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Abstract. The present study was designed to investigate the proximate (moisture, dry matter, ash, and fat 

content) composition and metallic element contents (Ca, Zn, Fe, and Cd) in an edible Bivalve, Donax 

trunculus from the gulf of Annaba, and to evaluate the effect of cadmium (Cd) on these parameters. The 

clams were collected from the El-Battah site during the morphologically ripe and reared stages under 

laboratory conditions. Physicochemical parameters of seawater samples including temperature, pH, 

salinity, and dissolved oxygen were determined. Cadmium at two sub-lethal concentrations (LC10 and 

LC25-96h as determined previously) was added to the rearing water. The results revealed significant 

effects of Cd concentrations, exposure time, and sex on all the studied parameters. Indeed, the contents of 

dry matter, fat and metallic elements, excluding Cd were significantly decreased, while the moisture, ash, 

and Cd contents were significantly increased in both sexes at two sub-lethal concentrations. Moreover, 

the measurement of proximate composition and minerals contents in D. trunculus could be a very useful 

approach to evaluate the nutritive value changes in case of exposure to cadmium contamination, and 

subsequently to avoid health-associated problems. 
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Introduction 

Heavy metals are one of the major persistent wastewater pollutants, non-

biodegradable and naturally toxic within a short period (Zhang et al., 2016). Recently, a 

great concern has been raised for the impact of heavy metals on the environment 

(Bankaji et al., 2019; Sall et al., 2020; Sleimi et al., 2021). Indeed, marine ecosystems 

are vulnerable to trace element contamination posing a considerable hazard to the 

environment and human health (Dhinamala et al., 2017; Obaiah et al., 2020). Most 

seafood products, including Mollusk Bivalves are considered biological indicators of 

heavy metal pollution through the food web (Tulonenet al., 2006; Vieira et al., 2021). 

Overall, these mollusks are excellent sources of nutrients due to their high-value in 

protein contents, low-fat contents and marked contents in essential micronutrients (e.g., 

vitamins D, A and B, water, and minerals) (Orban et al., 2002; Gil and Gil, 2015; 

Wright et al., 2018). Further, the proximate composition is a valuable tool to identify 

the quality of meat and to understand the nutritive value changes (Margret, 2015; Ogidi 

et al., 2020). Besides, some metals like calcium (Ca), Zinc (Zn), iron (Fe) required in 



Kroini et al.: Effects of cadmium exposure on proximate analysis and metallic element contents of wedge clam (Donax trunculus) 

- 5104 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(6):5103-5128. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1906_51035128 

© 2021, ALÖKI Kft., Budapest, Hungary 

minute quantities for the organisms’ metabolism and growth are referred to as essential 

metallic elements (Yusoff and Long, 2011; Hossen et al., 2015). These essential 

metallic elements are important components for hormones, activators of enzymes, and 

are effectively involved in various oxidation-reduction reactions (Khan, 1992; Wright et 

al., 2018), and the process of muscle contraction, nerve conductance, and energy 

production (Margret et al., 2013). In addition, these metallic elements (ME) become 

toxic to organisms at concentrations exceeding the recommended limits (Beldi et al., 

2006), meanwhile certain other metallic elements like Cd are not essential for any 

biological process in the organism, and become toxic even at low concentrations 

(Astudillo et al., 2005). According to the United States, Environmental Protection 

Agency (U.S. EPA), and the International Agency for Research on Cancer (IARC), Cd 

ranks among the highly hazardous metals for the public health. Also, it is reported to 

induce the generation of free radicals causing chronic oxidative kidney damages and 

cancers (Salama and Radwan, 2005; Obaiah, 2020). In this context, the assessment of 

trace element contents in seafood is an important step in ensuring food safety for the 

sake of human health. 

Donax trunculus, an edible Mollusk Bivalve, is a suitable species for the aquatic 

environment biomonitoring, and also successfully used as a bioindicator to monitor 

seawater quality worldwide (Künili et al., 2020; Costa et al., 2021; Patino et al., 2021). 

This wedge clam is chosen as sentinel species due to their typical properties, including 

life traits, wide geographical distribution, suitable size, facility of collection, 

transplantation and maintenance in the laboratory, in addition to their ability to 

concentrate pollutants (Tlili and Mouneyrac, 2019; Hamdani et al., 2020). In the gulf of 

Annaba (Northeast Algeria), D. trunculus is the most widely distributed bivalve in sand 

beaches (Beldi et al., 2006; Hafsaoui et al., 2016), and the most consumed by the local 

population (Merad et al., 2017). Thus, D. trunculus can be mainly targeted by several 

environmental pollutants from different sources including heavy metals, in particular, 

Cd that has been found in tissues of D. trunculus and sediments (Beldi et al., 2006; Drif 

et al., 2010; Amira et al., 2018). The research investigating the sub-lethal Cd exposure 

was performed in order to understand the toxic effects other than lethal effects, which 

are usually expressed by the real environmental pollution states (Mouabad, 1991; Dutta 

et al., 2017). 

Previous studies conducted in the gulf of Annaba have investigated the sub-lethal 

toxic effects of LC10 and LC25-96h of Cd on D. trunculus on the contents of 

metallothioneins (Mts) (Merad et al., 2015; Rabei et al., 2018), protein carbonyls 

(Pc) (Merad et al., 2016), omega-3 fatty acids (Merad et al., 2017) and nucleic acid 

(Merad and Soltani, 2015), and the biochemical components of gonads (Merad and 

Soltani, 2017). So, the essential previous results showed a significant reduction in 

the main essential omega-3 fatty acid (EPA and DHA concentrations), in the level of 

ARN, in the level of biochemical composition. A significant elevation in the Pc 

level and MTS level was also detected. The current study, is in continuation to 

previous studies, was undertaken to assess the sub-lethal Cd exposure (LC10 and 

LC25-96h) on the proximate composition and minerals contents of D. trunculus 

females and males in order to compare the data obtain with previous reports we have 

chosen to test similar sublethal concentrations. Noteworthy, the nutritive value, 

considered as an important index for determining the quality of meat and the 

understanding of the nutritive value changes under metallic contamination, has not 

been examined until now in the gulf of Annaba. 
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Review of literature 

Our results are original data for proximate composition and minerals contents of an 

edible mollusk bivalve D. trunculus from gulf of Annaba (Algeria). Also, it is the first 

study to elucidate the toxicity of Cd on proximate and essential metallic elements of D. 

trunculus. 

