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Abstract 
Aquaculture management practices and water quality parameters influence bacterial occurrence in fish 

farms. This study aimed to identify the water quality parameters and aquaculture practices that cause 

bacterial occurrence in fish culture units in Machakos and Nyandarua counties. A cross-sectional study 

involved administering questionnaires to 46 randomly selected fish farmers and sampling water quality 

from fifteen selected fish farms from the two counties. The physico- chemical parameters collected and 

analyzed included; Temperature, turbidity, pH, organic matter content and dissolved oxygen levels in the 

fifteen selected farms. According to the findings, 45% of farmers in Nyandarua and 65% in Machakos 

use home-made feeds. All farmers in Nyandarua and 96% of farmers in Machakos use untreated pond 

water sources. Six heavy metals were detected from the water samples; Manganese, Iron, Calcium, 

Magnesium, Sodium and Potassium. Eight of the 15 sampled ponds had Manganese levels exceeding 

tolerable level of 0.05mg/L. Nine of the 15 ponds had Iron levels above the optimum of 0.3 mg/L. 

Fourteen of the 15 ponds had Magnesium levels below 75mg/L while 13 of the 15 ponds had Calcium 

levels below 75 mg/L. Only one of the 15 ponds had sodium levels below 1mg/L while four out of the 15 

ponds had potassium levels below 1 mg/L. Bacteria genera isolated included Acinetobacter, Aeromonas, 

Enterococcus, Micrococcus, Pseudomonas, Bacillus, Flavobacterium, Enterobacter, Escherichia, 

Hafnia, Kurthia, Rhodococcus, Citrobacter, Exiguobacterium, Pseudarthrobacter and Lysinibacillus. 

The study reveals less compliance with biosecurity measures and good management practices for rearing 

fish in both counties which may result in high risk of heavy metal contamination. As a result, there is 

need for policy makers at national and county government levels to address these inadequacies through 

education and capacity building to enhance fish production. 

 

Keywords: Aquaculture management, bacterial infection, cross-sectional field survey and water 

environment 

 

Introduction 

Aquaculture is a rapidly expanding food production sector globally (FAO, 2016) [11]. Fish 

farming in Kenya is mainly done under extensive, semi- intensive and intensive systems. 

Farmers practice either monoculture or polyculture using earthen ponds, liner ponds, concrete 

ponds, indoor or outdoor fish tanks or recirculatory aquaculture systems. Most production 

targets the food market although ornamental fish production is also gaining popularity (KeFS, 

2020) [17]. Aquaculture management practices and water quality conditions directly influence 

occurrence of bacteria in fish farms (Romero et al., 2012) [24]. Different fish species have 

varying levels of tolerance to various water quality parameters. Thus, water quality parameters 

such as temperature, pH, turbidity, dissolved oxygen levels, nitrites, ammonia, hydrogen 

sulphide, and heavy metals among others must be regularly monitored and maintained at 

optimum levels for the different fish species to achieve a stable water environment that inhibits 

pathogenic bacterial occurrence (Jacob and Chenia, 2007) [15]. Variations in aquatic 

environments including physical, chemical and biological water quality parameters further 

stress aquatic organisms; weakening their immunity and thus increasing the likelihood of 

bacterial infection in fish (Ikeogu, 2010) [14]. Similarly, poor aquaculture management 

practices such as overstocking, use of excess organic manure for pond fertilization, lack of 

biosecurity measures in fish farms, use of contaminated feeds, infected  
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fingerlings, untreated water sources and poor pond water 

management among other issues create a fertile ground for 

bacterial growth and multiplication in fish farms (Hasan et al., 

2013) [12]. Bacteria in fish farms can potentially cause diseases 

in fish, which is detrimental to the successful and profitable 

aquaculture production (Hasan et al., 2013) [12]. Some bacteria 

are zoonotic and cause human illnesses after consuming 

contaminated raw or undercooked fish (Janda and Abbort, 

2010) [16]. Therefore, knowledge of the best aquaculture 

practices is critical for successful fish production. This study 

investigated aquaculture management practices and water 

quality parameters that can cause bacterial occurrence in 

cultured fish and pond water in Machakos and Nyandarua 

counties in Kenya. The goal of the study is to fill knowledge 

gaps and practical inadequacies in proper aquaculture 

management practices among fish farmers such as lack of 

pond disinfection, untreated water sources, sharing of fish 

nets, lack of footbath at farm entrances, isolation ponds for 

sick fish, livestock farming around ponds, pond fertilization 

using animal manure and access to ponds by a predator so as 

to correct and improve fish production through extension 

services and capacity building. 

