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Abstract: With capture fisheries output being threatened by overfishing and dwindling stocks, a long term 

vision for the supply of fish to the worlds growing population is aquaculture. However, the issue of fish feeds 

remains one of the challenges facing the aquaculture sector where the sources for most of the ingredients used 

for fish feed formulation are the same as those used for human consumption. Hence, a strategic focus for 

aquaculture must be to derive new sources, primarily taken from outside the human food chain, and to derive 

them mainly from primary producers for example marine algae (seaweeds). However, the use of seaweeds as 

animal feed is, among others, determined by their heavy metal status. U. rigida and H. opuntia are some of the 

seaweed species primarily used in artisanal fishery at the south coast of Kenya as fishing baits and have the 

potential for use as supplement ingredients in the formulation of fish feed for the widely farmed Nile tilapia. For 

purposes of determining their safety for use in fish feeds, a study was carried out to determine the concentration 

levels of Arsenic, Cadmium, Lead and Mercury. The heavy metals were investigated with respect to seasonal 

and site variations. Seaweed sample analysis was done following Atomic Absorption Spectroscopy. The values 

obtained were compared to the World health Organization (WHO) recommended levels for heavy metals in food 

and feed supplements. The concentration levels were significantly different (p<0.05) in the two seaweed species, 

varied with seasons and sites and compared variably with the WHO recommended levels. 
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I. Introduction 

Aquaculture is one of the rapidly growing sectors which is an essential source of food, livelihood and 

income for millions of people around the world. According to (1) aquaculture production globally was estimated 

at 97.2 million tonnes in 2014 with a value of USD 157 billion. One of the major contributors to the drastic 

growth of the aquaculture sector is the development of the fish feed industry. The quality of feed contributes 

significantly to the level of productivity and the quality of the carcass. Good quality feeds lead to good 

productivity and first-rate fish and fishery products. The composition of the final product is particularly 

important in aquaculture given that fish consumption has been recommended as an excellent source of proteins 

that are preferable than terrestrial sources. In this sense, aquaculture nutrition plays an important role in the 

production of a valuable food for human consumption. However, the fish feed sector is faced with challenges of 

sources of ingredients especially sources of crude protein and lipids that are similar to those in the human food 

industry. This competition has led to the search for other sources of crude protein and lipids that are not in the 

human food industry (2). Therefore, seaweeds have been fronted as good sources of crude protein that are not in 

competition with the human food industry especially in Kenya. The usefulness of seaweeds as a dietary 

ingredient for fish feeds has been investigated by (3). The authors suggested that seaweeds such as Gracilaria 

bursa-pastoris, Ulva rigida and Gracilaria cornea have great potential as alternative ingredients in diets for 

European sea bass juveniles and milk fish. Additionally, studies and feeding trials on the utilization of seaweeds 

as a source of protein in fish feeds is an ongoing activity worldwide.  

Seaweeds are one of the important contributors to primary productivity in the coastal ecosystems. A 

number of seaweed species are of high economic value for their significant quantities of lipids, first class 

proteins, essential vitamins, carbohydrates and minerals (4). They have been shown to be useful as dietary 

ingredients in marine and freshwater fish feeds (3). However, they also have the capacity to accumulate heavy 

metals dissolved in seawater due to the ability to bind metals to molecular groups present in their tissues (5). 

The accumulation of heavy metals in the thallus of the seaweeds reflects the bioavailability of the metals in the 

respective sites as well as the capacity of the seaweeds to take them up (6). Heavy metal contamination is 
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therefore an aspect that can affect the safety of edible seaweeds as a food or as an ingredient in animal feed 

formulations. 

Some seaweed species have relatively long life cycles and they can reflect the short term fluctuations in 

the heavy metal concentration of their environment. Ulva and Halimeda species are considered as good 

indicator species as they can accumulate many types of metals in their tissues (7) hence the need to determine 

their safety for use in aquaculture feeds. The presence of Arsenic, Pb, Hg and Cd in the environment is a major 

concern because of their toxicity to flora and fauna (8). The levels of arsenic have been shown to be higher in 

the aquatic environment than in most areas of land as it is fairly water soluble and may be washed out of 

arsenic-bearing rocks. Seaweeds in particular are known to contain high concentrations of arsenic in comparison 

to terrestrial plants owing to the ability of marine plants to concentrate the arsenic they derive from sea water 

(9). Higher levels of arsenic are thus expected in the aquatic food chain than in terrestrial food chain and these 

higher levels result in the potential for elevated dietary exposure through diets rich in fish and other food 

harvested or farmed at sea (9). Hence this study was done to ascertain how much of Arsenic, Pb, Hg and Cd the 

three seaweeds have bio-accumulated at the Kenya coast in comparison to the acceptable limits. 