Materials and methods 

Animal collection and treatment with sub-lethal concentrations of cadmium 

The experiments were performed in March 2019 where the majority of individuals 

were in the stage of morphologically ripe (Hamdani et al., 2020), and all individuals 

tested were in the morphologically ripe. The Gulf of Annaba city (northeast Algeria) is 

surrounded from the East by the Cap Rosa (8°15′ E and 36° 38′ N), and from the West 

by the Cap Garde (7° 16′ E and 36° 68′ N). D. trunculus samples were collected from El 

Battah beach (36° 50’ N - 7° 50’ E) located approximately 30 km East from Annaba 

city, and precisely in the eastern area close to the Mafragh estuary characterized by low 

levels of all nutrients (Ounissi et al., 2014). El Battah site, distant site from any 

anthropogenic pressures, is subjected to an important hydrodynamic regime, likely 

contributing to the pollutants dilution (Rabei et al., 2018) (Fig. 1). Of note, the 

suspension feeder bivalve D. trunculus is preferentially present between 0 and 2 m in 

depth in the Mediterranean Sea (Gaspar et al., 2002; La Valle, 2006; Tlili and 

Mouneyrac, 2019), and hence samples were collected by a hand rake as described 

elsewhere (Hafsaoui et al., 2016). The experimental animals were brought to the 

laboratory and macroscopically separated by sex based on the color of gonads (dark 

blue gonads indicate females, and the yellow-white ones indicate males) according to 

Gaspar (1999). Further, the rearing was conducted in aquaria taken from the sandy and 

seawater of the sampling area. During all the experiments, the water was constantly 

aerated with air pumps (Nirox X5) and photoperiod approximately 12 h dark and 12 h 

light. Adults D. trunculus were acclimatized for 48 h in filtered seawater before the 

experimental procedures (Belabed and Soltani, 2013). The physicochemical parameters 

of seawater measured by a multi-parameter water analyzer (Multi 340 i, Germany) were 

temperature (16.21 ± 0.5 °C), salinity (32.6 ± 1.5 g/l), pH (8.10 ± 0.1), and dissolved 

oxygen (8.20 ± 1.2 mg/l). After the laboratory acclimation period, the aquariums 

containing D. trunculus were separated into control and experimental groups (Fig. 2). 

The sub-lethal acute exposure to cadmium chloride (CdCl2: Sigma, USA) as a 

commercial form of cadmium was performed according to preliminary bioassay applied 

on D. trunculus as previously reported (Merad and Soltani, 2015). Here, D. trunculus 

females and males were exposed to two sub-lethal concentrations (LC10 and LC25) of 

cadmium chloride (CdCl2) for 96 h for each sex (females: LC10 (0.94 mg/l) and LC25 

(1.6 mg/l); males: LC10 (1.15 mg/l) and LC25 (2.02 mg/l) (Merad and Soltani, 2015; 

Merad et al., 2017). D. trunculus were fed every day with a commercial food mixture 

(Marine Invertebrate Diet. Carolina Ltd., NC, and USA). Animals were dissected at 

various point times (0, 48 and 96 h) to remove their soft tissues. 

 

Proximate composition determination 

The soft tissues of four individuals of D. trunculus per treatment were used each 

48 h, and the basic proximate composition of D. trunculus (moisture, dry matter, ash, 
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and fat) was determined according to the Association of Official Analytical Chemists 

methods (AOAC, 2000). All measured values were presented in percentages. 

 

 

Figure1. Location of El Battah site in the Gulf of Annaba (Northeast Algeria) 

 

 

 

Figure2. Experimental culture of D. trunculus in the laboratory 

 

 

Moisture and dry matter determination 

Moisture defined as the main component of the feed nutrient or ingredients was 

determined from the weight difference before and after drying the samples at 105 °C 

overnight to constant weight (Bhobe and Pai, 1986) according to the following formula 

(Eq. 1): 

 

  (Eq.1) 

 

where M1 is the weight sample loss (grams); M2 is the mass of the used sample 

(grams). 
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The percentage of dry matter content in the sample was calculated by the following 

formula (Eq. 2): 

 

  (Eq.2) 

 

Ash content determination 

Ash content, the residues of the inorganic matter (mineral) of the sample after 

burning, was estimated after incinerating the sample in a muffle furnace at 550 °C for 

12 h until constant weight as described by AOAC method 920.153 (Eq. 3): 

 

  (Eq.3) 

 

where M1 is the weight of ash (grams); and M2 is the weight of the used sample (grams). 

 

Fat content determination 

Fat content in D. trunculus sample determined by Soxhlet method contains only free 

lipids, but not all lipid forms (Larpent, 1997). The Soxhlet extraction experiment was 

performed with a Franz Von Soxhlet according to AOAC method 960.39 using petroleum 

ether as solvent. In brief, 10 g of samples were included in a cartridge to enable to 

proceed the extraction procedure for 5 h. After the subsequent extraction, the residual 

solvent evaporates, and the results fall in the round bottom flask which was thereafter, 

heated in an oven to achieve permanent weight and then cooled in a desiccator. Fat 

content was measured and expressed as percent by weight as follows (Eq. 4): 

 

  (Eq.4) 

 

Determination of metallic elements 

Three pool replicates of three individuals of D. trunculus per treatment were used 

each 48 h; the contents of Cd, Ca, Fe, and Zn were measured by atomic absorption 

spectrometry using a Perkin Elmer 900T instrument (Perkin Elmer PinAAcle 900T, 

USA). In brief, as previously described by Bryan et al. (1977), the soft tissues were 

dried at 110 °C to a constant weight, homogenized and crushed in a mortar to obtain a 

fine powder which afterward was kept away from metallic materials to avoid 

contamination until analyze. Thereafter, 0.20 g of dry sample was mineralized with 

muffle furnace at 350 °C to 450 °C, and two milliliters of nitric acid were added. After 

evaporation, ashes were cooled and the resulting residue was dissolved in 25 ml of nitric 

acid 1%, and filtered through a filter paper (Whatman N°1). The filtered sample was 

aspirated into the atomic absorption spectrophotometer at mode flame, and the reading 

was registered. The blank was used to adjust the zero of the instrument and to detect 

possible cross-contamination. All reagents were obtained from Merck and were of 

analytical grade. Metallic element contents were expressed in µg/g of dry weight (dw). 

