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Allometric relationship in the bioaccumulation of radionuclides (134Cs & 241Am) and delineation of contamination pathways (food and seawater) in bloody cockle Anadara senilis using radiotracer techniques

Introduction

Radionuclides of cesium and americium are waste products from nuclear-related activities such as nuclear power generation in nuclear power plants or research reactors [START_REF] Al-Trabulsy | Radioactivity levels and radiological hazard indices at the Saudi coastline of the Gulf of Aqaba[END_REF][START_REF] El Mamoney | Environmental characterization and radioecological impacts of non-nuclear industries on the Red Sea coast[END_REF]. Although nuclear industries in Western Africa are underdeveloped, Ghana operates a 30-kW miniature neutron source reactor (MNSR) and is currently prospecting for the introduction of nuclear power as supplement to its energy mix to boost industrialization and national development (Dampare et al., 2005) (Diawuo and Kaminski, 2017). At present time, operational safety performances of nuclear facilities worldwide are trustful. However, the occurrence of accidental releases of radionuclides cannot be disregarded since it may impact the public and the environment, including aquatic systems. Such possibilities are part of the preparedness and emergencies scenarios that are examined prior to the installation of any nuclear premise. Prior and during operations, surveys of environmental occurrence of radionuclides are also required to assess initial situation and to allow detecting and identifying any radionuclide release and contamination.

Among the common approaches carried out to study environmental contamination, the use of bioindicator species has proven to be a relevant and informative approach (e.g. [START_REF] Nielsen | Environmental radionuclide monitoring programme[END_REF]. The criteria for selecting an organism to be used as a bioindicator have been described by many authors (e.g. [START_REF] Jones | Criteria for selecting marine organisms in biomonitoring studies[END_REF][START_REF] Phillips | The use of biological indicator organisms to monitor trace metal pollution in marine and estuarine environments: A review[END_REF][START_REF] Rainbow | Biomonitoring of heavy metal availability in the marine environment[END_REF]. The main criterion is to bioaccumulate the target contaminants. Bioindicators should also be preferentially sessile or sedentary organisms, widely distributed and easy to collect all year round. In addition, after selection of a candidate bioindicator, influence of biotic and abiotic factors (such as temperature, salinity or body size) that are likely to affect its ability to bioaccumulate the target contaminants should be characterized [START_REF] Ke | Uptake and depuration of cesium in the green mussel Perna viridis[END_REF][START_REF] Wang | Modeling the influence of body size on trace element accumulation in the mussel Mytilus edulis[END_REF]Warnau and Bustamante, 2007). Among these factors, organism body size, which for bivalves is correlated with age and weight, is known to be of primary importance [START_REF] Boyden | Trace element content and body size in molluscs[END_REF][START_REF] Hédouin | Allometric relationships in the bioconcentration of heavy metals by the edible tropical clam Gafrarium tumidum[END_REF][START_REF] Strong | Variations in the correlation of body size with concentrations of Cu and Ag in the bivalve Macoma balthica[END_REF][START_REF] Tang | Body size-dependent Cd accumulation in the zebra mussel Dreissena polymorpha from different routes[END_REF].

Since they fulfill the criteria of relevant bioindicators, bivalves are widely used in biomonitoring programs [START_REF] Fernández-Tajes | Use of three bivalve species for biomonitoring a polluted estuarine environment[END_REF][START_REF] Rainbow | Biomonitoring of heavy metal availability in the marine environment[END_REF][START_REF] Yusof | The use of bivalves as bio-indicators in the assessment of marine pollution along a coastal area[END_REF][START_REF] Zuykov | Bivalve mollusks in metal pollution studies: from bioaccumulation to biomonitoring[END_REF]. In Ghana, the bloody cockle Anadara senilis, a seafood locally consumed due to high nutrient content [START_REF] Gabriel | Haematological characteristics of the bloody cockle Anadara senilis (L.) from Andoni Flats, Niger delta, Nigeria[END_REF], is a good candidate bioindicator since it is long-lived, abundant and easy to identify in the field [START_REF] Mirsadeghi | Evaluation of the potential bioaccumulation ability of the blood cockle (Anadara granosa L.) for assessment of environmental matrices of mudflats[END_REF][START_REF] Sarkar | The suitability of tropical marine bivalves as biomonitors of heavy metals in deltaic sundarbans, North-East India[END_REF][START_REF] Sarkar | Biomonitoring of heavy metals using the bivalve molluscs in Sunderban mangrove wetland, northeast coast of Bay of Bengal (India): Possible risks to human health[END_REF][START_REF] Theng | Activity concentrations of 210 Po in the soft parts of cockle (Anadara granosa) at Kuala Selangor, Malaysia[END_REF]. Some studies have already highlighted the ability of this species to bioaccumulate trace elements, including radionuclides such as 210 Po [START_REF] Theng | Activity concentrations of 210 Po in the soft parts of cockle (Anadara granosa) at Kuala Selangor, Malaysia[END_REF], which can potentially expose human consumers to contamination by ingestion.

