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Bivalves as a possible sentinel marine organism to
monitor metal pollution in coastal waters—A review—

Kazufumi TAKAYANAGI® and Tomoko SAKAMI"

Abstract In order to evaluate three bivalve species: Mytilus edulis, Perna viridis and Crassos-
trea gigas as a possible sentinel organism to monitor metal pollution in coastal waters, related
literatures have been reviewed. The specia attention was given to five requirements to use a
sentinel organismO (1) ability to accumulate metals, (2) representative of coastal waters, (3) easily
sampled year around, (4) easy to obtain a large amount and (5) wide distribution to cover al the
continents. The metal concentrations] Mn, Cd, Cu, Ni, Pb and AsOin transplanted Mytilus gallo-
provincialisO closely related species of M. edulisO and P. viridis into Tokyo Bay and Aburatsubo
Bay were also monitored for O weeks to check accumulation patterns of the metals space. The
literature review indicates that the combination of three species is necessary to meet the above
requirements. Although al three species can accumulate metals efficientlyd more than (IO and
al are representative organisms of the intertidal zone, the geographical coverage of each species
is limited. In order to cover world wide, the combination of the three is required. The trans-
planted bivalve studies indicate that these three species can be used interchangeably as a sentinel

organism at least for Cd, Ni, Pb and As.
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Table 1. Geographical distributions of commercially important oystersO from Imai, IO

] Region
Species - . .
Magjor habitat Latitude
Ostrea edulis Europe COmeN
0 European flat oysterO 0 Mediterranean] Scandinavia, England
Ostrea Iurida .
0 Olympia oyster West coast of the USA (MOI°N
Crassostrea angulata .
rt n, Fr O°N
O Portuguese oysterQ] Portugal, Spain, France HoH
Crassostrea virginica
. East coast of the USA (DOI°N
O American oystert]
Crassostrea gigas . .
0 Pacific oysterd Japan, Korea, China (MO°N
Crassostrea commercialis .
Austradia moaces

O Sydney rock oyster(l
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Table 2. Surface water metal concentrationsO ngILOin the major oceans and the metal concentrations ppm, dry
weight in Mytilus collected around the world
Mn Cd Cu Ni As Se Sr Zn Pb Reference
The PacificO surface waters pom noom Mmoo Dodo  Mooom modd Ox [P noom oom Bruland, (1100
Jepan 0IDOMOD OODOODD OOOMID ODODOMID 00000 0000000 D000 Mmoo Morita, [TTD)
US Pecific coast 0mOMOD OmOMm  Omoom D000  0OmOmMm  Goldberg et al., 010
US Pacific coast ooo pom ooodno ooo Stenner & Nickless, (1111
US Atlantic coast 0DO0MO OmOOD  Omo0m 00mODm  Goldberg et al., [0
St.Lawrence, Canada Dmooomo Cossa, 1111
British Columbia, Canada 0momm Cossa, 111
Hong Kong 0mO0mo  0moOD moOm Phillips, 0
New Zealand om moan moan Brooks & Rumsby, (ITT]
Australia 0mOMOD — OmOCOD 0mom Onoom Fabris et al., (O
The AtlanticO surface waters pom pom Mmoo 0Dodn  Mooog modd Ox [TF noom nom Bruland, (10
England 0DO0MO OmOMm mooo Franklin, (1T
the Irish Sea om om m om Segar et d., (1D
Scotland Dmoom 0mom moan 0om Toppiing, (111
France 0momm 0mo0m  Classie, (ITD
US Atlantic coast Omoom omom Omoom Mmoo Goldberg et al., (10
Bermuda 0DO0m  OmOoom mom Widdows et a., 010
The Indian0) surface waters 0om 0om moro ooooo Ox [ 0oom 0om Morley et a., 010
Pakistan [mluin[uis]ins} IAEA, 10
Oman Omomm Fowler, ITT
The Mediterraneanl surface waters"” m m oo Ox (TP oo m Yoon et a., 110

French Medierranean

French Medierranean

Dmomm

0moMm  DmOom

Dmoamo

Dmomm

moano

DOoomm

Classis, 110
Fowler & Oregioni, 11T

© O Average concentration
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Table 3. Relationships between the cadmium concentration in mussel soft-tissue and seawater’

Mussel soft-tissue concentration

Seawater concentration

Region (ppm, dry weight) O nglLO
Average Sample Number Average Sample Number
Bdltic gm N N N
North Sea gm mN | n
Iceland gm mN
Barents]White Seas O M
Irish Sea g N N N
Western Ireland om M
English Channel om (N M M
Iberian AtlanticO Portgual O om M O O
Mediterranean O M O mE|
US Atlantic om M
Gulf of St Lawrence om M M M
US Pacific am M
Asial Australia om M

