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Masan Bay is highly polluted by the discharge of large quantities of effluents from the industrial complex
and domestic sewage of Masan City, Southeast Korea. Surface sediments from 9 stations were used for
geochemical and foraminiferal analyses in order to investigate foraminiferal response to sedimentary pollution
in the Bay. The heavy metal concentrations in sediments are relatively higher than those in Kyeonggi Bay and
Daesan area, west coastal region of Korea. Zn, Cd, Pb, and As are more concentrated than in world average
shale, indicating that the municipal and industrial effluents cause sediment contamination. Responses of benthic
foraminifera to the sedimentary pollution effect document a degree of pollution in Masan Bay. The species num-
ber and diversity in Masan Bay had lower values than those in Gadeog Channel. In Masan Bay, agglutinated
foraminifera are abundant and calcareous foraminiferal tests were frequently pyritized. Eggerella advena and
Trochammina pacifica dominated at levels of pollution and could be opportunistic species. These data will pro-
vide a baseline for future assessments of environmental quality in Masan Bay.
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Table 1. Granulometric characteristics of surface sediments in the study area

Station Composition Sediment Mz. Sorting
No. Gravel Sand Silt Clay Type (phi) (phi)
M1 0.00 0.74 33.47 65.79 M 8.74 1.62
M2 0.00 1.99 18.64 79.37 C 9.74 2.07
M3 0.00 0.23 14.04 85.73 C 10.09 1.79
M4 0.00 0.00 18.21 81.79 C 9.89 1.84
MS5 0.00 0.49 24.80 74.71 C 9.81 2.08
GO 0.00 1.11 34.55 64.35 M 8.97 2.10
Gl 0.00 2.57 30.25 67.19 C 8.65 1.88
G2 0.00 421 33.46 62.32 M 9.13 2.65
G3 0.00 10.70 3247 56.83 sM 8.47 2.75
Table 2. Heavy metal concentrations of surface sediments in the study area
Locality Station No.  Al* Fe*  Mn**  V** Cr¥*  Co** Ni** Cu** Zn** Cd** Pb** As**
Masan Bay Mi1 275 1.68 413 132 54 15 22 24 110 0.3 60 18.1
M2 8.80 4.16 704 139 84 16 36 64 386 2.6 92 13.3
M3 6.23 3.66 780 135 56 16 37 39 194 1.2 47 12.3
M4 9.51 4.26 631 136 84 16 38 30 156 0.8 42 11.1
M5 9.04 4.20 848 134 76 15 35 31 145 0.5 35 19.0
Average 7.30 3.60 675 135 71 16 34 38 198 1.1 55 14.8
Boundary GO 9.30 433 1004 126 78 15 30 17 121 0.4 33 10.7
Gadeog Channel G1 7.88 3.69 924 121 58 13 28 12 110 0.3 31 10.1
G2 8.93 4.10 880 127 52 15 33 24 117 0.3 30 11.2
G3 5.67 2.63 803 77 24 8 14 7 70 0.2 23 8.2
Average 7.50 3.50 869 108 45 12 25 14 99 0.3 28 9.8
*:% , **:ppm
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Fig. 2. Horizontal distribution of heavy metal concentrations (ppm) in
surface sediments from Masan Habour (M1) to Gadeog Channel (G3).
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Table 3. Benthic foraminiferal characteristics in surface sediments
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= A Fee oA JHE SRR A2 PR Fote,
Trochammina pacifica®t Eggerella advena= AAH Z 3ol A
AUAo R 22 v &R EHAH

AT EFRIE F35 5 F55)Y 5= 105M2)0
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3.23~348 HHE /T FEEERE TR oF 0.2012 7}
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96.82%2] BHAE Kolw, /HESRAME 16.85%~41.15%
A8 Yehiy, oliivlelid geg iR 248 F3) hshe
A &S Holy rhFig. 3).

Table 4= 7} A AAZHAANA 5% 28k F& e
Wtk whatek MI-MS)SW &= Eggerella advena$: Troch-
ammina pacific’t AAHLE LA el Folth 71Ea
Z2(G1-G3)°l A= Eggerella advena, Elphidium etigoense, Non-
ionella stella, Pseudononion japonicum®) B0 7 A 3HA
UehRs Folnt, niilel 7R AAE] GoelMe vt
T 7S RA SAEA 283k 650 5% )4 28ty
EE e B Gk o vib Jolx e At {33
(agglutinated foraminifera)o] -+-A18hH 7HEFRolM= 284 &
3% (calcareous foraminifera)®] 484 Lteldo}

