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Heavy Metal Concentrations of Marine Surface Sediments and Benthic
Foraminifera in Southern and Southwestern Coastal Areas of Korea

Kyoung-Woong Kim*, Hye Su Yun**, Song Suk Yi** and Kyu-Kui Jung***

ABSTRACT : The skeletal chemistry of calcareous microfossils may contribute to the classification of various bio-
logical processes and be used as an environmental indicator for future pollution. In order to examine the degree of
heavy metal pollutions in marine environments, samples of sediment and benthonic foraminifera were taken from 5
study areas from 3 different stations in coastal offshore regions of Korea. After sieving, cleaning and acid digestion,
samples were analyzed for heavy metals by ICP-MS, ICP-AES and AAS. Concentrations of Cd, Cu, Pb and Zn in most
of marine sediments from 5 study areas are not higher than those in sediments from unpolluted marine environment in
the U.K.. However, pollution indices are up to 0.96~0.99 in the Gwangyang and Yulchon areas which are classified ag
the special control distric along the coast for pollution. The pollution indices decrease in order of Yulchon > Gwang:
yang > Mokpo > Gamak = Yoja > Yonggwang areas. Concentrations of Mg, Pb, St and Zn in Ammonia beccarii, Pseu:
dorotalia gaimardii, Quinqueloculina lamarckiana are reduced after pre-treatment of samples. From the result of biocon;
centration index, Mg is easily accumulated in microfossils and Quinqueloculina lamarckiana may be used as the best in-

dicator for future pollution.
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o (5737} 1984). 4B vlunlels e A ou g3 A
A EYBRY 80| ulttEo] g2 HA AU,
o| A& ujrte] EgAEC] Bol AU FHEA A,
EFAEL 2L B2 2Rl 23 Ha 2 Al
U & T2 55 Jehd Ho|th o|9jzte] F
FE52 Aol 3 A AYeha wjAdsy] FEo] Holaks
o w2} A Lk weich 108 o] EEHoE
A Aol 7A] AFE vl F dE Aol (1A,
1993).

A 22 =248 AN 4559 3
AT I o5 3o
S} (Chang, Lee, 1983, 1984; Cheong, 1991a, 1991b,
1992), M3)4 vzl el FAY & B3 d7e 87
AA A AAEE AU YLl s B8 ofg A
A ol 3lck (Boyle, 1981; Alve, 1991). whehr] 2 A4
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2| F7HA] S F LGl EH ATe F2 ot I3
ol 2ol AAE Foll= 1 G| Hrit oS o
Ao 22l Faf AAEHEN FF& gl B
ATF7E ARHAD (olFF, FIE, 1978; ol F3t %‘
1974; 292 F 1994). ANAEHAEL g5 v|&) 5
£3I4FE gor 1 WSt ol A E AAlo Si"‘a
o] EAlshs AGoA S 93 A&AQ 84
&g Hrished Bod AdE xpssha ojzfaelot
(Thornton, 1983). §3] Bl &°| B {3 54 B
3}8hy gwisle] o) X EAste YEA AT F

FL ONBE oef A7E Fone) $3509L d
Aot AER o149 & UL Aolth Wby B Ao
A 20 Hal 2 gl Adel AR Ed 22
Afshe AN 35 Az A4 525 4
83 240 32599 BAGY. 1 Ashe 244

2
of B 7l xAas 2ARYd] BAE 42T 939
132 8o] B9 ARE AT 4 YS Roldh Uolr)

GAZAEY] FAY FHE FFEYa e uirle]
LAFEE AN F ¥ UOME} LEHEI} FEEo
UehdA 2 ZFao 87499 EAS 28 &+ 3A &
=

