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Abstract 

Heavy metal concentration in soft-tissues of freshwater clam (Galatea paradoxa) from Diebu Creek, Bayelsa State, 
Nigeria, was investigated. Clam samples were obtained from the creek for three consecutive months from February to 
April 2022 and categorized into three class sizes: big (>50 mm), medium (36 - 50 mm) and small (20-35mm). Samples 
were analysed for cupper (Cu), lead (Pb), iron (Fe) and zinc (Zn). The results show that the big-size clams (17.37±0.01 
mg/kg) had the highest copper concentration and small-size clams the lowest concentration (0.00±0.00 mg/kg). For 
lead, the big-size clams (1.48±2.52 mg/kg) also recorded the highest concentration and small-size clams (0.32±0.02 
mg/kg) the lowest concentration. For iron, the highest concentration was established in big-size clams (21.81±0.17 
mg/kg) and lowest concentration in small-size clams (3.55±0.10 mg/kg). In the case of zinc, the highest concentration 
was likewise noticed in big-size clams (30.00±0.16 mg/kg) and lowest concentration in small-size clams (0.14±0.00 
mg/kg). Heavy metal concentration mean values recorded from the different sizes of clams portrayed a significant 
difference (P<0.05) between the mean values of big-size clams from the medium and small size clams. The concentration 
level of metals in the clams from Diebu Creek were within the acceptable limits therefore, meets the acceptable 
standards and are safe for human consumption. Heavy metals generally have relatively high density and are poisonous 
even at low concentrations therefore should be curtailed to the barest minimum level to reduce seafood contamination 
in water bodies particularly in Diebu Creek and its environs in Bayelsa State.  
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1. Introduction

The quality and safety of seafood cropped from the aquatic ecosystems in the Niger Delta area of Nigeria is of great 
concern to both fisheries and environmental scientists particularly from the area. This is because of the multiplicity of 
seafood resources the Niger Delta area is blessed with. The intertidal mudflat zone in the Niger Delta brackish waters 
are excellent spawning sites for most species of finfish and shellfish (Sunday and Ofonmbuk, 2020). The zone provides 
brilliant habitats for diversity of shellfish such as Water and Mangrove Oyster (Crassosstrea gasar), Bloody cockle 
(Anadara senilis), Razor or Knife clam (Tagelus andansonaii), Donax clam (Donax rugosus), freshwater clam (Galatea 
paradoxa) etc. Freshwater and saltwater clams serve as good source food and income generation to some African 
countries such as Nigeria, Ghana and Cameroon (Adjei-Boateng et al., 2009, Adeyemo et al., 2013). Clams and other shell 
fishes are good indicators in predicting the contamination levels of water bodies because they are filter feeders and are 
benthic organisms that lives at the bottom sediment (Nwabueze, 2010). Freshwater clam, Galatea paradoxa is a bivalve 
mollusc belonging to the Family Donaciadae that is confined to estuaries and as well to lower tidal parts of rivers and 
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creeks in West Africa including Nigeria (Kingdom and Azagba, 2017). The species serves has one lucrative artisanal 
fishery sector in the coastal communities (Etim, 1994; Adjei-Boateng et al., 2012). This clams are harvested from their 
natural habitats and serves as a source of livelihood to majority of communities dwelling on the banks of such water 
bodies who fish, process and market the species. The nutritional properties of this species makes it cherished by 
consumers, therefore making its consumption and market value increasing significantly. Unfortunately, most Galatea 
species populations are seriously threatening by anthropogenic operations like mining of riverbed substrate, 
construction of dams and water body contamination (Adjei-Boateng et al., 2012, Obirikorang et al., 2010). Therefore, 
the safety of clams has been an issue of worry for human health and has been drawing more attention of several scholars 
such as Obirikorang et al. (2010), Amissah et al. (2010), Nwabueze and Oghenevwairhe (2012), Asare-Donkor et al. 
(2015), Leizou and Muhammad (2018) etc. 

