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Abstract

Effective treatments of industrial waste streamd txic spills containing heavy metals related witipid removal of
metal ions at high concentrations. Influences @adnce and absorption rates on two heavy metalgpéc and
cadmium) bysaccustrea cucullata originated from mangrove ecosystem in the NortHersian Gulf were investigated.
Specimens were collected from sub-tidal band dumieap tide; groups of 15 individual were placed.ib L containers
(2-liter volume), which were immersed in the watkfter the acclimation time (i.e. the regulation fifration activity
caused by manipulation and any other sources),fgpelearance and absorption performances weresaored during
alternation of stagnation and flow positions. Terapge, salinity and particle concentrations werantained. The
clearance rate is affected by the amount of cadnfftom 1.69 to 0.04 ml min/g/h AFDW) and coppeio(fr 2.16 ml to
0.42 ml min/g/h AFDW). Although the clearance ratas significantly reduced, live oysters reduced dangount of
cadmium and copper from 150 and 200 pg/l to 1188 133.30 pg/l respectively. Oyster had the differcclearance
rates toward copper and cadmium when simultanednslyduced. The dead shells also had a good yahbdliteduce the
metal condensation. According to the results it lbarconcluded tha&acostrea cucullata can be used as biofilters with
good clearance ability.
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I ntroduction

There are two main sources of heavy metal contamniman aquatic ecosystems: natural processes wrala
occurring deposits and anthropogenic activitiesthfapogenic activities have the highest importafieeancis
1994). The marine environment toxic metals are i@ty accumulated in sediments and marine orgasjsand
subsequently transferred to man through the foaihch

Heavy metals are among dangerous parts of oil fimiuThe large body of literature on the consegesrof
metal contamination of water attests to the faat this is increasingly a worldwide problem growingscale and
degradation of global habitat (Vitousek et al. I99etals can be divided in two groups: essentiatais (e.g.
copper, zinc, iron, etc.) and non essential toxatats (e.g. cadmium, vanadium, nickel, etc.). Thostals are
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dissolved in the water or accumulated in the bodsicquatic organisms (Amiard et al. 1987). Due te tarity of
some metals in the environment, they can be useddésators of oil pollution. Metals are known teduce the
performance of bivalve molluscs (Kramer et al. 19&&cause in the presence of a high concentratidreavy
metals, bivalve molluscs keep their shells closedaflonger period of time (Doherty et al. 198#pducing fewer
byssus threads (Martin et al. 1975) and reducet mates (Grace and Gainey 1987). Also some mairiva\es
reduce their filtration rates (Watling 1981; Gragel Gainey 1987).

The Persian Gulf is a shallow basin with an avegmh of 35-40 m and a total area of around 24@8raq It
joins free international waters through the StoaiHormuz (Banat et al. 1998). The turnover angHing time have
been estimated to be in the range of 3-5 yr inigahat pollutants are likely to reside in the $t&n Gulf for a
considerable time (Sheppard 1993). Due to shallepttd limited circulation and high salinity and {@enature
Persian Gulf (Saeed et al. 1995), impacts of patitst on the marine environment may be signific@oturrence of
several environmental disasters in the region dutfire recent years (including the biggest oil spilthe world in
1991) and increasing pollution, urges treatmerds ane efficient and cost-effective.

Bivalves have been extensively used for the assrssof the petroleum hydrocarbons and heavy médals
Mora et al 2005; Fowler et al. 1993) in the Gulf. Considamatiof the ability of certain plants and animals to
accumulate trace metals above ambient water coatiemt has led to the use of certain macrophytaskébn 1982;
Fisher 1985) and mollusks (Bebianno et al. 1993|sWat al. 1995) as biofilter organisms. The puepos this
study was to examine the role of oyster filtrat{afive oysters and dead shells) in mangrove habdats to reduce
the pollutants in Persian Gulf. The Uptake andreleee rate ofaccustrea cucullata was measured when it was
exposed to heavy metals (cadmium and copper) iaralatonditions in order to determine the capabitif the
oyster filtration rate as well as the impact of tleavy metals on the clearance rate.