AKX A

ATFA G} M At ET §A9 ddedds
nestd AA 3709 stationS A A} (Fig. 1). Sta-
tion 1& 3] o] AskA] kol vigtEe] &glo]
Fon AR 2E 8km FxE Holx 2¥0] M=
BE AR AE = Aale JdFRGE dPstA A
8 #199, #224F AFA3NAT (Fig. 2). Station 2= gt
2ol Yz)3le] Station 18t} 9] £3E X Ea}
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Fig. 1. Locations of station 1 (Yonggwang area), 2
(Mokpo area), and 3 (Yoja, Gamak, Gwangyang and Yul-
chon areas) in Korea.
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Fig. 2. Sampling locations in the Yonggwang area.
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Fig. 3. Sampling locations in the Mokpo area.
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Fig. 5. Flow chart of whole experimental procedure.
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Fig. 4. Sampling locations in the Yoja, Gamak, Gwangyang and Yulchon areas.
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(Inductively Coupled Plasma Atomic Emission Spec-
trometry) 2.2, Ba, Cd, Co, Cr, Cu, Mg, Ni, Pb, Sr, Zn &
Fe Fis Zekzer AFEAYH (Inductively Cou-
pled Plasma Mass Spectrometer) &2 Z3 3%t} ¥4
B9 A% AAE AR 29 -80 meshe] Al5E Atz
A4S o] 83le] gdloz BE & Cd, Cu, Pb, Zne
AAEBEAY (Atomic Absorption Spectrometer) 2 &,
Ba, Ca, Fe, Mg, Mn, P, Sr& #5853 Zelzn) 2330
2 EAsth RE BAHRE FEAIR, RurE B
blankE &7}t data quality control 33 -& A4 A& =
2 FUErt 2APEY 5% olve A de EAEANE
AT} (Ramsey ef al., 1987).

EINELU |0l 2l 0|18 0|28 29X

Lol dAdslE 2 Sl AT S A Eo
ZAsle dadeke BAANES ANE o gRE A
FollA Ca, Fedt Mg7t & % @& EAstn
(Table 1). 53] ¥3Ad 2 &4 & v} x4
B} o]5 A die o] @ Ao Jeldt 3
2949 7oA station 19 9B HHEY o
4 ghefo] HlwA WA et vhA station 39 HUY 2
E&X 99 AlgoA 1 o] T E AR} wA Ve
stk 22y o2 @ e B A7 go] ke g A

Table 1. Element concentrations in Cenozoic sediments in coastal areas of Korea.

olds - At

2jgt & AASE #A4% Z3R] 39| Southampton®]
AR 48U Y48 7 pg/g Cd, 30 ug/g Cu, 55
ug/g Pbel 138 ug/g ZnEth ¥ Fxlo|t} (Sharifi ef
al., 1991). ¥H Umz] o] AHE 5T FA
o 28] vj=e] EPAYIA AA S EHE B4 7EHE
A% ede sigEe 71582 60 ng/g Ba, 25000 pg/g
Fe, 500 pg/g Mn¥} ¥|w3dlH (Baudo and Muntau,
1990), FBAAE A3 A& A5 Bas} Ferl 2
o] Y459 o] FS BoFrth Bad}
Fet T2 Z249457 95% A2 T2 49 AT

E Alelol= A2 FTHTAL 3lo]

=
Pege cugast BgRoE Yue 4 U8 ¢

oA E 3 Al dgger (1972)0M 73
g Cd, Cu, Pb, Znt 22 334449 38 ved
Ao AYERE T 5949 HAEXA 2.2 ug/g Cd,
20 ug/g Cu, 50 pg/g Pbe} 50 pg/g Znell Wik v & 31
o] (Moore, Ramamoorthy, 1984), ©] & H#3 2 @A|$
(Pollution Index)Z YEhHT ZE x| ojlA] 1 o]3le] gt
< Ho odo] A3A HPHA FUSS HoAFE
(Table 3). Z1211} 199013 BHF-ollA A% g At ed
Hae g F skl Fdute] &2 9 FAuR
g9 A% HAY, oE, 1996), 29X 3
0.96~0.99¢] H|3 £ g Holg o|E 7 gy
Hwehd &&>F4> 53 > 7k = oz}t > o
A9 £o2 AR ¢t AAEE HAF) 99 2

oo W R >

(unit in pg/g)

Sample L.D. Ba Ca Cd Cu Fe Mg Mn P Pb Sr Zn
Gamak 15 91 15000 04 11 25600 10100 322 329 32 63 66
Gamak 16 89 17200 0.2 10 25900 10500 381 338 28 70 64
Gamak 24 97 14000 12 12 28300 11400 345 319 30 61 70
Gwangyang 20 86 46800 14 14 28700 9760 355 405 34 160 75
Gwangyang 37 105 10600 0.8 18 32500 1230 534 454 38 57 96
Mokpo 8 111 8590 12 15 30400 11600 590 366 28 53 78
Mokpo 14 97 8450 0.6 14 27700 10400 405 412 26 46 71
Yoja 64 87 12100 0.6 12 25700 9850 347 259 28 54 65
Yoja 65 92 10000 1.1 10 25100 9810 297 426 25 48 63
Yonggwang 199 52 5930 12 7 17900 5900 309 241 18 31 39
Yonggwang 224 46 5350 0.6 7 14500 4920 204 213 13 26 36
Yulchon 20 98 5760 12 17 32300 10400 306 442 37 40 86
Mean of unpolluted 60* 7** 30**  25000* 500* 55%* 138**

marine sediments

* Baudo, Muntau (1990)

