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ABSTRACT 
 
This work determined the best survival conditions for the clam Mytella guyanensis and the mussel Perna perna  in 
the estuary and sea aquaria respectively over at least 12 days, which could enable their use in the ecotoxicological 
studies. The aquaria were set up with the appropriate water and sedimen, and allowed to establish for a minimum of 
one month before adding the organisms. The best survival conditions for M. guyanensis required more time for the 
aquarium stabilization, addition of inocula and more frequent water changes than for P. perna. The organisms’ lipid 
contents increased and their condition index was maintained indicating the good conditions of the aquaria, hence, 
their possible use in the sub-chronic studies. 
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INTRODUCTION  
 
According to Burger (2006), the environmental 
disturbance has increasingly been studied using 
the observations of the bioindicator organisms, 
thus aiding the sustainable use and management of 
the environment. To achieve meaningful answers, 
the bioindicators have to be maintained under the 
adequate conditions for a reasonable time period, 
such that any changes may be attributed to a 
stressing agent. Most of such studies utilise the 
biomonitoring of the organisms in a contaminated 
natural environment. The organisms and 
environmental samples are taken to the laboratory 
and then examined for different aspects, such as 
the embryo malformation (Klumpp et al., 2002) or 
quantitative determination of the pollutant agent in

the samples collected over a time period 
(UNEP/FAO/IOC/IAEA, 1992; Glynn et al., 1995; 
Morrison et al., 1995; Comba et al., 1996; 
Lauenstein and Cantillo, 1998; Furley and Oliveira 
Fº, 2000; Boonyatumanond et al., 2002; Metcalfe-
Smith et al., 2002; Mwevura et al., 2002; Binelli 
and Provini, 2003; Gardner et al., 2003; Licata et 
al., 2003; Monirith et al., 2003; Muir et al., 2003; 
Ueno et al., 2003; Danis et al., 2004; Svensson and 
Förlin, 2004; Toro et al., 2004, among many 
others). 
Artificial environments can be produced with the 
artificial water and sediments (Egeler et al., 1997). 
Then the organisms collected from the nature or 
farms are acclimatised and transferred to the small 
and simple systems for the studies over a short 
period of time (Gonzalez-Farias et al., 1997; Shin 
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et al., 2002; Martel et al., 2003; Fowler et al., 
2004) or are transplanted to other natural 
environments (Cheung et al., 2002; Roméo et al., 
2003; Charissou et al., 2004; Amaral et al., 2005). 
However, certain studies need to have the chosen 
organisms in the equilibrated and stable aquaria 
for a longer period of time (Graaf, 1973). Studies 
on the dynamics of the biocontamination, for 
example, need good survival conditions for the 
organisms for the time periods higher than few 
hours. The aquaria must resemble the natural 
conditions and be relatively small due to the costs 
of treatment with the pollutants and the possibility 
of the contamination of the study laboratories. 
Hence, the studies on the influence of the 
pollutants on the biota require integration of the 
scientific experiments with the techniques of 
culturing organisms for the extended periods. 
These studies are useful to identify “sentinels” 
that, according to Beeby (2001), are the 
bioindicator organisms which accumulate a 
pollutant without significant adverse effects and 
indicate the environmental pollution. The sentinels 
solve the problems of the bio-availability 
measurements and provide a summary of the 
contamination patterns. But, their habitat and 
feeding habits must be maintained so that the 
quantification of the pollutant bioavailability may 
be done without other additional pressures (Rice, 
2003).  
Amongst the bioindicator organisms, mollusc 
bivalves such as clams and mussels have been the 
main choice because they are sedentary and filter 
large amounts of the water, beyond to be naturally 
adapted to the dynamic environments as the 
estuaries and coasts (Fowler, 1997; Beeby, 2001; 
Shin et al., 2002; Roméo et al., 2003; Nicholson 
and Lam, 2005). They feed on the deposits or 
suspension of the substrates, and reflect the 
contamination of the sediment or the water column 
(Zulin et al., 2002).  They occupy the lower levels 
of the food net and can indicate the potential 
hazard of the bioconcentration of the pollutant 
amongst these nets (Comba et al., 1996; Nendza et 
al., 1997; Shin et al., 2002). 
This study described the set up and maintenance 
conditions of the estuary and sea aquaria for the 
bivalves Mytella guyanensis and Perna perna, 
being common in Brazil and fit the requirements 
of the bioindicators. 
 
