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Abstract 

This study evaluated the presence of selected heavy metals in farmed tilapia and catfish) in Nyeri 

County, Kenya.  

Live fish comprising of 17 catfish and 33 tilapias were purchased from 15 fish farmers with 31(62%) 

caught from earthen ponds while 19 (38%) were from liner ponds. The fish were dissected to obtain 

muscle tissue samples for analysis for levels of lead, mercury and cadmium residues using the Flame 

Atomic Absorption Spectrometry.  

Tilapia fish accumulated higher concentrations of lead, mercury and cadmium in the muscles compared 

to catfish. The difference of lead and mercury ion concentration between fish species was not significant 

(p>0.05). Fish obtained from earthen ponds recorded a higher mean concentration of the three heavy 

metals compared to those from liner ponds.  

Mercury concentration in fish muscles was slightly higher than European Union limits (0.1 Mg/Kg) but 

lower than codex alimentarius (0.5 Mg/Kg) limits. 

There is need to continuously monitor levels of heavy metals especially mercury in farmed fish tissues in 

Nyeri County and other peri-urban areas in Kenya. 
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Introduction 

The fish farming industry in Kenya is faced with challenges which include: inadequate 

knowledge on fish farm management, environmental and nutritional requirements for optimal 

productivity among others [1]. Continuous monitoring besides understanding of the chemical 

environmental conditions within the fish pond, is a desirable requirement to a successful fish 

pond management strategy. Water is very important to fish farming as farm land is to crop 

agriculture since fish perform all their body functions in water. Stress to the fish which occurs 

when they are subjected to poor environmental condition is greatly reduced when good 

management of water quality is practiced [2].  

The main sources of contamination in fish pond water are pathogenic microbes, heavy metals, 

organic and inorganic chemicals [3]. Semi-treated effluents from agro based industries like 

sugar, paper, coffee, tea, dairy and fish tanneries are discharged to rivers [4] which are sources 

of water for fish ponds. 
[5] observed that heavy metals such as mercury, cadmium, chromium, zinc, copper, manganese, 

cobalt, nickel, iron, vanadium and molybdenum cause heavy pollution especially in river 

systems, fish ponds and lakes in zones where industries release effluents into sewage and 

agricultural drains. Some of the metals like copper, cobalt, zinc, nickel and molybdenum are 

naturally present in low concentrations in soils and water. 

Inadequate fish farmers’ management practices influence types and quantities of chemical 

pollutants found in water and fish. Water fed into fish ponds contain heavy metals and 

agrochemicals from run-off waters, sewage, effluents and domestic waste [6]. Their presence in 

water and farmed fish may affect fish quality and human health.  

Studies to analyze presence of heavy metals and chemicals in fish tissue samples have been 

done in Lake Victoria [7, 8, 9] but there is limited analysis from farmed fish.  
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Tetu and Nyeri Central sub-counties are in the agro-ecological 

zone II where farmers grow tea, coffee and other crops. Dairy 

farming and fish keeping are also practiced. Fish ponds in the 

two sub-counties are fed with water from rivers, streams and 

water pans. Water used to replenish these fish ponds is 

obtained from the same sources. Sewage from the 

municipality’s effluents (slums) and domestic waste end up in 

some or all of these rivers thus polluting them. The same 

water may end up into the ponds.  

There was need to assess the levels of pollution with heavy 

metals of selected fish ponds in the two sub-counties to 

ascertain the suitability of such ponds for fish farming. 

 

Materials and Methods 

Fish tissue samples (n=50) were collected from all purchased 

fish during postmortem and analyzed for presence of heavy 

metal residues. This was done using the Flame Atomic 

Absorption Spectrometry at Kenya Plant Health Inspectorate 

Service (KEPHIS) analytical chemistry laboratory. 

Contamination levels of lead, mercury and cadmium were 

also analyzed. 

 

Analysis for lead and cadmium  

This was done at KEPHIS using the lead and cadmium 

method (Graphite Furnace Atomic Absorption Spectrometry). 

One gram (1g) of fish tissue (muscle) was weighed into ultra 

clean and dry inert polymeric microwave vessels. This was 

followed by slow addition of 9 ml of concentrated nitric acid 

(under the fume chamber) into each microwave vessels. Two 

(2) ml of hydrogen peroxide were then added slowly into the 

microwave vessels. One (1) ml of de-ionized water was then 

added and the sample left to react for approximately 6 

minutes prior to sealing the vessel in order to allow any 

accumulated gases to escape. The vessels were then sealed, 

placed on the rotor and placed in the microwave. The 

microwave vessels were then heated gradually to 180oC for 

not less than 10 minutes and then held at that temperature for 

10 minutes after which the microwave automatically begins to 

cool the sample until it indicates when cooling process is 

complete. After cooling, the samples were quantitatively 

placed into 100 ml volumetric flasks and topped to the mark 

with de-ionized water. The samples were analyzed using an 

instrument utilizing the Graphite Furnace Atomic Absorption 

Spectrometry [10].  