** Moore, Ramamoorthy (1984)



T 38 2 GAEAAS SgEAES AN $32 2AY FE4%Y 227
Table 2. Correlation matrix of element concentrations in sediments.
Zn Sr Pb P Mn Mg Fe Cu Cd Ca
Ba 0.90** 023 0.80** 0.76** 0.72%* 0.98** 0.94* 0.81** 0.09 0.11
Ca 0.21 0.99** 0.37 0.21 0.02 0.18 0.23 0.15 0.24
Cd 0.18 0.26 0.16 0.26 0.10 0.04 0.23 0.25
Cu 0.96** 0.26 0.86** 0.79** 0.66* 0.79%* 0.93%*
Fe 0.98%* 0.35 0.92** 0.82** 0.66* 0.94**
Mg 0.90** 0.30 0.84** 0.72%* 0.71**
Mn 0.67* 0.14 0.48 047
P 0.84** 0.31 0.75**
Pb 0.93%* 047
Sr 0.33
* Significant at P=0.05
* Significant at P=0.01
© AFAY ARA JAEd dE FEEAAE] o marckiana® EAFEE £33t Bowen (1979)0] A
# A S 2 station 3> station 2> station 18] £AZ 74 AlgE 220 nEds g3 v wedt (Table 4).
e BoFn, 55 FYAALY sETdER 7} 94 2A 9 FAEEL CaCO:E A5 o, ogria|
& station 39 &2& L FFUX| G| Al G A fﬂtﬂék— AESFHA A4 874249 240 ug FEE5U4AS

Bt} o]z &A%k A, s 227 AT &4 o] EAsHA Hedl, ARG F 7tekwke] Quinguelo-
o RIAR e A EARF} DA S Reg A culina lamarckiana E2/3 8- Mg Sro] E53F £3
Z5jm), ojo] thg AA R AF7} Lotk 2 o] 51, o] ASL Cash 47 MBS Ao
2 el 9t} (Dodd, Stanton, 1981). €3] Ammonia
Y RIS SHMLED} #2AH 9|9 beccarii, Pseudorotalia gaimardii, Quinqueloculina la-
marckianae 253 A2} 2 Axg T Mg, Ph,

frE3% vshe] F (species)It M FLATES Hlm Sr 3} Zn &) dagtedo] #aghe HolFo] ulgly 4
7] fstd ZANY HAH B Edshe feld 27 B BAA] AXE#gel # Had Aoz yeiyoh o
(Hyaline)®] Ammonia beccarii, Pseudorotalia gaimardii 2, 28 o9l A EE Aleslns Cag goji] E
¢ =713 &7 (Porcelaneous)® Quingueloculina la- AHQ] zJolE Ho|Ae Ferh Axnxdn §E2XY
Table 3. Pollution index of the sedments in coastal areas of Korea.

Ratio
Sample 1.D. Pollution Index Mean
Cd Cu Pb Zn

Gamak 15 0.18 0.55 0.64 132 0.67

Gamak 16 0.09 0.50 0.56 1.28 0.61 0.69

Gamak 24 0.55 0.60 0.60 1.40 0.79

Gwangyang 20 0.64 0.70 0.68 1.50 0.88 0.94

Gwangyang 37 0.36 0.90 0.76 1.92 0.99

Mokpo 8 0.55 0.75 0.56 1.56 0.85 0.79

Mokpo 14 0.27 0.70 0.52 1.42 0.73

Yoja 64 0.27 0.60 0.56 1.30 0.68 0.69

Yoja 65 0.50 0.50 0.50 1.26 0.69

Yonggwang 199 0.55 0.35 0.36 0.78 0.51 0.46

Yonggwang 224 0.27 0.35 0.26 0.72 0.40

Yulchon 20 0.55 0.85 0.74 172 0.96 0.96

Average 0.40 0.61 0.56 1.35 0.73
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Table 4. Element concentrations in calcareous microfossils from the Cenozoic sediments in coastal areas of Korea.

