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Abstract 
In this current study determination of the physicochemical parameters of water and the concentration of 
heavy metals in catfish bone from Ajiwa dam, Katsina State, Nigeria, were conducted. Standard 
methods were employed in the sampling protocol and the analysis. The physicochemical parameters of 
the water were recorded as follows; pH ranges from 7.23±0.15 to 6.17±0.06, Turbidity ranges from 
196±1.73 to 148.67±2.08 mg/L, Hardness ranges from 47.14±0.01 to 40.41±0.02 mg/L, Nitrate ranges 
from 0.99±0.006 to 0.002±0.001 mg/L, Phosphate ranges 19.37±0.015 to 1.89±0.002 mg/L, Sulphate 
ranges from 23.40±0.53 to 15.00±1.00 mg/L, Electrical conductivity ranges from 105.37±0.32 to 
89.77±0.06 mg/L and Total Dissolve Solid ranges from 50.03±0.06 to 43.40±0.00 mg/L. The 
spectrophotometric method was used to evaluate the concentration of  Nitrates, Phosphates, Sulphates, 
pH, Total dissolved solids, and Electrical Conductivity, while the titrimetric method was used for the 
determination of hardness. The concentration of Zinc (Zn), Lead (Pb), Iron (Fe), Manganese (Mn), 
Copper (Cu), Cobalt (Co), Nickel (Ni), Cadmium (Cd), and Chromium (Cr) in catfish bone and water 
from Ajiwa dam were determined using Atomic Absorption Spectrophotometer (AAS). A total of seven 
samples each of catfish and water were collected and analyzed for heavy metals. Data obtained were 
subjected to an analysis of variance (ANOVA) test at a 0.05% confidence level, principal component 
analysis, cluster analysis, and Pearson correlation. The result showed that all the metal concentrations in 
both catfish bone and water were below the WHO recommended values: Pb (0.05 mg/l), Fe (10.1 mg/l) 
Zn (5.0 mg/l), Ni (0.02 mg/l), Cd (0.005 mg/l), Cr (0.05 mg/l), Co (0.05 mg/l) Cu (1.0 mg/l) and Mn 
(0.05 mg/l) for water and Pb (0.4 mg/l), Fe (3.0 mg/l), Cd (0.03 mg/l), Cu (2.0 mg/l), Mn (0.4 mg/l) Zn 
(3.0 mg/l) Cr (0.05 mg/l) Ni (0.02 mg/l) and Co (0.05 mg/l) for catfish bone. These findings indicate 
that the fish and water are safe for both aquatic life and human consumption. 
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 Introduction 
The heavy metal contamination of aquatic ecosystems has attracted the attention of 
researchers all over the world (Dutta and Dalal, 2008) and has increased in the last decades 
due to the extensive use of agrochemicals in agricultural activities, chemical and industrial 
processes that are becoming a threat to living organisms. Heavy metals belong to a subset of 
elements that exhibit metallic properties. Many different definitions have been proposed for 
heavy metals; some based on density, some on atomic number or atomic weight, and some on 
chemical properties or toxicity (Duffus, 2002). Heavy metals occur naturally in the ecosystem 
with large variations in concentration. Some of them are dangerous to health or the 
environment (e.g. mercury, cadmium, lead, chromium) (Hogan, 2010), some may cause 
corrosion (e.g. zinc, lead), while some are harmful in other ways (e.g. arsenic, which may 
pollute catalysts). Some heavy metals are essential to humans in minute amounts (cobalt, zinc, 
copper, chromium, manganese, nickel) while others are carcinogenic or toxic, affecting, 
among others, human and animal life (Zevenhoven and Kilpinen, 2001). 
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However, once the permissible limit is 
exceeded, the body mechanisms that maintain 
balance no longer operate. None of the heavy 
metals is biodegradable, although they can 
change forms from solid, to liquid, to dust and 
gas; they never completely disappear. The 
toxic ones even in minute amounts create 
instant cellular destruction in any of their 
forms. They all exist naturally on the earth’s 
crust and the most toxic must be mined by 
man before they become a threat to plant and 
animal life.   
Heavy metals have been known to be 
responsible for historic diseases like; the 
Minamata disease resulting from mercury 
poisoning (Hightower, 2008), and the itai-itai 
disease from cadmium poisoning (ICETT, 
1998). Heavy metals are introduced into the 
environment by a wide spectrum of natural 
and anthropogenic sources. Natural sources 
include volcanic activities, erosion and 
atmospheric condensation as well as natural 
disasters such as earthquakes, landslides, 
tornadoes, and cyclones (Nathaniel et al., 
2000). The commonest forms of anthropogenic 
sources of heavy metals are industrial and 
mining activities, industrial waste, petroleum 
exploration and exploitation, processing and 
effluent management, domestic and industrial 
sewage, nuclear reactor accidents, and solid 
weapons. Heavy metals obtained from all 
these sources constitute potential dangers to 
the environment. Industrial discharges, 
domestic sewage, non-point sources such as 
urban run-off, and atmospheric precipitation 
are the main sources of toxic heavy metals that 
enter aquatic ecosystems (Joyeux et al., 2004). 
Heavy metal toxicity in humans can result in 
damaged or reduced mental and central 
nervous function, lower energy levels, and 
damage to blood composition, lungs, kidneys, 
liver, and other vital organs. Long-term 
exposure may result in slowly progressing 
physical, muscular, and neurological 
degenerative processes that mimic Alzheimer's 
disease, Parkinson’s disease, muscular 