Materials and methods

Study site

The in situ experiments were carried out in Quessland in the north of Hormuz strait (26°M555°49E) in the
Persian Gulf in June 2009. Laboratory measuremehftseavy metals were performed in the Department of
Fisheries and Environmental Science, Faculty ofiN&tResources, University of Tehran, Karaj, Iran.

Experimental set-up

Mesocosm was situated below the sea water surfad¢kei selected coast of mangrove forest (basedasiere
availability, the existence of saccustrea cucultammunities and accessibility to basic data).tFas iron bench
was installed on intertidal sediment near to s@tmbne during the low tide. The bench had twoirntistlevels
(Figure 1), distanced by 1 m from each other.

Feeding reservoirs of 20-liter were placed on tppeu level in order to allow the system flow by \gta
Recipients of 2-liter volume were placed below wataface at the lower level of the bench. Thermtliate pipe
between feeding reservoir and mesocosm recipidoivbthe water was chosen from PVC tube. Flow tapsew
installed to control water flow rate and manipulaterent-flow conditions. As it can be observedrir&igure 1,
water inlet was located at the bottom of recipigrtile the water outlet was on the top.

Then, some of the alive oysters were washed, wdiginel placed in the mesocosm (2-liter volume) pledi
with filtered water (MW cut-off: 5@um). The second group of the experiment, which dostthe dead shells, was
also weighed and put in another mesocosm (2-licdurwe). The water was kept and always air-saturatiial
oxygen. The beginning time of the experiment wastatl when bivalve siphons could be observed frben t
recipient walls (after adaptation to new condition)

At the beginning of the experiment, heavy metausoh (dissolved in distilled water), was addedtte
feeding tank situated 1.5 m higher than mesocodm. iffitial concentrations for cadmium and copperen&s0
pa/l and 200 pg/l, respectively. Cd@nd CuSQwere used to prepare initial solutions. Each erpemt involved
two paralleled mesocosm for alive bivalves and dshells. The absorption procedure was consistetivof
minutes of flow followed by five minutes of stagiwat. This stop-flow condition was repeated severesi, causing
50 minutes of experimental time for each metal. Sampling was done at the beginning of two minares at the
end of five minutes.
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Fig. 1. In situ mesocosm settlement in subtidakzevhere parts are installed on a bench settléadeosediments. Contaminated
sea water from reservoirs of 20 liters flowed ifitmation chambers (A & B) of 2 liters, where eashe contained alive or dead
oysters Taps, installed in input and output flopgsi was installed to control water velocity in siystem.

Clearancerate

After doing contamination experiments, enclosureseacleaned and filled again with filtered seaw§b&r pum),

containing a known concentration of the phytoplankt Dunaliella salina~( 10 000 cellgnl). This was
considerably below the threshold value of 5 mg/liqidws et al. 1979) above which the organic matdsia
deposited by bivalve molluscs as pseudofaecesdi8shith 1975a, b). Water samples were taken afteninutes
and the particle concentration was determined tifrouisual counting under a microscope using a Neshde

with five replicates. Clearance rate (defined as tblume water cleared of Dunaliella cells per tiomét and

biomass) was calculated by the following formuleg@dasen (1990):

Clearance rate (CR: ml. min/g ) =V (In-C)/W.T

where:

Cy = cell concentration at timeT

C, = cell concentration at time; T

W and T = AFDW biomass (g) and experimental pe(iath), respectively
V = volume of the recipient (ml)
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Sample preparation

The water samples were prepared for analysis aiozptd chelation-extraction method (Long and Marif91).
The samples were transferred to tightly-sealedgibijene containers to avoid adsorption of metalmfdigested
solution and kept at 4C prior to further analysis. Individuals were drieda constant weight at 90°C and ashed at
538 °C for 5 hours to determine Ash-free dry weigtEDW).

Analytical Method

Elements contents in samples were determined ulidgctively Coupled Plasma Mass Spectrometer (VG
PlasmaQuad 3 — VG Elemental, Winsford, Cheshire).WKknown amount of an indium standard solutiorswa
added to HN@solution as an internal standard. All analysesewerdertaken at least in triplicate on each sample
and the mean values were calculated.