The main objectives of the present study was to (1) assess the bioaccumulation capacity of the bloody cockles Anadara senilis for two radionuclides ( 134 Cs and 241 Am) when exposed via seawater and through the food, (2) assess the relative contribution of dissolved vs. trophic exposure pathways to the whole-body radionuclide bioaccumulation, and (3) describe the possible influence of the body weight of the bloody cockles A. senilis on the bioaccumulation of these radionuclides in order to select the most appropriate individual weight range to be used in biomonitoring studies.

Materials and Methods

Origin and acclimation of bloody cockles

Bloody cockles of different sizes and weights (shell length: 21-63 mm, whole-body wet weight: 5-75 g) were hand-picked from the Narkwa lagoon located in the Central region of Ghana. The cockles were transported to the premises of the Environment Laboratories of the IAEA in the Principality of Monaco, where experimental work was carried out. Upon reaching the labortory, cockles were cleansed of adhering sediments, sorted into different weight batches and held in a 140-L aquarium containing 0.45 µm-filtered seawater. The cockles were then acclimated to experimental conditions in a constantly aerated, open-circuit aquarium (salinity: 38 p.s.u.; water renewal rate: 50 L h -1 ; temperature: 27 ± 0.5 °C; pH: 8.0 ± 0.1; light/dark cycle: 12h/12h depicting natural light conditions using fluorescent tubes) for two months prior to experiments. During the acclimation period, the bloody cockles were fed daily a phytoplankton diet (Isochrysis galbana and Skeletonema costatum). Observed mortality was limited to few individuals.

Experimental procedures

Radiotracers and counting

Uptake and depuration kinetics of radionuclides in bloody cockles were determined using high-specific activity radionuclides ( 134 Cs as chloride in H 2 0, t 1⁄2 = 2 years; 241 Am as nitrate in 1M HNO 3 , t 1⁄2 = 433 years) purchased from Czech Metrological Institute and Isotope Products. The radioactivity of Cs and Am in water, cockles and phytoplankton were measured using a high-resolution γ-spectrometry system equipped with five Germanium -N or P typedetectors Canberra® and Eurysis®) connected to a multi-channel analyzer and a computer employing spectral analysis software (Interwinner 6, Intertechnique). To assure quality of radioanalyses, standards were used. These standards were consisting of "phantoms" for each of the types of sample used (liquids and three sizes of bloody cockles), spiked with known radionnuclide activities in order to get the appropriate density and geometry [START_REF] Cresswell | Aquatic live animal radiotracing studies for ecotoxicological applications: Addressing fundamental methodological deficiencies[END_REF]. To briefly describe the preparation of the "phantoms" of bloody cockles, threee different size standards were done, covering the whole range of sizes, using empty shells filled with imbibed (2M HCL) paper towel, spiked with known concentrations of radiotracers and then closed and placed in a counting box identical to the one used to count the living bloody cockles. The position of "phantoms", defined for the calibration of our detectors, and living bloody cockles was kept the same during the experiment in order to ensure a constant geometry. Corrections were made for background and physical radioactive decay. The counting time was adjusted to obtain a propagated counting error less than 5% (Rodriguez y [START_REF] Rodriguez Y Baena | Experimental evidence for 234 Th bioaccumulation in three Antarctic crustaceans: Potential implications for particle flux studies[END_REF].

