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Abstract 

Indiscriminate dumping of spent dry cell batteries have continuously polluted aquatic environments usually as surface 
run-offs with deleterious effects on aquatic fauna including Fish. Toxicity effects of water soluble fractions (WSFs) of 
waste dry cell battery (WDCB) on blood, gills and liver of Clarias gariepinus fingerlings were investigated under 
laboratory conditions. Acute (96 hr.) and sub lethal (56 days) bioassays were separately conducted on 120no. C. 
gariepinus fingerlings stocked ten (10) per tank in twelve (12) circular tanks, each in randomized block design. Fish 
were exposed to acute (0.31, 0.63, 1.25, 2.50 and 5.00 g/L) and sub lethal (0.02, 0.04, 0.07, 0.14, and 0.28 g/L) 
concentrations with a control (0.00g/L) in replicates. The 96hr. LC50 of WDCB on C. gariepinus fingerlings was 0.84 g/L 
with upper (1.12 g/L) and lower (0.49 g/L) confidence limits and cumulated to behavioural changes and death of the 
fish. Significant alterations (P<0.05) in haematological [white blood cells (WBC) packed cell volume (PCV), red blood 
cells (RBC) and haemoglobin (Hb)] and biochemical [Alkaline phosphatase (ALP), Aspartate aminotransferase (AST) 
and Alanine aminotransferase (ALT)] parameters of the gills and liver were observed in both toxicity tests. However, 
no mortality was recorded in sub lethal bioassay. Waste dry cell battery is hazardous to C. gariepinus fingerlings. 
Therefore indiscriminate disposal of spent dry cell battery should be discouraged in order to safeguard riparian 
ecosystem and aquatic fauna.  
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1. Introduction

Aquatic pollution emanates from a variety of sources mainly anthropogenic and natural sources. Of the numerous 
ecosystem pollutants, heavy metals of anthropogenic sources immensely contribute to accumulation of toxic metals in 
the aquatic environment [1] and quite a number of these are from rechargeable and non-rechargeable dry cell or Zinc-
carbon batteries. Kalay and Canli [2] reported that heavy metals are natural trace components of the aquatic system, 
but their levels have increased due to domestic, industrial mining and agricultural activities. In developing countries 
like Nigeria, consumption of Zinc-carbon (Zn-C) dry cell battery is on the increase mainly due to their highly efficient 
portable electrical properties and low cost ratio. Zn-C batteries are generally used in radios, recorders, remote controls, 
calculators, toys and many other objects where small quantities of power are required. However, due to their short 
lifespan, Zn-C dry cells run out rapidly and are thrown away [3] indiscriminately and invariably end in aquatic habitats 
where they release very large quantities of heavy metals such as Zinc and Manganese. 

Allochthonous and autochthonous inputs of pollutants impact immensely on aquatic fauna especially fish. This makes 
them ideal sentinels for aquatic pollution studies mainly due to their dependent aquatic mode of life, wide distribution 
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and high mobility in all the reaches of the aquatic habitat. These aquatic fauna are highly susceptible to the slightest 
forms of change in water quality. Therefore, fishes, in comparison with invertebrates, are more sensitive to many 
toxicants and are convenient test candidates for indication of ecosystem health [4, 5]. Fishes are considered as excellent 
bio monitors of the aquatic system for the estimation of metal pollution levels [6, 7] in several ways. First, they serve as 
indices of delineating specific natural characteristics of the aquatic ecosystem and in assessing changes to aquatic 
medium [8]. Second, they easily absorb toxicants from their environment, bio accumulate, bio concentrate and bio 
magnify them as the level of intake exceeds the levels of their conversion, transformation and excretion thereby leading 
to a threshold. Third, because fishes are at the end of the food chain, they may accumulate metals and pass them to 
human beings through food causing chronic or acute diseases [9].  