 

II. Materials And Methods 
2.1 Study Area 

The study was carried out at Diani beach (4
0
27'S and 39

0
59'E) and Gazi bay (4

0
25'S and 39

0
30'E) (Fig 

1) located at the south coast of Kenya. Gazi Bay is a tropical, semi-enclosed, shallow bay characteristic of the 

creeks and bays along the East African coastline. It’s an estuarine ecosystem that is drained by two main rivers, 

Kidogoweni River on the North-West and Mkurumuji River on the South-West side of the bay that bring in 

fresh water into the bay. Diani on the other hand is a typical coastal shore exposed to the open ocean. It is long 

and narrow, separated from the main body of the Indian Ocean by a fringing coral-reef platform about 0.9 km 

wide consisting of mainly dead coral with rubble and living coral. H. opuntia and U. rigida species of the class 

chlorophyceae were collected from the two sites. Sample collection was done monthly for one year considering 

the wet and dry months.  

 

2.2 Collection and processing of seaweed samples 

U. rigida and H. opuntia were handpicked from the sites (ensuring that a complete plant was collected 

as far as possible along with the hold fast). The seaweed samples were kept in polyethylene bags and containers, 

properly labelled, and immediately transported in a cool box to the laboratory where they were stored at -18 ºC 

until further analysis. The samples were cleaned of epiphytes, epifauna, pebbles and other molluscan shells in 

seawater and washed at least five times in running fresh water, gently blotted dry and fresh gross weights 

recorded to an accuracy of 0.1 g. At least 10 samples were randomly selected and pooled for each species, 

which included both vegetative and reproductive material. Dry weights were recorded after drying the samples 

at 70
o
C (in hot air oven) to a constant weight. 

 

2.3 Digesting of Seaweed for Heavy Metal Analysis  

This was done following AOAC methods (10). A porcelain crucible with a capacity of 50ml was oven 

dried for approximately 30 minutes at 105
0
C. The crucible was then cooled in a desiccator and weighed. 

Approximately 2 g of seaweed powder of each of the 2 seaweed species was weighed accurately into the 

crucible and dried in an oven at 105 °C overnight (16 hours). Then, the crucible and contents were cooled in a 

desiccator, weighed and then charred slowly under a watch glass on a hotplate for about one and half hours. The 

crucible and contents were then placed in a cool muffle furnace <100 °C) and the temperature raised slowly 

(about 100 °C
 
per hour) to 420 ± 5 °C. After muffling, the crucible and contents were cooled and weighed to 

determine the weight of crude ash. The crucible was covered with a watch glass and the ash was moistened with 

1-2 drops of distilled water. 3 ml of 5 M hydrochloric acid was pipetted under the lip of the watch glass with 

care to avoid any loss by effervescence. The covered crucible was then warmed on a boiling water bath for 30 

minutes. The cover was rinsed and removed, 0.2 ml 15 M nitric acid added and the solution evaporated to 

dryness. The crucible was then placed in an oven at 105
0
 C for 1 hour to complete the dehydration. The dried 

salts were moistened with 2 ml 5 M HCl. 10 ml of distilled water was added and warmed on a boiling water bath 

until all salts were in solution (about 10 minutes).The solution was filtered through a Whatman No. 44 filter 

paper into a 250 ml volumetric flask and the insoluble residue was transferred using a rubber tipped glass rod. 

The filter paper was rinsed with warm 0.02 N HCl followed by distilled water.  The filter paper was discarded 

and the solution made to volume with distilled water. The absorbance was then determined using a 

computerized Hitachi Model 170-10 type atomic absorption spectrophotometer. Blank solutions were prepared 

similarly. The methodology was tested using standard solutions for each of the four heavy metals. 
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2.4 Determination of physico-chemical parameters 

Air/water temperature, pH and salinity were measured in-situ using a thermometer, pH meter (HANNA 

Instruments, Canada, Model no. HI 8424), and salinometer (Sper Scientific LTD, USA, Model no. 300011) 

respectively. Three replicate measurements were taken at each site, where the seaweeds were collected at a 

depth of between 0.1 -0.3m during the low spring tides. Precipitation data for the period of study was obtained 

from the Kenya Meteorological Department. Major seawater nutrients determined were nitrate and phosphate. 

