, Yb,
Fe, Eu, Ce, Pr, Al

Table 6. Comparison of elemental concentrations in the
Yellow Sea sediments(CYSM : Central Yellow Sea

Mud; SEYSM, Southeastern Yellow Sea Mud;
SWCIV], Southwestern Cheju Island Mud)
Elements Yell(:W Sea | Yellow zSea CYSM® | SEYsSM’ SWCIM'
Shelf” (n=64) Shelf (n=4) (n=20) (n=4)
K% 1.9(1.1-2.9) - 2.94(0.15)| 2.9(2.2-35) -
Na(%) 1.6(0.6-2.2) - 1.08(0.11) | 0.8(0.4-1.4) |0.48(0.47-0.51)
Ca(%) | 2.7(05-235) | 2.1(0.2-74) [0.95(0.12)| 0.7(0.3-2.9) |5.50(3.46-8.66)
Mg(%) | 1.2003-19) | 1.100.1-22) | 1.6(0.05)| 0.6(0.2-1.7) |0.69(0.56-0.76)
Al(%) 6.1(32-55) | 6.8(32-11.2) |859(0.03)| 5.8(4.1-88) |0.49(0.11-0.77)
Ba(ppm) |512(360-1510) | 555(315-816) | 447(0.02) | 648(436-783) -
Sr(ppm) | 194(134-380) | 208(133-488) | 140(0.06) | 178(134-210) -

' Zhao and Yan, 1994; * Kim et al., 1998, 1999; * Cho et al,, 1999; * Youn and Go, 1987.
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Fig. 7. Horizontal distributions of Li, Na, K and Rb
in surface sediments of the Gamak Bay.

Be (ppm) Mg (%)

34 45'N o 34 45N

Yeosu-city Yeosu-city

34 40'N o 34 40N

£ )/
— F
N
s s
M

[ e J2
aed

34 3N o 34 35N o

127° 40'E

sr(ppm)
Yeosu-city
A0 o
o
e

127 45'E

34 45'N o 34 45'N

34 40'N o

34 40N |

38 36N o 34 35N o

34 45N

34 40'N o

34 3N

Fig. 8. Horizontal distributions of Be, Mg, Ca, Sr and
Ba in surface sediments of the Gamak Bay.
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1 1% H4%E oA Li Na, K, Rb, Be, Mg, Ca, Sr,
Badl £E 2 2dsh= 29lS detstr] flelA] Table 79 &7}
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Fig. 9. Plots of Li, Na, K, Rb versus Al for the surface
sediments of the Gamak Bay.
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Fig. 10. Plots of Be, Mg, Ca, Sr, Ba versus Al for the
surface sediments of the Gamak Bay.

7heahet 235 A Eo) 4 Li, Na, K, Rb, Be, Mg¥} Al Ao
ATTBAE r=0.71(p<0.00D) o] o2 thao] B4k ANk o] &
die] xS AR Ul 21S H-E YR S A
4] & 3HQuartz dilution effect) 2 AZFA T} Li/Al H= A efH
27 B (West Pacific brown clay) Well42] H](Li/Al=8.82) ¢}
- FARSE 3s ETH Na®h Al Alel9] Azl 22 Al
S HlE| Nao] wx7t vt A4 55 AlQJshd r=0.73(p<0.00D)
o, Na/Al H]&= - oS A ZHUpper continental crust) 7t

lo

of2 i

O

A= 2E Al w0l vls) Kol g7k sh2 43 1, 4,5 3 6=
A Q)3 r=0.79(p<0.001) o.M, K/Al ¥]i= Z= 55 Mud®
Bt v(K/AIF0287) ) w9~ AR 78 Both Rba} Al ARel<]
FEAAE 22 Al Feo) vlE] ZhF o2 Rbe Tt W
A 1,3 2 69 37 AL ALk r=0.71(p<0.001)%12.H, Rh/Al
H]&= AR )5 %] ZHUpper continental crust) ¥ H][Rb(ppm)
/AI(%)=13.93)1¢} 28I Bext Al Abole] AdaAl=
r=0.71(p<0.001)3 2™, Be/Al H]E= 5= 155 Mudd HAHE
A3t ¥l (Be/ADx10°=0.3172 ll9- FAME 348wk Mgt Al
Atol o] A= r=0.92(p<0.0001) 2™, “3- thE A ZH(Upper
continental crust)®] ¥ H] Mg/Al=0.165%} vll$- F-AFSE k&
R AtH(Table 7).
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“able 7. Comparison of correlation coefficient and ratio of
alkaline and alkaline-earth elements to aluminium
of the surface sediment in Gamak bay and
reference sediment