It has been reported [10, 11] that the uptake of heavy metals by fishes usually stems from a variety of sources mainly 
by ingestion of contaminated foods through the gastrointestinal tract or by diffusion through the gills and skin. Heavy 
metals at high concentrations can cause harmful effects on the haematology of fishes which invariably cause long term 
ecotoxicological effects on the organisms that eat them [10]. The heavy metals become lodged in various organs or 
tissues [12, 13] especially the liver and are excreted through the blood as the ideal vehicle of transportation which can 
invariably demonstrate the extent of pollution of the aquatic habitat caused by heavy metals discharged from WDCB.  
This serve as baseline information of the deleterious effects of WDCB on aquatic animals and how it’s toxicity affects the 
ecological balance of populations in the aquatic environment [14].  

Haematological parameters have been recognized as valuable tools for monitoring fish health [15]. According to 
Karruppasamy et al. [14] exposures of Channa punctatus to low doses of cadmium (Cd) reduced total erythrocyte count 
(RBC), haemoglobin (Hb) content, packed cell volume (PCV), mean corpuscular volume (MCV) and mean corpuscular 
haemoglobin (MCH), due to haemolysis. Dhanapaktam and Ramasamy [15] reported that increase in mean corpuscular 
haemoglobin concentration (MCHC) and MCV of carp were dependent upon exposure period to Copper (Cu) and Zinc 
(Zn). Also, Thangam, et al. [16] reported decrease in RBC after exposing Cyprinus carpio to copper. The obvious sign of 
highly polluted water is the presence of dead fish, which is readily apparent in acute toxicity test but sub lethal toxicity 
might only result in the impairment of the proper functioning of fish organs signifying unhealthy fish.   

Biochemical parameters such as Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), Alkaline 
phosphatase (ALP), total protein (TP), and direct bilirubin (DB) [17] are often used in assessing the integrity of liver 
cells of fishes. Increase in aminotransferases in blood is an indication of cellular damage thus alterations in ALT, AST, 
ALP and Lactate dehydrogenase (LDH) of fish exposed to toxicant indicate degeneration and dysfunction of liver [18]. 
Firat, et al [18] reported increase in serum ALT and AST activities in Oreochromis niloticus in response to copper, lead 
and cypermethrin exposure. 

 Environmental stressors such as heavy metals may change the biochemical parameters of fish [19]. Measurement of 
plasma enzymes can therefore be useful in diagnosing the general health status of fish affected by toxicants [20]. The 
aim of this study is to assess the toxicity effects of WSFs of WDCB on haematology and blood biochemistry of C. 
gariepinus fingerlings. 

1.1. Purpose  

Water soluble fractions (WSFs) of WDCB contain toxic heavy metals which are washed into aquatic environment by 
rains which result to lethal effects on aquatic fauna. This study is aimed at investigating the haematological and 
biochemical alterations caused by acute and sub lethal concentrations of WSFs of WDCB on the blood, gills and liver of 
C. gariepinus fingerlings.  

2. Material and methods 

2.1. Collection and Preparation of WDCB  

Non-rechargeable plastic coated waste dry cell batteries (Tiger Head brand®) were collected from a riparian dump site 
along River Dilimi Jos, Plateau State, Nigeria and transported to the Applied Hydrobiology and Fisheries research 
laboratory of the Department of Zoology, University of Jos, Jos, Nigeria .The plastic wrappings were carefully removed 
and the WDCB allowed to decompose further for two (2) weeks on surgical tray until the Zinc anode casing turned 
whitish indicating the formation of Zinc -Ammonium chloride complex. The decomposed components were collected 
and weighed using meltler H30 and crushed using ceramic pestle and mortar into fine powder (90 µm mesh sieve) of 
fifty (50 g) grams weight with a ceramic pestle and mortar.  
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2.2. Preparation of WSFs of WDCB and acute toxicity test 

A range finding test (RFT) of the WDCB was conducted on C. gariepinus fingerlings (mean weight 9.77±0.42 g) in a static 
bioassay to obtain a realistic concentration that would kill 50 % of test fish after 96 hours exposure. Five (5) definitive 
test concentrations were prepared by weighing 0.31, 0.63, 1.25, 2.50 and 5.00 g/L of the WDCB powder and macerating 
each of the graded concentrations into five clean plastic circular tanks containing one (1) liter of distilled water for 24 
hrs. The mixtures were separately filtered through a funnel choked with nonabsorbent cotton wool and the filtrates 
were stored in clean labeled conical flasks for subsequent use. 