 
 

MATERIALS AND METHODS 
 
Organisms, water and sediments 
The specimens of M. guyanensis (Lamarck, 1819), 
water and estuary sediment, and the specimens of 
P. perna (Linnaeus, 1758), water and sea sediment 
were collected from the coast of  São Paulo State 
(SP, Brazil), far from the potentially polluted areas 
in Ilha Comprida  
(Nóbrega river,  24o58.55" S - 47o54.89" W) and 
in Ubatuba (Itaguá bay, 23o25'28.45" S / 
45o02'54.23" W), respectively. The collected 
sediments were dried at the ambient temperature 
and sieved to 2 mm to remove the stones, large 
shell pieces and tree branches. Just before their 
use, they were analysed for the main physical-
chemical characteristics. The water samples were 
stored in the dark in the laboratory for at least 15 
days before being used, and the pH, salinity and 
nitrate presence were constantly analyzed, 
respectively by pH-indicator strips (Merck – pH 0-
14, Germany), densitometer (Assistent – 1.000 to 
1.060, Germany), and nitrate commercial kit with 
detection range between 0 and 50 ppm (Nitrate, 
Marine and Freshwater Test Lab, France).   
 
Experimental aquaria 
Four-compartment aquaria (Fig. 1) were specially 
constructed for the study, containing the external 
boxes and a PVC system (bioballs) for the 
mechanical filtration and a compartment for the 
sedimentation of the filtered material. These 
aquaria were filled with 7.7 kg or 11 kg of estuary 
and sea sediments, respectively, to give a 5 cm 
deep layer; approximately 300 g of the dead 
Artemia biomass as organic matter supply for the 
sediments’ microbiota, and 50 L of estuary and sea 
waters. As P. perna was a water-column specie, a 
stone (granite) support was also set up at 
approximately 10 cm above the sediment for 
encrusting and support of the organisms in the sea 
aquarium.  
After the aquaria were set up, they were left with 
continuous water circulation to stabilize for at least 
one month. The organisms collected in the clean 
areas were transported to the laboratory, either in 
the natural sediment (M. guyanensis) or water (P. 
perna) of the sampling sites. After cleaning the 
encrusting from the P. perna shells and separating 
the M. guyanensis from the roots a total of 65 and 
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55 organisms (length 4.0 cm to 5.0 cm) of each 
species were introduced into their respective 
aquarium. The M. guyuanensis together with their 
byssus were placed almost completely buried in 
the sediment and the P. perna on the stone 

support. The survival was observed and periodical 
samplings were done after 12 and 34 days for 
determinations of the lipid amounts and condition 
index of the organisms. 

 

 
 
 

Figure 1 - Aquarium for maintenance of the bivalves.  Compartment A: containing the sediment, 
water, organisms and a comb-device for water filtration ШШ. Compartment B: for water 
circulation from the aquarium to the Compartment C with “bioballs” for  water 
filtration. Compartment D:  filtered water circulation to the compartment A, by means of 
a motor     and a tube  . 

 
 
Approximately 107 cells of 13 species of marine 
and estuarine microalgae were added to each 
aquarium one day before the organisms’ 
placement and daily thereafter as the food. The 
algae cultures: Skeletonema costatum, 
Chaetoceros calcitrans, C. gracilis, Pavlova 
lutheri, Isochrysis galbana, Phaedactylum 
tricornutum, Minutocellus polymorhus, 
Thalassiosira pseudonana, T. ocean, T. C16, 
Dunaliella tertiolecta, Tetraselmis chuii and T. 
tetrathele were provided by the Mariculture 
Laboratory of the Fishery Institute (Santos, SP). 
Every two days, 30 L of the water of each 
aquarium was replaced by the stored clean water 
and the feeding resumed after the change.  
 
Condition Index 
Seven organisms of each aquarium were sampled 
every two days for the calculation of the condition 
index according to Zulin et al. (2002), Binnelli and 
Provini (2003) and Roméo et al. (2003), by the 
ratio between the weight of soft tissues and the 
total weight of each bivalve, multiplied by 100: 

             
          Weight of the soft  
                 tissues (mg) 

Condition  =                                        × 100             
   index            total weight (mg) 

Lipid extraction  
The soft tissues of the collected organisms were 
mixed with the anhydrous Na2SO4 (1:3 w/w) and 
the mixture was homogenized (Sorvall, Omni 
Mixer) at high speed for 3 minutes. The samples 
were divided into three sub-samples that were 
extracted with 100 mL of hexane in the Soxhlet 
(Fowler et al., 1978; UNEP/FAO/IOC/IAEA, 
1986; Villeneuve and Cattini, 1986; Brito et al., 
2002; Carvalho et al., 2002) for 16 hours. 
 