Data analysis

The unpaired T-test was used to compare each gf@iye and dead shell) at different time of expenirn
Clearance rate data were log transformed to acliiemeogeneous variances for statistical analysistl@gs test,
Sokal and Rohlf 1981). Differences were consideaigdificant atP < 0.05.

Results

Clearance measurements

Preliminary results of clearance rates for copper @dmium showed that oysters demonstrated difféhaviors,
when they were exposed to these metals, essentibhan-essential, respectively. In case of cadmioyster
cleared sea water as high as 2.39 ml/min in thénbag of exposure but this value decreased rapiml9.4 ml.
Clearance rates remained constant after 49 minutes.

Clearance rate of live oysters exposed to cadmitirdifferent exposure time were significantly ditéet
(P < 0.05). Average of clearance rate in live oysteas calculated to be 0.59 ml min/g AFDW and thestiéat 35
minute) and maximum clearance (at 7 minute) in ¢gineup was 0.04 and 2.39 ml min/g AFDW respectivéljth
increasing exposure time with metal, clearancewat® reduced. The most clearance rate in treatwenimeasured
at the beginning of experiment and this rate wasedsed during Experimental period (Fig. 2). Cleegarate of
dead shells exposed to cadmium with different edpodimes was also differenP (< 0.05). Average rate of
clearance of the dead shells was 0.23 ml min/g D\d/the lowest (at 14 and 35 minutes) and highdsev@t me
28 minutes) in this group was 0.007 and 0.79 ml fgiDW, respectively.

In case of copper, clearance rate of alive oystef dead shells exposed to this metal (200 pg/l) was
significantly different between two groupB € 0.05) (Fig. 2). Clearance rate of live oystemswifferent among
tested timesK < 0.05). Average of clearance rate in the livetengswas 1.1 ml mifg AFDW and the minimum (at
28 min) and maximum values (during the 7 and 14uteis) were 0.42 and 1.94 ml MinAFDW respectively.

Ability of oyster in decreasing heavy metal concentration from sea water (reduction rate)

Figure 3 shows the removal of cadmium and coppen fthe sea water of about 150 and 200 ppbsabyustrea

cucullata, respectively. Reduction rate (the decrease iwyhezetal concentration by alive or dead oysteraohe
experimental period, compared with initial concatitm) of cadmium in two experimental groups wagsicantly

different P < 0.05).

For alive oyster, this value was different duriing texperiment. The average reductions in conceéutratf
cadmium in alive oyster were 116.69 ug/l and theimiim (in 49 minutes) and maximum decreases (innitas)
were 111.3 and 129.6 pgl/l, respectively. The aweraguction of cadmium concentration by shells, parad with
initial concentration (150 pg/l), was calculatedo® 138.73 pg/l (Fig. 2 A). Similarly, copper retion rate in the
two experimental groups was differeR <€ 0.05). Reduction rate of copper from water b loysters was different
at the experimental time® (< 0.05) and average reduction was 133.30 ug/l.ldWwest values (in 7 minutes) and
maximum reduction (in 42 minutes) were 126.9 an8.n4espectively. Therefore, the absorption rateeiased
over time. It was noted that average decrease pparoconcentrations by shells was 181.07 pg/l (EiB). Shell
clearance rate when exposed to copper was nofisegmly different with the tested time. Averageeraf clearance
in shells was 0.3 ml min/g DW.
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Table 1 shows the reduction of cadmium and coppen Solution using live oyster and shells. Aftermutes of
continuous stirring, the average reduction of caomifrom solution compared with initial concentratidn
treatment and control reached 22.14% and 8.15%ecésply. The total cadmium concentration in theevavas
reduced from 150 ppb to 116.69 and 138.73 ppbeiatitnent and control, respectively. The initial realaand the
overall removal of cadmium from water decreasedh witreasing exposure times.