 

Materials and Methods 

Study Area and Research Design 

The study was conducted in Machakos and Nyandarua 

counties, in Kenya. Machakos lies between latitude 0o 45’ 

South to 0o 31’ South and longitude 36 o 45’ East and 37 

o45’ East while Nyandarua lies between latitude 0o 32’59.99 

North and longitude 36o 36’59.99 East. A cross- sectional 

study involved development and administration of structured 

questionnaire to evaluate fish farming practices that can cause 

bacterial occurrence in fish farms. The pond water was 

sampled and evaluated for pollutants and status of physico-

chemical parameters from selected farms in sub counties in 

Nyandarua and Machakos, Kenya. 

 

  
 

Machakos county Nyandarua county map 
 

Sample size determination 
Nyandarua County had a total of 30 active fish farms across 

all five sub counties namely Olkaou (9 farms), Ndaragwa (7 

farms), Kipipiri (6 farms) Oljororok (2 farms) and Kinangop 

(6 farms) while Machakos County had 52 active fish farms 

across four selected sub-counties including Mavoko (16 

farms), Machakos Town (15 farms), Kangundo (11 farms) 

and Matungulu (10 farms). The four subcounties in Machakos 

county were purposefully selected because of their proximity 

to the investigation laboratories in the University of Nairobi. 

 

Eelection of farms for pond water sample collection and 

questionnaire administration 
A total of 46 farms comprising 20 from Nyandarua and 26 

from Machakos counties were randomly selected for 

questionnaire administration (Cochran, 2007). A systematic 

random sampling was done where a sample size n was 

calculated from the sampling frame x by selecting the (x/n)th 

individual. 

 

Machakos n =52/2 =26  

Nyandarua n= 30/2 = 15  

n is the sample size  

x is the sampling frame. 

(x/n) th is every second (2) farm in the sampling frame 

 

The selected farms included both monoculture and 

polyculture farms which were either earthen, liner or concrete. 

They were practicing either extensive, semi-intensive and 

intensive fish farming systems including recirculatory 

aquaculture systems. The main cultured fish species in both 

counties were Nile tilapia (Oreochromis niloticus) and 

African catfish (Clarias gariepinus). Some farmers in 

Nyandarua also cultured Rainbow trout (Oncorhynchus 

mykiss). Administration of questionnaire was carried out 

between February and March 2021 through face-to-face 

structured interviews. The questionnaire evaluated risky 

aquaculture practices in fish farms likely to cause infectious 

diseases. Specifically, it assessed the source of fish feeds, the 

source of pond water, sources of fingerlings, type of ponds, 

type of farming systems, type of fish cultured, frequency of 

water change, pond fertilization methods, pond disinfection, 

stocking density, feed shortage, water shortage, crop and 

livestock farming around ponds. The questionnaire also 

assessed human settlement around ponds, access of ponds by 

predators, floods and surface run-off through ponds, footbath 
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at farm entrance, sharing of fish nets, disinfection of fish nets 

after use, incidences of diseases in the farms and treatment of 

fish diseases. 

Out of the 46 farms selected for questionnaire administration, 

15 farms were selected for sampling for fish and pond water 

quality parameters. The 15 fish farms were selected for pond 

water sampling using a formula described by Louangrath, 

(2017) [28]. The formula used for selection assumed a 

confidence interval of 95% and a maximum variability of 

P=0.05 (Louangrath, 2017) [28]. These fish farms consisted of 

eight farms from Machakos and seven farms from Nyandarua 

Counties. In Machakos, four farms were selected from the 

urban sub counties of Machakos town and Mavoko and 

another four from the peri-urban subcounties of Kangundo 

and Matungulu. In Nyandarua, water sample were collected 

from one farm in Ndaragwa and from two farms each in 

Olkalou, Kipipiri and Kinangop. 