dystrophy, and multiple sclerosis. Allergies are 
not uncommon and repeated long-term contact 
with some metals or their compounds may 
even cause cancer (International Occupational 
Safety and Health Information Centre, 1999).  
In water bodies, the obvious sign of elevated 
heavy metal pollution is dead fish, which is 
readily apparent while sub-lethal heavy metal 
pollution might result only in the occurrence 
of unhealthy fish. However, very low levels of 
pollution may have no apparent impact on the 
fish itself, which would show no obvious signs 
of illness but may decrease the fecundity of 
fish populations, leading to a long-term 
decline and eventual extinction of this 
important natural resource (Krishnani et al., 
2003 and Burger and Gochfeld, 2011). 
Structured barriers created to hinder or control 
the flow of water in rivers and streams are 
sometimes known as dams (Nicklow, 2003). 
Dams are built to supplement water supply 
shortages, particularly during the dry season. 
Dams are one of the most productive 
ecosystems, contributing significantly to a 
region's ecological sustainability and serving 
as a vital component of human civilization. 
Katsina State is home to Ajiwa Dam. Local 
farmers mostly utilize the dams to irrigate rice, 
watermelon, sugarcane, pepper, onions, 
tomatoes, and fish. Due to a lack of pipe-borne 
water, residents in rural areas typically use the 
most convenient source of water in their area, 
regardless of quality. Water's physical, 
chemical, and biological properties have 
significant implications for all biological 
structures and functions. A fish is any gill-
bearing aquatic vertebrate (or craniate) animal 
that lacks limbs with digits. Included in this 
definition are the living hagfish, lampreys, and 
cartilaginous and bony fish, as well as various 
extinct related groups. The Clarkias 
gariepinus or African sharp-tooth catfish; a 
species of catfish of the family Clariidae, the 
air-breathing catfishes is among the common 
fish in Ajiwa Dam. It got its binomial name in 
1822 by a Scientist named Burchell (Coetzee 
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et al., 2002). Contamination of freshwater fish 
with heavy metals is a recognized 
environmental problem. The World Health 
Organization as well as the Food and Drug 
Organization of the United Nations stated that 
monitoring eight elements in fish; Hg, Cd, Pb, 
As, Cu, Zn, Fe, and Sn is obligatory, and 
monitoring of other heavy metals is suggested 
(Staniskiene, 2006). Heavy metals after 
contaminating water, penetrate fish directly 
through the skin and later gill (Sinha et al., 
2002).  Fish assimilate metals by ingestion of 
particulate material suspended in water, 
ingestion of food, and ion exchange of 
dissolved metals across lipophilic membranes. 
Excretion of heavy metals occurs via the feces, 
urine, and respiratory membranes while heavy 
metals distribution between the different 
tissues depends on the mode of exposure 
(Alam et al., 2002).  
Heavy metal levels in live fish usually follow 
the ranking: Fe > Zn > Pb > Cu > Cd > Hg. 
The levels of Zn may be very high, up to over 
300 μg/g dry weight (dw); the maximum 
concentrations of lead and copper are lower 
and usually do not exceed 10 μg/g (dw) while 
Cadmium and mercury are accumulated by 
fish in very low amounts, below 1 μg/g (dw) 
(Ebrahimi and Taherianfard, 2011).    
Heavy metal accumulation in fish depends on 
pollution and may differ among fish species 
living in the same water body (Terra et al., 
2009). Generally, the higher the heavy metal 
concentration in the environment, the more the 
amount taken up and accumulated by fish. 
Heavy metals are dangerous because they tend 
to be bio-concentrated and biomagnified. Bio-
concentration is the intake of chemical 
contaminants through an organism's epithelial 
tissues or gills, and the subsequent 
concentration of that chemical contaminant 
within the organism‘s tissues to a level that 
exceeds ambient environmental concentrations 
(Gobas et al., 1999).  It is important to 