Table 1. Removal amounts of copper and cadmiumeatments (live oysters) compared to those of cb(dead shells)
Percent of copper

Percent of copper Percent of copper  Percent of copper

Time (min) removed in control removed in treatment removed in control removed in
treatment
7 3.20 27.15 4.13 27.87
14 9.60 30.90 3.07 21.27
21 11.68 33.20 1.33 24.93
28 7.60 35.25 15.73 18.87
35 10.30 34.25 18.40 25.80
42 9.60 36.55 1.27 20.00
49 11.35 35.42 13.13 16.73

The average copper reduction in treatment and alootr33.35% and 9.05% respectively for copper reahdrom
solution was achieved after 49 minutes of contisustirring. The total copper concentration in solutwas
reduced from 200 ppb to 133.30 and 183.07 ppbeittnent and control, respectively. The initial realand the
overall removal of copper from water showed no dase with increasing exposure times.

Discussion

The current work investigated the potential of rogkter for rapid removal of high concentrationsnatal ions and
determines effect of heavy metals on clearanceafatyster. The exposed individuals &tucullata to cadmium
and copper showed a dramatic decrease in clearatece

This was more pronounced for cadmium, suggestiag ttiis species is more sensitive to cadmium exgosu
than the copper. Reduced clearance rate couldebeesiult of gill damages, since one of the recoeféetts of sub
lethal concentrations of cadmium is structural defations of gills (Viarengo 1989). The reductiondiearance
could also be the result of avoiding the cadmium empper through partial valve closure, although tehavior
was not observed in the present study. This behdnds been reported for the blue musksftilus edulis, when
exposed to copper (Davenport 1977; Manley 1983).

Our results demonstrated that clearance rate vgassitive parameter for determining the effectsefals on
S. cucullata. In case of cadmium, clearance rate of live oysteinitial time of experiment was 2.39 ml nign
AFDW, while this value decreased to 0.5 ml fgrPAFDW at the end of experiment. Clearance ratévianoysters
exposed to copper at the first time (7 minutes) &8 ml min'g AFDW and that obtained at the end (49 minutes)
was 1.12 ml mirlg AFDW. Thus, the oysters exposed to cadmium weoee influenced than those exposed to
copper. This was in agreement with results of oftedies for marine bivalves, eMlytilus edulis (Abel 1976;
Watling 1981). Cadmium uptake by freshwater muskats been shown to be highly dependent on condientra
duration of exposure (Das and Jana 1999), mussgiig€Roseman et al. 1994), and detoxification maggms. In
the experiments of clearance and uptake rate in In oyster and dead shells exposed to cadmiutncapper
(Figure 2), re-dissolution of absorbed heavy meiais observed.

This was expected with the short exposure timesdfffe treatments of industrial waste streams axit spills
containing heavy metals depend on the rapid remafiailgh concentrations of metal ions (Demetra 3066r dead
shells, the first removal occurred, then re-dissofy afterward removal again and so on. The reddigion could
occur as a result of number of factors: a changpHnbeyond a critical value, a change in tempeeatiue to
heating from the continuous operation of the gtirrer a change in the crystal structure of the fim
calcium/cadmium, copper compound following sorpt{&ifwing 2002). It was concluded that in dead khéte
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mechanism of the removal of heavy metal ions wagirabsorption of the metal and exchange of caldioms of
the shell with metal ions from the aqueous solu(l@demetra 2007).

Maximum reduction rate of cadmium by live oysteasaobtained in 7 minutes, although the highestaiez
rate of live oyster was also found at this timeniirly, the lowest clearance rate of live oystees observed at the
end of experiment (49 minutes) and at this timentii@mum reduction of the metal concentration fraater byS.
cucullata was found (Table 1 and Figs. 1, 2). While this eladas not found in the case of copper. The highest
purification rate of live oyster was in the firsine, while most of copper reduction took place te¢ &nd of
experiment. This shows that at the beginning ofetkgeriment oyster was able to control absorptiocopper, but
after being exposed to the metal, this ability veecreased (Table 1 and Figs. 1, 2). It was sugdjesiat
S. cucullata was capable of regulating the concentration ofetbsential metals Cu in the body, whereas Cd, which
is a hon-essential element, cannot be regulateid. Aids been found for several other organismsudieg Mytilus
edulis (Amiard et al. 1987; Rainbow and White 1989).