E oj

vk s BA
oA 719E Hos B E
dir 798 AEE HHEL HAEUAF] dFon
o o]F st A FEAd vd A (Wells, 1988;
Park and Khim, 19900715 ¥hgel], @alie] dA27ta HE7tol
A 719" HEEE AekEe 5o Jgo R
AAF o FRIeke wdet U timud belyE FAste Aoz
AHA dchPark, 1985; Park er al, 1996). Park and Lec
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Station Number M1 M2 M3 M4 M5 GO Gl G2 G3
Number of Species (L) 0 0 3 8 3 7 8 5 17
Number of Species (T) 21 10 18 21 19 49 60 63 61
Number of individuals per fraction picked (L) 0 0 5 20 6 13 24 17 107
Number of individuals per fraction picked (T) 209 283 305 313 355 273 401 374 546
Number of individuals per 20ml (L) 0 0 80 80 96 208 1536 1088 6848
Number of individuals per 20ml (T) 3344 4528 4880 1252 5680 4368 25664 23936 34944
Species Diversity (H(s)) 1.78 0.55 1.11 0.76 1.38 3.15 3.35 3.48 3.23
Equitability (E) 0.28 0.17 0.17 0.1 021 0.48 0.48 0.52 0.41
Live (%) 0.00 0.00 1.64 6.39 1.69 476 5.99 455  19.60
Arenaceous (%) 77.99 96.82 85.90 92.33 76.34 40.66 41.15 1979 16.85
Mz (phi) 8.74 9.74 10.09 9.89 9.81 8.97 8.65 9.13 8.47
L: live

T: total (dead + live)
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Fig. 3. Distributions of living population, number of species (S), species
diversity (H(s)) and equitability (E) of total assemblages, abundance
(%) of arenaceous foraminifera and mean grain-size of sediments are
plotted against sampling stations.
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M294 Hig e B TH(Table 2). ©] $(1998)°] A7Iv 5
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o] Zoew, Vv, Cox 44 71l FE 95 2HH= A2
2 RENY. 53] vk YelME Mo AE B4E BE
Y4259 o) lEFRAN Ho &3, f71E T 2P
AL d' Aoz Bt 53] Cu, Zn, Cd, ¥ Pb &0l
=2 AF M2elAE #7218 §F°] 122%= WS ETHEISA
T4, 1996a).

ARG Uehle AXA fa% X 4L 71E 0949
A B AukF el EA4S wkgsla ok 2EF AHdM A
A4 FEEe 4, MAF 2 Fodee AAZ B vt
o A4, LH9" A FLE F U= 713]F (opportunistic
species)o] WA ST 97 (test)?] ¥ o] (aberrant)’t VFERATH(Alve,
1995). 24(S), TUHFE(HE) 2 F5E=ExE "RINHML-MS5)°]
THFE(GI-G3)0 BIEte] dA8) @2 £XF JEPdTH(Table
3). 224 3% EI(Table 594 rhityto] T i) H]s]
249 Aoes dAotE od e¥9e AN FEEY Agol
U w4de] fl2e 9% 713 ANA 4339 5 st

Aot FALHAN A 3% vl 7HER vl Bt
Aol HAE Ee HEE YEPdTi(Table 3 and Fig. 3). ©l
T A f33el $Ng 52 H8EE T 3] WE
AdFAY QR e I BN EL HlER F¥dA
W, B2 718 T2 7R UR HAE] sk oA
A3 {35 F2 o v gHe AR S AXER
A F3F0] £2 HEE Yehtr] dEo]t(Boltovskoy and

Table 4. List of the dominant species which are represented by more than 5% of total assemblage

Station Number

. . M1 M2 M3 M4 M5 GO Gl G2 G3 -
Dominant Species
Allabaminella wedellensis [5) 0 0
Buccella frigida o
Eggerella advena o o [ ) o o o
Elphidium advenum 0 0
Elphidium etigoense 0 0 0 o
Hopkinsina glabra o 0
Miliolinella circularis o
Nonionella stella 0 o o
Pseudononion japonicum o ) o
Textularia earlandi o
Trochammina pacifica o o o o o o
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Table 5. Comparison of average heavy metal concentrations (ppm) in surface sediments of Masan bay with those from other localities

Locality Mn v Cr Co Ni Cu Zn Cd Pb As References
Sandstone 10—100 20 35 0.3 2 1—10 16 001-01 7 1 Turekian and Wedepohl, 1961
Shale 850 130 90 19 68 45 95 0.3 200 13 "

Kyeonggi Bay 532 80 70 14 25 25 92 - - - Leeetal., 1998
Daesan Area - 22 20 5 14 5 24 <1 22 - KORDI, 1996b
Panweol mudflat 393 - 123 11 188 207 170 2 58 - Ahn et al., 1995
Masan Bay 675 135 71 16 34 38 198 1 55 15 This study

Gadeog Channel 869 108 45 12 25 14 99 <1 28 10 This study

0.1 mm 18.2KV 22182 1137128 :KOR.23

0.1 mm 152KV 2.03E2 113928 KOR-25

0.1 mm 152KV 1.78E2 1138/28 :KOR-24

Fig. 5. Pyritized specimen of Buccella frigida (Cushman) from sta-
tion M3 in Masan Bay. Black spots indicate pyrite (x1050).