 

Sample size determination 

Fish and water sample size was determined statistically using 

the formula:  

 

  
 

(Naing et al., 2006)) where n was the sample size, z was the z 

statistic at 95% confidence level, p was the expected 

prevalence of bacterial pathogens which was assumed to be 

50% while d was the precision which was 0.05. This gave a 

sample size of 384. Due to resource constraints 330 

representative samples (300 fish tissue and 30 water samples) 

were collected. 

Two sets of water samples were collected. One set using two-

liter capacity plastic containers submerged 20 cm deep before 

10:00 hours, from each of the selected ponds. The second set 

was collected using a 50 ml universal bottle also submerged 

20 cm deep from each of the selected ponds. Overall, 30 

water samples were collected. The first set of 15 water 

samples were labeled, packed in a cooler box with ice and 

taken to the Government Chemist for analysis of nitrites, 

nitrates, ammonia, hydrogen sulfide, chlorides, fluorides, 

phosphates and silicates. Temperature, turbidity, pH, organic 

matter content and dissolved oxygen levels were also 

measured. Presence of heavy metals such as Calcium, 

Sodium, Potassium, Iron, Magnesium and Manganese levels 

were also determined. The second set of 15 water samples 

was collected using sterile universal bottles alongside fish 

samples for bacterial isolation and identification at the 

University of Nairobi’s Department of Veterinary Pathology, 

Microbiology and Parasitology laboratories. 

 

Ethical clearance 
The study was approved by the University of Nairobi's 

Faculty of Veterinary Medicine, Biosafety, Animal Use, and 

Ethics Committee (Reference Number FVM 

BAUEC/2020/273) and licensed by Kenya's National Council 

for Science, Technology, and Innovation (Reference Number 

842968). 

 

Data processing and analyses 
Data collected was cleaned and entered in an Excel 

spreadsheet. Statistical analysis was done using descriptive 

measures such as frequencies, percentages, tabulations, and 

graphs. R-Console version 3.6,3 was used for inferential 

statistics. 

 

Results and Discussion 

Aquaculture practices in Machakos and Nyandarua 

counties 

Presence of biosecurity measures in fish farms 

There was no single farm in Nyandarua County that had a 

footbath at the farm entrance for human and vehicle traffic 

disinfection before entering the farm. Only 7.6% of farms in 

Machakos County had with a footbath. Fishing nets were not 

disinfected in both counties, which could lead to transmission 

of pathogens between farms and ponds. This increased the 

risk of pathogen introduction into the farm from both human 

and vehicle traffic. According to Blanco et al. (2000) [4], any 

equipment used in a fish pond must be thoroughly disinfected 

before being used in another pond. Few fish ponds were 

disinfected before stocking or restocking, with Nyandarua at 

5% and Machakos at 12% (Table I). The majority of farmers 

did not change pond water during a production cycle, 

resulting in accumulation of organic matter which contributes 

to occurrence of bacteria (Blanco et al., 2000; Ngwili et al., 

2015) [4, 23]. 

 
Table I: Aquaculture management practices in Nyandarua and 

Machakos counties 
 

Farming practice 
Nyandarua 

(N=20) (%) 

Machakos 

(N=26) (%) 

Accessibility to ponds by predators 85 92 

Crop/livestock farming around pond 85 58 

Feed shortage 45 69 

Use of home-made feeds 45 65 

Pond fertilization 25 58 

Sharing of fish nets among farmers 65 38 

Earthen ponds 45 27 

History of disease in farm 35 23.1 

Pond disinfection before stocking or restocking 5 12 

Footbath at farm entrance 0 7.6 

Weighing of fish before feeding 10 3.8 

 

Student t-test showed there was no significant differences in 

aquaculture practices between Nyandarua and Machakos 

counties (p> 0.05). 

Based on personal observations, there were no isolation ponds 

for sick fish nor were there disposal units for dead fish in both 

counties. Biosecurity measures and pond management 

practices were unfamiliar to fish farmers in Nyandarua and 

Machakos. This was consistent with the findings of 

Chenyambuga et al. (2014) [6], who reported similar 

challenges among farmers in Tanzania's Mvomero and 

Mbarali districts. 