Rainbow and White (1989) showed that Zn regulatiothe decapod$lalaemon elegans, is an active process;
an increased rate of Zn uptake was matched by @edsed Zn excretion (White and Rainbow 1982). Wthen
effective concentrations for Cu and Cd, found irs tetudy, are compared with quality criteria for tale
concentrations in surface water (3 pgd and 0.2 pg/l) (Ministerie van Verkeer en Watmst1988-1989), it
appears that all effective concentrations were abihese levels, suggesting tHatcucullata was sufficiently
protected by these quality criteria.

This oyster lives in a constantly changing envirentm rendering higher tolerance than species belmwv
intertidal zone (Newell 1970). Since they are eedlin and adapted to such variable environmengsy; fave a
better ability to tolerate any toxic compound, gqudsibly every perturbation, than would morpholafiicsimilar
organisms adapted to stable environments (Fish&7)19Currently, the treatment of choice for redgcior
removing dissolved heavy metals is chemical preatipin. Although this method is fairly inexpensivie,has
disadvantages including slow reaction times, a rieeg¢H control during treatment, subsequent pHljestment,
high residual metal solubilities at near-neutral, pie need for adding polyelectrolytes or otherndicals for the
coagulation and flocculation steps as well as meliaon numerous chemicals as coagulant aids toefupromote
rapid settling; high chemical costs and the contamidisposal costs.

Use of shell and live oyster as an alternativpriecipitation offers a benign process that coufdaee, or at
least lessen, current reliance on the great qiemtiif generally corrosive chemicals that are dgdewith
conventional precipitation treatment methods. Adouay to our results, it can be concluded tlatcostrea
cucullata (live and dead shells) can be used as biofiltétls good clearance ability. The pollution pressianposed
by heavy metals is likely to increase even furtinethe area, due to the accelerating developmentginout the
coastal zone. A higher cadmium and copper load,relgased from anti-fouling paint used on mosseksin the
gulf, will most certainly result from increasingighing activities, but also from other sourcesglilkdustrial
wastes, untreated sewage and leakage from sedimdengsconclusion, the use Sccostrea cucullata for control
of heavy metal pollution in the Persian Gulf caraljgromising means.

Acknowledgements

This study was funded by a research grant of t@idn Offshore Oil Company.

References

Abel PD. 1976. Effect of some pollutants on thedtion rate oMytilus edulis. Mar Pollut 7(12): 228-31.

Amiard JC, Amiard-Triquet C, Berthet B, Metayer I987. Comparative study of the patterns of bioaudation of essential
(Cu, Zn) and non-essential (Cd, Pb) trace metalaiious estuarine and coastal organisms. J ExpBudrEcol 106: 73-
89.

Anderlini V, Al-Harmi L, Delappe B, Risebrough R,aler W, Simoneit B, Newton A. 1981. Distributioh loydrocarbons in
the oystelPinctada margaritifera, along the coast of Kuwait. Marine Pollution Btithel2: 57-62.

Banat IM, Hassan E S, El-Shahawi M S, Abu-Hilal A 998. Post-Gulf war assessment of nutrients, yneastal ions,
hydrocarbons and bacterial pollution levels inltthdted Arab Emirates coastal waters. Environ Int£(i1/2): 109-116.

Bebianno MJ, Nott JA, Langston WJ. 1993. Cadmiurtatna@ism in the clanfRuditapes decussata. Aquat Toxicol 27: 315-334.



68 Azarbad et al. / International Aquatic Research 2 (2010) 61-69

Das S, Jana B. 1999. Dose-dependent uptake anddgemgh-induced elimination of cadmium in variouganms of the freshwater
musselLamellidens marginalis (Linn). Ecol Eng 12: 207-229.

Davenport J. 1977. A study of the effects of copmeplied continuously and discontinuously to specisnofMytilus edulis
exposed to steady and fluctuating salinity lev&lslar Biol Assoc UK 57: 63—-74.

Demetra T. 2007. Removal of Arsenic from Water gs@Bround Clam Shells. Water Environment Federatior2175/SIJWP:
1:80.