2.3. Acute toxicity test 

A total of 120 mixed sex cohorts of C. gariepinus fingerlings were obtained and distributed into five (5) tests and one (1) 
control circular plastic tanks of (20 L) capacity each containing ten (10) mixed sex of C. gariepinus fingerlings in 
randomized block design. Fish were acclimatized for 24 hours during which feeding was stopped and were exposed to 
the graded concentrations of WSFs of WDCB following the methods described by [21] for the conduct of acute toxicity 
test with fish. The LC50 was determined using graphical methods (Probit Method).  

2.4. Sub lethal toxicity test 

Sub lethal concentrations of WDCB were calculated as 1/3rd of 96 hr. LC50 (0.28 g/L), 1/6th of 96 hr. LC50 (0.14 g/L), 
1/12th of 96 hr. LC50 (0.07 g/L), 1/24th of 96 hr. LC50 (0.04 g/L) and 1/48th of 96 hr. LC50 (0.02 g/L) based on 96 hr. LC50 
of the WSFs of WDCB to C. gariepinus fingerlings which was calculated as 0.84 g/L. The sub lethal test concentrations 
consist a total of 120 no. of C. gariepinus fingerlings with ten (10) fingerlings per test tanks and a control (dechlorinated 
municipal water) in replicates. A renewable static bioassay was used in order to maintain the concentration of the WSFs 
of WDCB and was renewed fortnightly. During sub lethal tests, fish were fed to satiation and left over feed and fecal 
matter were siphoned while lost solution was replaced by equivalent concentration of toxicant. Photoperiod was 
normal, 12 light: 12 dark diurnal cycle throughout the 8 weeks bioassay. The fish were assessed for changes in blood 
and biochemical indices at the termination of the 56 days sub lethal test,  

2.5. Water quality parameters of experimental tanks  

During the acute and sub lethal bioassay tests, standard methods of [22] were used to determine water quality 
parameters of the fish tanks exposed to toxic concentrations of WSFs of WDCB including those of the control tanks, 
namely, Temperature (oC), pH, Free Carbon (iv) oxide (CO2), Total Alkalinity (TA), Dissolved Oxygen (DO), Nitrite, and 
un ionized Ammonia (NH3). Samples were taken before and final stages (4days-acute) and fortnightly (56 days-sub 
lethal) except temperature that was measured every 24 hours throughout the experimental periods. 

2.6.  Haematological Analysis 

Two fish from each of the experimental media were collected and blood drawn from the caudal peduncle of the fish into 
heparinized micro-haemacrit tubes. White blood cell (WBC) and Erythrocyte (RBC) counts were determined using 
standard haemotocytometer as described by [23]. Packed Cell Volume was determined using micro haematocrit 
centrifuge model (RM12C). The Haematocrit was analyzed after blood centrifugation for five mins at 14000 x g in 
heparinized glass capillaries using a micro haematocrit centrifuge (Hawkesley and Sons, Lancing, UK) at 25 oC [24]. The 
haematocrit reader was used to read the PCV values and the result was expressed as percentage of the blood sample. 
Haemoglobin (Hb) was determined using standard method as described by [24]. Data obtained in the experiments were 

subjected to analysis of variance (ANOVA) single classification. 

2.7.    Biochemical analysis 

Only one C. gariepinus fingerlings from each of the test tanks of the two experiments (acute and sub lethal) was removed, 
sacrificed and dissected and the liver and gills excised. The organs were rinsed in distilled water to remove trace of 
blood [25]. The liver and gill samples were macerated in normal saline and gently crushed using a ceramic mortar and 
pestle [25]. The samples were centrifuged for 5 minutes at 1000 rpm to obtain supernatants which were used for 
analyses according to the methods of [26]. 