The Niger Delta area is faced with increasing pollution problems due to the anthropogenic activities been carried out in 
the area by multinational companies such as Shell Petroleum Development Company and others, coupled with domestic 
wastes introduced by communities dwelling on the banks of the water bodies. Mohammadi Rouzbahani (2017) also 
reported that the coastal areas usually accumulate greater amount of metal pollution from coastal communities, 
industrial sewages and polluted water bodies. The pollution of fresh, brackish and marine waters with wide variety of 
contaminants have become an issue of anxiety in the society (Celsus and Samson, 2014, Dibofori-orji et al., 2014). The 
different activities of multinational companies have introduced some heavy metals into the waterways of the Niger Delta 
area. Heavy metal according to Celsus and Samson (2014) refers to any metallic chemical element that has a relatively 
high density and is toxic to living organisms at low concentrations. Some of the heavy metals include Lead (Pb), 
Chromium (Cr), Thallium (Tl), Mercury (Hg), Arsenic (As) and Cadmium (Cd). In the Earth’s crust, heavy metals are 
natural components and cannot be degraded or destroyed. Omuku et al. (2008) and Ideriah et al. (2012) described five 
major causes of heavy metal pollution in an environment (air, water and land) namely: geological weathering (natural 
phenomenon), industrial processing of ore and metals, the disposal of metals and metal components, leaching of metals 
from garbage and solid waste heaps, animal and human excretions. Heavy metal pollution according to Ekperusi et al. 
(2016) and Mohammadi Rouzbahani (2017) has the proficiency to destroy diversity of aquatic resources and ecological 
balance of the aquatic ecosystems. The water and sediment quality of an aquatic ecosystem is also affected by heavy 
metal contaminations which in turn affects the health of fin and shell fish and other biological attributes such as 
taxonomic richness, trophic structure and health of individual organisms negatively (Fernandes et al., 2007, Batzias and 
Siontorou, 2008). Amin et al. (2003), Wang et al. (2005) and Desta et al. (2012) stated that environmental changes 
occasioned by heavy metal contaminations may affect the metal bio-kinetics of the fish which may result to fish 
mortality, while sub-lethal concentrations may lead to behavioural and biochemical changes in the fish. Feng Li et al. 
(2008) also cited that one’s metals are introduced into aquatic ecosystem they can also be accumulated in food chains 
because of their persistence. The Diebu Creek is an important creek to the inhabitants of the study area because they 
use it as a source of drinkable water, fishing, mining, bathing, washing and for disposal of domestic wastes. On the banks 
of the creek, multinational companies built facilities that emits toxic metals into the creek which are detrimental to 
human lives. It is in this same creek the clam Galatea paradoxa is harvested from in order to fed themselves and their 
families and as well generate income. Therefore, knowing the heavy metal status of clams (Galatea paradoxa) they are 
consuming from the creek is necessary. It is on this premise the study was designed to investigate the heavy metal 
concentration in soft tissues of freshwater clam Galatea paradoxa from Diebu Creek, Bayelsa State, Nigeria. The findings 
from this study would complement the existing literatures in the study area and as well provide useful information to 
fisheries scientist, biologist, environmentalist, universities and colleges in the development of policies for sustainable 
management of Diebu Creek. 

2. Material and methods 

2.1. Description of Study Area 

Diebu Creek is a non-tidal natural freshwater body which is a tributary of Nun River in Southern Ijaw Local Government 
Area of Bayelsa State, Nigeria. (Figure 1). The creek is geographically situated between the coordinates of latitude 4° 53' 
15.855'' North and longitude 6° 22' 25.640'' East. Diebu Creek supports tremendous artisanal fishing of the capture 
fisheries sector, it provides necessary ecological habitats such as breeding and nursery grounds for a vast number of 
freshwater macro and micro fauna species. The creek also receives municipal and agricultural run-offs from waste 
dumps along the creek line and cultivated farmland sloping downhills into the water body. The main occupations of the 
people living along the banks of the creek are fishing and crop farming. 
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Figure 1 Google Map of Diebu Creek the Study Area 

2.2. Collection of Freshwater Clam (Galatea paradoxa) Samples 

Freshwater clams (Galatea paradoxa) were bought from artisanal clam fishers fishing in Diebu Creek from February to 
April 2022. The clams were sorted into three categories based on shell length as big (>50 mm), medium (36 - 50 mm) 
and small (20 - 35 mm) clams as shown in Figures 2,3 and 4. Fifty (50) individual clams from each of the different size 
was used for the study making a total of 150 clams. The samples were identified using identification manual of 
freshwater clams by William (1979). 

