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Abstract: The availability and the levels of heavy metals contamination was assessed in marine mollusk species 

Acanthopleura gemmata from Fort Jesus, Mombasa Kenya. The levels of heavy metal contamination in flesh 

and shells of Acanthopleura gemmata were compared with that of marine algae U. Lactuca and U. Reticulata 

species, water and sediment in its environment. The heavy metals investigated included Fe, Cu, Mn, Zn, Pb, Cr 

and Cd and were assed using atomic absorption spectroscopy (AAS). The results of this study indicated that the 

concentrations of all the heavy metals were high in the flesh samples of Acanthopleura gemmata as compared to 

the algae, shells, water and sediments samples. The concentrations of heavy metals varied with the size of the 

organism. The smallest Acanthopleura gemmata had the high concentrations of Zn: 347.75 ± 31.66 μgg
-1

, and 

Cd: 13.92 ±1.24 μgg
-1

. The largest Acanthopleura gemmata on the contrary had high concentrations of Fe: 

3182.01±41.30 μgg
-1

, Pb: 67.43±0.81μgg
-1

 and Cu: 53.07±2.87μgg
-1

. Cr and Mn were below detection limit in 

flesh samples but the concentrations were 25.71±5.72 μgg
-1

 for Mn and 29.11±8.75 μgg
-1

 for Cr in the shells. 

The concentration of Cd was below detection limit in algae, water and sediment samples. The findings from this 

study indicated that Acanthopleura gemmata are good bioaccumulators of heavy metals as compared to water 

and sediments. The results further showed that metal bioaccumulation is dependent on both the size of the 

Acanthopleura gemmata and the type of heavy metal  
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I. Introduction 
Heavy metals are metals with  density above 5g/cm

3
 that can be toxic to the environmental plants and 

organisms [1]. Heavy metals are broadly classified into essential and nonessential metals. Metals like Cd and Pb 

are non-essential and toxic at low concentrations while Cu, Zn and Mn are essential metals and are toxic at high 

concentrations levels [2].These metals occur naturally in the environment. However, human activities have 

increased their concentrations to levels that can be harmful to both the marine organisms and humans [3], [4], 

[5].  

Heavy metals bioaccumulate in the environment because they are nonbiodegradable [1], [5]. They can 

bioammulate to concentrations that are harmful to both man and organisms in the environment. Anthropogenic 

activities such as discharge of industrial waste, sewage waste and solid waste into the environment has been the 

major contributor to the high levels of heavy metals in the environment in Mombasa city [6], [7], [8].  

 Heavy metals occur in nature in several particulate forms. They can be bound into particles, 

precipitated as metal coatings on particles, incorporated in organic matter like algae, can exist as colloids, 

aggregates or held in crystalline detrital particles. They may occur as dissolved free ions, complexation, chelated 

with certain inorganic ligands or organic ligands like amines and proteins [1], [2]. The bioavailability of heavy 

metals in the marine environment is determined by the environmental variables in the ecosystem. These include 

salinity, pH, redox potential, temperature, organic particulate matter and biological activity [1], [2]. 

Monitoring of heavy metals pollution is important so as to protect the natural resources and human 

lives [3]. Heavy metals have been associated with many human disorders like impaired neuropsychological 

functions and growth retardation amongst other causes, gastrointestinal, asthma, heart and liver problems and 

reproductive problems amongst others [2], [9], [10], [11], [12].  

The use of biomonitors has proved to be effective in the environmental assessment of heavy metals 

[13]. Marine mollusks such as bivalves and chitons have been used as biomonitors because they are low in the 

food chain in the marine environment; they live in the same environment from young to adult stage and can 

accumulate high metals concentrations more than their immediate environment [14], [15], [16], [17], [18], and 

[12].Bioaccumulation of metals depend on size, sex as well as location of mollusks [20], [21], [22]. 

Acanthopleura gemmata (Figure 1) is a species of mollusks from the class of polyplacophora and are found in 

rocky shores, commonly known as chitons [23], [24]. The Acanthopleura gemmata have minimal movement 
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and exhibit homming behavior. They adhere to rocks using pressure they exert on their ventral foot and belt and 

they feed on marine algae using their radula [23], [18]. 

 

 
Figure 1: Acanthopleura gemmata 

 

Mombasa is the second largest City in Kenya. It is highly affected by large population growth, 

urbanization and industralisation [25]. These have brought about production of large amounts of waste daily in 

form of solid waste, industrial and municipal waste [8]. There has been a challenge of proper waste disposal and 

has resulted in detrimental effects to the environment. Solid waste and sewage waste are disposed off along the 

shores and has led to pollution of the marine environment [26]. This waste carry toxic chemical amongst them is 

heavy metals [27], [28], [29], [7].  