Determination of the lipid contents and 
percentage 
The amount and percentage of the lipids in the 
extracts were measured gravimetrically according 
to UNEP/FAO/IOC/IAEA (1986) and Lauenstein 
and Cantillo (1998), respectively. 
 
                             Weight of the residue (mg) ×     
                             volume of the extract (mL) × 103 
Amount (mg/g) =        
   of lipids                Volume evaporated (µL) ×  
                             weight of the extracted tissue (g) 

 
                               TV            LW 
Percentage  (%) =               ×                 × 100       
  of lipids                   AV            SW 
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where, TV is the total volume of the extract (mL), 
AV is the volume of the aliquot (mL), LW is the 
weight of the lipids (g) and SW is the weight of 
the tissue sample (g). 
 
Statistical analysis 
Results were statistically analyzed by the 
comparison of the condition index mean values 
using the t distribution test with P ≤ 0.05.  
 
 
RESULTS 
 
The salinity of  the collected waters measured on 
arrival at the laboratory varied from 30 to 36 ‰ 
for the sea water and from 21 to 23 ‰ for the 
estuary water. Their temperatures varied from 20 
to 23° C and the pH of stored waters was always 
7.0. Nitrate was never detected in the sea 
aquarium. However, in the stabilization period of 
the estuary aquarium containing the sediment, the 
pH decreased to 6.0. Both the organisms 
acclimatized very well the feeding conditions. 
 
Survival of Mytella guyanensis 
The mortality of the clams M. guyanensis even 
under the natural conditions was frequently 
observed by the open and empty shells in all the 
collected samples. The closed living organisms 
were selected by the size and carefully placed with 
their byssus buried into the sediment. In the first 
attempts with a short period of stabilization and 
periodical additions of the dead Artemia as the 
food, complete mortality occurred in just 5 to 10 
days. After the additions of the biomass of Artemia 
in the water, an oily cover on the water surface was 
observed, possibly derived from fatty acids 
(Sorgeloos et al., 1986). This cover hampered the 
gas change between the water and air, causing a 
strong smell, probably by anoxia and methane 
production, and consequent mortality of all 
organisms. Thus, in the other settings, the 300 g of 
dead biomass of Artemia were mixed with the 7.7 
kg of estuary sediment, before the addition of the 
water. The aquarium was left to stabilize for one 
month and a specimen of the mussel P. perna 
without the shell was buried into the sediment at 
15, 10 and 3 days before the M. guyanensis’ 
placement, as the inocula to the sediment nitrifying 
microorganisms (Graaf, 1973), and so enrich the 
sediment’s microbiota. These inocula were left for 
24 h and then removed to avoid the excessive 
putrefaction.   

In the first attempts and before the clams’ 
placement, the pH decreased to 3.0 during the 
aquarium maturation. The aquarium was treated 
with 20 g of Na2CO3 dissolved in 1.5 L of 
theseparated aquarium water, which readjusted the 
pH to 6.0.     
This aquarium was left to stabilize for two months 
in the final set up. During this time, the water 
acquired the typical yellowish colour of the natural 
estuary environment and a rusty 2.0 mm cover was 
developed on the sediment, indicating ferrous 
oxidation as observable also in the natural 
environment. After the introduction of the 55 
organisms, 7 specimens were collected each two 
days over 15 days. Despite the 30 L water changes 
each two days, the nitrate levels increased up to 20 
mg L-1 between the changes. Then, the water 
change was done in 24 h interval. In these 
conditions, despite a detected 16.4% mortality, 
healthy specimens were sampled till the 12th day 
after their placement, and the water was 
maintained at pH 6.0. The condition index and the 
amount of lipids were determined in these healthy 
sampled organisms (Fig. 2). Their condition index 
values were constant (P > 0.05) during all the 
experimental time and the percentage of the lipids 
varied from 1.91 ± 0.35% in the time 0 to 
maximum 18.95 ± 4.28% at 10th day after, 
decreasing till 14.08 ± 2.47% on the 12th day. 
 