 

Figure 2 Big-size Clams Galatea paradoxa 

 

Figure 3 Medium-size Clams Galatea paradoxa 

 

Figure 4 Small-size Clams Galatea paradoxa 
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2.3. Digestion of Sample  

The whole tissues of freshwater clams (Galatea paradoxa) were removed from their individual shells using forceps and 
were washed with distilled water to eliminate debris, plankton and other unwanted materials. Thereafter, the collected 
tissues of Galatea paradoxa were dried in an oven at 105 °C and were homogenized using mortar and pestle after been 
dried properly for 5-7 days. 10 g from the homogenate was digested as described by USEPA (2000), Chiu et al. (2000) 
and APHA (2005). The sample was digested using 1:5:1 mixture of 70 % perchloric acid, concentrated nitric acid and 
concentrated sulphuric acid at 80 °C in a fume chamber until a colourless liquid was obtained. The Varian Model 220 
fast sequential Atomic Absorption Spectrophotometer was then used to determine the amount of heavy metal ions in 
the homogenate. The analytical procedure was compared with standard reference materials (DORM 1, Institute of 
Environmental Chemistry, and NRC Canada). The levels of heavy metals were expressed in mg/l dry weight. 

2.4. Statistical Analysis of Data 

Data obtained were subjected to analysis of variance (ANOVA), to find if there was significant difference (P<0.05) among 
the means. Duncan multiple range test (DMRT) was used to display where the differences are. All the computation was 
done using the Statistical Package of Social Sciences (SPSS) version 23. 

3. Results  

Table 1 presents the mean values of heavy metal concentration levels for copper, lead, iron, and zinc in soft tissues of 
freshwater clam (Galatea paradoxa) from Diebu Creek based on the size of the clams (big, medium, and small). The 
results specified that the concentration level of heavy metals varied among the different sizes of clams. Mean values for 
copper revealed that the highest level of heavy metal concentration was observed in the big-size clams (17.37±0.01 

mg/kg) and lowest concentration level was observed in small-size clams (0.00±0.00 mg/kg). For lead, the big-size clams 
(1.48±2.52 mg/kg) also recorded the highest level of heavy metal concentration and small-size clams (0.32±0.02c 
mg/kg) recorded the lowest concentration level. For iron, the highest level of heavy metal concentration was established 
in the big-size clams (21.81±0.17 mg/kg) and lowest was established in the small-size clams (3.55±0.10 mg/kg). In the 
case of zinc, the highest concentration level was also noticed in the big-size clams (30.00±0.16 mg/kg) and lowest 
concentration level was noticed in the small-size clams (0.14±0.00 mg/kg). The mean heavy metal concentration values 
recorded from the different sizes of clams (small, medium and big) in this study depicted that there was significant 
difference (P<0.05) between the mean values of the big-size clams from the medium and small size clams. 

Table 1 Mean values of heavy metal level of concentrations in soft tissues of freshwater clam (Galatea paradoxa) from 
Diebu Creek and International Standard for Maximum Permissible Limits (MPL) FAO/WHO (2014)  

Heavy Metal (mg/kg) Big (>50 mm) Medium (36 - 50 mm) Small (20 - 35 mm) FAO/WHO Limit 

Cupper (Cu) 17.37±0.01a 10.65±0.03b 0.00±0.00c 30 

Lead (Pb) 1.48±2.52a 0.53±0.03b 0..32±0.02c 2.0 

Iron (Fe) 21.81±0.17a 6.02±0.04b 3.55±0.10c 100 

Zinc (Zn) 30.00±0.16a 4.38±0.04b 0.14±0.00c 40 

Means values with the same alphabets across the same row shows no significant difference (P > 0.05). 