Therefore, this study aimed at assessing heavy metals bioaccumulation in Acanthopleura gemmata and 

comparing the concentrations with marine algae, water and sediment samples from the environment. 

 

II. Materials And Methods 
The current study was carried out in Fort Jesus in Kenya. Fort Jesus is located at Tudor Creek on the 

North West of Mombasa Island [30]. 

It is a rocky shore and mainly a tourist’s attraction site; the area hosts a museum and also used for 

water sports events. However it has a municipal sewage disposal point that flows into the ocean.  

 

 
Figure 2: Sewage disposal at Fort Jesus 

 

2. 1 Sample collection, preparation and analysis 

Sampling was done at low tide during the dry season twice. The Acanthopleura gemmata sampled 

ranged from the largest size to the smallest size found at the shore. The samples were collected based on their 

position on the rocky shore between the upper and lower eulittoral zone at the shore.  

The Acanthopleura gemmata were handpicked and stored in Ziploc bags. The Acanthopleura 

gemmatawere classified into three groups (Small, medium and large). The samples were cleaned with distilled 

water then the shells were separated from the flesh. The samples were then dried at 60°C, then ground using a 
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mortar and pestle. 0.2g of homegenised flesh sample was accurately weighed using Shimadzu electronic 

weighing balance (Model TX423L) and transferred into a clean beaker then 10 ml of concentrated nitric acid 

was added. The sample was heated at a temperature ranging from 70°C to 90°C, until all tissue was digested. 

The temperature was then gradually increased to 135 °C. Then drops of H2O2 were added for further oxidation. 

Samples were then filtered with filter paper (GF/A) after cooling. Then sample were diluted to 50 ml with 

double distilled water [15]. This was done in triplicate. 

Sampling of water and sediment was done according to EPA [31]. Water samples were put in 100 mL 

bottles and acidified on the spot. The sediment was scooped using a shovel. Algae samples were handpicked. 

All samples were stored in plastic Ziploc bags then stored in ice for transportation. Once in the laboratory, the 

rock and algae samples were cleaned dried at 60°C then ground using a motar and pestle. 

Digestion of Shell and sediment samples was done in triplicate according to the United States Environmental 

Protection Agency (USEPA) method 3050A. Water samples were digested according to USEPA method 3005B 

and algae samples were digested as described by Sekabira et al. [32]. Analysis was done by GF – 990 Shimadzu 

flame atomic absorption spectrometer. The method was validated using a certified reference material 

(CRM)“IAEA (International Atomic Energy Agency) 433”and IAEA 436, for trace elements and methyl 

mercury in Marine sediments also used by Mwatsahu [33] (Table 1 and 2). 

All samples were analysed using GF – 990 Shimadzu flame atomic absorption spectrometer. 

 

Table 1: Mean concentration levels of heavy metals in CRM IAEA 433, and measured values 
Metal CRM (µg/g) Measured (µg/g) Mean recovery value% 

Cu 30.8± 2.6 30.44±  2.4 98.83 

Zn 101±  8 100.45 ± 10.33 99.45 

Mn 316±  16 315.55±  21.7 99.86 

Cd 0.153±  0.033 0.148 ± 0.014 96.73 

Cr 136 ± 10 134.87±  10.99 99.65 

Pb 26± 2.7 25.91±  2.7 99.65 

 

Table 2: Mean concentration levels of heavy metals in CRM IAEA 436, and measured values 
Metal CRM (µg/g) Measured (µg/g) Mean recovery value % 

Cu 1.73±0.19 1.69±0.13 98.84 

Zn 19.0±01.3 18.88±1.44 99.37 

Mn 0.238±0.042 0.236±0.64 99.15 

Cd 0.052±0.007 0.051±0.006 98.07 

Cr 0.194±0.058 0.193±0.071 99.48 

 

III. Results And Discussion 
 The levels of heavy metals in Acanthopleura gemmata was higher for all metals except for Mn as 

compared to the other samples while sea water showed the lowest concentration levels in all metals. Fe had the 

highest concentration levels in all samples compared to the other metals. Fe was found to have the highest 

concentration in the flesh then the sediment samples. The concentration levels of Fe in Acanthopleura gemmata 

was between 3182.01±41.30µg/g and 643.03±124.89µg/g for flesh samples while in the shells the concentration 

range was between 277.70±54.19 µg/gand 201.63±9.09µg/g.  