Survival of Perna perna 
Unlike M. guyanensis, no P. perna died during the 
experimental period. After a month of the sea 
aquarium stabilization, the 65 specimens of P. 
perna were placed on the stone support where the 
byssus formation and motion of the organisms 
were clearly observable. A maximum of 5.0 mg L-

1 nitrate was only detected when the population 
was of up to 51 specimens and in the days between 
the water changes. The null values were restored 
after the 30 L water changes every two days. 
The seven mussel specimens were sampled for the 
analysis over 15 days, but as some were left over, 
they were maintained in the aquarium up to 34 
days. The condition index values (Fig. 3) were 
nearly constant, but with an increasing trend (P = 
0.0185 and 0.0002, respectively at 4 and 34 days 
after the introduction into the aquarium). The 
percentage of the lipids varied from 1.75 ± 0.01% 
at time 0 to 14.2 ± 2.42% at 14th day but 
diminished to 6.83 ± 0.80% at 34 th day. 
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Figure 2 - Condition index and amount of lipids of the clams Mytella guyanensis maintained in 
the aquarium over 12 days. 
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Figure 3 - Condition index and amount of lipids of the mussels Perna perna maintained in the 

aquarium over 34 days. 
 
 
DISCUSSION 
 
The drop in the pH values seen in the estuary 
aquarium was likely to occur in such reducing 
environments because of the acidic characteristics 
of the sediment (Table 1). As the clams lived 
buried into the sediment and survived by feeding 
on the sediment and filtering the water 
(INFORMEBIO, 2006; INBio, 2006), they needed 
an enriched and well stabilized environment which 

was achieved by mixing the dead biomass of 
Artemia before the addition of the water and the 
addition of the soft tissues of P. perna as the 
inocula. The intense metabolism of the  microbial 
organisms and clams increased the nitrate levels 
(Graaf, 1973), but the more frequent water 
changes probably simulated the environment 
renewal provided by the tidal action. But, even 
under these good conditions, there was mortality 
of nearly 16%. 
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Table 1 - Main physical-chemical characteristics of the estuary and sea sediments. 

Sediment 
Sand Silt 

(g kg-1) 
Clay Organic Matter 

(g dm-3) 
pH 

(CaCl2) 

Estuary 650 100 250 49 3.8 

Sea 920 20 60 16 6.4 
 
 
These conditions allowed the samplings up to 15 
days, but although the amount of the lipids 
increased initially, both the condition index and 
amount of the lipids tended to decrease with the 
time. This indicated that a period of 12 days could 
be used for the maintenance of M. guyanensis in 
the aquaria, but should not be exceeded because 
the organisms could be stressed and the results 
masked. 
Good survival conditions were more easily 
achieved for the sea aquarium and mussels. The 
organisms survived longer and all other 
parameters did not present significant changes up 
to 34 days. However, although the organisms were 
maintained over 34 days, as proved by the 
condition indices being almost constant, the 15-
day period was actually safer for the studies 
because less lipids were detected at time 34 days, 
indicating a higher consumption of the nutritional 
reserves to support the growth.  
 
 
CONCLUSIONS 
 
The 12-day period was safe for the maintenance of 
good conditions for 55 and 65 specimens of 
Mytella guyanensis and Perna perna, respectively 
in 50 L capacity aquaria (near 3.2 g and 2.9 g L-1, 
respectively), which allowed medium-term 
studies. The healthy conditions of both the species 
were sustained for two and one months in the 
previously stabilized aquaria with closed but 
constant circulation of the estuary and sea waters, 
respectively.  
 
 
ACKNOWLEDGEMENTS 
 
Authors wish to thank Dr. Richard H. Bromilow 
from Rothamsted Research, Harpenden, UK, for 
kindly revising the paper. This material is based 
upon work supported by the International Atomic 
Energy Agency (RC-BRA-12502), São Paulo 
State Research Support Foundation (FAPESP 

process 04/04968-0) and National Council for 
Scientific and Technological Development (CNPq 
process 300074/2005-0).  
 