Qorr@ajaon Reference sediment,
Elements | coefficient . References
elements/Al ratio
to Al
. West Pacific brown clay,
Li 0.79 Li/AI-882 Zhao et al.(1995)
N 073 Upper continental crust, Taylor and
4 ' Na/Al=0.359 McLennan(1995)
Mud of continental shelf
K 0.79 sediment of China, Zhao et al.(1995)
K/AI=0.287
Rb 071 Upper continental crust, Taylor and
’ Rb(ppm)/Al(%6)=13.93 McLennan(199)
Mud of continental shelf
Be 0.71 sediment of China, Zhao et al.(1995)
Be(ppm)/Al(%6)=0.317
Mg 0P Upper continental crust, Taylor and
’ Mg/Al=0.165 McLennan(199%)
ol9}i= WHIZ Ca, Sr ¥ Ba®l 7% 4Fvsy & FAA4E
Holx] gqeth Zdwe] A9 sdg Al w50 Hl3] =2 v5E
Hol= A4 24,5 2 107 54 Al =0 v @& 555
Holi= A 35 Al9)5hA Zhao et al.(19%)°] 8131 Aejg o 24
Z E(West Pacific brown clay)oll412] Ca/Al ¥](Ca/Al=0.2)9} vi-$-
AR ghs Barh 53] ol& AL F(Oyster) 2 XIFHA
(Musse) 59 o7 2o 2hale A5 s ALk P
o] Qe Ao R FHH T ~EREF(Sr)9 29 Y Al
F&of HlF) Sre] wE7F =2 4H 4 9 107 Srel FEF v
A1, 3 2 195 A3 Zhao et al.(199%)¢] 8131 = &5

Mud®] B Sr/Ale] HI(Sr/A1=20.68)9F v-$- W3 v S B yiTh
HHE(Ba)2] 49 Taylor and McLennen(1995)0]] 8131 AH5-
A1 Z+(Upper continental crust)®] 3+t H](Ba/Al=63.41)°l H]3l &
AL Aol A =2 3 Below, Ba¥t Al9) aAlE thae]
Ak AT AFAAG r=-056(p<0.014) 2.2 I 4TAAAE AT
Ca, Sr % Ba®] 4% S8 E 9 sl571d 52 59 o1#A<
82elo) 93| =4 ojd 4 JtHCho et al., 1999; Yang et
al, 2003). o] 9Joll= FEeH o2 et HE 2 e A7t
ZE YRl 5 itk o] AL kbl o)t
o]t} Zhao et al.(1989%; Zhao et al., 1989b)
galo] &AM 454 719 A A EANA 2 K3

.tlm

r_{

o
M,
<
it
o
off

Rbel Z71= ¥tk el 2 Aol e flold gt
o} Zo] K & Rbe| 79~ Alef] ofgh A3 8]4 2]} djf-2-2] 3o
Al dxEie, B g Ao G A MR ofefof Fole
RO Z Mol FAL EABIA &E oz A4He 1yuz
Ca, Sr ¥ Ba?l sk X+ K3N7=

= g
o

F 7oz Az,
2 202, 72 45~
2 5252 A3lEt

Qﬂ_{u

lo
\4

Turekian(1964)-& 3ll<~
&, A= 20, AAT=ES

ol A (Sr/Ca)x1
375 :IELL /‘\310

1 %

oO{N

A

:|:‘4
-

SO
jaleA

o 2
& -7 ]—_l—.

F 414

A F72 f-F=(Foraminifera) ¥ 32 =(Coccolith) & ZA
=98-S B 3193, Taylor and McLennan(1995)& A5 o) &

A
A2k ol St w5 1] 16795 Hasklth & Aollr 24k
et o] (Sr/Ca)x10” W] ghe di-ite] oA A5 ol A2t

116.73 FrAFst 2™, Sand®] &%=7F 8~15%%1 84 5, 10 %
15, A E=e] FErh BhaL Silte] F5=7F 70 9% FE=]l A 13} 20014
Gy 121 ol A Sr/Ca Hl9F fr&3FolA Bl gk Ul
AABHE AR Hof o]F o5 Aie] 3 FHE RAFL
o), 24} 47 490 v AR Dm0
S _
Hle} FAeE ghS B ok(Fig. 11).
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Sr/Ca=116.7
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—~
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z °, |§ e
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(7] OSt. m o /// - o o
o/ o o~ st.2
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Fig. 11. Plots of Sr versus Ca, Ba versus Sr, Ba versus
Ca, Sr/Cax10° versus Ba/Cax10° for the surface
sediments of the Gamak Bay.