Physiological enzymes such as alkaline phosphatase, aspartate aminotransferase and alanine aminotransferase were 
determined using the enzyme tests kits, AGAPPE for quantitative in vitro determination following the standard 
procedures of Reitman and Frankel (1957) [27].  
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3. Results  

3.1. Water quality parameters of experimental tanks during acute and sub lethal toxicity tests of WSFs of 
WDCB on C. gariepinus fingerlings  

The water quality parameters of experimental tanks during the 96hr. and sub lethal toxicities are presented in Tables 1 
and 2 respectively. Recorded water quality parameters during the 96hr. toxicity showed irregular patterns with 
increase in the concentrations of the test substance except free CO2, which increased as concentration of WSFs of WDCB 
increased. Mean free CO2 was lowest (1.90 ±0.14 mg/L) in the control and progressively increased to 9.55 ±0.21 mg/L 
in the highest concentration of the toxicant. Mean pH was highest (8.30 ±0.00) in control (0.00 g/L) and lowest (7.90 
±0.00 g/L) in the highest concentration (5.00 g/L) of the toxicant. Mean total alkalinity (TA) was highest (95.00 ±1.40 
mg/L) in the control (0.00 g/L) tank and lowest (64.00 ±0.00 mg/L) in concentration 0.63 g/L. Similarly, the highest 
mean DO content of 3.42 ±0.21 mg/L was recorded in the control tank and lowest (2.07 ±0.23 mg/L) in the highest (5.00 
g/L) concentration of the WSFs of WDCB. Mean temperature ranged between 26.10 and 26.65 oC while, Ammonia (NH3) 
was lowest (0.29 ±0.01 mg/L) in test tank exposed to 1.25 g/L concentration of the toxicant and highest (0.60 ±0.00 
mg/L) in the control. The lowest (0.31 g/L) concentration of WSFs of WDCB recorded the highest nitrite value (0.06 
±0.01 mg/L) while the lowest nitrate value (0.02 ±0.00 mg/L) was recorded in the control. No significant difference 
(p>0.05) exist between recorded water quality parameters compared with control group. 

Water quality parameters during the sub lethal toxicity also showed irregular pattern as concentration of WSFs of WDCB 
increases except free CO2 which invariably increased with increase in the concentration of the toxicant. Mean free CO2 
was lowest (1.66 ±0.24 mg/L) in the control tank and progressively increased to 3.26 ±0.14 mg/L) in the highest 
concentration (0.28 g/L) of WSFs of WDCB. Mean pH ranged from 5.86 in the lowest WDCB concentration (0.02 g/L) to 
6.31 ±0.07 in the control tank. Mean Total alkalinity values ranged from 31.10 ±0.19 mg/L in the control tank to 34.00 
±0.37 mg/L in the highest (5.00 g/L) concentration of the WSFs of WDCB. Mean DO was lowest (2.98 ±0.48 mg/L) in 
0.07 g/L and highest (3.67 ±0.54 mg/L) in 0.14 g/L concentration of the toxicant. Temperature ranged from 17.22 oC in 
the highest toxicant concentration (0.28 g/L) to 17.80 oC in test concentration of 0.04 g/L. The lowest value of NH3 (0.65 
±0.17 mg/L) was recorded in the highest toxicant concentration (0.28 g/L) and the highest value (1.00 ±0.00 mg/L) was 
recorded in recorded in the control tank. Nitrite was lowest (0.03 ±0.01 mg/L) in toxicant concentration of 0.14 g/L and 
had the highest value of 0.05 ±0.01 mg/L in the control experiment. The water quality parameters during sub lethal 
bioassay showed that pH, Free CO2 and Total Alkalinity were significantly different (P<0.05) in all the experimental 
tanks while DO, Temperature, Ammonia and Nitrite showed no significant difference (P>0.05) compared with the 
control. 

3.2. Effects of acute concentrations of WSFs of WDCB on mortality rate of C. gariepinus fingerlings 

The 96 hr. LC50 toxicity effects of WSFs of WDCB on the mortality of C. gariepinus are presented in Table 3. The 
percentage toxicity of WSFs of WDCB was observed to decrease with decrease in the concentration of the WSFs of 
WDCB. The toxic effects of WSFs of WDCB on C. gariepinus fingerlings resulted to 100 % mortality in the highest 
concentration (5.00 g/L), Concentrations 2.50, 1.25 and 0.63 g/L recorded 90, 70 and 40 % mortalities respectively 
while the WSFs of WDCB at concentration of 0.31 g/L, recorded 20% mortality. In contrast, the control tank (0.00 g/L) 
did not record any mortality.  