Three replicate water samples for nutrient analysis were collected in polyethylene bottles (prewashed in acid) 

along the transect line sampling points and stored frozen prior to analysis. All chemicals used were of analytical 

grade and all the glassware were acid pre-washed before use. For all the analysis, procedural blanks were 

included. The accuracy and the consistency of the analytical procedure were determined by analyzing check 

standards which had an absorbance at the middle range of the calibration curve.  

  

2.5. Statistical Data Analysis 

Data analysis was done using computerized statistical programme (STATISTICA 8.0, 2007). The data 

were subjected to student’s t-test for independent samples and the significant differences in heavy metal 

concentration level accepted at p≤0.05.The heavy metal contents below the sensitivity threshold of the 

instrument were recorded as not detectable as they could not be measured. 

 

III. Figures And Tables 
Fig 1 shows the two study sites Gazi bay and Diani beach. Fig 2 shows the variations in concentration 

levels of Cd, As, Pb and Hg in the species H. opuntia. There were significant difference in concentration of the 

four heavy metals at Gazi bay and Diani beach (p≤0.05). Gazi bay registered the highest concentration levels of 

the four heavy metals. The highest concentration levels of Cd were recorded in October and February both at 

0.4±0.03 mg kg
-1

 DW. Arsenic levels were highest in December at 6.89±0.11 mg kg
-1

 DW, Pb in December at 

4.08 mg kg
-1

 DW while that of Hg was highest in November at 4.08±0.36 mg kg
-1

 DW. Fig 3 shows the 

concentration levels in the species U. rigida with respect to sites and months. With the exception of arsenic, the 

other three heavy metals were not detected in U. rigida. The highest arsenic levels were recorded in samples 

collected from Diani beach at 5.95±0.18 mg kg
-1

 DW. TABLE 1 and 2 shows the correlation coefficient 

between physico-chemical variables and heavy metal concentration in H. opuntia and U. rigida. 

 

 
Figure 1: map of the south coast of Kenya showing the two sampling sites Gazi bay and Diani beach. 
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Figure 2: variations in concentration levels of cadmium, arsenic, lead and mercury in H. opuntia with respect to 

sites and months 

 

 
Figure 3: variations in concentration levels of arsenic in U. rigida with respect to sites and months 

Table 1: Correlation coefficient of physico-chemical parameters and heavy metal concentration in H. opuntia 
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Table 2: Correlation coefficient of physico-chemical parameters and arsenic concentration in U. 

rigida 

 

 
Table 3: The mean (±SE) results of physico-chemical parameters in sea water from Gazi bay and Diani beach 
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IV. Discussion 
The findings in this study indicate that H. opuntia collected from Diani beach and Gazi bay has 

accumulated varying levels of the four heavy metals total arsenic, lead, mercury and cadmium. U. rigida on the 

other hand had arsenic as the only heavy metal detected. Thus, significant differences in As, Pb, Cd and Hg 

between the two seaweed species, the months and sites and sites of collection were recorded. This is in 

agreement with (11) and (12) who found significant variations in heavy metal concentration among different 

species of seaweeds, seasons of research and sites of seaweed collection. The differences in heavy metal 

concentration could be attributable to the structural differences between the two seaweed species as noted by 

(13) and (14) and the physico-chemical parameters such as salinity, temperature, pH, light, nutrient 

concentration. 

It has been shown that unlike several other bio-indicators of heavy metal bio-accumulation such as 

filter-feeding animals, seaweeds accumulate only heavy metal ions that are dissolved in the seawater (15) and 

(16). Hence, the finding of the heavy metals As, Pd, Hg and Cd particularly in H. opuntia reflects the 

bioavailability of the metals in Gazi bay and Diani beach as well as the capacity of the seaweed species to take 

them up (17). Furthermore, the variations in As, Pb, Hg and Cd in the two seaweed species can also be 

attributed to the ability of seaweeds of binding metals to molecular groups present in their tissues (18). The 

results also indicate that total arsenic was detected in the two seaweed species H. opuntia and U. rigida. This is 

supported by (19) who pointed out that arsenic is a naturally occurring metalloid element in the earth’s crust and 

is very widely distributed in the aquatic and terrestrial environments. Other studies have proposed that the total 

arsenic in the earth’s crust ranged from 45 to 3275 mg kg
-1

 (20) hence the possibility of its availability in aquatic 

environments and bio-accumulation in seaweeds. Essentially, seaweeds have been shown to be primary 

accumulators of arsenic in the marine environment and an important stage of its metabolism through the marine 

food chain (21).  