Bad] A¢ 718 &7t =& AHEAA w57 =2 AES
Byon, fr)Ee 1%&1 1A, A, 3 9 AdzkE
FAT r=-0.84(p<0.001) ©]/3<9] S g AFIBAE Hol=
Ao Hol A7 dld F44 Barite)2] A 7FsAd o] vl
Eo o2 A7 o] FRIEY| $l5te] Ba¥l Sro] IS
Felet Ad A FE7F =2 AA 4,6 2 107 A3 SA4EE
HolE AL 4H 25 A9)eh Bad} Sr& 22 x| 318HA 1h4o
oA F&= Fx7F 44" Aotk

aHez Sro] A9 I3 1S ALjstar @ikl s g
o3 FE BV AAEE Aoz ALEeR o) FRIsh] fl5)
o] Fig. 119 Ba¥} Ca2] H##AE =48 A Apde] 527}
E2> A AA 4,5 % 1087 7o) 55396 Akt A7t
e 74e g EHE Hol= A 1,2 2 32 Alld FHENA
Taylor and McLennan(199%5)°] 813l g )5 X7} oA Ht

H](Ba/Ca=183.3) 240 4she Ao Kol o]5 Aol Srat
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f4870] A FHoA AGsA A4 o] Hrahs 54
HAKAEA 1,5 4 6).

ohzbhe] Edd 94 F (Be/ADx10°=0.317 2 Mg/Al=0.165%
747k Far 5% E - oA 9] u] 2 AN o) X7} ek fAE
oz A AL GHolA] Ao 8|4 g3} ofgt BEEALS B
Ca 2 Sro] 4% A9 v} =8 AHET SEiel AHES
AeehA 242t e ZAAE D T3 5 H4E oA
H o} FALSE Ao 2 Hol o5 ARE A9 84 gl 93]
U o2 FEIF BEEE A0 Holi, Bad A9t A
314 gylol= Faety f7183 Fo3 Jo] U Hole
Ao wol 719l FHH (Barite)o] EAlsHE Ao HolA|H,

o5 YAEY BXEE AAsR= o]x}A Q20072 SpfCa W Balla
o] ZFBAAY vl et Aol g S Hole Zi—i Hol gt
o 3] g3 (Carbonate dilution effect) 2} 23} A Lol o 3¢
o] A9 slekA Agol gt kel oA F= l"f_r;i_ } 24
= Aow wolt
INCIE
2 A= FHEE RRDIAIQ] Faf s 3 A 2HA

(RP-2012-ME-013)2]

Aoz FaH Aoz @
Hza) 4 APEAA g

T 11S A 4A A=

oJ}oﬂ 45

Ay,

kd

=

A0
ro

[1] ESSH-(2010), %274 <, pp. 201-282.
(2] A8, E54, AL, o1, T8, HAEH@0), 7hte]
AR ol F (Bivalvia)w H o] A7HAE. =34

2=
=834 #2694, A4=Z, pp. 279-291.
714w

H

> BAI A7

I, o), fre, AYE, A4S, o) E-82006), 7t
AR o] B, ebal| 4hE 3ats] A, A9, Alds, pp.
[4] A3ul, B89, AE HA9-A, ol 4%, ©]-8-3K2010), 7Fwt
T3 27| S5t B4, S ks
A6, A3, pp. 241-248.
(5] Bte3d, #°321(2002), 7H4ek 3
Agk AT, 3P A=A, #1204, A4S, pp.

HAka

124 oﬂ
378-385.

[6] 213, e, o] B E, ABFAK), ALH FA4F Fus)e
o 53} FEHAE BAEA, BRRetE A, AW, A5
<, pp. D77-588.

[7] o&g) o|Ax olxt, AHE, T4%1, =, Charles

Tilburg(008), 41229 AEeka) gheel o|5 helut o5
K9] A%y W) 3, Apa i FAgle) uA 293,
sk 3hd haks] 7], A7, A9Z, pp. 969-980.

[8] &1A12000), o154 EA A5, pp. 127-132.

[9] o179, ZTFON1900), 7ehbe] 48} QERE, B4
3]A], #2394, pp. 25-39.