Table 1 Mean water quality parameters of experimental tanks with C. gariepinus fingerlings exposed to acute 
concentrations of WSFs of WDCB.  

Parameters Concentration (g/L) 

0.00 0.31 0.63 1.25 2.50 5.00 

pH 8.30±0.00 8.05± 0.01 8.25±0.01 8.15±0.01 8.10±0.00 7.90±0.00 

Free CO2  (mg/L) 1.90±0.14 2.50±0.00 3.40±0.00 5.15±0.49 6.85±0.21 9.55 ±0.21 

TA (mg/L) 95.00±1.40 72.00±4.24 64.00±0.00 77.00±1.41 94.00±8.48 75.00±0.00 

DO  (mg/L) 3.42±0.21 3.07±0.27 2.89±0.27 3.07±0.53 2.87±0.42 2.07±0.23 

Temperature (oC) 26.10±0.14 26.00±0.14 26.30±0.00 26.30±0.00 26.75±0.07 26.65±0.35 

Ammonia (mg/L) 0.60±0.00 0.51±0.01 0.41±0.01 0.29±0.01 0.45±0.01 0.46±0.01 
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Nitrite  (mg/L) 0.02± 0.00 0.06±0.01 0.04±0.00 0.04±0.01 0.03±0.00 0.05±0.01 

± = Standard error 
 

Table 2 Mean water quality parameters of experimental tanks with C. gariepinus fingerlings exposed to sub lethal 
concentrations of WSFs of WDCB for 56 days (8weks). 

Parameters Concentration (g/L) 

0.00 0.02 0.04 0.07 0.14 0.28 

pH 6.31±0.074 5.86±0.196* 5.97±0.189* 6.07±0.082* 6.04±0.171* 6.23±0.142* 

Free CO2  (mg/L) 1.66±0.241 1.77±0.134* 1.83±0.106* 2.20±0.141* 2.31±0.120* 3.26 ±0.135* 

TA (mg/L) 31.1±0.185 31.3±0.457* 33.9±0  .915* 34.0±0 .763* 33.2±0.480* 34.0±0.371* 

DO  (mg/L) 3.31±0.438 3.19±0.407 3.35±0.255 2.98±0.487 3.67±0.544 3.45±0.22 

Temperature (oC) 17.40±1.174 17.30±1.140 17.80±1.03 17.40±1.075 17.34±1.208 17.22±1.11 

Ammonia (mg/L) 1.00±0.000 0.82±0.07 0.79±0.099 0.76±0.107 0.71±0.142 0.65±0.165 

Nitrite  (mg/L) 0.05± 0.005 0.043±0.008 0.04±0.005 0.04±0.009 0.032±0.008 0.04±0.008 

Values with Asterisks (*) in the same column are significantly different compared with the control 
 

Table 3 Mean mortality rates of C. gariepinus fingerlings exposed to acute (96 hrs LC50) concentrations of WSFs of 
WDCB. 

Conc. 
(g/L) 

Log  

Conc. 

No. of 
Fish 

No  of  Mortality (Hours) Mortality 
(%) 

Probit 
Mortality 
(%) 

12 24 72 96 

5.00  0.6989 10 4.0 5.0 1.0 0.0 100 8.7100 

2.50  0.3979 10 3.0 4.0 2.0 0.0 90 6.2518 

1.25  0.0969 10 1.0 1.0 2.0 3.0 70 5.5244 

0.63 -0.2041 10 0.0 0.0 1.0 3.0 40 4.7487 

0.31 -0.5088 10 0.0 0.0 1.0 1.0 20 4.1534 

0.00  0.0000 10 0.0 0.0 0.0 0.0 00 0.0000 

3.3. Effect of acute concentrations of WSFs of WDCB on haematology of C. gariepinus fingerlings  

The results of analyses of haematology of C. gariepinus fingerlings exposed to graded acute concentrations of WSFs of 
WDCB showed significant difference (P<0.05) in the mean values of blood indices compared with the control group. PCV 
increased with increase in concentration of the test material. The highest toxicant concentration (5.00 g/L) recorded 
the highest PCV (28.20 %), RBC (3.20 x 109 mg/L), and Hb (9.41 g/L) however, had the lowest WBC (9,448 x 109 mg/L) 