 

Fish pond environment 
Farmers in both counties cultivated crops or raised livestock 

near the pond areas; with 85% in Nyandarua and 58% in 

Machakos. Pond fertilization using animal manure was also 

rampant among the farmers interviewed, with Machakos 

having 58% and Nyandarua having 25% of their ponds 

fertilized with livestock manure. The use of organic manure 

(dung from cow, sheep and poultry) increases the risk of 

introduction of pathogens into the pond water system. These 

findings agreed with those of Wanja et al. (2020) [26], who 

reported use of raw livestock manure in fish ponds as a 

potential risk factor for fish mortality and acquisition of 

infectious pathogens in the pond environment in Kirinyaga 

County. Another key finding was the access of pond area by 
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predators mainly piscivorous birds and mammals. Up to 92% 

and 85% of pond area in Machakos and Nyandarua counties 

respectively were not adequately protected to prevent access 

by predatory birds (Table I). Other mammals like otters, dogs, 

livestock, and humans could access 80% of the pond area in 

both counties. Predators contaminate the pond environment 

with parasites and pathogens. Murugami et al. (2018) [21] 

reported that bird migration poses a risk of spreading parasites 

and other disease-causing pathogens in fish farms in 

Kirinyaga County. However, in contrast to Murugami et al. 

(2018) [21] who reported helminths parasites were spread by 

predatory birds, this study showed bacteria that can possibly 

be spread by piscivorous birds and other mammalian 

predators like livestock, dogs, otters, and humans that can 

access the pond area. 

 

Sources of farm inputs 

Due to the scarcity and high cost of commercial fish feeds on 

the market, most farmers in both counties used home-made 

feeds. Home-made feeds were used by 65% and 45% of the 

farms sampled in Machakos and Nyandarua respectively. 

Feed shortage was reported in 69% of farms in Machakos and 

45% of farms in Nyandarua (Table I). The use of home-made 

feeds coupled with incessant feed shortages exposes fish to 

contaminated low quality feeds making them vulnerable to 

bacterial infections. Keziah et al. (2017) [18] reported similar 

findings in Kiambu County, as did Wanja et al. (2020) [26] in 

Kirinyaga County. This present study further showed lack of 

knowledge among farmers on the amount of feeds given to 

the fish since only 3.8% of interviewed farmers in Machakos 

and 10% in Nyandarua reportedly weighed fish before 

feeding. The sources of water for the pond were not of good 

quality either with Nyandarua using surface run-off water in 

40% of the farms and Machakos using borehole water in 38% 

of farms. Surface water run-off is a potential source of 

pathogens to cultured fish and aquatic environment 

(Henrickson et al., 2001) [13]. Another source of water were 

rivers at 23% in Machakos and 25% in Nyandarua, 

respectively. River water source can introduce micro-

organisms which are potential pathogens for fish (Blanco et 

al., 2010) [4]. Most farmers did not treat the water before use 

therefore creating an opportunity for introduction of potential 

pathogens into the culture system. Such an aquatic 

environment tends to increase bacterial presence in the 

cultured fish and the source pond water (Sanz-Lazaro and 

Sanchez-Jerez, 2017) [25]. Fingerlings were sourced mostly 

from private hatcheries with Nyandarua having 65% of the 

farms sourcing fingerlings from private hatcheries while 62% 

of farmers sourced fingerlings from private hatcheries in 

Machakos. Only 15% of farmers interviewed bought 

fingerlings from Government hatcheries in both counties 

(Table I). About 12% of farmers in Machakos sourced 

fingerlings from wild water bodies such as rivers, lakes and 

streams. Fingerlings sourced from wild waters and other 

farmers whose quality may not be verified and certified can 

lead to transmission of pathogens from the wild to the farmed 

fish ponds or from one farm to the other. 

 

Pond types and pond water management 

Most farmers in Nyandarua County had earthen ponds (45%); 

followed by liner ponds 35% and concrete ponds 20%. Liner 

ponds were the most common in Machakos, accounting for 

54%, followed by earthen ponds (27%) and concrete ponds 

(19%). Overall, earthen and liner ponds were the most 

commonly used ponds in both counties. Earthen ponds are 

more difficult to clean and disinfect, prone to vegetation 

growth, snails and piscivorous birds invasion (Murugami et 

al., 2018) [21], all of which increase the likelihood of bacterial 

occurrence in these types of fish ponds. In terms of pond 

water management, 65% of farms in Nyandarua County either 

changed water after six months, did top up only or never 

changed pond water, whereas 50% of farmers in Machakos 

did the same (Table 1.). This resulted in poor pond water 

quality characterized by accumulation of organic matter, fish 

waste, polluted water and low dissolved oxygen levels. 