[10] o], 2497, 87BN, F A 0] 72T,

£

ke akal 3| 2| A|244, A1E, pp. 39-51.
[11] o7, S, AFF(19%), 7I7 E2HHE 54 2 HE
FE, strx| ksl #] 4167, A6Z, pp. 477-488.

(12] AP =(1982), A 54 A9t FAold 715304 9 A9 F
of ##3sk FA} pp. 7-39.

[13] Ackerman, F., M. Bergmann and G. Schleichert(1983),
Monitoring heavy metals in coastal and estuarine sediments
a question of grain size: <20um versus <60 um.
Environmental Technology and Letters, Vol. 4, pp. 317-328.



b

[14] Bertine, K. and E. Goldberg(1977), History of heavy metal
pollution in southern California coastal zone-Reprise.
Environmental Science and Technology, Vol. 11, pp. 297-299.

[15] Bowen, H. J. M(1979), Environmental Chemistry of the
Elements. Academic Press, London, p. 333.

[16] Bruland, K. W., K. Bertine, M. Koide and E. Goldberg(1974),
History of metal pollution in the Southem California coastal zone.
Environmental Science and Technology, Vol. 8, pp. 425-432.

[17] Cho, Y. G., C. B. Lee and M. S. Choi(1994), Characteristics
of heavy metal distribution on surface sediments from the
South Sea of Korea. J. Kor. Soc. Oceanogr, Vol. 29, pp. 338-3%6.

[18] Cho, Y. K, and K. Y. Park(1998), Heavy metals in surface
sediments of the Younsan Estuary, west coast of Korea.
J. Kor. Environ. Sci. Soc., Vol. 7, No. 4, pp. 549-557.

[19] Cho, Y. G., C. B. Lee and M. S. Choi(1999), Geochemistry
of surface sediments off the southern and western coasts
of Korea. Mar. Geol., Vol. 159, pp. 111-129.

[20] Choi, M. G., H. B. Moon, S. S. Kim and J. S. Park(2005),
Evaluation of sewage pollution by coprostanol in the
sediments from Jinhae Bay, Korea. ]. Kor. Fish. Soc., Vol.
38, No. 2, pp. 118-128.

[21] Daskalakis, K. and T. O’Conner(1995), Normalization and
elemental sediment contamination in the coastal United
States. Environmental Science and Technology, Vol. 29, pp.
470-477.

[22] Ebbing D. D and M. S. Wrighton(1990), General Chemistry,
Houghton Mifflin Boston, p. 1035.

[23] Emelyanov, E. M. and K. M. Shimkus(1986), Geochemistry
and Sedimentology of the Mediterranean Sea. D. Reidel
Publishing Company, Dordrecht, p. 553

[24] Finney, B. and C. Huh(1989), History of metal pollution in
the Southern California Bight: An update. Environmental
Science and Technology, Vol. 23, pp. 294-303.

[25] Folk, R. L and W. C. Ward(1957), Vrazos River bar. A study
in the significance of grain size parameters. J. Sed. Pet., pp. 3-26.

[26] Folk, R. L.(1968), Petrology of sedmentary rocks. Hemphills's,
Austin, pp. 170-184.

[27] Greaves, C. and H. Schwartz(1952), The chemical utilization
of wood. Department of Resource Development, Forest
Branch, Ottawa, p. 28.

[28] Goldberg, E,, J. Griffin, V. Hodge, M. Koide and H. Windom(1979),
Pollution history of the Savannah River Estuary, Environmental
Science and Technology, Vol. 13, pp. 583-594.

[29] Grant, A.(1990), Multivariate statistical analyses of sediment
analyses of sediment geochemistry. Mar. Pollut. Bull., Vol.
21, pp. 297-299.

[30] Guo, T., R. D. Delaune and W. H. Patrick Jr.(1997), The
effect of sediment redox chemistry on solubility/chemically

O- /\a
RN =M<han

active forms of selected metals in bottom sediment receiving
produced water discharge, Vol. 4, No. 3, pp. 165-175.

[31] Hanson, P., D. Evans, D. Colby and V. Zdanowics(1993),
Assessment of elemental contamination in estuarine and
coastal environments based on geochemical and statistical
modeling of sediments. Marine Environ. Res., Vol. 36, pp.
237-266.

[32] Holligan, S. G., Montoya, J. L. Nevins and J. J. McCarthy
(1984), Vertical distribution and partitioning of organic carbon
in mixed, frontal and stratified waters of the English Channel.
Marine Ecology Progress Series, Vol. 14, pp. 111-127.