4. Discussion 

The concentration of heavy metals in the tissues of freshwater clam Galatea paradoxa, varied according to size with the 
big size clams having the highest heavy metal concentration level than the medium and small size clams. This finding is 
in corroboration with the findings of Amisah et al. (2009) in their study on the effects of clam size on heavy metal 
accumulation in the whole soft tissues of Galatea paradoxa from the Volta estuary in Ghana and Akinrotimi et al. (2019) 
on metal concentrations in some commercial shell-fish in Port-Harcourt, Rivers State, Nigeria that recorded higher 
concentration of heavy metals in big size clams. The possible reason why the big size clams had higher mean values of 
heavy metal concentration could be attributed to their feeding habits because they consume more food than both the 
medium and small size clams which might create more room for accumulation of contaminants in their body. Li et al. 
(2016) and Akinrotimi et al. (2019) in their studies have also reported an increase in heavy metal concentrations with 
an increase in organism size. Tuzen (2003) and Ahmad et al. (2010) opted that the accumulation of metals is generally 
found to be species specific and could be related to their feeding habits and bio-concentration capacity of the species. 
Ross (2014) and Kondo et al. (2021) reported that heavy metal concentrations in fish may likely be dependent on many 
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factors such as duration of exposure to contaminants, feeding habits, concentrations of contaminants in their habitat, 
water chemistry, contamination of fish during handling and processing, sex, weight, season of sampling etc. Rainbow 
(2002) and Amisah et al. (2009) also reported that the size of an organism to a great extent influences its exposure to 
heavy metals, because larger organisms tend to have a longer lifespan and therefore accumulate more heavy metals 
over time. The mean values of heavy metal (Cu, Pb, Fe and Zn) concentrations recorded in this study fell within the range 
of values as testified by several scholars’ like Etim et al. (1991); Oribhabor and Ogbeibu  (2009); Leizou et al. (2018); 
Akinrotimi et al. (2019) for many other freshwater and estuarine environments in Nigeria and Obirikorang et al. (2009); 
Amisah et al. (2009); Serfor-Armah et al. (2010); Sarfo et al. (2011) in Ghana. The mean values of all heavy metals 
recorded in this study were within the permissible limits for human consumption as recommended by USEPA (2011) 
and FAO/WHO (2014). It is also in alliance with the findings of Leizou and Mohammad (2018) in their study on heavy 
metals in water, sediments and clam Galatea paradoxa of the Diebu Creek, Bayelsa State of Nigeria that recorded values 
which were within the permissible limits as ascribed by USEPA (2011). Several studies have reported high levels of 
heavy metal concentrations in various aquatic organisms from the Niger Delta area of Nigeria, including clams Egobueze 
et al. (2016), Obiakor and Nwachukwu (2017). Wala et al. (2016) also established that freshwater clam Galatea 
paradoxa obtained from the Nun River in Bayelsa State, Nigeria had high levels of copper, lead, and zinc, which could 
pose a risk to human health. Their findings were in variance with this study that recorded mean values that were within 
the recommended permissible limits by FAO/WHO (2014). The possible reasons for this variation could be due to the 
differences in the water bodies the clams were collected, type of effluents discharged into the water and the type of 
anthropogenic activities carried out in the study area. 

5. Conclusion and Recommendations 

The heavy metal content, in soft tissues of freshwater clam Galatea paradoxa were higher in the big-size clams when 
compared to the medium and small size clams. It is evident from this that, the size of shell fish plays a significant role in 
determining the uptake of heavy metals in the aquatic ecosystem. The heavy metals were generally found to be related 
to the size of clam because heavy metal concentrations were more in the big size clams than the medium and small size 
clams. The results from this study, proposes that size is one factor that determines the concentration level of heavy 
metal accumulation in shell fishes. Notwithstanding, the industrial and other anthropogenic inputs into Diebu Creek, 
the concentration levels of Cu, Pb, Fe and Zn in the clams were within the acceptable limits. Galatea paradoxa in Diebu 
Creek, therefore, meets the acceptable standards and the clams are safe for human consumption. Heavy metals generally 
have relatively high density and are poisonous even at low concentration levels. Therefore, heavy metal contamination 
inwater bodies particularly in Diebu Creek and its environs should be curtailed to the barest minimum level. This will 
help in reducing both fin and shell fish food contamination which in turn will decrease poisoning in human beings who 
consume freshwater clam Galatea paradoxa and other fishery products from Diebu Creek in Bayelsa State, Nigeria. 
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