 

Statistical analyses 

Data are expressed as mean ± standard deviation (SD). Statistical analyses were 

performed using the MINITAB Software (Version 17, Penn State College, PA, USA) 
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where p < 0.05 was considered statistically significant. The normality was tested by the 

Kolmogorov-Smirnov test, and the homogeneity of variances was checked by Levine’s 

test. One-way analysis of variance (ANOVA) followed by Tukey’s post-hoc test was 

used to evaluate the difference between treatment means. The effects of concentrations, 

exposure time, and sex were tested by a three-way analysis of variance (ANOVA). The 

correlation between all parameters was examined by the Pearson correlation test 

(R = coefficient of correlation, p-value of correlation = significance at p < 0.05). 

Results 

Effects of sub-lethal concentrations of cadmium on the proximate composition 

Tables 1 and 2 showed the effect of Cd on proximate composition in females and 

males of D. trunculus respectively. The proximate composition varies as a function of 

cadmium concentration and exposure time, and sex. 

 

Sub-lethal effects of Cd on the percentage of moisture contents 

As shown in Tables 1 and 2, a significant increase in moisture contents was observed 

in the two treated series as compared to control series in both sexes. Also, there was a 

significant difference in the LC10 and LC25-treated series at 48 h (F2. 11 = 9.34; 

p = 0.006) and 96 h (F2. 11 = 48.17; p = 0.000) as compared to control series (0 h) in 

females (Table 1; Tables A1 and A2 in the Appendix). The males presented a significant 

difference in the two treated series at 48 h (F2. 11 = 6.45; p = 0.018) and 96 h (F2. 

11 = 26.58; p = 0.000) as compared to control series (Tables 2, A3 and A4). The three-

way ANOVA indicated significant effects of concentrations (F2. 71 = 49.05; p = 0.000), 

exposure time (F2. 71 = 63.96; p = 0.000) and sex (F1.71 = 73.16; p = 0.000) (Table A5). 

 

Sub-lethal effects of cadmium on the percentage of dry matter contents 

As indicated in Tables 1 and 2, a significant decrease in the percentage of dry matter 

contents was detected in the two tested concentrations as compared to control groups in 

both sexes. The dry matter contents differed significantly in the two tested concentrations 

at 48 h (F2. 11 = 9.34; p = 0.006) and 96 h (F2. 11 = 44.24; p = 0.000) as compared to 

control in females (Tables 1, A6 and A7). Meanwhile, this parameter differed significantly 

in the two treated series at 48 h (F2. 11 = 6.45; p = 0.018) and 96 h (F2. 11 = 26.58; 

p = 0.000) as compared to control in males (Tables 2, A8 and A9). The three-way 

ANOVA showed significant effects of concentration (F2. 71 = 47.36; p = 0.000), exposure 

time (F2. 71 = 61.59; p = 0.000), and sex (F1. 71 = 72.83; p = 0.000) (Table A10). 

 

Sub-lethal effects of cadmium on the percentage of ash contents 

As presented in Table 1 and 2, the percentage of ash contents was significantly 

increased in the two treated series when compared with control series of both sexes. 

This parameter differs significantly in the LC10 and LC25-treated series at 48 h (F2. 

11 = 19.82; p = 0.001) and 96 h (F2. 11 = 34.57; p = 0.000) as compared to control in 

females, with marked effect in Cl25 treated series (Tables 1, A11 and A12). Similarly, 

males showed a significant difference in ash contents in the two treated series at 48 h 

(F2. 11 = 19.62; p = 0.001) and 96 h (F2. 11 = 32.64; p = 0.000) as compared to control, 

with pronounced effect in Cl25 treated series (Tables 2, A13 and A14). The three-way 
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ANOVA revealed significant effects of concentrations (F2. 71 = 60.98; p = 0.000) and 

exposure time (F2. 71 = 70.50; p = 0.000), and sex (F1.71 = 66.38; p = 0.000) (Table A15). 

 
Table 1. Effect of Cd on proximate composition (%) in D. trunculus females (m ± SD. n = 4). 

(Means for the same time exposure (the rows) followed by the different letter in miniscule 

are significantly different, while for each treatment (the columns), values followed by the 

different letter in majuscule are significantly different at p ≤ 0.05) 

Proximate 

composition (%) 

Exposure time 

(h) 

Treatment 

Control LC10 LC25 

Moisture content 

0 77.21 ± 1.11aA 77.21 ± 1.11aA 77.21 ± 1.11aA 

48 77.39 ± 0.97 aA  79.59 ± 1.09 bB  80.56 ± 1.12 bB 

96 77.61 ± 0.81 aA 82.16 ± 0.86 bC 82.49 ± 0.66 bC 

Dry matter 

0 22.54 ± 0.94 aA 22.54 ± 0.94 aA 22.54 ± 0.94 aA 

48 22.59 ± 0.97 aA 20.40 ± 1.09 bB 19.43 ± 1.11 bB 

96 22.34 ± 0.89 aA 17.82 ± 0.86 bC 17.49 ± 0.67 bC 

Ash content 

0 1.96 ± 0.73 aA 1.96 ± 0.73 aA 1.96 ± 0.73 aA 

48 1.89 ± 0.30 aA 3.03 ± 0.40 bAB 4.12 ± 0.64 cB 

96 2.33 ± 0.12 aA 3.95 ± 0.65 bB 4.89 ± 0.37 cB 

Fat content 

0 1.82 ± 0.05 aA 1.82 ± 0.05 aA 1.82 ± 0.05 aA 

48 1.77 ± 0.07 aA 1.70 ± 0.06 aB 1.53 ± 0.08 bB 

96 1.75 ± 0.06 aA 1.35 ± 0.05 bC 1.20 ± 0.05 cC 

 

 
Table 2. Effect of Cd on proximate composition (%) in D. trunculus males (m ± SD. n = 4). 