[33] Horowitz, A. and K. Elrick(1987), The relation of stream
sediment surface area, grain size, and trace element
chemistry. Appl. Geochem., Vol. 2, pp. 437-445.

[34] Hyun, S., J. W. Choi, J. S. Choi and T. Lee(2003a), Surface
sediment characteristics and benthic environments in the mouth
of Jinhae Bay, Korea. ]. Kor. Fish. Soc., Vol 36, No. 6, pp. 700-707.

[35] Hyun, S, T. Lee, J. S. Choi, D. L. Choi and H. J. Woo (2003b),
Geochemical characteristics and heavy metal pollutions in
the surface sediments of Gwangyang and Yeosu Bay, South
coast of Korea. J. Kor. Soc. Oceanogr., 8, pp. 380-391.

[36] Hyun, S., T. W. H. Paeng and T. Lee(2004), Characteristics
of surficial sediment and benthic environments based on
geochemical data in Gwangyang Bay, Korea. Kor. J. Environ.
Biol,, Vol. 22, pp. 93-102.

[37] Ingram, R. L.(1971). Sieve analysis. In Carver, R. E.(ed.),
Procedures in sedimentary petrology, Wiley-Inter Science,
New York, pp. 49-67.

[38] Kang, C. K, P. Y. Leg, J. S. Park and P. J. Kim(1993), On the
distribution of organic matter in the nearshore surface sediment
of Korea. Bull. Kor. Fish. Soc., Vol. 26, No. 6, pp. 557-566.

[39] Kang, H. J. and S. K. Chough(1982), Gamagyang Bay,
Southern Coast of Korea: Sedimentation on a Tide Dominated
Rocky Embayment. Marine Geology, Vol. 48, pp. 197-214.

[40] Kao, S. J., F. J. Lin and K. K. Liu(2003), Organic carbon and
nitrogen contents and their isotopic composition in surficial
sediments from the East China Sea shelf and the southern
Okinawa Trough. Deep-Sea Research I, Vol. 50, pp. 1203-1217.

[41] Kim, G. B, H. S. Yang and Y. Kodama(1998), Distributions
of transition elements in the surface sediments of the Yellow
Sea. Cont. Shelf Res., Vol. 153, No. 1. pp. 1-10.

[42] Kim, G. B, H. S. Yang and T. M. Church(199), Geochemistry
of alkaline earth elements(Mg, Ca, Sr, Ba) in the surface
sediments of the Yellow Sea. Chem. Geol, Vol. 153, pp. 1-10.

[43] Kruaskopf, K. B.(1982), Introduction to Geochemistry.
McGraw-Hill, p. 617.

[44] Kukal, Z.(1971), Geology of recent sediments. Academic Press,
New York, p. 490.

_12_



7hept

b
ol

[45] Lee, S. H. and J. A. Fuhrman(1987), Relationship between
biovolume and biomass of naturally derived marine
bacterioplankton, Applies and Environmental Microbiology,
Vol. 53, pp. 1298-1303.

[46] Lim, H S. and J. S. Hong(1994), Ecology of the
macrozoobenthos in Chinhae Bay, Korea. 1. Benthic
environment. J. Kor. Fish. Soc., Vol. 27, No. 2, pp. 200-214.

[47] Loring, D.(1990), Lithium A new approach for granulometric
normalization of trace metal data. Marine Chemistry, Vol.
29, pp. 155-168.

[48] Luoma, S.(1990), Processes affecting metal concentrations
in estuarine and coastal marine sediments. In: Furness, R.
and Rainbow, P. Editors(1990), Heavy metals in the marine
environment CRC Press, Boca Raton, FL, pp. 51-66.

[49] Martin, J. M. and M. Meybeck(1979), Elemental mass balance
of material carried by major world rivers. Mar. Chem., Vol.
7, pp. 173-206.

[50] Martin, J. M. and M. Whitfield(1983), The significance of
the river input of chemical elements to the ocean. In: Trace
Metals in Wea Water edited by Wong, C.S., E.A. Boyle,
K.W. Bruland, J.D. Burton and and E.D. Goldberg, New
York, Plenum, pp. 256-296.

[51] Morse, J., B. Presley, R. Taylor, G. Benoit and P. Santschi(1993),
Trace metal chemistry of Galveston Bay: Water, sediments and
biota. Marine Environmental Research, Vol. 36, No. 1, pp. 1-37.