 

Status of diseases in fish farms 
Thirty five percent of farms in Nyandarua reported to have 

experienced fish diseases while Machakos had 23.1% of their 

farms reporting fish diseases. Twenty percent of farms in 

Nyandarua County had recorded fish deaths due to fish 

diseases while Machakos had 11.5% of such records (Table 

I). Main disease symptoms reported by farmers were reduced 

feeding, abnormal swimming movements, skin color change, 

swollen abdomen and popping eyes. Poor fish farming 

practices have a direct influence in the presence of infectious 

bacteria that might have caused the reported diseases in the 

fish farms (Hasan et al., 2013) [12]. Water pollutants and 

parameters status in Machakos and Nyandarua counties 

 

Water temperature 
Temperature tolerance varies between fish species. Tilapia 

and catfish thrive in temperatures ranging from 20 to 35 oC 

(El-Sayed, 2008) [10], whereas rainbow trout thrive in 

temperatures ranging from 15 to 20 oC (Molony, 2001) [20]. 

Because fish are cold blooded, the temperature of the 

surrounding water affects their body temperature, growth rate, 

feed consumption, feed conversion, and other body functions. 

Pond water temperatures in Nyandarua fish farms averaged 19 

oC, which was slightly lower than the optimum levels for 

growth of catfish and Nile tilapia. As a result of cold 

temperature stress, catfish and Nile tilapia cultured in lower 

temperature farms (N5 and N6) in Nyandarua County were 

predisposed to infection by psychrophilic bacteria such as 

Aeromonas hydrophila and pseudomonas species. In 

Machakos, the average pond water temperature was 22.1 oC, 

which was suitable for catfish and Nile tilapia culture as 

observed in farms M1, M4, M5 and M6. These warm 

temperatures were favorable for growth of mesophilic 

bacteria such as Escherichia coli, Aeromonas, Pseudomonas 

and Enterococcus species, among others (Tables II and III). 

Due to the warm water temperature, farms in Machakos 

harbored four more bacterial genera that were not isolated in 

the cold climate farms of Nyandarua. These four genera were 

Exiguobacterium, Pseudarthrobacter, Lysinibacillus and 

Rhodococcus. 

 

 
Table 2: Water temperature (OC) and Physico-chemical (mg/l) parameters that influence fish health in Nyandarua 

 

 N1 Farm N2 Farm N3 Farm N4 Farm N5 Farm N6 Farm N7 Farm Optimum Level 

Temperature 18 20 23 23.7 15.7 18.3 20.7 20-35 

Turbidity 4.3 85 25 170 340 200 120 0-25 
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Nitrites 0.003 0.054 0.162 0.814 0,86 0.74 1.005 0 – 0.2 

Hydrogen sulfide 183 9.6 276 230 236 280 350 0 

Chlorides 10 7.5 130 40 15 17.5 10 0 

Iron 0.24 4.95 1.52 4.96 10.9 3.19 3.76 0 - 3.0 

Manganes 0.054 0.86 0.076 0.207 3.67 0.69 0.31 0 – 0.05 

Calcium 8.0 6.0 12 8.0 12 12 40 75 - 200 

Magnesium 12 9.6 14.4 19.2 16.8 6.0 13.2 75 - 200 

Sodium 5.38 4.68 56.8 16.8 8.3 4.6 4.8 1 - 2 

Potassium 1.655 0.3 4.405 8.707 8.106 4.8 2.4 1 – 2 

 
Table 3: water temperature (OC) and Physico-chemical (mg/l) parameters that influence fish health in Machakos 

 