(Means for the same time exposure (the rows) followed by the different letter in miniscule 

are significantly different, while for each treatment (the columns), values followed by the 

different letter in majuscule are significantly different at p ≤ 0.05) 

Proximate 

composition (%) 

Exposure time 

(h) 

Treatment 

Control LC10 LC25 

Moisture content 

0 75.44 ± 0.91aA 75.44 ± 0.91aA 75.44 ± 0.91aA 

48 75.35 ± 0.84 aA 77.17 ± 1.70 abA 78.60 ± 1.14 bB 

96 75.43 ± 1.0 aA 80.28 ± 1.2 bB 80.47 ± 1.1 bB 

Dry matter 

0 24.56 ± 0.91 aA 24.56 ± 0.91 aA 24.56 ± 0.91 aA 

48 24.64 ± 0.84 aA 22.84 ± 1.70 abA 21.40 ± 1.14 bB 

96 24.57 ± 1.0 aA 19.72 ± 1.20 bB 19.53 ± 1.12 bB 

Ash content 

0 1.15 ± 0.16 aA 1.15 ± 0.16 aA 1.15 ± 0.16 aA 

48 1.12 ± 0.11 aA 2.03 ± 0.49 bAB 3.09 ± 0.58 cB 

96 1.35 ± 0.06 aA 2.87 ± 0.65 bB 3.82 ± 0.38 cB 

Fat content 

0 1.31 ± 0.04 aA 1.31 ± 0.04 aA 1.31 ± 0.04 aA 

48 1.27 ± 0.05 aA 1.17 ± 0.02 bB 1.08 ± 0.03 cB 

96 1.24 ± 0.03 aA 0.91 ± 0.08 bC 0.56 ± 0.08 cC 

 

 

Sub-lethal effects of cadmium on the percentage of fat contents 

As given in Tables 1 and 2, the percentage of fat contents was significantly decreased 

in the two tested Cd concentrations as compared with those in controls of both sexes. 
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Females exhibit a significant difference in this parameter in the LC10 and LC25-treated 

series at 48 h (F2. 11 = 11.37; p = 0.003) and 96 h (F2. 11 = 91.17; p = 0.000) as compared 

to control, with more effect in Cl25 treated series at 96 h (Tables 1, A16 and A17). Also, 

the fat contents differ significantly in males in the two treated series at 48 h (F2. 

11 = 24.84; p = 0.000) and 96 h (F2. 11 = 83.33; p = 0.000) (Tables 2, A18 and A19) as 

compared to control, with distinct effect in Cl25 treated series. The three-way ANOVA 

revealed significant effects of concentration (F2. 71 = 130.50; p = 0.000), and exposure 

time (F2. 71 = 277.73; p = 0.000) and sex (F1.71 = 1344.20; p = 0.000) (Table A20). 

 

Effects of sub-lethal concentrations of cadmium on metallic element 

Tables 3 and 4 show the effect of Cd on ME in females and males of D. trunculus 

respectively. The ME contents vary as a function of cadmium concentration and 

exposure time, and sex. 

 

Calcium contents 

The Ca contents were significantly decreased in the two treated series as compared to 

control series in both sexes. A significant difference was observed in the level of this 

element in the LC10 and LC25-treated series at 48 h (F2. 8 = 49667.29; p = 0.000) and 

96 h (F2. 8 = 13938.86; p = 0.000) as compared to control in females, with marked effect 

in Cl25 treated series (Tables 3, A21 and A22). Additionally, the Ca level element 

differed significantly in the two treated series at 48 h (F2. 8 = 823.03; p = 0.000) and 

96 h (F2. 8 = 5624.86; p = 0.000) as compared to control in males, with pronounced 

effect in Cl25 treated series (Tables 4, A23 and A24). The three-way ANOVA showed 

significant effects of Cd concentrations (F2. 53 = 14560.76; p = 0.000), and exposure time 

(F2. 53 = 14597.25; p = 0.000) and sex (F1. 53 = 79623.14; p = 0.000) (Table A25) 

 

Iron contents 

The Fe contents in females and males of D. trunculus were significantly decreased in 

the two treated series as compared to control series in both sexes. There was a 

significant difference in the two tested concentrations at 48 h (F2. 8 = 182.74; p = 0.000) 

and 96 h (F2. 8 = 928.63; p = 0.000) as compared to control in females, with more effect 

in Cl25 treated series (Tables 3, A26 and A27). In parallel, D. trunculus males revealed a 

significant difference in Fe content in the two treated series at 48 h (F2. 8 = 7.42; 

p = 0.024) and 96 h (F2. 8 = 100.77; p = 0.000) as compared to control, with remarkable 

effect in Cl25 treated series at 96 h (Tables 4, A28 and A29). The three-way ANOVA 

revealed significant effects of Cd concentration (F2.53 = 325.15; p = 0.000) and exposure 

time (F2.53 = 496.49; p = 0.000) and sex (F1. 53 = 8324.47; p = 0.000) (Table A30). 

 

Zinc contents 

A significant decrease of Zn contents was observed in two groups of treated series as 

compared to control series in both sexes. In addition, the Zn contents were significantly 

differed in the LC10 and LC25-treated series at 48 h (F2. 8 = 954.29; p = 0.000) and 96 h 

(F2. 8 = 1636.34; p = 0.000) as compared to control in D. trunculus females, with distinct 

effect in Cl25 treated series (Tables 3, A31 and A32). In D. trunculus males (Tables 4, 

A33 and A34), the Zn contents revealed a significant difference in the two treated series 

at 48 h (F2. 8 = 208.19; p = 0.000) and 96 h (F2. 8 = 7025.45; p = 0.000) as compared to 
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control, with pronounced effect in Cl25 treated series. The three-way ANOVA showed 

significant effects of Cd concentration (F2.53 = 2074.06; p = 0.000) and exposure time 

(F2. 53 = 2470.09; p = 0.000), and sex (F1. 53 = 506.26; p = 0.000) (Table A35). 