determine the concentrations of heavy metals 
in fish to evaluate the possible risk of 
consuming such fish (Cid et al., 2001). 
Evaluation and understanding of the sources 
and impact relationship of the heavy metals in 
the water bodies and biological species is 
important for effective water management, and 
the preservation of the aquatic ecosystem. 
Thus, it becomes pertinent to carry out a 
preliminary assessment of the heavy metals 
pollution status of the dam and their main 
economic fish: the African catfish (Clarias 
gariepinus) consumed in and around the 
community. 
Materials and Methods 
Materials  
Study Area 
Ajiwa is located in the Batagarawa Local 
Government Area of the State, its geographical 
coordinates are 12° 59' 0" North, 7° 45' 0" 
East. (Parkman and Haskoning, 1996).  
Methods 
Sample Collection and Analysis 
A total number of 14 samples were collected 
from Ajiwa dam, which includes seven (7) 
water samples and seven (7) samples of 
Clarias gariepinus (catfish) for the 
determination of physicochemical parameters 
and assessment of selected heavy metals. In 
all, standard methods were employed both for 
the sampling and analysis (APHA, 2016). 
Statistical Analysis 
All data obtained from this study were 
quantitative. They were analyzed using the 
Statistical Package for Social Science (SPSS) 
version 15.0. The data was first summarized 
using descriptive statistics and later subjected 
to a series of inferential analyses such as 
independent and paired sample t-tests at a 5% 
level of significance as well as ANOVA and 
multivariate analysis. The results of the data 
analyzed are presented in tables and figures in 
the results section. 
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Figure 1: Map of Ajiwa Dam showing sampling locations (Google Map). 

Health Risk Assessments  
The potential risk from heavy metals in water 
is calculated based on recommendations 
proposed by the United States Environmental 
Protection Agency (USEPA 2001; 2000). The 

Average daily intake (ADI) (mg/kg-day) of 
each heavy metal through ingestion and 
dermal contact pathways was calculated using 
the following equations:  

                  ADI = Cmetal x IR x ED x CF    ------------------------------------------------- equ. 3.3 
                                  BW x AT    
Where, ADI = Average Daily intake, 
IR=ingestion rate (2.2g/day), ED = Exposure 
duration (70 years), CF= Conversion factor 
(0.085), BW (60kg) = Body weight of the 
exposed individual, AT (days) = Estimated 
period over which the dosed is estimated. 
The potential health risk can be categorized by 
target hazard quotients (HQ) and hazard index 

(HI) as proposed by (USEPA 2001; 2000). HQ 
is a ratio of determined Estimated daily intake 
(EDI, mg/kg/day to reference dose RFD, 
(mg/kg/day) of an individual element. All HQs 
can be added to generate a HI for the 
estimation of total potential health risks. 