 M1 Farm M2 Farm M3 Farm M4 Farm M5 Farm M6 Farm M7 Farm M8 Farm Optimum levels 

Temperature 23 20.8 21.9 22.6 22.2 22.3 21.4 21.9 20 - 35 

Turbidity 5.7 6.9 120 140 7.3 2.3 24 31 0 - 25 

Nitrites 0.024 0.51 0.017 nil 0.97 0.05 0.044 0.157 0 – 0.2 

Hydrogen Sulfide 16 4 nil 2.0 20 20 66 40 0 

Chlorides 70 450 100 470 nil 25 10 15 0 

Iron 0.07 Nil 0.05 0.24 nil 0.51 1.03 1.26 0 - 0.3 

Manganese 0.007 0.09 0.001 0.03 0.005 0.052 0.47 0.39 0 - 0.05 

Calcium 24 120 8.0 20 6.0 80 nil nil 75 - 200 

Magnesium 26.4 132 19.2 31.2 4.8 36 nil nil 75 - 200 

Sodium 54.7 Nil 171.45 779 23.11 47.8 0.51 0.46 1 - 2 

Potassium nil Nil 9.37 103.62 2.88 nil 0.29 nil 1 - 2 

 

Water turbidity 

In both counties, most of the ponds had water with very high 

turbidity. Water in 71% of the ponds in Nyandarua and 37.5% 

in Machakos had a turbidity of more than 25mg/l. Most ponds 

had increased organic matter accumulation, sediments from 

surface water run-off into ponds, and a low frequency of pond 

water change, resulting in high pond water turbidity. High 

pond water turbidities were observed in eight farms, namely 

M3, M4, M8, N2, N4, N5, N6 and N7 which caused 

occurrence of bacteria in most of these ponds. This was 

consistent with the findings of Martin-Carnahan and Joseph 

(2015) [19] who reported occurrence of Aeromonas species in 

pond sediments (Tables I and III). In Machakos County, the 

high-water turbidity ponds were found in the urban sub 

counties of Machakos and Mavoko Towns, and these ponds 

contained more bacteria genera that were not found in the low 

turbidity ponds in peri-urban subcounties of Kangundo and 

Matungulu. These bacteria genera included Flavobacterium, 

Micrococcus, Enterococcus, Rhodococcus, Escherichia, 

Exiguoacterium and Lysinibacillus. 

 

Nitrites levels 
In Nyandarua, four (N4, N5, N6 and N7) out of the seven 

farms sampled had nitrites levels of above 0.2mg/L but less 

than 2mg/L in their ponds; whereas in Machakos, two (M2 

and M5) out of the eight sampled farms had nitrites levels of 

above 0.2mg/L but less than 1mg/L in their ponds. Tolerable 

range is 0 - 0.2mg/L (Bhartnagar and Devi, 2013) [3]. 

Amounts greater than 0.5mg/L will cause hypoxia due to 

entrance of nitrite into the bloodstream through the gills and 

combination with hemoglobin to form methemo-globin. This 

results in the blood turning to chocolate-brown color and the 

oxygen carrying capacity of the blood being horrendously 

reduced. The gills turn brown from their normal bright red 

appearance. Affected fish suffocate and gasping is observed 

despite presence of adequate oxygen concentration in water. 

As a result, there is damage of liver, gills and blood cells. 

This condition is often referred to as brown blood disease. It 

weakens the fish immune system thus predisposing them to 

bacterial infections such as Aeromonas and Columnaris 

bacterial infections (Tables II and III). 

Hydrogen sulfide levels 

Hydrogen sulfide was detected in pond water of all the seven 

farms sampled in Nyandarua County while in Machakos, 

seven out of the eight sampled farms had hydrogen sulfide 

traces. In culture ponds, H2S is liberated as result of 

decomposition of food and organic matter (Boyd, 1979) [5]. 

Hydrogen sulfide levels in pond water should be nil (Bhartner 

and Devi, 2013) [3], concentration as low as 0.1mg/L is lethal 

to fish. It can cause cyanotic effect to the gills, spleen and 

liver damage. This weakens the fish immune system and 

predisposes it to bacterial infections. 

 

Chlorides levels 
Levels of chloride were elevated in 93% of the sampled ponds 

in both counties. Chloride concentrations of as little as 3 ppm 

kill most fish rapidly (Andres and Sandra, 2020) [1]. High 

chloride concentration in freshwater harm aquatic organisms 

by interfering with osmoregulation. Elevated chloride levels 

inhibit aquatic plant growth, impair reproduction, and reduce 

the diversity of aquatic organisms. Use of livestock manure, 

fertilizers and wastewater in fish ponds are potential sources 

of chlorides. 