 
Table 3. Effect of Cd on metallic elements (µg/g of dry weight) in D. trunculus females 

(m ± SD. n = 3). (Means for the same time exposure (the rows) followed by the different 

letter in miniscule are significantly different, while for each treatment (the columns), values 

followed by the different letter in majuscule are significantly different at p ≤ 0.05) 

Metallic elements 

(µg/g dry weight) 

Exposure time 

(h) 

Treatment 

Control LC10 LC25 

Ca 

0 624.54 ± 4.75 aA 624.54 ± 4.75 aA 624.54 ± 4.75 aA 

48 621.61 ± 1.64 aA 619.83 ± 0.57 bB 310.66 ± 1.00 cB 

96 621.21 ± 1.20 aA 354.37 ± 2.57 bC 305.04 ± 3.26 cB 

Fe 

0 149.71 ± 1.94 aA 149.71 ± 1.94 aA 149.71 ± 1.94 aA 

48 148.83 ± 0.06 aA 130.50 ± 4.69 bB 104.83 ± 1.45 cB 

96 147.33 ± 0.47 aA 95.58 ± 2.70 bC 86.66 ± 1.70 cC 

Zn 

0 91.12 ± 0.45 aA 91.12 ± 0.45 aA 91.12 ± 0.45 aA 

48 90.33 ± 0.06 aA 76.29 ± 0.79 bB 70.83 ± 0.56 cB 

96 89.70 ± 0.90 aA 60.99 ± 0.64 bC 54.04 ± 0.85 cC 

Cd 

0 4.45 ± 0.90 aA 4.45 ± 0.90 aA 4.45 ± 0.90 aA 

48 4.87 ± 0.21 aA 14.79 ± 0.06 bB 21.04 ± 0.40 cB 

96 5.24 ± 0.33 aA 15.25 ± 0.43 bB 22.04 ± 1.23 cB 

 

 
Table 4. Effect of Cd on metallic elements (µg/g of dry weight) in D. trunculus males 

(m ± SD. n = 3). (Means for the same time exposure (the rows) followed by the different 

letter in miniscule are significantly different, while for each treatment (the columns), values 

followed by the different letter in majuscule are significantly different at p ≤ 0.05) 

Metallic elements 

(µg/g dry weight) 

Exposure time 

(h) 

Treatment 

Control LC10 LC25 

Ca 

0 340.95 ± 0.80 aA 340.95 ± 0.80 aA 340.95 ± 0.80 aA 

48 339.95 ± 0.87 aA 282.70 ± 3.09 bB 270.29 ± 2.19 cB 

96 339.66 ± 0.28 aA 264.21 ± 1.79 bC 212.91 ± 1.80 cC 

Zn 

0 86.54 ± 0.25 aA 86.54 ± 0.25 aA 86.54 ± 0.25 aA 

48 84.33 ± 2.74 aA 74.25 ± 1.11 bB 53.75 ± 1.32 cB 

96 85.62 ± 0.66 aA 63.03 ± 0.38 bC 41.66 ± 0.18 cC 

Fe 

0 73.71 ± 4.19 aA 73.71 ± 4.19 aA 73.71 ± 4.19 aA 

48 70.45 ± 0.58 aA 68.50 ± 0.56 abAB 66.12 ± 2.25 bB 

96 68.74 ± 0.37 aA 63.33 ± 1.82 bB 53.12 ± 1.47 cC 

Cd 

0 4.20 ± 0.40 aA 4.20 ± 0.40 aA 4.20 ± 0.40 aA 

48 4.87 ± 0.43 aA 5.20 ± 0.40 aA 13.75 ± 1.21bB 

96 4.58 ± 0.57 aA 7.53 ± 0.94 bB 15.45 ± 0.38 cB 

 

 

Cadmium contents 

A significant increase of Cd contents was observed in two groups of treated series as 

compared to control series in both sexes. Also, the Cd contents differed significantly in 

the two treated series at 48 h (F2. 8 = 2811.72; p = 0.000) and 96 h (F2. 8 = 352.97; 
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p = 0.000) as compared to control in females, with marked effect in Cl25 treated series 

(Tables 3, A36 and A37). In D. trunculus males (Tables 4, A38 and A39), the Cd 

contents were significantly different significantly in the two treated series at 48 h (F2. 

8 = 126.27; p = 0.000) and 96 h (F2. 8 = 206.78; p = 0.000) as compared to control, with 

more effect in Cl25 treated series at 96 h. The three-way ANOVA indicated significant 

effects of concentration (F2. 53 = 770.06; p = 0.000) and exposure time (F2. 53 = 636.93; 

p = 0.000) and sex (F1. 53 = 390.76; p = 0.001) (Table A40). 

Regarding all ME, our results showed that the order of ME in D. trunculus females is 

as follows: Ca ˃Fe ˃Zn ˃ Cd. Ca and Fe are the most abundant elements, and Cd is a 

scarce element. In D. trunculus males, the gradient of ME becomes as follows: Ca ˃Zn 

˃Fe ˃ Cd. It is worth noting that Ca and Zn are the main abundant elements in males. 

 

Correlation tests 

Pearson correlation tests between cadmium and proximate composition 

Pearson correlation tests between the proximate composition and the contents of Cd 

in both sexes of D. trunculus are displayed in Table 5. Here, the results revealed a 

highly significant (p = 0.000) negative correlation between Cd and dry matter; and Cd 

and Fat content in both sexes. Conversely, a highly significant (0.000) positive 

correlation was noticed between Cd content and moisture content, and Cd content and 

ash content in both sexes. 

 

Pearson correlation tests between cadmium and metallic elements 

The relationships between ME in both sexes of D. trunculus are illustrated in 

Table 5. The Pearson correlation displayed a highly significant (p = 0.000) negative 

correlation between Cd and other ME in both sexes. 

 
Table 5. Pearson correlation tests between all parameters studies in D. trunculus females 

and males (R = coefficient of correlation. p = significance at P < 0.05) 

Pearson correlation 
Females Males 

R P R P 

Dry matter – Cd -0.875 0.000 -0.779 0.000 

Fat– Cd -0.838 0.000 -0.826 0.000 

Moisture – Cd 0.917 0.000 0.779 0.000 

Ash – Cd 0.924 0.000 0.875 0.000 

Zn – Cd -0.921 0.000 -0.950 0.000 

Fe – Cd -0.930 0.000 -0.799 0.000 

Ca – Cd -0.981 0.000 -0.861 0.000 

Discussion 

The consumers’ awareness about proximate composition and ME contents of any 

edible organism which are commonly threatened by the usage of the coastal waters 

(simple wastes repository) is exceedingly important (Akpor et al., 2014; Ehsanuddin et 

al., 2019). Our study provides a helpful understanding of the changes in the nutritive 

value of D. trunculus exposed to cadmium contaminated Gulf of Annaba. Very limited 
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studies investigating the impact of heavy metals (no essential metallic elements) on the 

proximate and essential ME of bivalvia (Bejaoui et al., 2020) are available. 