counts. The control (0.00g/L) tank recorded the lowest values of PCV (15.50 %), Hb (5.18 g/L) and RBC (1.10x109 mg/L) 

(Table 4). 

Table 4 Blood indices of C. gariepinus fingerlings exposed to acute concentrations of WSFs of WDCB for 96 hr. 

Haematological 
parameters 

Toxicant Concentrations (g/L) 

0.00 0.31 0.63 1.25 2.50 5.00 

PCV (%) 15.50±0.01 16.80±0.02 18.50±0.10 21.00±0.00 25.00±0.01 28.20±0.02 

Hb (mg/L) 5.18±0.02 5.61±1.00 6.17±0.04 6.90±0.11 8.20±0.12 9.41±0.00 

RBC (x109mg/L) 1.10±0.00 1.30±0.00 1.40±0.01 1.80±0.20 2.40±0.20 3.20±.01 

WBC (x109mg/L) 25600±0.10 20000±0.12 18000±0.02 15005±0.02 10150±0.20 9448±.020 
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3.4. Effects of sub lethal concentrations of WSFs of WDCB on haematology of C. gariepinus fingerlings 

The mean values of haematological analyses of C. gariepinus fingerlings exposed to sub lethal concentrations of WSFS of 
WDCB for 56 days are presented in Table 5. Statistical analysis revealed significant difference (P<0.05) between the 
various treatments. Mean WBC decreased as toxicant concentration increases. The highest toxicant concentration (0.28 
g/L) recorded the lowest mean WBC (1.70 x 109 mg/L ±0.00) while, the control tank recorded the highest value (2.50 x 
109 mg/L ±0.00). Mean RBC count was lowest (1.30 x 109 mg/L ±0.00) in the control and highest (3.20 x 109 mg/L ±0.00) 
in the highest (5.00 g/L) concentration of the WSFS of WDCB. Mean PCV also increased with increase in WSFS of WDCB 
concentration with the highest concentration (0.28 g/L) recording the highest mean PCV (27.00 % ±0.28) and the 
control recorded the lowest (14.50 % ±0.00). Increase in WSFs of WDCB concentration showed increase in mean Hb. 
The highest concentration (0.28 g/L) recorded mean Hb of 9.00 ±0.00 mg/L while the lowest (0.02 g/L) toxicant 
concentration recorded mean Hb value of 3.00 mg/L.   

Table 5 Blood indices of C. gariepinus fingerlings exposed to sub lethal concentrations of WSFS of WDCB for 8 weeks 

Haematological 
parameters 

Toxicant Concentrations (g/L) 