 
RESUMO 
 
Estudos sobre a dinâmica de contaminação de 
organismos marinhos devem ser feitos sob 
condições controladas pelo tempo necessário para 
que os organismos possam responder à presença 
do agente contaminante. No entanto, a manutenção 
de organismos em aquários por determinado 
período pode ser difícil porque todas as outras 
variáveis do ambiente precisam ser próximas às 
condições naturais. Este trabalho determinou as 
melhores condições de sobrevivência do marisco 
Mytella guyanensis e do mexilhão Perna perna, 
respectivamente em aquários de estuário e de mar, 
por período de até 12 dias. Os aquários foram 
montados com água e sedimento de estuário ou de 
mar e estabilizados por, no mínimo, um mês antes 
da colocação dos respectivos organismos. As 
melhores condições de sobrevivência de M. 
guyanensis requisitaram mais tempo de 
estabilização do aquário, adição de inóculos e 
trocas de água mais freqüentes do que para os P. 
perna. Os conteúdos de lipídios aumentaram com 
o tempo e o índice de condição dos organismos foi 
mantido, indicando as boas condições dos aquários 
e, conseqüentemente, a possibilidade de uso em 
pesquisas ecotoxicológicas. 
 
 
REFERENCES 
 
Amaral, M.C.R., Rebelo, M.F., Torres, J.P. M., Pfeiffer, 

W.C. (2005), Bioaccumulation and depuration of Zn 
and Cd in mangrove oysters (Crassostrea 
rhizophorae, Guilding, 1828) transplanted to and 
from a contaminated tropical coastal lagoon. Mar. 
Environ. Res., 59, 277-285. 

Beeby, A. (2001), What do sentinels stand for? 
Environ. Poll.., 112, 285-298.   



Maintenance of Filtering Molluscs in Aquaria for Sub-Chronic Studies 

Braz. Arch. Biol. Technol. v.52 n.1: pp. 77-84, Jan/Feb 2009 

83 

Binneli, A., Provini, A. (2003), POPs in edible clams 
from different Italian and European markets and 
possible human health risk. Mar. Poll. Bull., 46, 879-
886. 

Boonyatumanond, R., Jaksakul, A., Puncharoen, P., 
Tabucanon, M.S. (2002), Monitoring of 
organochlorine pesticides residues in green mussels 
(Perna viridis) from the coastal area of Thailand. 
Environ. Poll., 119, 245-252. 

Brito, A.X.P., Brüning, I.M.R.A., Moreira, I. (2002), 
Chlorinated pesticides in mussels from Guanabara 
Bay, Rio de Janeiro, Brazil. Mar. Poll. Bull., 44, 71-
81. 

Burger, J. (2006), Bioindicators: types, development, 
and use in ecological assessment and Research. 
Environ. Bioindic., 1, p.22-39. 

Carvalho, F.P., Gonzalez-Farias, F., Villeneuve, J.-P., 
Cattini, C., Hernández-Garza, M., Mee, L.D., Fowler, 
S.W. (2002), Distribution, fate and effects of 
pesticide residues in tropical coastal lagoons of 
Northwestern Mexico. Environ. Technol., 23, 1257-
1270. 

Charissou, A.M., Cossu-Leguille, C., Vasseur, P. 
(2004), Relationship between two oxidative stress 
biomarkers, malondialdehyde and 8-oxo-7,8-dihydro-
2’-deoxyguanosine, in the freshwater bivalve Unio 
tumidus. Sci. Total Environ., 322, 109-122. 

Cheung, C.C.C., Zheng, G.J., Lam, P.K.S., Richardson, 
B.J. (2002), Relationships between tissue 
concentrations of chlorinated hydrocarbons 
(polychlorinated biphenyls and chlorinated 
pesticides) and antioxidative responses of marine 
mussels, Perna viridis. Mar. Poll. Bull., 45, 181-191. 

Comba, M.E., Metcalfe-Smith, J.L., Kaiser, K.L.E. 
(1996), Zebra mussels as biomonitors for organic 
contaminants in the Lower Great Lakes. Water Qual. 
Res. J. Canada, 31, 411-430. 

Danis, B., Wantier, P., Dutrieux, S., Flammang, R., 
Dubois, P., Warnau, M. (2004), Contaminant levels 
in sediments and asteroids (Asterias rubens L., 
Echinodermata) from the Belgium coast and Scheldt 
estuary: polychlorinated biphenyls and heavy metals. 
Sci. Total Environ., 333, 149-165. 

Egeler, P., Römbke, J., Meller, M., Knacker, T., Franke, 
C., Studinger, G., Nagel, R. (1997), Bioaccumulation 
of lindane and hexachlorobenzene by tubificid 
sludgeworms (Olygochaeta) under standardized 
laboratory conditions. Chemosphere, 35, 835-852. 