 

Heavy metals levels 

Six metals were detected in the pond water samples namely 

sodium, potassium, calcium, magnesium, iron and 

manganese. This agrees with the findings of Yabe et al. 

(2010) [27] who reported pollution of African aquatic 

environments with metals such as iron, manganese, lead, 

mercury, copper, zinc, cobalt and arsenic among others 

because of expansions in agricultural and industrial activities. 

All metals are toxic to aquatic animals if the exposure level is 

sufficiently high to exceed the tolerable levels. Similarly, 

deficiencies in essential mineral metal elements can also 

affect fish health. Sodium salts in freshwater ponds is 

important in maintaining osmotic balance. Low sodium levels 

below 1mg/mL as observed in M2 farm (Table III) may cause 

dropsy in fish as water will diffuse into the fish. Freshwater 

fish grow well at potassium and sodium concentrations of 

between 1–2 mg/L (Ekrem and Asli, 2018) [9]. Adding sodium 

and potassium to fish feeds improves fish growth rate and 
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feed efficiency. Lack of potassium as observed in M1, M2, 

M6 and M8 farms (Table III) will stress and slow fish growth 

therefore predispose them to bacterial infection. Calcium and 

magnesium are essential metal elements. Calcium helps in 

blood clotting, muscle contraction and bone formation in fish. 

Low calcium and magnesium levels below 75mg/L in water 

as observed in farms M1, M3, M4, M5, M6, M7, M8, N1, N2, 

N3, N4, N5, N6 and N7 (Tables II and III) are unfavorable for 

good fish health. Iron is a constituent of hemoglobin. Iron 

level above 0.3mg/L and Manganese levels exceeding 0.05 

mg/l will cause impaired functions of the fish gill epithelium 

(Dolci et al., 2017) [8]. Excess iron in fish culture ponds forms 

iron hydroxide that can clog the gills and kill the fish 

(Benjamin and Richard, 2011) [2]. Excess iron levels were 

observed in M6, M7, M8, N2, N3, N4, N5, N6 and N7 farms 

(Tables II and III) while excess manganese levels were 

detected in N2, N3, N4, N5, N6, N7, M2 and M8 farms 

(Tables II and III). 

 

Bacterial isolates 
Sixteen bacterial genera were isolated from the water and fish 

samples collected from the 15 selected farms and analyzed 

and the laboratories in the department of Veterinary 

Pathology, Microbiology and Parasitology, University of 

Nairobi. These bacterial genera included Aeromonas, 

Pseudomonas, Flavobacterium, Bacillus, Acinetobacter, 

Micrococcus, Enterococcus, Enterobacter, Citrobacter, 

Rhodococcus, Escherichia, Kurthia, Hafnia, 

Exiguobacterium.  

Pseudarthrobacter and Lysinibacillus. Most of these are 

conditional fish pathogens that can cause massive losses in 

aquaculture. Some of the bacteria isolated and identified are 

zoonotic hence are of public health significance. These 

included Aeromonas hydrophila and Aeromonas veronii, 

Citrobacter freundii, Enterobacter cloaca,Hafnia alvei 

,Escherichia coli , Bacillus cereus and Pseudomonas putida. 

 

Conclusions and Recommendations. 

Poor aquaculture practices such as pond fertilization with 

animal manure, sharing of fish nets, lack of pond disinfection, 

use of contaminated fish feeds, use of untreated water 

sources, unproven sources of fingerlings and access of ponds 

by predators among others may have contributed to the 

presence of bacteria in fish and pond water sources. These 

bacteria are conditional fish pathogens and some are zoonotic 

with potential to cause human illnesses. Warm water 

temperatures of Machakos county favored multiplication of 

more bacteria compared to cold temperature areas of 

Nyandarua County. High turbidity ponds in urban areas had 

more bacterial isolates compared to low water turbidity ponds 

in peri-urban areas of Machakos County. The heavy metals 

and anions detected posed a risk of toxicity and immune 

suppression to the fish and also a public health hazard to fish 

consumers. The study recommends awareness creation and 

capacity building among fish farmers in both counties through 

extension services on better aquaculture management 

practices and optimal water quality parameters. 
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