0.00 0.02 0.04 0.07 0.14 0.28 

PCV (%) 14.50±0.00 15.00±0.00 18.50±0.00 17.00±0.00 26.25±0.35 27.00±0.28 

Hb (mg/L) 4.83±0.00 3.00±0.00 6.17±0.00 5.67±0.00 8.75±0.00 9.00±0.00 

RBC (x109 mg/L) 1.30±0.00 1.35±0.01 1.80±0.00 2.41±0.00 2.30±0.12 3.20±0.00 

WBC (x109 mg/L) 2.50±0.00 2.33±0.10 2.10±0.00 2.00±0.10 1.77±0.00 1.70±0.00 

± Standard Error 

3.5. Biochemistry of gills and liver of C. gariepinus fingerlings exposed to acute concentrations of WSFs of 
WDCB 

The mean values of the ALP, AST and ALT of gills and liver of C. gariepinus fingerlings exposed to WSFs of WDCB are 
presented in Figures 1 and 2. The highest ALP activity (6259.00 µ/L) of gills was recorded in the highest acute 
concentration (5.00 g/L) of WSFs of WDCB while the lowest (2394.2 µ/L) was recorded in 0.63 g/L of the treatment 
concentration. Statistical analyses showed significant difference (P<0.05) between ALP of gills exposed to the 
treatments compared with the control. AST activity was highest (1946.29 µ/L) in the gill exposed to 1.25 g/L of WSFs 
of WDCB while the lowest value (1825.12 µ/L) was recorded in the control (0.00 g/L). There was no significant 
difference (P>0.05) between the AST of gills exposed to the treatments compared with the control. Gills ALT activity 
was highest (4610.94 µ/L) in the highest toxicant concentration (5.00 g/L) while the lowest value (2013.75 µ/L) was 
recorded in the control tank (0.00 g/L), Statistics indicate significant difference (P<0.05) between ALT of gills exposed 
to treatment 5.00 g/L compared with the control (0.00 g/L) as shown in Figure 1. 

 

Figure 1 Effects of acute concentrations of WSFs of WDCB on biochemistry of gills of C. gariepinus fingerlings 

The biochemistry of the liver of C. gariepinus exposed to WSFs of WDCB showed that ALP activity was highest (3995.75 
µ/L) in the control tank (0.00 g/L) while the lowest value (2370.50 µ/L) was recorded in 2.50 g/L concentration of the 
toxicant (Figure 2). Statistically, there was significant difference (P<0.05) between ALP of liver exposed to acute 
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concentration compared with the control. Highest AST activity (4610.92 µ/L) was recorded in the liver exposed to 5.00 
g/L concentration of WSFs of WDCB while the lowest value (1833.42 µ/L) was recorded in the control tank (0.00 g/L) 
(Figure 2). Significant difference (P<0.05) exists between liver of C. gariepinus exposed to treatment concentration (5.00 
g/L) compared with the control. Similarly, ALT activity was highest (2015.52 µ/L) in the liver exposed to 0.63 g/L acute 
concentration of WSFs of WDCB while the lowest value was recorded in the liver exposed to the highest concentration 
(5.00 g/L) of test substance (Figure 2). There was, however, no significant difference (P>0.05) between the liver exposed 
to acute concentrations compared to the control. 

 

Figure 2 Effects of acute concentrations of WSFs of WDCB on biochemistry of liver of C. gariepinus fingerlings 

3.6. Biochemistry of C. gariepinus fingerlings exposed to sub lethal concentrations of water soluble fractions 
of WSFS of WDCB 

The mean values of ALP, AST and ALT of the gills and liver of C. gariepinus fingerlings exposed to sub lethal 
concentrations of WSFs of WDCB are presented in Figures 3 and 4. The highest ALP activity (8327.35 µ/L) in the gill of 
the fingerlings was recorded in the control tank (0.00 g/L) while the lowest value (6451.25 µ/L) was recorded in sub 
lethal concentration 0.07 g/L. The highest AST activity (4034.29 µ/L) in the gills was recorded in sub lethal 
concentration 0.02 g/L of WSFs of WDCB while the lowest value (3369.81 µ/L) was recorded in treatment concentration 
0.04 g/L. The highest ALT activity (5037.02 µ/L) in the gills was recorded in sub lethal concentration 0.02 g/L of WSFs 
of WDCB while the lowest ALT value (4596.40 µ/L) was recorded in sub lethal concentration 0.04 g/L of the toxicant. 
Statistical analysis revealed significant difference (P<0.05) between ALP and AST of gills exposed to treatment 
concentrations compared with the control while ALT of gills exposed to the treatment concentrations showed no 
significant difference (P>0.05) compared with the control. 