Stock solutions for each metal were prepared by dissolving 1g 

of pure lead and cadmium metal strip in 1:1 nitric acid and 

diluted to 1 liter to give a stock solution of 1000 ppm. For 

each of the stock solutions working standards of 1 Mg/Kg, 5 

Mg/Kg, and 10 Mg/Kg were made and calibration curves 

plotted. Metal concentrations were calculated using a standard 

curve generated using 1 Mg/Kg, 5 Mg/Kg, and 10 Mg/Kg, 

and the results were expressed in µg/ Kg of dry tissue weight. 

 

Analysis for mercury 

This was done at KEPHIS using the mercury method (Cold 

Vapour Atomic Absorption Technique). One gram of fish 

muscle was weighed into ultra clean and dry inert polymeric 

microwave vessels. This was followed by slowly adding 9 ml 

of concentrated nitric acid (under the fume chamber) into 

each microwave vessel. Two (2) ml of hydrogen peroxide 

were then added slowly into the microwave vessels. One 

milliliter of de-ionized water was then added and the sample 

left to react for approximately 6 minutes prior to sealing the 

vessels in order to allow any accumulated gases to escape. 

The vessels were then sealed, placed on the rotor and placed 

in the microwave. The microwave vessels were heated 

gradually to 180 oC for not less than 10 minutes and then held 

at that temperature for 10 minutes after which the microwave 

automatically begins to cool the sample until it indicates when 

cooling process is complete. After cooling, the samples were 

quantitatively placed into 100 ml volumetric flasks. Sixty (60) 

ml of potassium permanganate solution (6% v/v) were added. 

This was followed by addition of 6 ml of potassium 

persulphate (5% solution w/v). The sample was left with the 

caps not tightened for a minimum of 2 hours. Hydroxylamine 

hydrochloride solution (20% m/v) was carefully added to 

remove the excess potassium permanganate. De-ionized water 

was added to bring the sample volume to 100 mls. The 

resulting solution was thoroughly mixed and analyzed using 

an instrument utilizing the vapor generation technique [11]. 

Stock solution for mercury was prepared by dissolving 1g in 

1:1 nitric acid and diluted to 1 liter to give a stock solution of 

1000 ppm. Working standards of 1 Mg/Kg, 5 Mg/Kg, and 10 

Mg/Kg were made and calibration curves plotted. Mercury 

concentration was calculated using a standard curve generated 

using 1 Mg/Kg, 5 Mg/Kg, and 10 Mg/Kg, and the results were 

expressed in µg/ Kg of dry tissue weight. 

 

Data analysis 

Presence of heavy metals in fish muscles was assessed using 

chi-square to get their variation between pond types and 

different fish species. Different range tests were deployed to 

compare means of parameters between different pond types 

according to [12]. 

 

Results 

The heavy metal concentration detected ranged between 

0.092-0.659 Mg/Kg for lead, 0.061-0.306 Mg/Kg for 

cadmium and 0.026-0.134 Mg/Kg for mercury, respectively. 

Tilapia accumulated higher concentrations of lead (0.679 

Mg/Kg), mercury (0.306 Mg/Kg) and cadmium (0.134 

Mg/Kg) in the muscles compared to catfish. Data obtained 

showed that lead had the highest mean concentration of 0.326 

Mg/Kg followed by mercury (0.165 Mg/Kg) and cadmium 

(0.069 Mg/Kg) (Table 1). 

Fish obtained from earthen ponds recorded a higher mean 

concentration (lead 0.346 Mg/Kg; mercury 0.171 Mg/Kg; 

cadmium 0.083 Mg/Kg) compared to fish from liner ponds 

(lead 0.302 Mg/Kg; mercury 0.158 Mg/Kg; cadmium 0.051 

Mg/Kg). Cadmium ion concentration varied significantly 

(p=0.000) between the two fish pond types. There was no 

significant difference between lead (p=0.206) and mercury 

(p=0.516) ion concentration in the two fish pond types (Table 

1). The difference of lead (p=0.120) and mercury (p=0.528) 

ion concentration between fish species was not significant but 

was significantly different for cadmium (p=0.000).  

Nyeri Central Sub-county recorded a slightly higher lead and 

mercury concentration in fish muscles than Tetu Sub-county 

with an equal concentration for cadmium being observed in 

both sub-counties. There were no significant differences in 

the concentrations of lead (p=0.861), mercury (p=0.792) and 

cadmium (p=0.966) among the sub-counties. 
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Table 1: Levels of lead, cadmium and mercury concentration in fish muscles from two fish species and pond types in Tetu and Nyeri Central 

sub-counties 
 

Heavy metal 
Lead (Pb) 

Cadmium (Cd) Mg/Kg Mercury (Hg) Mg/Kg 
Mg/Kg 

Fish pond type   

Earthen 0.346 0.083 0.071 

Liner 0.302 0.051 0.158 

Fish species   

Tilapia 0.346 0.082 0.169 

Catfish 0.289 0.043 0.157 

Sub-county   

Tetu 0.323 0.069 0.163 

Nyeri Central 0.329 0.069 0.168 

P - Value    

Fish pond type 0.206 0 0.516 

Fish species 0.12 0 0.528 

Sub-county 0.861 0.966 0.792 

Key: Mg/Kg: Milligrams per Kilogram 

 

Discussion 

Fish muscle tissues were analyzed for the presence of three 

heavy metal elements namely lead, cadmium and mercury. 