[52] Muller, P. J.(1977), C/N ratio in Pacific deep sea sediments;
effect of inorganic ammonium and organic nitrogen
compounds sorbed by clays. Geochim. Cosmochim Acta,
Vol. 41, pp. 765-776.

[53] Olmez, I, E. Sholkovitz, D. Hermann and R. Eganhouse(1991),
Rare earth elements in sediments off southern California:
A new anthropogenic indicator. Environmental Science and
Technology, Vol. 25, pp. 310-316.

[54] Pocklington R. and J. D. Leonard(1979), Terrigenous Organic
Matter in Sediments of the St. Lawrence Estuary and the
Saguenay Fjord. J. FISH. RES., Vol. 30, pp. 1250-1255.

[55] Romankevich, E. A.(1984), Geochemistry of Organic Matter
in the Ocean. Springer Verlag, Berlin Germany, pp. 111-150.

[56] Schropp, S., G. Lewis, H. Windom, J. Ryan, F. Caldner and
L. Burney(1990), Interpretation of metal concentrations in
estuarine sediments of Florida using aluminum as a reference
element. Estuaries, Vol. 13, pp. 227-235.

[57] Stein, R.(1991), Accumulation of Organic Carbon in Marine
Sediments. Springer Verlag, Berlin, pp. 1-217.

[58] Stull, J., R. Baird and T. Heeson(1986), Marine sediment
core profiles of trace constituents offshore a deep wastewater
outfall. Journal of the Water Pollution Control Federation,
Vol. 58, pp. 985-991.

4% F 909 2 90 Eas 240 A58 54

[59] Summerhayes, C. P.(1972), Geochemistry of continental
margin sediments from northwest Africa. Chemical Geology,
Vol. 10, pp. 137-156.

[60] Taylor, S. R. and S. M. Mclennan(1995), The geochemical
evolution of the continental crust. Rev. Geophys., Vol. 33,
pp. 241-265.

[61] Trefry, J., S. Metz, R. Trocine and T. Nelsen(1985), A decline
in lead transport by the Mississippi River. Science, Vol. 230,
pp. 439-441.

[62] Turekian, K. and K. Wedepohl(1961), Distribution of the
elements in some major units of the earth’s crust. Geological
Society of America Bulletin, Vol. 72, pp. 175-192.

[63] Turekian, K. K.(1964), The marine geochemistry of strontium.
Geochim. Cosmochim. Acta., Vol. 28, pp. 1479-1496.

[64] Windom, H., S. Schropp, F. Chalder, J. Ryan, R. Smith Jr.,
L. Bumney, F. Lewis and C. Rawlinson(1989), Natural trace
metal concentrations in estuarine and coastal marine
sediments of the southeastern United States. Environmental
Science and Technology, Vol. 23, pp. 314-320.

[65] Word, J. and A. Mearns(1979), 60—meter control survey off
southern California (SCCWRP Technical Report No.133).
El Segundo, CA: Southern California Coastal Water Research
Project. pp. 41-56.

[66] Yang, S. Y., H. S. Jung, D. I. Lim and C. X. Li(2003), A
review on the provenance discrimination of sediments in
the Yellow Sea. Earth-Science Review, Vol. 63, pp. 93-120.

[67] Youn, J. S. and G. W. Go(1987), Sedmentological characteristics
of the surface sediments in the Southern Sea off Cheju Island,
Korea. J. Korean Soc. Oceanogr. Vol. 22, No. 3, pp. 130-142.

[68] Zhao, Y., F. Li and G. Han(1989%), Chemical differences among
various sediments of the Huanghai Sea Yellow Sea. In
Developments in Geoscience Chinese Academy of Science.,
Contribution to 28th International Geological Congress,
Washington, DC, USA. Science Press, Beijing, China, pp. 299-307.

[69] Zhao, Y., L. He and Y. Chen(1989b), On regional distribution
pattemns of elements in sediments of the Haunghai Sea. Marine
Science(China), Vol 1, No. pp. 15-22.

[70] Zhao, Y. Y., and M. C. Yan(1994), Geochemistry of Sediments
of the China Shelf Sea. Science Press, Beijing. pp. 15-130.

[71] Zhao, Y. Y., M. C. Yan and R. H. Jiang(1995), Abundance
of chemical elements in continental shelf sediments of China.
Geo—Mar. Lett. Vol. 15, pp. 71-76.

Ay 2011 1249 144
Haggddd 20124 019 30¢ (1xh)

120129 029 099 (23))
AANZAY @ 2012 024 23

_13_