 

Impact of sub-lethal concentrations of cadmium on moisture contents 

In this study, we found that the mean percentage of moisture contents in D. trunculus 

controls was 77.40% and 75.40% for females and males respectively. Similar results 

were previously reported for the same and other species of bivalvia (Appukuttan and 

Aravindan, 1995; Mc Lean and Bulling, 2005; Hussein, 2015; Ogidi et al., 2020). In 

fact, the significant change in the percentage of moisture contents could reflect an index 

of the freshness of edible mollusks (Ghribi et al., 2018; Bejaoui et al., 2020). Besides, 

our results revealed an increase in the percentage of moisture contents with the two test 

concentrations in both sexes during the exposure periods. This is likely due to tissue 

alterations following an intense uptake of body water after an energetic metabolic 

degradation (Vargasmachuca et al., 2017; Hussain et al., 2018). Our results are in 

agreement with a previous study (Krishnakumari and Nair, 1984) conducted in oyster 

Saccostrea cucullata from different sites (polluted site and a relatively clean site). Of 

note, the moisture content was influenced by the surrounding environment (Hussein, 

2015). 

 

Impact of sub-lethal concentrations of cadmium on dry matter contents 

D. trunculus controls showed values of the mean percentage of dry matter contents 

between 22.49% and 24.59% for females and males, respectively. This result is alike to 

that found in Mercenaria mercenaria from Nigeria (Ogidi et al., 2020). Findings 

showed also a marked decrease in the percentage of dry matter contents in both sexes 

treated with the two concentrations during the exposure period. This result could be due 

to the increased moisture contents, indicating thus that the dry matter is the remaining 

material after the removal process of water. 

 

Impact of sub-lethal concentrations of cadmium on ash contents 

The mean percentage of ash content in D. trunculus controls is 2.06% and 1.20% for 

females and males respectively. This was similar to that reported in other bivalve 

species such as Laternula elliptica (Ahn et al., 2003); Anodonta woodiana (Hartono, 

2007); Meretrix meretrix and Pholas dactylus (Ghifari, 2011); Batissa violacea 

(Jamaluddin et al., 2016). A significant increase in the percentage of ash contents was 

detected in both sexes exposed to the two tested concentrations as compared to the 

controls. This result might be related to the increase of the Cd in soft tissues. Similarly, 

a previous study conducted on Anodonta anatine exposed to various doses of Pb, Cu, 

and Cr in water has reported a marked increase in the ash content (Sohail et al., 2016). 

Furthermore, the moisture content exhibited a positive correlation with ash content, 

because the acquisition of moisture leads to an acquisition of inorganic water-soluble 

compounds (Bochi et al., 2008). 

 

Impact of sub-lethal concentrations of cadmium on fat contents 

The obtained results revealed that the mean percentage of fat contents in D. trunculus 

controls is between 1.78% and 1.27% for females and males respectively. Previous 

studies, including those conducted on Anodonta woodiana (Hartono, 2007); Meretrix 
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meretrix and Pholas dactylus (Ghifari, 2011) concord with our finding. The low-fat 

content represents a nutritional characteristic of the mollusk flesh (Bellisle et al., 1999; 

Wen et al., 2020). Further, the percentage of fat contents was significantly decreased in 

D. trunculus subjected to the two tested concentrations as compared to the control group 

of both sexes. This result might be owed to the increase of the Cd content in soft tissues, 

exhibiting a negative correlation with fat contents. In this context, a comparable 

tendency was estimated by Bejaoui et al. (2020) for lipids and reserve lipids in 

Venerupis decussata tissue from two Tunisian lagoons exposed to different 

anthropogenic contaminants. 

 

Impact of sub-lethal concentrations of cadmium on essential metallic elements 

contents 

Regarding the contents of EM, our study indicated that the predominant EM detected 

in both sexes of D. trunculus controls is Ca. This finding concords with other previous 

studies conducted on Donax cuneatus (Idayachandiran et al., 2014), Perna viridis and 

Villoritta cyprinoids (Ragi et al., 2017), Anomalocardia brasiliensis and Mytella 

guyanensis (Costa et al., 2019). Moreover, a negative correlation between Cd and Ca 

has been noticed in both sexes, and the Cd exposure at two sub-lethal concentrations 

was found to likely reduce the levels of Ca. Also, Cd was reported to affect Ca 

metabolism in bivalve mollusks (Faubel et al., 2008), through a competitive interaction 

in the plasma membrane binding site of Ca. Additionally, Cd affects the SH groups of 

Ca-ATPase (Verbost et al., 1988), resulting consequently in decreased Ca levels in soft 

tissue. This finding is similar to previous studies performed on Donax rugosus 

(Sidoumou et al., 1997), Crassostrea gaster (Javanshir and Shapoori, 2011) and 

Anodonta anatina (Ngo et al., 2011). 

In this study, Fe was proved as the second most abundant element in D. trunculus 

female controls, and this was similarly reported in previous studies performed on same-

sex of the same species or other species (Romeo and Gnassia-Barelli, 1988; El-Serehy 

et al., 2013; Richir and Gobert, 2014). Furthermore, a negative correlation between Cd 

and Fe was observed in both sexes, and accordingly, the decreased level of Fe at two 

sub-lethal concentrations was also detected in Mizuhopecten yessoensis (Chelomin et 

al., 1995). Fe plays an essential role in antioxidant enzyme activities like catalase whose 

activity can be affected by Fe variations. In this regard, Soltani et al. (2012) have 

reported disruption in catalase activity in a mantle of D. trunculus collected from Cd 

polluted northeast Algeria sites (Sidi Salem beach, Annaba city). Besides, D. trunculus 

controls males were found to contain abundantly zinc element whose cellular uptake is 

higher in sperm than eggs in M. edulis (Latouche and Mix, 1981; Akberali et al., 1985 

in Earnshaw et al., 1986). Whilst, D. trunculus females are rich in Zn after Fe as 

compared to males. Similar results have been found in D. trunculus females from Italy 

(Marina and Enzo, 1983) and Mytilus galloprovincialis females from Belgium (Richir 

and Gobert, 2014). Findings showed also a negative correlation between Cd and Zn, in 

addition to a decrease in Zn contents in soft tissues of D. trunculus in both sexes at two 

sub-lethal concentrations. This result was similar to that of a previous study conducted 

on Lamellidans marginalis (Das and Jana, 1999) and Anodonta anatine (Ngo et al., 

2011). The plausible explanation of this result is that Cd can affect the active sites of 