Fig. 4. Opportunistic species of the
study area. (a)-(b) Eggerella advena
(Cushman), station M2, side view.
(©)~(d) Trochammina pacifica Cush-
man, station M2, (¢) dorsal view,
(d) ventral view.
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(Fig. 4). ©1% Eggerella advena= VIIRIIA 71,2 @87
AR FHoR SABH el Be el s Kol v,
Trochamming pacificas PRYE vRiel] QI st 71g e
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(Table 4). 713 3ol 281 Eggerella advena’s Pb-Zn A ¥
A9} wl g2 Hl9r(Schafer, 1973), thekst sksbd @ Q=] 9 (Alve
and Nagy, 1986; Sharifi et al, 1991) Z2l2 §71 89 <3 <
Y X] ¢ (Watkins, 1961; Bartlett, 1972; Schafer and Cole, 1974)

5 vhoksl o WEHY 299 AGEAAM B2 AHHEE VR F
olt} Ay} FY o} 3|7 B 2(Hyperion) 25 WET A oA
Eggerella advena®t Troch- ammina pacifica’= T2 T E W
3 AR A 1,60080 ol Ve THBandy er al,, 1965).
Patterson(1990)& Fhubth Heje A S@vlote] el (Fraser)
bt Atz 229l $7 2 02" AN Trochammina
pacifica’t B& AAFE2 EAITGL BAEFET

Wright, 1976, Alve, 1995). wlatgtoll = dolgle 433%% A
A FEFo] AR AFArge] Adrt of AR fgge]

zo x%g@t o7 WA ri,}ﬁ ;\}33\:}

o

=0 Zow
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%
29 Atrace element)® LG KoM EAHo R WHAHT)
(Fig. 5). @A BF3le 43d $55 275004 A

Rer -

3

o] WhAREIG o apabgr W A M2, M= AHA 3=
FEF oF 339004 ko] WAHAKTable 6). F5F 2
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Table 6. The number of individuals of pyrited species

Station Number Mi M2
Number of pyrited specimens 4 3
pyrited specimens/calcareous specimens (%) 1.91

33.33

M3 M4 M5 GO Gl G2 G3
14 4 6 26 34 12 21
32.56 16.67 7.14 16.05 14.41 400 4.63

Allabaminella wedellensis
Ammonia beccarii
Ammonia ketienziensis
Ammonia takanabensis
Astrononion stelligerum 4 2
Bolivina robusta

Buccella frigida 1
Bulimina aculeata
Bulimina marginata
Bulimina sp.

Cribrononion clavatum
Discorbis twaiwanensis
Elphidium advenum
Elphidium etigoense
Epistominella naraensis
Eponides nipponicus
Fissurina agassizi

Florilus boueanum
Hopkinsina glabra
Isiandiella norcrossi
Nonionella stella
Nonionella turgida
Pseudononion japonicum
Pseudorotalia gaimardii
Quinqueloculina stalkeri
Rutherfordoides mexicanus
Stainforthia sp.

1 3 6 5
1
1

1 1

LD DD CON hend pamei ot ek et
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eHEY o] FAubdgisle Yol Ea)9) e Fakh sFolAY
(Yanko and Kravchuk, 1992), o)t e] o) sh(Haifaysta 7
o] Ak #e oAt v AR vl odE Aol
oRlE FEEel vElzielrt Al AAE APAA e o
Z-o] Avojrh(Seiglie, 1975). A7AIYQ wlikgto] Hal 23
AZoA Hlakd @de] I3, v h] 0gE AN dgojrz
F7RA &2e] BEEH f3F 7h AEH] vt} A9
Ao g BT