Doherty FG, Cherry D S, Cairns Jr. 1987. Valvesate responses of the Asiatic cl@worbiculu fluminea exposed to cadmium
and zinc. Hydrobiologid53:159-67.

Elfwing T, Tedengren M. 2002. Effects of coppertbe metabolism of three species of tropical ogst8accostrea cucullata,
Crassostrea lugubris and C. belcheri. AquacultQre 257-166.

Fisher NS. 1977. On the differential sensitivityestuarine and open-ocean diatoms to exotic chéstiess. Am Nat 111: 871—
895.

Foster-Smith RL. 1975a. The effect of concentratddrsuspension and inert material on the assiroifatif algae by hree
bivalves. J Mar Biol Assoc UK 55: 411-418.

Foster-Smith RL. 1975b. The effect of concentratid suspension on filtration rates and pseudofgaealuction forMytilus
edulis, Cerastoderma edule and Venerupis pullastra (Montagu). J Exp Mar Bobl 17: 1-22.

Fowler SW, Readman B, Oregioni JP. Villeneuve, KKdg. 1993. Petroleum hydrocarbons and trace mitalear shore Gulf
sediments and biota before and after the 1991 Mar Pollut Bull 27: 171-182.

Francis BM. 1994. Toxic Substances in the Enviramim#ohn Wiley & Sons, Inc New York. 363 pp.

George SG, Pirie BJS. 1979. The occurrence of aamini subcellular particles in the kidney of therima musselMytilus
edulis exposed to cadmium. Biochem Biophys Acta 58: 2342

Gilek M, Tedengren M, Kautsky N. 1992. Physiologiigarformance and general histology of the bluesalMytilus edulis L.,
from the Baltic and North Seas, Netherlands. JR&e230: 11-21.

Grace AL, Gainey JLF. 1987. The effects of coppeth® heart rate and filtration rate Mfilus edulis. Mar Pollut Bull 18(2):
87-91.

Grimalt JO, Ferrer M, Macpherson E. 1999. Theenailing accident in Aznalcollar. Sci Total Eronr242: 3—-11.

Hemelraad J, Herwig HJ. 1988. Cadmium kinetics@stiwater clams. IV. Histochemical localizationcafimium inAnodonta
cygnea andAnodonta anatina, exposed to cadmium chloride. Arch Environ Confeoricol 17: 333-343.

Hemelraad J, Holwerda DA, Zandee DI. 1986a.Cadnkiumetics in freshwater clams. Ill. The pattern aflmium accumulation
in Anodonta cygnea. Arch. Environ Contam Toxicol 15: 1-7

Hemelraad J, Holwerda DA, Teerds KJ, Herwig Handee DI. 1986b. Cadmium kinetics in freshwatemd. 1l. A
comparative study of cadmium uptake and cellulatritution in the Unionidaénodonta cygnea, Anodonta anatina, and
Unio pictorum. Arch Environ Contam Toxicol 15: 9-21

Hemelraad J, Herwig HJ, Van Donselaar EG, Holwddda Zandee DI. 1990a. Effects of cadmium in frestewalams. Il.
Ultrastructural changes in the renal systerAmddonta cygnea. Arch Environ Contam Toxicol 19: 691-698.

Jackson JD. 1982. The use of common aquatic magtepn treating sewage. Ph.D. Thesis, UniverdithSW.

Janssen HH, Scholz N. 1979. Uptake and celluldrildigion of cadmium irMytilus edulis. Mar Biol 55: 133-144.

Jenner HA, Hemelraad J, Marquenie JM, Noppert B119Cadmium kinetics in freshwater clams (Unioe)dander field and
laboratory conditions, Sci Total Environ 108: 20542

Jargenson CB. 1996. Bivalve filter feeding revidit®lar Ecol Prog Ser 142: 287-302.

Kraak MHS, Toussaint M, Lavy D, Davids C. 1994boBherm effects of metals on the filtration ratetbe zebra mussel
Dreissena polymorpha. Environ Pollut 84: 139-143.