 

Figure 3 Effects of sub lethal concentrations of WSFs of WDCB on biochemistry of gills of C. gariepinus fingerlings 
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Effects of sub lethal concentrations of WSFs of WDCB on liver are presented in Figure 4. The highest ALP activity 
(8101.25 µ/L) was recorded in the control tank (0.00 g/L) while the lowest (6468.20 µ/L) was recorded in 0.14 g/L of 
the toxicant (Figure 4). The highest liver AST activity (4117.34 µ/L) was recorded in the control while the lowest 
(3447.30 µ/L) was recorded in treatment concentration 0.14 g/L. The highest ALT activity (4807.50 µ/L) of the liver 
was in the highest concentration (0.28 g/L) of WSFs of WDCB while the lowest (4094.34 µ/L) was recorded in 0.0 g/L 
of the treatment concentration. Statistical difference (P<0.05) exists between ALP, AST and ALT of gills and liver of C. 

gariepinus fingerlings exposed to sub lethal concentrations of WSFs of WDCB compared to the control. 

 

Figure 4 Effects of sub lethal concentrations of WSFs of WDCB on biochemistry of liver of C. gariepinus fingerlings 

4. Discussion 

This study showed that WSFs of WDCB which contains heavy metals (zinc and manganese) have detrimental effects on 
fish following significant alterations in haematology and blood biochemistry of C. gariepinus. This confirms the report 
of Drevnick, Sanheinrich and Al-Gais [10] that heavy metal cause harmful effects on the haematology and organs of fish 
since they become lodged in organs and tissues [12, 13] and are excreted in the blood [14].   

The results of water quality parameters in the present study showed significant variations in DO and Free CO2 compared 
with the control. TA, Temperature, Nitrite and Ammonia however, showed no significant changes with control.  The 
behavioural abnormalities displayed by the fingerlings in the acute toxicant concentrations in this study may be an 
indication of DO depletion and increase in free CO2. This result is similar to the findings of [29] who reported decrease 
in DO after exposure of C. gariepinus to cassava waste water effluent. In the present study, the lethal dose of 96hr. LC50 

value of WSFs of WDCB varied from 0.31 to 5.00 g/L and mortality was directly proportional with concentration of 
WSFs of WDCB concentration. The direct increase in mortality with increase in acute treatment concentrations in this 
study is in conformity with the report of [30] after measuring pollutant toxicity in fish. 

The blood parameters exposed to acute and sub lethal concentrations of WSFs of WDCB indicate increase in PCV, Hb 
and RBC. Increase in RBC is similar to the findings of [26] who reported increase in RBC following increase in 
concentration of aluminium (Al) on Tilapia zilli. Dahunsi. Similarly, Salah El-deen & Roqers [28] and Karrupasamy et al. 
[13] reported increase in Hb, PCV and RBC with increase intoxicant concentration in Grass carp and Channa punctatus 
respectively. The increase in haematological parameters in this study however disagree with the findings of [29] who 
reported decrease in haematological parameters such as RBC and PVC in Lates calcarifer  exposed to heavy metal. 
Similarly, the increase in PCV, RBC and Hb in the present study is in total disagreement with the findings of [30] who 
reported reduction in RBC, Hb and PCV after exposure of C. punctatus to cadmium and mercury. In this study, sub lethal 
concentration of WSFs of WDCB on haematology of C. gariepinus fingerlings showed decrease in WBC as concentrations 
of the test material increase.  

Enzyme analysis of gills, serum and liver in fish can provide important information about the internal environment of 
fish [31]. In the present study ALP, AST and ALT exposed to WSFs of waste dry cell battery on C. gariepinus fingerlings 
increased with increase in the toxicant concentration which corroborated with the findings of [32, 33]. The elevation in 
values of ALP, AST and ALT corroborates the finding of [31, 34] who reported elevation of ALT, AST, and ALP in C. 
gariepinus and O. niloticus respectively as concentration of toxicants increase. 
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5. Conclusion 

Results of the bioassay of WSFs of WDCB on C. gariepinus fingerlings at both acute and sub lethal levels showed visible 
changes in behaviour, haematology and biochemistry of the gills and liver of C. gariepinus with resultant mortality in 
the acute concentrations. It could therefore be concluded that WSFs of WDCB is hazardous to C. gariepinus fingerlings. 
The observed LC50 value may help in determining safer levels of WSFs of WDCB in the aquatic environment. However, 
it is proposed that indiscriminate dumping of waste dry cell batteries along riparian systems should be regulated to 
preserve biodiversity of aquatic fauna.  
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