Lead had a mean concentration of 0.326 ppm (range 0.092-

0.659 ppm) followed by mercury 0.165 ppm (0.061-0.306 

ppm) with cadmium having the lowest mean concentration of 

0.069 ppm (range 0.026-0.134 ppm). The most likely source 

of these heavy metals in fish muscles was water from storm 

runoffs and drainage which may enter into water bodies like 

rivers that serve as fish pond water sources. 

The highest concentration of lead (0.679 ppm), mercury 

(0.306 ppm) and cadmium (0.134 ppm) was observed in 

tilapia muscles relative to catfish which had lower 

concentrations of the three heavy metals. Earlier studies in 

fish have indicated that muscle is not an active tissue in 

accumulating heavy metals [13, 14, 15]). The muscle tends to 

accumulate fewer metals relative to the other fish organs due 

to the presence of mucous layer on the fish skin which forms 

complexes with the heavy metals and prevents their entry into 

fish muscle [16, 17, 18]). Tilapia are covered by scales with less 

mucous on their skin compared to the slimy catfish that are 

covered by more mucous. This probably can be attributed to 

the lower heavy metal concentrations in catfish than in tilapia 

in the present study.  

The mean lead concentration in fish muscles (0.326 ppm) was 

lower than the maximum permissible limits stipulated by [19] 

of 0.5 ppm for lead but within European Union and codex 

alimentarius limits of 0.3 ppm. [20] reported a mean 

concentration of 3.78 ppm and 12.22 ppm for lead in tilapia 

muscles in Kiambu and Machakos counties, respectively. The 

higher levels of lead reported in his study favourably 

compared to reports by [21] that indicated mean lead 

concentrations of 30.7 mg/L in sediments in Tanzania. [22] 

reported lead levels that were higher than 0.5 ppm (26.8 ppm) 

in contrast to the present study. It was observed that there was 

no significant difference (p=0.120) in the mean lead 

concentrations among the fish species in this study. 

The mean mercury concentration in fish muscles (0.165 ppm) 

was slightly higher than the maximum permissible limits 

stipulated by European Union of 0.1 ppm but lower than 0.5 

ppm codex alimentarius limits. [23] in Croatia reported 

mercury concentrations ranging from 0.024 to 0.308 ppm. 

Hygienic limit of mercury content in fish meat in the Republic 

of Croatia is 0.5 ppm while most European countries have a 

limit that ranges from 0.05 ppm to 0.07 ppm, except from the 

Czech Republic where the limit is 0.1 ppm in fish meat [24]. 

The mean cadmium concentration in fish muscles (0.069 

ppm) was lower than that observed by [22] of 1.79 ppm or [20] 

of 1.66ppm in Kiambu and 1.12 ppm in Machakos. The mean 

cadmium concentrations in this study slightly exceeded the 

maximum permissible limits stipulated by [19] of 0.05 ppm but 

were within codex alimentarius (0.3 ppm) and European 

Union (0.1 ppm) limits.  

Fish obtained from earthen ponds recorded a higher mean 

heavy metal concentration (lead 0.346 ppm; mercury 0.171 

ppm and cadmium 0.083 ppm) compared to fish from lined 

ponds (lead 0.302 ppm; mercury 0.158 ppm and cadmium 

0.051 ppm). Cadmium ion concentration varied significantly 

(p=0.000) between the two fish pond types. However, no 

significant difference for lead (p=0.206) and mercury 

(p=0.516) was noted in the present study.  

Most of the earthen ponds were constructed on a wetland with 

a stream entering and exiting the pond. Surface runoffs and 

drainage waters contaminated with lead, mercury and 

probably higher concentrations of cadmium most likely 

entered into earthen compared to liner ponds where enhanced 

management practices (i.e., raising pond edges and weed 

control) were undertaken to reduce pond pollution. 

Nyeri Central Sub-county recorded a slightly higher lead and 

mercury concentration in fish muscles than Tetu Sub-county. 

Nyeri Central is an urban sub-county and effluent from the 

municipality may be discharged into the rivers that feed the 

fish ponds. This is unlike Tetu which is a rural sub-county. 

 

Conclusion and recommendations 

This study has shown that mercury concentration in fish 

muscles was slightly higher than European Union limits while 

lead concentration was within European Union and codex 

alimentarius limits in farmed tilapia and catfish from Nyeri 

County.  

There is need for continuous monitoring of levels of heavy 

metals especially mercury in farmed fish tissues in Nyeri 

County and other peri-urban areas in Kenya. 
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