Kraak MHS, Wink YA, Stuijfzand SC, Buckert-de Jokif, de Groot CJ, Admiraal W. 1994c. Chronic ecdatibx of Zn and
Pb to the zebra musdeteissena polymorpha. Aquat Toxicol 30: 77-89.

Kramer KJM, Jenner HA, de Zwart D. 1989. The vaimevement response of mussels: a tool in biologiahitoring.
Hydrobiologia 199(189):433-43.

Literathy P, Khan NY, Linden O. 2002. Petroleum &itlIndustry. The Gulf Ecosystem: Health and Simstlaility, Backhuys
Publishers Leiden pp: 127-156.

Long SE, Martin TD. 1991. Methods for the Deterniima of Metals in Environmental Samples — Method0.20
Determinations of Trace Elements in Marine Wateysdn-line Chelation Preconcentration and Induciv€loupled
Plasma Mass Spectrometry. U.S. Environmental Piote@gency, Revision 1.4, EPA/600/4-91/010, Wagton, D.C.
53-175.

Manley AR. 1983. The effects of copper on the baravespiration, filtration and ventilation actiyiof Mytilus edulis. J Mar
Biol Assoc UK 63: 205-222.

Martin JM, Piltz FM, Reish DJ. 1975. StudiesMpgtilus edulis community in Alamitos Bay, California. V. The effemf heavy
metals on byssal thread production. Veliger 18(83-8.

Ministerie van Verkeer en Waterstaat 1988-1989dBétota Water huishounding. Kamerstukken 11, 21, 266. 1-2.

Newell RC. 1970. Biology of Intertidal Animals. Log Press, London, pp. 555.

Rainbow PS, White SL. 1989. Comparative strategidseavy metal accumulation by crustaceans: ziogper and cadmium in
decapods. An amphipod and a barnacle. Hydrobiolbgda 245-62.



Azarbad et al. / International Aquatic Research 2 (2010) 61-69 69

Roseman EF, Mills EL, Rutske M, Gutenmann WH, LBk 1994. Absorption of cadmium from water by NoAmmerican
zebra and quagga mussels (Bivalvia: Dreisseni€@®@mosphere 28: 737-743.

Saeed T, Al-Yakoob S, Al-Hashash H, Al-Bahloul BR95. Preliminary exposure assessment for Kuveaitisumers to
polycyclic aromatic hydrocarbons in seafood. Envihat 3: 255— 263.

Sheppard C. 1993. Physical environment of the &ldfvant to marine pollution: An overview. Mar PBUIIl 27: 3-8.

Sokal RR, Rohlf FJ. 1981. Biometry. 2nd editioreéman and Co., San Francisco, California, pp. 859.

Stewart AR. 1999. Accumulation of Cd by a freshavahussel Ryganodon grandis) is reduces in the presence of Cu, Zn, Pb,
and Ni. Can J Fish Aquat Sci 56: 467—-478.

Tedengren M, Andre C, Johannesson K, Kautsky NO1@@notypic and phenotypic differences betweetiahd North Sea
populations oMytilus edulis evaluated through reciprocal transplantationsAHysiology Mar Ecol Prog Ser 59: 221-227.

Tessier C, Blais JS. 1996. Determination of cadminetallothioneins in zebra mussels exposed to bung concentrations of
Cd?. Ecotoxicol Environ Saf 33: 246-252.

Viarengo A. 1989. Heavy metals in marine invertedssamechanisms of regulation and toxicity at tekutar level. Rev Aquat
Sci 1: 295-317.

Vitousek PM, Mooney H A, Lubchenco J, Melillo IM@Y7. Human domination of earth’s ecosystems. Sei@7@: 494—-499.

Walsh K, Dunstan RH, Murdoch RN. 1995. Differentb@accumulation of heavy metals and organo pailstan the soft tissue
and shell of the marine gastrop@distrocochlea constricta. Arch Environ Contam Toxicol 28: 35— 39.

Watling H. 1981. The effects of metals on mollu#tering rates. Trans Royal Soc Afr 44(3): 44-51.

Widdows J, Fieth P, Worrall CM. 1979. Relationshiptween seston, available food and feeding aietivin the common
musselMytilus edulis. Mar Biol 50: 195-207.