DNA-binding proteins, MTs, and Zn-containing enzymes (Pruskiand Dixon, 2002; 

Golovanova, 2008; Ngo et al., 2011). As reported, Zn protects against the toxicity of Cd 

(Kaji et al., 1988) whose each atom coordinates with seven zinc atoms (Giles, 1988). 
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As Cd is a non-essential element, both sexes showed the lowest contents of these 

elements in the control series. Importantly, these values are less than the permissible 

limit recommended by CEFAS (1997) and NHMRC (1987). Also, the incorporation of 

Cd increased as a function of the concentration and the exposure time in both sexes. Our 

results are in line with the study of Belabed and Solatni (2018) reporting that D. 

trunculus is sensitive to Cd toxicity. This metal was gradually incorporated into the 

body. D. trunculus responds quickly with a relatively effective detoxification process, 

since a reduction in the levels of Cd in tissue was observed starting at 96 h during the 

recovery period. Moreover, the effect of LC25 was relatively more significant, and 

accordingly, the Cd toxicity on PC, omega-3 fatty acids, EPA, DHA, carbohydrates, 

proteins, lipids for the same species and same concentrations have been previously 

reported (Merad et al., 2016, 2017; Merad and Soltani, 2017). 

According to the literature, the values of EM contents in Donax were varied in 

different areas. This variation is strongly dependent on geochemical and biological 

factors (Gupta and Singh, 2011; Katsallah et al., 2013), including sexes, size, age, 

phenotype, genotype, feeding activity, and reproductive stage (Boening, 1997). The 

geochemical factors include organic carbon, water hardness, salinity, temperature, pH, 

dissolved oxygen, sediment grain size, and hydrologic features of the system (Elder et 

al., 1991; Caçador et al., 2016). 

Alike to previous studies (Laxmilatha, 2009; Richir and Gobert, 2014; Hussein, 

2015) investigating the differences between the sexes in the proximate and EM 

contents, our data indicated higher contents on moisture, ash, fat, and EM in females 

than males of D. trunculus. This is likely due to the reason that the formation of 

reserves during the respawning period is more pronounced in females, suggesting that 

the accumulation of proximate and EM in this sex could be faster (Sokolowski et al., 

2004). Accordingly, Merad et al. (2015) have reported a higher rate of MTs in D. 

trunculus females than males. 

Conclusion 

The present study provides valuable knowledge on the proximate and EM contents in 

D. trunculus from the gulf of Annaba (Northeast Algeria), as well as the impact of Cd 

on these parameters. D. trunculus was found to be rich in moisture contents and 

contains low ash and fat contents. Ca, Zn and Fe were the main compounds in the flesh 

of D. trunculus. The contents of Cd in tissues can vary as a function of its concentration, 

exposure time, and sexes, which hence significantly affected the proximate and EM 

contents in D. trunculus. Thus, it is necessary to continue monitoring programs to 

control the metal concentrations and, subsequently to avoid health-associated problems. 
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APPENDIX 

Table A1. One-way analysis of variance (ANOVA) of moisture contents for females at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

21.05 

10.15 

31.20 

10.527 

1.127 

 

9.34 

 

 

0.006 

 

 

 

 
Table A2. One-way analysis of variance (ANOVA) of moisture contents for females at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

59.655 

5.573 

65.228 

29.8275 

0.6192 

 

48.17 

 

 

0.000 

 

 

 

 
Table A3. One-way analysis of variance (ANOVA) of moisture contents for males at 48 h  

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

21.15 

14.75 

35.90 

10.576 

1.639 

 

6.45 

 

 

0.018 

 

 

 

 
Table A4. One-way analysis of variance (ANOVA) of moisture contents for males at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

65.44 

11.08 

76.52 

32.722 

1.231 

 

26.58 

 

 

0.000 
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Table A5. Three-way analysis of variance (ANOVA) of moisture contents  

Source df SS MS F P value 

Concentration 2 101.247 50.6233 49.05 0.000 

Time 2 132.016 66.0081 63.96 0.000 

Sex 1 75.502 75.5016 73.16 0.000 

Error 54 55.729 1.0320   

Total 71 430.641    

 

 
Table A6. One-way analysis of variance (ANOVA) of dry matter contents for females at 48 h 

Source df SS MS F P value 

Time 

Error 

Total 

2 

9 

11 

21.03 

10.13 

31.15 

10.513 

1.125 

 

9.34 

 

 

0.006 

 

 

 

 
Table A7. One-way analysis of variance (ANOVA) of dry matter contents for females at 96 h 

Source df SS MS F P value 

Time 

Error 

Total 

2 

9 

11 

58.680 

5.969 

64.649 

29.3400 

0.6632 

 

44.24 

 

 

0.000 

 

 

 

 
Table A8. One-way analysis of variance (ANOVA) of dry matter contents for males at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

21.15 

14.75 

35.90 

10.576 

1.639 

 

6.45 

 

 

0.018 

 

 

 

 
Table A9. One-way analysis of variance (ANOVA) of dry matter contents for males at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

65.44 

11.08 

76.52 

32.722 

1.231 

 

26.58 

 

 

0.000 

 

 

 

 
Table A10. Three-way analysis of variance (ANOVA) of dry matter contents 

Source df SS MS F P value 

Concentration 2 100.709 50.3543 47.36 0.000 

Time 2 130.981 65.4905 61.59 0.000 

Sex 1 77.439 77.4390 72.83 0.000 

Error 54 57.419 1.0633   

Total 71 432.197    
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Table A11. One-way analysis of variance (ANOVA) of ash contents for females at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

9.881 

2.243 

12.125 

4.9406 

0.2493 

 

19.82 

 

 

0.001 

 

 

 

 
Table A12. One-way analysis of variance (ANOVA) of ash contents for females at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

13.388 

1.742 

15.130 

6.6938 

0.1936 

 

34.57 

 

 

0.000 

 

 

 

 
Table A13. One-way analysis of variance (ANOVA) of ash contents for males at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

7.797 

1.788 

9.585 

3.8985 

0.1987 

 

19.62 

 

 

0.001 

 

 

 

 
Table A14. One-way analysis of variance (ANOVA) of ash contents for males at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

12.453 

1.717 

14.170 

6.2264 

0.1908 

 

32.64 

 

 

0.000 

 

 