Seawater exposure

Bloody cockles of different weights/sizes (7.51-74.17 g, 23-63 mm of length, 16-40 mm of width, 20-52 mm of height; n = 43) were placed in a 70-L aquarium (constantly aerated, closed-circuit; salinity: 38 p.s.u.; temperature: 27 ± 0.5 °C; pH: 8.0 ± 0.1; light/dark cycle: 12h/12h) and exposed for 28 d to dissolved radiotracers in 0.45-mm filtered seawater (1 Bq 134 Cs mL -1 and 0.2 Bq 241 Am mL -1 ). Seawater and spikes were renewed daily for 5 days, then every second day in order to keep exposure activities as constant as possible. The radioactivity in seawater was checked before and after each spike renewal to yield a time integrated activity of 0.94 ± 0.09 Bq mL -1 and 0.13 ± 0.08 Bq mL -1 respectively for 134 Cs and 241 Am. Prior to the renewal of seawater and spike, the cockles were fed for 1 h on a mixed diet of I. galbana and S. costatum (5 10 4 cells mL -1 ) in clean seawater in order to avoid ingestion of radiotracer via the food. Twenty tag-identified bloody cockles from two weight classes were collected at different time intervals. Class "small" had an average weight of 9.8 ± 2.2 g (Mean ± SD; with a length of 26.5 ± 2.9 mm, width of 20.6 ± 2.3 mm, height of 25.0 ± 2.4 mm, n= 10) and class "big" had an average weight of 36.3 ± 6.7 g (with a length of 43.4 ± 3.3 mm, width of 31.0 ± 2.6 mm, height of 38.6 ± 2.8 mm; n = 10) were collected at different time intervals and were whole-body radioanalysed alive in order to follow the uptake kinetics of the radiotracers. Prior to radioanalysis, radiolabelled cockles were rinsed in uncontaminated seawater for 2 min to remove loosely bound radionuclides. At the end of the 28-d exposure period, all the bloody cockles were radioanalysed and then placed in clean water in the same conditions for 35 d and 10 tag-identified individuals were regularly radioanalysed alive in order to follow the depuration kinetics of the radiotracers. During the 35-d depuration period, non-exposed individuals were used as controls of possible tracer recycling through seawater. Bloody cockles were fed daily with non-radiolabeled I. galbana and S. costatum (5 10 4 cells mL -1 ).

Dietary exposure

Transfer of radionuclides ( 134 Cs and 241 Am) to bloody cockles through their diet was studied using the Haptophyceae I. galbana. Phytoplankton cells were exposed to 10 Bq 134 Cs mL -1 and 2 Bq 241 Am mL -1 during their exponential growth phase (5 d). After that period, the phytoplankton medium was filtered (1-µm mesh size; Osmonic® filters) and filters were rinsed with non-contaminated seawater. Since the ingestion rate (IR) is dependent of the weight of the organisms, bloody cockles of two weight classes had been placed into two different 20-L aquaria (closed-circuit; same parameters as previously described), before the dietary experiment. Class "small" had an average weight of 12.20 ± 1.96 g (Mean ± SD; with a length of 29.8 ± 2.9 mm, width of 22.3 ± 2.1 mm, height of 27.1 ± 2.9 mm; n= 9) and class "big" had an average weight of 28.77 ± 5.07 g (with a length of 40.9 ± 2.3 mm, width of 29.9 ± 2.3 mm, height of 38.0 ± 4.9 mm; n = 7). Bloody cockles were single-fed with radiolabeled phytoplankton for 2 h in closed-circuit conditions by resuspension of the filtered cells to a density of 5 10 4 cells mL -1 to avoid pseudofeces production by the bivalves and thus to avoid the loss of a part of the ingested radionuclides prior to the first analysis [START_REF] Kuranchie-Mensah | Bioconcentration of Ag, Cd, Co, Mn and Zn in the mangrove oyster (Crassostrea gasar) and preliminary human health risk assessment: A radiotracer study[END_REF][START_REF] Pouil | Delineation of 134 Cs uptake pathways (seawater and food) in the variegated scallop Mimachlamys varia[END_REF]. After the feeding period, the radiolabelled cockles were rinsed in a non-radioactive free flowing seawater aquarium for 2 min to remove possibly adhering radiolabeled phytoplankton, pat dry with absorbent paper and subsequently γ-counted alive.

Seawater flow was restored and depuration was followed during 28 d in open circuit conditions. Non-exposed individuals were used as controls for possible tracer recycling.

During the 28-d depuration period, bloody cockles were fed daily with non-radiolabeled I. galbana and S. costatum (5 10 4 cells mL -1 ).