Fowler, S.W., Polikarpov, G.G., Elder, D.L., Parsi, P., 
Villeneuve, J.-P. (1978), Polychlorinated biphenyls: 
accumulation from contaminated sediments and water 
by the Polychaete Nereis diversicolor. Mar. Biol., 48, 
303-309. 

Fowler, S.W. (1997), Biological sampling for marine 
radioactivity monitoring. In: Strategies and 
methodologies for applied marine radioactivity 
studies, ed. International Atomic Energy Agency-
TCS-7, IAEA, Vienna, pp. 299-310 

Fowler, S.W., Teyssie, J.-L., Cotret, O., Danis, B., 
Rouleau, C., Warnau, M. (2004), Applied radiotracer 
techniques for studying pollutant bioaccumulation in 
selected marine organisms (jellyfish, crabs and sea 
stars). Nukleonika, 49, 97-100. 

Furley, T.H., Oliveira Fº, A.C. (2000), Biomonitoring 
of heavy metals and organo-chlorinated compounds 
in a pulp mill effluent using introduced mussels. Aq. 
Ecos. Health Mana,., 3 , 499-507. 

Gardner, S.C., Pier, M.D., Wesselman, R.; Juárez, J.A. 
(2003).  Organochlorine contaminants in sea turtles 
from Eastern Pacific.  Mar. Poll. Bull., 46, 1082-
1089.    

Glynn, P.W., Rumbold, D.G., Snedaker, S.C. (1995), 
Organochlorine pesticide residues in marine sediment 
and biota from the Northern Florida reef tract. Mar. 
Poll. Bull., 30, 397-402.    

González-Farias, F., Carvalho, F.P., Fowler, S.W., Mee, 
L.D. (1997), A tropical coastal lagoon affected by 
agricultural activities. (Proc. Symp. Vienna, 1996) 
IAEA-SM-343/31, pp.289-299. 

Graaf, F.D. (1973), Marine aquarium guide. The Pet 
Library Ltd, London. 

INBio. Instituto Nacional de Biodiversidad. Espécies de 
Costa Rica. Available in: < http://darnis.inbio.ac.cr/>. 
Acessed at 2006, April, 6.  

INFORMEBIO. Moluscos de manguezal. Available in: 
<http://www.informebio.hpg.ig.com.br/>. Acessed at 
2006, April, 6. 

Klumpp, D.W., Humphrey, C., Huasheng, H., Tao, F. 
(2002), Toxic contaminants and their biological 
effects in coastal waters of Xiamen, China. II. 
Biomarkers and embryo malformation rates as 
indicators of pollution stress in fish. Mar. Poll. Bull.., 
44, 761-769.  

Lauenstein, G.G., Cantillo, A.Y. (1998), Sampling and 
Analytical Methods of the National Status and Trends 
Program. Mussel Watch Project: 1993-1996 Update. 
NOAA Technical Memorandum NOS ORCA 130, 
Maryland. 

Licata, P., Bella, G., Dugo, G., Naccari, F. (2003), 
Organochlorine pesticides, PCBs and heavy metals in 
tissues of the mullet Liza aurata in lake Ganzirri and 
straits of Messina (Sicily, Italy). Chemosphere, 51, 
231-238. 

Martel, P., Kovacs, T., Voss, R., Megraw, S. (2003), 
Evaluation of caged freshwater mussels as an 
alternative method for environmental effects 
monitoring (EEM) studies. Environ. Poll., 124, 471-
483. 

Metcalfe-Smith, J.L., Comba, M.E., Kaiser, K.L.E., 
Solla, S.R. (2002), A comparison of methods for 
normalizing residues of organic contaminants in 
zebra mussels (Dreissena polymorpha), with 
implications for biomonitoring programs. Water 
Qual. Res. J. Canada, 37, 429-444. 



Andréa, M. M. et al. 

Braz. Arch. Biol. Technol. v.52 n.1: pp. 77-84, Jan/Feb 2009 

84

Monirith, I., Ueno, D., Takahashi, S., Nakata, H., 
Sudaryanto, A., Subramanian, A., Karuppiah, S., 
Ismail, A., Muchtar, M., Zheng, J., Richardson, B.J., 
Prudente, M., Hue, N.D., Tana, T.S., Tkalin, A.V., 
Tanabe, S. (2003), Asia-Pacific mussel watch: 
monitoring contamination of persistent 
organochlorine compounds in coastal waters of Asian 
countries.  Mar. Poll. Bull., 46, 281-300. 