Corréelationd Cdd mussel in ppm, dry weighttDOMICdO seawater in nglL OO

Y 0 Data taken from CossadI1110

godoobooooboooooooooboooog
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ppmd 0000 OO0ppmO O 0 0 O DO0MOODppmO
0 00mMOoMppmd Sivalingam and Bhaskaran, (1110
Lakshmanan and Nambisan, (TTTJ0 Prudente et al.,
o oooobobbooddddoooooooo
dodddddoooooooooooooooooon
goooobooobooooooooobuoooog
godooboooooooooooooboooog
000000000000000 Table200O00O0O
gbdddoooooooooooooooooon
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0000000000000 00 ngd €00 nglkgd
000000 ppmdmg/kgD 0000000 OOCPOOF
gddddoooooooooooooooo
gobdobobooobooooooooooon
00000000 00CessalIOO0O0 00000
godddddoooooooooooooooooo
goddddoooooooooooooooooon
O0O000000Borchardt, TN OO0O0O0OOOO
godoobooooboooooooooboooog
000000 00Cessa IO OO00oOoooaon
dodddddooooooooooooooooon
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Table 4. The Concentrations of butyltin compounds in selected bivalves collected around the world
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Concentrationd ppb, wet weightD

Organism Location MBT DBT TBT References
Mytilus edulis Pacific coast, USA, IO OO 0000140 Short and Sharp, 10
Tokyo Bay, Japan, (I11J Mmooy Mooy MOO0Od  Higashiyama et al., (010
Atlantic coast, USA O0Dodd  Wade et al., (10
Atlantic coast, USA NDOTO moood Mo Uhler et al., 010
Pacific coast, USA O0Do0Iro Wade et al., (110
Pacific coast, USA NDOOO moons MOOId  Uhler et al., 010
British Columbia, Canada, (ITTJ Omom Omom Mmoo Stewart and Thompson, [(TT11*
Marine, USA, (I1DJ O00+[M [OO+00 Page et al., O1102
Perth, Austraria, (111J 0O0O0OonO  Burt and Ebell, 010
Mytilus galloprovincialis West coast, Portugal Omoao NDOM NDOOO  Quevawviller et al., (IT0
Mediterranean, (1111 001D ODoOId  Tolosa et al., O110°
Crassosirea virginica Gulf or Mexico, (I 00000 00000 000000 Garcia-Romero et al., (110
Gulf or Mexico, (I11] ooam oooamo 000ono  GarciaRomero et al., (111
Gulf or Mexico, (1111 ooom 000Ono OOooOord  GarciaRomero et al., CIT112°
Atlantic coast, USA NDOTO moaTm moaTm Uhler et al., 010
Chesapeake Bay, USA OMOOID  Espourteille et al., [T
Crassostrea gigas Coastal estuaries, UK, 1111 000010 Waite et al., (0010
Coastal estuaries, UK, (1111 000010 Waite et al., (010
Coastal estuaries, UK, (11T Mmoarg - Waite et al., (110
Coastal estuaries, UK, 1111 MOOId  Waite et al., 11
Chinhae Bay, Korea, (I moomo Mo0dD O0Dodro - Shim, 000
Perna viridis Hong Kong, (110 Modd  Chiu et al., 10
Malaysia, (110 MmOm Tong et al., 010
Thailand, (T1TJ oooc ooorm 0o Kan-atireklap et al., (10
Thailand, (I11J ooorm ooorm oo Kan-atireklap et al., (110
India, 11O ooorm ooorm ooorm Kan-atireklap et al., (I10)
Philippines, TTDOTO goom gooom 0o000m  Prudente et al., (OO

al Dry weight basis, b0 Expressed in Sn, NDO no data shown

OMBTOOOOOOOOOOobDBTMOOOOOO
O000OTBTOOOOO Table 40D O0OO0OOOO
OO0 TBTOOODOODODDOODOOOODOOOONg] £
OYamada, TIDO0 0000000000000 OONO
ngd £ 0Alziew, TIOOODO0O0O0OODOOOOOOOO
OO0 TBT OO O ppb0 xg/kgD 0O 0O 00 OOOFOO
obobooooooooboobobooooo
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Fig. 3. Meta concentration changes in the soft-tissue of M. galloprovincialis and P. viridis transplanted
into Tokyo Bay and Aburatsubo Bay. The Manganese concentration is scaled on the right Y axis.
The concentrations shown in asterisk are the metal concentrations in native M. galloprovincialis in
Tokyo Bay and Aburatsubo Bay.
Table 5. Meta concentrationsO ppm, dry weightO in native oysters from Gokasho Bay and Aburatsubo Bay
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