Data analysis

Biokinetics

Whole-body uptake and depuration kinetics were fitted using nonlinear regression routines and iterative adjustment (Statistica® 7) as described by [START_REF] Warnau | Biokinetics of selected heavy metals and radionuclides in the common Mediterranean echinoid Paracentrotus lividus: Seawater and food exposures[END_REF]. Whole-body uptake kinetics of radiotracers were expressed in terms of changes in bioconcentration factor over time (CF, ratio between activity of the radiotracer in the whole organism or in a body compartment -Bq g -1 wet weight-and time-integrated activity of radiotracer in seawater -Bq g -1 -). Radiotracer uptake kinetics were best described using a first-order saturation exponential model (Eq. 1):

(1) where CF t and CF ss are the bioconcentration factors at time t (d) and at steady state, respectively; k e is the depuration rate constant (d -1 ).

Depuration of radiotracers was expressed as the percentage of remaining radioactivity over time (radioactivity at time t divided by the initial radioactivity measured in the organism at the period x 100). The depuration kinetics for both radiotracers were best described using a two-component exponential model (Eq. 2):

(2) where A t and A 0 are the remaining activities (%) at time t (d) and 0, respectively; k e is the depuration rate constant (d -1 ); 's' and 'l' are the subscripts for the 'short-lived' and 'longlived' components respectively.

Allometric relationships

Concentration Factors and remaining activities measured at the end of uptake and depuration periods, respectively, were plotted against individual whole-body weight (g) and allometric relationships were tested using simple linear, power, hyperbolic or exponential models [START_REF] Zar | Biostatistical Analysis[END_REF]. When an allometric relationship was found, the power model was always the best fitting model with the following equation (Eq. 3):

(3)

where CF = Concentration Factor, A = remaining activity (%), a = constant, W= body weight (g, wet wt) and b = allometric coefficient. Kinetic parameters can be correlated positively (b > 0), negatively (b < 0).

Best fitting regression models were selected according to highest determination coefficient and examination of residuals. The level of significance for statistical analyses was always set at α=0.05.

Bioaccumulation model

The relative contribution of dissolved and food pathways was determined using a bioaccumulation model [START_REF] Landrum | Toxicokinetics in aquatic systems: Model comparisons and use in hazard assessment[END_REF][START_REF] Thomann | Equilibrium model of fate of microcontaminants in diverse aquatic food chains[END_REF][START_REF] Thomann | Steady-state model of biota sediment accumulation factor for metals in two marine bivalves[END_REF] as modified by Hédouin et al. (2010b). Briefly, the total activity of radionuclides in the organisms is equal to the sum of each activity resulting of the two different uptake pathways (Eq. 4):

(4) where C w,ss is the radiotracer steady-state activity (Bq g -1 ) accumulated in bloody cockles from dissolved phase (Eq. 5) and C f,ss is the radiotracer steady-state activity (Bq g -1 wet wt) accumulated in cockles via the food (Eq. 6):

(5) where C w is the radionuclide activity in seawater (Bq g -1 wet wt), A 0l is the absorption efficiency (%) of the radionuclide from seawater, k u is the uptake rate constant (d -1 ) from seawater and k el,w is the efflux rate constant (d -1 ) after the exposure through seawater.

with (6)

where C f is the radionuclide activity in food (Bq g -1 wet wt), Kd f is the partition coefficient for phytoplankton, AE is the assimilation efficiency (%) of the radiotracer ingested with food, IR is the ingestion rate (g g -1 d -1 , wet wt basis), k el,f is the efflux rate constant (d -1 ) after the dietary exposure.

The relative contribution (%) of each uptake pathway can thus be estimated, using the relation:

(7) (8) 
In addition to the parameters obtained from each biokinetic equation, ingestion rate (IR) of bloody cockles of two different weight classes was experimentally assessed (see [START_REF] Metian | Investigation of Ag in the king scallop Pecten maximus using field and laboratory approaches[END_REF]. On average, IRs were 0.053 g g -1 d -1 and 0.032 g g -1 d -1 wet wt basis for the "small" and the "big" size classes, respectively (Table 1). Kd f values used in the calculations were 140 ± 70 for 134 Cs (IAEA, 2014;[START_REF] Pouil | Delineation of 134 Cs uptake pathways (seawater and food) in the variegated scallop Mimachlamys varia[END_REF] and 2.10 5 ± 1.10 4 for 241 Am [START_REF] Fisher | Interactions of marine plankton with transuranic elements 1: Biokinetics of neptunium, plutonium, americium, and californium in phytoplankton[END_REF]IAEA, 2014).