4 B

AE e g FE 0HE rREe: HAE U] S84 3
ol Ukt 9FE AYolM vehbe AMA §35 EX 5
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= 595 ] A7 gibEigRn g5, A ZAYR
Zn, Cd, Pb, As Hdgo] =of A9 a<ld ojste] 9
" AL AAg A 35 AEA EFU 2esdas
ANAZA FE8HA AMEEO gout A2 AgEA 2919
¥ YRHLF S A=Y FET AMRE B ol EH AT
CgeEeR odd AQo) Bydhe AMA §5E 224
FERE AAHQ A0 e AMA REEd vis) =27 o
P Bl viielE A fEEolriEgd vish &4
s} ol e FAR YeERIL, AHE 350 FH3H
Eggerella advena®t Trochamming pacifica’t S48 vrehl=
g ol o] NG =& A3YE i Ve s AgHn A
FAGW 3% 7 W FFRHo] AHGE, ol &
FE QBRG] EAA0E vepte Aol o9} e g7
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Appendix. Relative abundance (%) for living (L) and total (T) assemblages in surface sediments in the study area

Sample Number M1 M2 M3 M4 M5 GO Gl G2 G3
Number of individuals per fraction picked L 0 0 5 20 6 13 24 17 107
T 209 283 305 313 355 273 401 374 546
Number of individuals per 20 ml L 0 0 80 80 9 208 1536 1088 6848
T 3344 4528 4880 1252 5680 4368 25664 23936 34944
Allabaminella wedellensis Saidova L 15.00 15.38 833 3.74
T 066 096 113 476 424 10.96 1355
Ammobaculites exiguus Cushman and Bronniman L 4.17
T 1.00 0.92
Ammobaculites filiformis Earland L 5.00
T 2.39 0.32
Ammobaculites obliguus Loeblich and Tappan L
T 383 071 1.47 0.37
Ammonia beccarii (Linne) L
T 0.48 293 050 0.73
Ammonia ketienziensis (Ishizaki) L
T 1.10 224 1.07 092
Ammonia takanabensis (Ishizaki) L
T 0.28 2.00 1.47
Anomalina sp. L
T 0.50
Anomalina ungeriana (d' Orbigny) L 5.00
T 048 033 032 0.37
Astrononion sp. L 7.69
T 037 0.25
Astrononion stelligerum (d' Orbigny) L 5.00 5.88
T 287 106 1.64 032 310 220 224 294 311
Astrononion umbilicatulum Uchio L
T 048 035 0.32 2.56 0.53  0.55
Bathysiphon sp. L
T 0.37
Bolivina decussata Brady L
T 0.50 0.53
Bolivina robusta Brady L
T 0.32 1.10  0.75 027 110
Bolivina sp. A L
T 0.25 0.55
Bolivina sp. B L
T 0.37
Brizalina pacifica Cushman and McCulloch L 5.00
T 0.32
Buccella frigida (Cushman) L 66.67 4.17
T . 096 035 197 064 845 110 2.00 080 147
Bulimina aculeata d' Orbigny L
T 0.73 027 0.8
Bulimina marginata d' Orbigny L
T 037 1.00 027 037
Bulimina sp. L 5.61
T 0.37 1.07 165
Cancris auriculus (Fichtel and Moll) L
T 0.25
Cibicides deprimus Phleger and Parker L
T 0.25 0.27
Cibicides inagawaensis Matsunaga L
T 037 0.5 053 037
Cibicides refulgens Montfort L
! T 048 0.80
Cibicides sp: A L
‘ T 0.27
Cibicides sp. B L
T 037 025
Clavulina yabei Asano L
: T 0.27
i Cribrononion clavatum (Cushman) L
T 2.39 0.32 073 125 1.34 037
! Discammina emaciata (Brady) L
i T 037 075 027 055
: Discammina sp. L
T 0.37 0.27
Discorbinella convexa (Takayanagi) L
‘ T 0.27
Discorbinella sp. L
T 0.37
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Appendix. (continued)
Sample Number M1 M2 M3 M4 M5 GO Gl G2 G3
Discorbis chinensis Huang L