(unit in pg/g)

Species (Station) Ba Ca (%) Cd Co Cr Cu Mg Ni Pb Sr Zn
P. gaimardii (Gamak 15) 7.6 39 0.2 4.1 5.6 28 1130 25 25 956 17
P. gaimardii* (Gamak 15) 7.2 34 0.1 2.7 3.0 11 558 21 72 850 05
Q. lamarckiana (Gamak 15) 23 41 0.4 32 2.9 17 23100 20 21 1660 32
Q. lamarckiana* (Gamak 15) 20 35 0.5 2.6 2.6 9.7 20500 14 27 1500 29
A. beccarrii (Gwangyang 37) - 15 0.1 0.3 n.d. 4.5 - 15 315 - 24
A. beccarrii* (Gwangyang 37) - 40 0.3 3.0 5.5 12 461 21 1.6 1230 0.5
A. beccarrii (Yoja 65) 7.3 19 0.1 04 0.3 8.5 - 0.7 587 - 7.8
A. beccarrii* (Yoja 65) - 28 0.1 0.9 nd. 14 145 121 19 513 nd.
A. beccarrii (Yonggwang 224) - 6.2 0.1 0.5 n.d. 32 - 12 28 - 44
A. beccarrii (Yulchon 20) 33 0.2 15 nd. 10 - 32 196 - 87
Foraminifera 20 36 2 - - 23~30 400~ 21  20~140 20~140 -

CaCO;** 2400

* Pre-treatment
** Bowen (1979)

Table 5. Bioconcentration index
1979).

of calcareous microfossils from the Cenozoic sediments in coastal areas of Korea (Bowen,

Species (Station) Ba Ca Cd Cu (X10% Mg (X10% Pb(X10% St Zn
P. gaimardii* (Gamak 15) 554 0.08 909 44 434 24 108 102
Q. lamarckiana* (Gamak 15) 1538 0.08 4550 39 1590 90 190 5920
A. beccarrii* (Gwangyang 37) 638 0.10 2730 4.8 35.7 53 156 102
A. beccarrii* (Yoja 65) 562 0.7 909 5.6 11.2 6.3 65 612
* Pre-treatment
o] MA S BIA ¥ Ammonia beccarii N & F23) Quingueloculina lamarckiana’} P18l LBE o3l

Be okl Phg ¥} glo] AAelE oA glo} ol
sl HAEe) Gl BRAARZA AQE Fe
F gle 7ol Qo & o AME A7) Bas
(Table 4). ©1& 9lste] 2G5} v] oA Aol 2&
Z& AHsle) 2 AN L AN, AedeAz
Holo] BAEAE T8 1 AFS L &
oltt.

Agol % FF5e 5L 4E5EA% (Biocon-

centration Index)i FAHEH, ol AEZAYY

ne

L
=

Bl Zo| d¥oz UF A& W} (Bowen,
1979)

ANEFE2AT=

Ba, Ca  Cd Cu Mg Pb St  7Zn

13 12000 " 01 02 T 002 003 T 7900 49

8

Table 59 UEIt 148 £4& AuEd Mg 3¢
AEA 22 o] 714 & Koy Cd, Cu, Pbs} Zn 59
54 945 AEAU Soj9 5= E4S g
doh M)A 0o FFo) ule A Ew

o
EAS

BAARAEA 71 A A2 et} (Table 5).
3 o)fr= FRYES Quingueloculina lamarckiana’s 72
A N R AW FFo] Bol F3E5S TEI &
7NEH 2L EA2 49E F e 7Hedel B wWE
olt}. Fig. 69 el A=) Zo] vl3tauy Ca g3k Cd,
Cu 9 Zn 72& 35949} 2 o ABATAE B
Fe AL ugdde] F350] 23U Cas X&)
He} +& UERi

)\\_
'y s
[l

rir

1 2ol ddse 20U SoA HAT AFHAE
od EAste dadFe] BAZAF iREe] AFdA
Ca, Fe, & Mg7t &= % 9912 A5t Ut B3] 4
ith]od ul o&z]odo“;\-]‘_ q.a x]o:ly_q o] H] %/\9]
ol @e Aoz veiwten, 34449 294
= 93AY HARY A& o] vinA vA Yepd
b oF 9l gEA G 1 Fake] OE AN ¥
A ehgd
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Fig. 6. Relationships between Ca and heavy metal con-
centrations in microfossils in the study areas.
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