Results and Discussion

Body size and body weight are factors that are well known to affect trace element and radionuclides bioconcentrations in organisms (e.g. [START_REF] Boyden | Trace element content and body size in molluscs[END_REF][START_REF] Hédouin | Allometric relationships in the bioconcentration of heavy metals by the edible tropical clam Gafrarium tumidum[END_REF][START_REF] Strong | Variations in the correlation of body size with concentrations of Cu and Ag in the bivalve Macoma balthica[END_REF][START_REF] Warnau | Allometry of heavy metal bioconcentration in the echinoid Paracentrotus lividus[END_REF]. In the light of this, biomonitoring programs must take into account the size of the organisms used.

The present work investigated the effect of body weight on the bioaccumulation of radionuclides ( 134 Cs and 241 Am) in the bloody cockles A. senilis exposed via dissolved and trophic pathways. The approach followed in this study is somewhat different from the one usually carried out to study allometric effect. Indeed, this latter is usually investigated only for the dissolved pathway, although the trophic pathway can be the major pathway for contaminant bioaccumulation in bivalves (Hédouin et al., 2010b;[START_REF] Metian | Differential bioaccumulation of 134 Cs in tropical marine organisms and the relative importance of exposure pathways[END_REF][START_REF] Pouil | Delineation of 134 Cs uptake pathways (seawater and food) in the variegated scallop Mimachlamys varia[END_REF].

Significant allometric relationships were found in bloody cockles after a 28-d exposure period

to 134 Cs and 241 Am (Fig. 1A). Inverse relationships between 134 Cs and 241 Am CFs and bivalve weights displayed quite high determination coefficients (R 2 = 0.51 and 0.80, respectively, Table 1), indicating a decrease in radionuclide uptake efficiency with increasing individual weight. In contrast, no allometric relationship was found in bloody cockles during the depuration period whether after dissolved or trophic exposure (Fig. 1B and2). However, for 241 Am, the remaining activities appeared to be higher in the larger individuals after feeding experiment (Fig. 2), suggesting a retention of assimilated 241 Am positively related to the weight of the bivalve. Nevertheless, further investigations using a higher number of individuals are needed to statistically confirm this trend.

Bivalves showing greater accumulation of dissolved radionuclides in small than larger individuals have been described for 134 Cs (e.g. in the green mussel Perna viridis; [START_REF] Ke | Uptake and depuration of cesium in the green mussel Perna viridis[END_REF] as well as for 241 Am (e.g. in the Mediterranean mussel Mytilus galloprovincialis; [START_REF] Güngör | Experimental studies on the biokinetics of 134 Cs and 241 Am in mussels (Mytilus galloprovincialis)[END_REF]. Nevertheless, in the same mussel species, [START_REF] Güngör | Experimental studies on the biokinetics of 134 Cs and 241 Am in mussels (Mytilus galloprovincialis)[END_REF] found no allometric relationship for 134 Cs. Decreasing bioaccumulation capacity of dissolved radiotracers in larger/older individuals can be related to size-dependent gill surface area to volume ratio, as well as to physiological differences of the organisms such as higher metabolic demands in smaller organism with consequent higher fluid filtration [START_REF] Strong | Variations in the correlation of body size with concentrations of Cu and Ag in the bivalve Macoma balthica[END_REF][START_REF] Pan | Allometry of cadmium and zinc concentrations and bioaccumulation in the scallop Chlamys nobilis[END_REF][START_REF] Mckinley | Relationships between body burdens of trace metals (As, Cu, Fe, Hg, Mn, Se, and Zn) and the relative body size of small tooth flounder (Pseudorhombus jenynsii)[END_REF][START_REF] Tang | Body size-dependent Cd accumulation in the zebra mussel Dreissena polymorpha from different routes[END_REF]. In the present study, the degree of allometric coefficient (b values) for the dissolved exposure experiment varied between the two studied radioelements: Cs and Am recorded -0.44 and -0.35, respectively (Table 1). This indicates that the effect of body weight of 241 Am on the cockles is not as strong as its effect on 134 Cs.

Although literature exists on the influence of size, weight or age on the capacity of radionuclide uptake from the dissolved phase, the present study also investigated the influence of the weight of bivalves on their capacity to retain radionuclides after their exposure to 134 Cs and 241 Am from dissolved and food pathways. Results showed that this capacity did not differ significantly between the two weight classes. This seems similar to what [START_REF] Melinda | Bioaccumulation and distribution of 137 cesium in the humpback grouper fish (Cromileptes altivelis)[END_REF] observed about the release of Cs by different weights groups of humpback grouper fish Cromileptes altivelis. [START_REF] Lee | Uptake and loss kinetics of Cd, Cr and Zn in the bivalves Potamocorbula amurensis and Macoma balthica: Effects of size and salinity[END_REF] also reported that efflux rates of Cd, Cr and Zn were poorly influenced by bivalve weight in the species Potamocorbula amurensis and Macoma balthica.