 

 
Table A15. Three-way analysis of variance (ANOVA) of ash contents  

Source df SS MS F P value 

Concentration 2 28.518 14.2588 60.98 0.000 

Time 2 32.972 16.4858 70.50 0.000 

Sex 1 15.522 15.5217 66.38 0.000 

Error 54 12.628 0.2338   

Total 71 104.814    

 

 
Table A16. One-way analysis of variance (ANOVA) of fat contents for females at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

0.12740 

0.05040 

0.17780 

0.063700 

0.005600 

 

11.37 

 

 

0.003 
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Table A17. One-way analysis of variance (ANOVA) of fat contents for females at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

0.63112 

0.03115 

0.66227 

0.315558 

0.003461 

 

91.17 

 

 

0.000 

 

 

 

 
Table A18. One-way analysis of variance (ANOVA) of fat contents for males at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

0.07052 

0.01278 

0.08329 

0.035258 

0.001419 

 

24.84 

 

 

0.000 

 

 

 

 
Table A19. One-way analysis of variance (ANOVA) of fat contents for males at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

9 

11 

0.91805 

0.04958 

0.96763 

0.459025 

0.005508 

 

83.33 

 

 

0.000 

 

 

 

 
Table A20. Three-way analysis of variance (ANOVA) of fat contents  

Source df SS MS F P value 

Concentration 2 0.91301 0.45650 130.50 0.000 

Time 2 1.94311 0.97155 277.73 0.000 

Sex 1 4.70222 4.70222 1344.20 0.000 

Error 54 0.18890 0.00350   

Total 71 8.58500    

 

 
Table A21. One-way analysis of variance (ANOVA) of Ca contents for females at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

156452 

9 

156461 

78226.0 

1.6 

 

49667.29 

 

 

0.000 

 

 

 

 
Table A22. One-way analysis of variance (ANOVA) of Ca contents for females at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

173595 

37 

173633 

86797.6 

6.2 

 

13938.86 

 

 

0.000 
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Table A23. One-way analysis of variance (ANOVA) of Ca contents for males at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

8284.63 

30.20 

8314.83 

4142.32 

5.03 

 

823.03 

 

 

0.000 

 

 

 

 
Table A24. One-way analysis of variance (ANOVA) of Ca contents for males at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

24391.6 

13.0 

24404.6 

12195.8 

2.2 

 

5624.86 

 

 

0.000 

 

 

 

 
Table A25. Three-way analysis of variance (ANOVA) of Ca contents  

Source df SS MS F P value 

Concentration 2 185511 92755 14560.76 0.000 

Time 2 185975 92988 14597.25 0.000 

Sex 1 507217 507217 79623.14 0.000 

Error 36 229 6   

Total 53 1110808    

 

 
Table A26. One-way analysis of variance (ANOVA) of Fe contents for females at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

2930.89 

48.12 

2979.00 

1465.44 

8.02 

 

182.74 

 

 

0.000 

 

 

 

 
Table A27. One-way analysis of variance (ANOVA) of Fe contents for females at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

6437.73 

20.80 

6458.53 

3218.86 

3.47 

 

928.63 

 

 

0.000 

 

 

 

 
Table A28. One-way analysis of variance (ANOVA) of Fe contents for males at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

28.30 

11.47 

39.75 

14.151 

1.908 

 

7.42 

 

 

0.024 
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Table A29. One-way analysis of variance (ANOVA) of Fe contents for males at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

377.60 

11.24 

388.85 

188.802 

1.874 

 

100.77 

 

 

0.000 

 

 

 

 
Table A30. Three-way analysis of variance (ANOVA) of Fe contents  

Source df SS MS F P value 

Concentration 2 3959.3 1979.7 325.15 0.000 

Time 2 6045.8 3022.9 496.49 0.000 

Sex 1 50683.5 50683.5 8324.47 0.000 

Error 36 219.2 6.1   

Total 53 68488.0    

 

 
Table A31. One-way analysis of variance (ANOVA) of Zn contents for females at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

607.183 

1.909 

609.092 

303.592 

0.318 

 

954.29 

 

 

0.000 

 

 

 

 
Table A32. One-way analysis of variance (ANOVA) of Zn contents for females at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

2144.77 

3.93 

2148.70 

1072.39 

0.66 

 

1636.34 

 

 

0.000 

 

 

 

 
Table A33. One-way analysis of variance (ANOVA) of Zn contents for males at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

1457.19 

21.00 

1478.19 

728.597 

3.500 

 

208.19 

 

 

0.000 

 

 

 

 
Table A34. One-way analysis of variance (ANOVA) of Zn contents for males at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

2899.01 

1.24 

2900.25 

1449.51 

0.21 

 

7025.45 

 

 

0.000 
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Table A35. Three-way analysis of variance (ANOVA) of Zn contents 

Source df SS MS F P value 

Concentration 2 4175.1 2087.57 2074.06 0.000 

Time 2 4972.4 2486.18 2470.09 0.000 

Sex 1 509.6 509.56 506.26 0.000 

Error 36 36.2 1.01   

Total 53 12662.3    

 

 
Table A36. One-way analysis of variance (ANOVA) of Cd contents for females at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

398.764 

0.425 

399.189 

199.382 

0.071 

 

2811.72 

 

 

0.000 

 

 

 

 
Table A37. One-way analysis of variance (ANOVA) of Cd contents for females at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

428.030 

3.638 

431.668 

214.015 

0.606 

 

352.97 

 

 

0.000 

 

 

 

 
Table A38. One-way analysis of variance (ANOVA) of Cd contents for males at 48 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

151.840 

3.608 

155.448 

75.9201 

0.6013 

 

126.27 

 

 

0.000 

 

 

 

 
Table A39. One-way analysis of variance (ANOVA) of Cd contents for males at 96 h 

Source df SS MS F P value 

Concentration 

Error 

Total 

2 

6 

8 

189.553 

2.750 

192.303 

94.7763 

0.4583 

 

206.78 

 

 

0.000 

 

 

 

 
Table A40. Three-way analysis of variance (ANOVA) of Cd contents  

Source df SS MS F P value 

Concentration 2 697.70 348.850 770.06 0.000 

Time 2 577.08 288.541 636.93 0.000 

Sex 1 177.02 177.018 390.76 0.000 

Error 36 16.31 0.453   

Total 53 2016.23    
 