 

a. b.  
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c. d.  

 

e. f.  

 

g.  

Figure 3 a., b., c., d., e., f., g.,: A comparison of concentration of metals between Acanthopleura gemmataand 

sediment, water and algae samples 
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Fe is an abundant metal in the earth’s crust it is also bonded in sediments. Fe also had the highest 

concentration levels in the water, algae and sediment sample. Iron can be transported from different places like 

cultivated land and rock quarries. It can be transported through erosion during rainy season and storm water 

runoff [34].The high concentration levels of Fe could also be as a result of municipal waste disposal or the 

nature of study area. The study site had so much debris of rusted metals; these metals are due to the historic 

background. This area was used as a shipping dock, a prison and was also a war zone by the Portuguese.  

Fe, Cu and Zn are important for metabolic functions in the marine organisms, therefore the high 

concentrations of these metals in the Acanthopleura gemmata could be as a result of high usage in the 

organisms. Moreover, the high levels of iron in Acanthopleura gemmatacould also be because they posses’ 

radulae made of magnetite (iron oxide), which they use to scrap off algae from the rocks [18]. 

Very low concentrations were observed for Cr and Mn in the flesh of Acanthopleura gemmata. 

However, the levels were high in the shells, U.lactuca and sediment samples. These metals in the environment 

are minimised due to good clean up by industries before waste release to the environment. U.lactuca like many 

marine algae, tend to accumulate high metal concentrations from sea water at high concentration levels more 

than water in their environment thus reflecting the heavy metals concentration in sea water [35].  

The shells and sediment samples had high concentration levels of Pb. Pb is not metabolized in the flesh 

because it is toxic. It however, has a tendency of competing with calcium carbonate in the shell in form of 

aragonite which is isostructural leading to the formation of lead carbonate. Therefore Pb can replace the calcium 

in the shells especially under low pH [36], [20]. Furthermore, sediments act as sinks for most toxic metals like 

Cr, Pb and Cd. They can be bound into particles or precipitated as metal coatings on particles [1], [27]. 

Acanthopleura gemmata had high concentrations of Cd for both flesh and shell samples. The 

concentration levels was higher in the flesh sample at 13.92µg/g this is higher than the allowed limits by WHO 

where the maximum value should be 1 µg/g on edible shell fish [37].High levels of Cd can cause increased 

mortality, growth reduction and also affects the respiratory and muscle functions. It has been observed to 

accumulate in the liver and kidney of marine organisms [38]. 

Weight gain and age have been suggested to affect metal concentration in marine mollusk species [15]. 

This is true for Fe, Cu and Zn which showed a strong correlation (0.93-0.99) between concentration of metals in 

the flesh samples and the size of the mollusks. This means that the concentration levels of metals in the flesh 

samples increased with increase in size of the mollusks. Therefore bioaccumulation of this metals is high in the 

larger organisms compared to the small organisms.  

 

 
 

However Cd, showed a low negative correlation of -0.52 meaning that the metal concentration levels is 

not dependant on size gain of the organisms. Furthermore, this metal has no purpose in the metabolic processes 

in the organisms body [1].  Pb, Cr and Mn concentration had no relationship with the size of organism. This is 

because their concentration levels in the flesh of the Acanthopleura gemmatawere below detection limit  in the 

flesh samples. 

In the shell samples Cd and Zn had a positive strong correlation of 0.97 and 0.99 respectively, while Cr 

and Fe had a negative correlation of -0.89 and -0.93 respectively between concentration and size. This shows 

that these metals concentration levels is affected by weight gain for Cd and Zn while Cr and Fe concentration 

decrease with size of shell. Cu, Mn and Pb concentration level had very low correlation with size of shell. 
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IV. Conclusions 
The findings from this study indicated that  Acanthopleura gemmata are good accumulators of heavy 

metals as compared to water and sediments. The results further showed that metal bioaccumulation is dependent 

on both the size of the Acanthopleura gemmata and the type of heavy metal. Sediment samples had the highest 

concentration of all metals except Mn and Cu. Of the algae species analysed U.lactuca had the highest 

concentration of all the metals except for Cu.  

Based on these findings, continuous monitoring of pollution of the environment is important so as to 

protect the marine environment. The use of Acanthopleura gemmataas biomonitors can be implemented because 

they can accumulate high metals level. Findings in this work could be a baseline for future assessments of heavy 

metals pollution along the Kenyan coast. A study can be done to determine the efficiency of Chiton shells in the 

removal of toxic metals from the environment.  
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