The differences could also be a reflection of the effects of seaweed morphology in heavy metal 

accumulation as well as the variations in the affinities of different seaweed species for different heavy metals 

(22). In this case, it is noted that the jointed calcareous H. opuntia, appear to have accumulated higher levels of 

arsenic, lead, mercury and cadmium in comparison with sheet-like species such as U. rigida which had 

undetectable levels of the heavy metals. This corroborates (23) findings that showed individual plants differ in 

terms of their arsenic uptake capacity. There significant differences in total arsenic content observed between 

the wet and dry months is in agreement with (24) who observed that seasonal variability in heavy metal 

accumulation may result from either internal biological cycles of the organism or from changes in the 

availability of the metals in the environment of the organism. (25) noted this phenomenon and attributed this to 

be as a result of precipitation that facilitates the dilution of sediment solutions and seawater especially within the 

intertidal zone during the wet season.  

With regard to mercury, seaweeds have been shown to have a relatively high affinity for the heavy 

metal. In the current study, while Hg was not detectable in U. rigida, the highest concentration was recorded in 

H. opuntia. The high Hg found corroborates with (7) study, who found the highest concentration of mercury in 

H. opuntia among several seaweed species studied. The ability of H. opuntia to concentrate high levels of heavy 

metals including mercury was also noted by (26) who attributed the capability to its cell structure and high 

affinity for metals. The results indicate significant difference between the wet season and dry season in mercury 

content in H. opuntia which was attributed to the significant positive correlations between mercury 

concentration and precipitation.  

The concentration of lead recorded in the current study was relatively lower in comparison to the 

findings of (27) who recorded 4.2 mg kg
-1

 DW in other organisms such as the gills of fish species Siganus sutor 

collected from Gazi bay during the dry season and 5.6 mg kg
-1

 DW during the wet season in the same species. 

Some authors have detected much higher contents in red and brown seaweed than those found in this study at 

14.2 mg kg
-1

 DW as recorded by (28) while (29) found lower Pb contents below 0.57 mg kg
-1

 DW. The 

significant difference in Pb concentrations between wet and dry seasons could be attributable to the significant 

correlations with precipitation, salinity and pH. Precipitation is an important factor in aquatic environments as 

they may receive Pb from polluted air or land through surface runoff or percolating ground waters (30).  

With reference to cadmium, the highest level recorded in H. opuntia is comparable to the findings of 

(7) who recorded levels of 0.14 mg kg
-1

 DW in H. opuntia, Chaetomorpha linum (0.06 mg kg
-1

 DW) and 

Laurencia obtusa (0.08 mg kg
-1

 DW) from Saudi Arabia. (27) recorded cadmium concentration ranging from 

0.2 to 0.83 mg kg
-1

 DW in S. sutor from Gazi bay while in sediments the value ranged from not detectable to 1.0 

mg kg
-1

 DW. Significant differences concentration between the dry and wet season as well as sites indicates that 

the biological availability of a heavy metal is influenced by its ambient environment.   

The total arsenic content found in U. rigida and H. opuntia was within the permissible for arsenic in 

sea foods and products as relates to the quality criteria laid down by France at 3.0 mg kg
-1

 DW as well as that 

which is applied by the Joint FAO WHO Expert Committee (JFWEC) also at 3 mg kg
-1

 DW. H. opuntia was 
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found to have mercury, lead and cadmium within permissible limits of  < 1 mg kg
-1

, <5.0 mg kg
-1

 and  <0.5 mg 

kg
-1

 respectively as compared to the Joint FAO WHO Expert Committee (JFWEC) during the study period.  

 

V. Conclusion 
The results have shown that the two seaweed species collected from Gazi bay and Diani have bio-

accumulated varying levels of arsenic, mercury, cadmium and lead that varies with the species, geographical 

location and months. The concentration values correlated significantly with the ambient environmental factors. 

Seaweeds like H. opuntia which seems to accumulate relatively high levels of the four heavy metals studied in 

comparison to the other species may prove useful in the removal of heavy metals from aquaculture effluents but 

not as an ingredient in fish feeds due to its seemingly high affinity for heavy metals. U. rigida on the other hand 

could be utilized as an ingredient in fish feed formulation. 
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