There seems to be a wide gap in knowledge about the bioaccumulation of elements (radionuclides or metals) in aquatic species commonly found in coastal African waters, in particular about the incidence of weight-related effect on 134 Cs and 241 Am bioaccumulation.

The relative contribution of each exposure pathway to the whole-body bioaccumulation of 134 Cs and 241 Am in the bloody cockles of two different classes of weight was calculated using the kinetic parameters determined from the experiments (see Table 2) and other parameters such as the Kd f of 134 Cs and 241 Am in phytoplankton (1.4 10 2 ± 0.7 10 2 and 2.0 10 5 ± 0.1 10 5 respectively; [START_REF] Fisher | Interactions of marine plankton with transuranic elements 1: Biokinetics of neptunium, plutonium, americium, and californium in phytoplankton[END_REF]IAEA, 2014;[START_REF] Pouil | Delineation of 134 Cs uptake pathways (seawater and food) in the variegated scallop Mimachlamys varia[END_REF] and the ingestion rates (IR = 0.053 ± 0.011 g g -1 d -1 and 0.032 ± 0.006 g g -1 d -1 for the "small" and the "big" cockles respectively; present study).

Results of the computations indicate that the food pathway was the major contributor (74-97%) to the whole-body bioaccumulation of 134 Cs in the two classes of weights (Fig. 3). Since 241 Am is differently taken up (seawater) and assimilated (food) by the cockles of the two different weight classes (Table 2), the relative contribution of each pathway is weightdependent for this radionuclide although the uncertainties associated with the estimates are high (Fig. 3). Thus, seawater seems to be the major pathway of accumulation of 241 Am in the "small" cockles, whereas food dominates the bioaccumulation of 241 Am in the "big" cockles (Fig. 3). Ingested particles as the main uptake pathways of Cs in invertebrates is, in many cases, quite well established (e.g. [START_REF] Børretzen | Bioavailability of sediment-associated and low-molecularmass species of radionuclides/trace metals to the mussel Mytilus edulis[END_REF][START_REF] Metian | Differential bioaccumulation of 134 Cs in tropical marine organisms and the relative importance of exposure pathways[END_REF][START_REF] Pouil | Delineation of 134 Cs uptake pathways (seawater and food) in the variegated scallop Mimachlamys varia[END_REF]. For Am, only few experimental studies were carried out and it is reported that > 80% of the whole-body bioaccumulation is derived from food in the blue mussel M. edulis (Wang et al., 1996). The current study, which is the first one that examined the influence of weight on 241 Am, showed that the latter relative contribution should be further studied, taking into account weight classes, to ensure it is actually true for bigger organisms, which could have substantial impact on results interpretation of environmental survey campaigns.

Conclusions

The present study indicates that if the bloody cockle is used as a bioindicator for radionuclide monitoring in coastal marine environments, focus on small individuals would be recommended as their bioconcentration capacity is higher than bigger individuals. However, results would mainly reflect the contamination situation in the food of cockles for Cs, whereas it would inform on dissolved contamination for Am. Using concomitantly larger individuals would allow obtaining information on Am contamination in their food as well. best fitting the relationships are given in Table 1. 2. 
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Table 1 .

 1 Parameters and statistics of the power function (CF or Remaining activity = a*weight b ) best describing the relationships between concentration factor (CF) of radionuclides ( 134 Cs and 241 Am) and whole-body wet weight (g) in bloody cockle A. senilis at the end of the 28-d dissolved exposure period (n=38-43).

	Radionuclide	a (Mean ± ASE)	p(a)	b (Mean ± ASE)	p(b)	R 2
	134 Cs	5.41 ± 1.11	<0.0001 -0.44 ± 0.08	<0.0001 0.51
	241 Am	1422.19 ± 111.26	<0.0001 -0.35 ± 0.03	<0.0001 0.80

Table 2 .

 2 Numeric values of physiological and geochemical factors used in modeling the 489 radionuclide ( 134 Cs & 241 Am) transfer in the bloody cockles of two different classes of 490
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