Morrison, H., Yancovich, T., Lazar, R., Haffner, G.D. 
(1995), Elimination rate constants of 36 PCBs in 
zebra mussels (Dreissena polymorpha) and exposure 
dynamics in the Lake St. Clair – Lake Erie corridor. 
Can. J. Fish. Aquatic Sci., 52, 2574-2582. 

Muir, D., Savinova, T., Savinov, V., Alexeeva, L., 
Potelov, V., Svetochev, V. (2003), Bioaccumulation 
of PCBs and chlorinated pesticides in seals, fishes 
and invertebrates from the White Sea, Russia. Sci 
Total Environ.,  306, 111-131. 

Mwewura, H., Othman, O. C., Mhehe, G. L. (2002), 
Organochlorine pesticide residues in sediments and 
biota from the coastal area of Dar es Salaam city, 
Tanzania. Mar. Poll. Bull., 45, 262-267. 

Nendza, M., Hebst, T., Kussatz, C., Gies, A. (1997), 
Potential for secondary poisoning and 
biomagnification in marine organisms. Chemosphere, 
35, 1875-1885. 

Nicholson, S., Lan, P.K.S. (2005), Pollution monitoring 
in Southeast Asia using biomarkers in the mytilid 
mussel Perna viridis (Mytilidae : Bivalvia). Environ. 
Intern., 31, 121-132. 

Rice, J. (2003), Environmental health indicators. Ocean 
Coast. Manag., 46, 235-259. 

Roméo, M., Hoaran, P., Garello, G., Barelli, M.G., 
Girala, J.P. (2003), Mussel transplantation and 
biomarkers as useful tools for assessing water quality 
in the NW Mediterranean. Environ. Poll., 122, 369-
378. 

Shin, P.K.S., Yau, F.N., Chow, S.H., Tai, K.K., 
Cheung, S.G. (2002), Responses of the green-lipped 
mussel Perna viridis (L.) to suspended solids.  Mar. 
Poll. Bull., 45, 157-162. 

Sorgeloos, P., Lavens, P., Léger, P., Tackaert, W., 
Versichele, D. (1986), Manual for the culture and use 
of brine shrimp Artemia in aquaculture. 1st ed. FAO, 
Gent. 

Svensson, S., Förlin, L. (2004), Analysis of the 
importance of lipid breakdown for elimination of 
okadaic acid (diarrhetic shellfish toxin) in mussels, 
Mytillus edulis: results from a field study and a 
laboratory experiment. Aquat. Toxicol., 66, 405-418. 

Toro, B., Palma-Fleming, H., Navarro, J.M. (2004), 
Organic pollutant burden of the giant mussels 
Choromytilus chorus from the south-central Chilean 
coast. Chemosphere, 55, 267-275. 

Ueno, D., Inoue, S., Ikeda, K., Tanaka, H., Yamada, H., 
Tanabe, S. (2003),  Specific accumulation of 
pesticides in Japanese common squid as a 
bioindicator. Environ. Poll., 125, 227-235. 

UNEP/FAO/IOC/IAEA. (1986), Determination of 
DDTs and PCBs in selected marine organisms by 
packed column gas chromatography. Reference 
methods for marine pollution studies, n°14, Rev.1, 
IAEA, Vienna. 

UNEP/FAO/IOC/IAEA. (1992), Guidelines for 
monitoring chemical contaminants in the sea using 
marine organisms. Methods for marine pollution 
studies No. 6, IAEA, Vienna. 

Villeneuve, J.-P., Cattini, C. (1986), Input of 
chlorinated hydrocarbons through dry and wet 
deposition to the western Mediterranean. 
Chemosphere, 15, 115-120. 

Zulin, Z., Huasheng, H., Xinhong, W., Jianqing, L., 
Weiqi, C., Li, X. (2002), Determination and load of 
organophosphorus and organochlorine pesticides at 
water from Jiulong River Estuary, China. Mar. Poll. 
Bull., 45, 397-402.      
 
 
 

Received: November 22, 2006; 
Revised: May 15, 2007; 

Accepted: May 21, 2008.

 
 
 
 

 