T 073 1.00 1.87 147
Discorbis sp. A L

T 0.48 037 0.25 053  0.18
Discorbis taiwanensis Huang L

T 1.10  0.50 0.53
Eggerella advena (Cushman) L 40.00 23.08 41.67 7059  2.80

T 718 777 8.85 415 732 1722 1845 1096  6.59
Elphidium advenum (Cushman) L 0.93

T 098 064 028 476 349 561  3.66
Elphidium crispum (Linnaeus) L

T 0.66 1.00 134 0.18
Elphidium etigoense Husezima and Maruhasi L 7.69 588 2.80

T 262 032 1.13 476 6.23 5.61 458
Elphidium sp. L

T 0.37
Epistominella naraensis (Kuwano) L

T 048 035 440 299 374 238
Epistominella nipponica (Kuwano) L

T 0.27
Epistominella pulchella Husezima and Maruhasi L

T 032 056
Eponides nipoonicus (Husezima and Maruhasi) L 5.00

T 032 028 0.80 0.37
Fissurina agassizi Todd and Bronnimann L

T 0.56 037 025 1.87 037
Fissurina echigoensis (Asano and Inomata) L

T 0.25 0.27
Fissurina marginata (Montagu) L

T 0.48 0.37 0.18
Fissurina sp. L

T 0.18
Fissurina wiesneri Barker L

T 0.27
Florilus boueanum (d' Orbigny) L

T 0.37 0.18
Florilus manpukuziense (Otuka) L

T 0.25
Florilus sp. L

T 0.25
Globocassidulina parva (Asano and Nakamura) L

T 1.44 0.27
Gyroidinoides nipponica (Ishizaki) L

T 0.50 1.60 1.10
Gyroidinoides sp. L

T 0.53
Haplophragmoides sp. L 5.88 093

T 0.25 053 1.65
Hopkinsina glabra (Millett) L 7.69 11.76  1.87

T 033 032 .13 952 324 588 275
Islandiella norcrossi (Cushman) L

T 0.80
Islandiella norvangi Thalman L

T 0.37
Jadammina sp. L 0.93

T 0.37 0.50 027 055
Lagena distoma Parker and Jones L

T 0.37
Lagena perlucida (Montagu) L

T 0.33
Lagena sulcata spicata Cushman and McCuloch L

T 0.25 027 018
Lenticulina sp. L

T 0.53
Lenticulina turmida (Asano) L

T 0.25
Miliolinella circularis (Bornemann) L

T 7.18 1.06 098 064 141 110 0.5 0.80 092
Nonionella labradorica (Dawson) L

T 0.25 481 0.18
Nonionella stella Cushman and Moyer L 16.67 51.40

T 033 096 282 256 474 5.88 20.70
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Appendix. (continued)
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Sample Number M1 M2 M3 M4 MS GO Gl G2 G3
Nonionella turgida (Williamson) L 4.67

T 134 092
Oridorsalis tener (Brady) L

T 0.18
Paracassidulina quasicarinata Nomura L

T 0.25
Paracassidulina sulcata (Belford) L

T 0.37 053 018
Pseudononion japonicum Asano L 7.48

T 033 366 623 455 5.13
Pseudorotalia gaimardii (d' Orbigny) L

T 0.75 241 201
Pseudorotalia sp. L

T 0.50 0.53
Pullenia sp. L

T 0.37
Quingueloculina seminulum (Linne) L

T 1.83  1.25 1.60  0.55
Quinqueloculina sp. L

T 0.48
Quinqueloculina stalkeri Loeblich and Tappan L 1.87

T 3.35 0.33 1.10  1.50 0.80 220
Rectobolivina sp. L

T 0.37 0.73
Reophax difflugiformis Brady L

T 037 025 0.27
Reophax gracilis (Kiaer) L 0.93

T 0.18
Reophax scorpiurus Montfort L

T 0.28
Reophax sp. L 4.17

T 1.83 349 027 037
Rosalina sp. A L 1.87

T 0.75 027 092
Rosalina sp. B L

T 0.37 053  0.55
Rosalina sp. C L

T 0.25
Rutherfordoides mexicanus (Cushman) L 10.00 6.54

T 131 064 056 0.50 0.80 1.83
Spiroplectammina sp. L

T 0.25 1.60
Spirosigmoilinella sp. L

T 037 175 1.07 037
Stainforthia exilis tenuata (Cushman) L

T 0.55
Stainforthia sp. L 7.69

T 1.31 085 0.73
Textularia earlandi Parker L 40.00 4.17 0.93

T 7.66 131 096 113 073 050 0.80 1.65
Textularia sp. A L

T 0.18
Textularia sp. B L

T 0.25
Trifarina kokozuraensis (Asano) L

T 0.27
Triloculing sp. L

T 0.27
Triloculina tricarinata d' Orbigny L

T 1.25
Trochammina globigeriniformis (Parker and Jones) L

T 064 113 0.50
Trochammina japonica Ishiwada L 4.67

T 048 035 293 324 2.14  1.83
Trochammina pacifica Cushman L 20.00 5000 16.67 3077 25.00

: T 55.98 87.63 7574 8626 67.61 12.82 798 1.07 1.10

Trochammina sp. A L

T 0.48
Trochammina sp. B L

T 0.35
Trochammina sp. C L 8.33

T 1.83  2.00 0.55