  HI = ∑HQ --------------------------------------------------------------------------- equation 3.4 

         

RESULTS AND DISCUSSION 

Table 1: Physico-Chemical Parameters of Ajiwa Dam Water 

Sam
ple 

Turbidity 
(NTU)                                            

Hardness  
(mg/L) 

Nitrate  
(mg/L) 

Phosphate  
(mg/L) 

Sulphate  
(mg/L) 

pH EC  
(µs/cm) 

TDS 
(mg/L) 

A 148.67±2.08e 42.76±0.10d 0.99±0.006a 1.89±0.002g 15.00±1.00e 7.10±0.10a 97.47±0.06d 46.03±0.06e 

B 162.00±2.00d 43.64±0.46c 0.002±0.001d 14.22±0.015c 16.93±0.06d 6.43±0.06cd 103.00±0.00b 48.70±0.00b 

C 150.33±1.53e 47.14±0.01a 0.87±0.002b 1.96±0.001f 16.07±0.12de 6.47±0.12c 93.30±0.10e 44.10±0.00f 

D 180.67±0.58b 44.87±0.02b 0.72±0.006c 10.97±0.012e 18.67±0.58c 6.17±0.06e 89.77±0.06f 43.40±0.00g 

E 196.00±1.73a 43.56±0.04c 0.004±0.001d 11.98±0.015d 20.21±0.27b 6.70±0.10b 105.37±0.32a 50.03±0.06a 

F 180.67±0.58b 44.87±0.02b 0.007±0.001d 19.37±0.015a 17.00±1.00d 7.23±0.15a 97.07±0.23d 46.17±0.06d 

G 175.00±2.00c 40.41±0.02e 0.003±0.002d 17.23±0.016b 23.40±0.53a 6.27±0.12de 99.57±0.49c 47.30±0.00c 
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Table 2: Pearson Correlations Results among Physiochemical Parameters of Ajiwa Dam Water 

Correlations 
 
Parameters 

 Turbidity  Hardness  Nitrate                                               
Phosphate Sulphate 

pH EC us  TDS 

Turbidity  1   
 

    
Hardness  -0.196 1       

Nitrate  -0.645** 0.415 1      

Phosphate 
  0.678** -0.390 -

0.887** 
1       

Sulphate 
 0.622** -0.615** -

0.569** 
0.570**   1 

   

pH  -0.080 0.071 0.004 -0.033   -0.502* 1   

EC 
 0.294 -0.488* -

0.694** 
0.328   0.270 

0.204  1  

TDS 
 0.396 -0.510* -

0.737** 
0.396   0.340  

0.155 0.991*** 1 

*Correlation is significant at 0.05 level ( 2-tailed) H 
** Correlation is significant at 0.01 level (2-tailed)  

 

 

 

Table 3: Mean Concentration and Standard Deviation of Heavy Metals in Ajiwa Dam Water 

Sam
ple 

Zn Pb Cd Fe Cu Mn Ni Co Cr 

A 0.056±0.00
1c 

0.034±0.005
cd 

-0.004±0.006a 5.21±0.08f 3.37±0.018
b 

0.038±0.004
bc 

0.037±0.003
b 

0.022±0.00
2a 

0.177±0.008
b 

B 0.038±0.00
1d 

0.024±0.012
de 

-0.012±0.001b 5.66±0.03e 0.41±0.016
f 

0.043±0.001
b 

0.025±0.003
c 

0.017.±0.0
01a 

0.184±0.021
b 

C 0.057±0.00
0c 

0.032±0.003
cd 

-0.013±0.002b 5.51±0.063 1.70±0.010
e 

0.020±0.002
d 

0.022±0.002
c 

0.16±0.004
a 

0.165±0.038
c 

D 0.068±0.00
3a 

0.085±0.005
a 

-0.010±0.001b 7.68±0.10d 1.75±0.013
d 

0.050±0.001
a 

0.035±0.004
b 

0.019±0.00
4a 

0.223±0.058
ab 

E 0.064±0.00
2b 

0.016±0.019
e 

-0.013±0.002b 8.94±0.14b 0.36±0.005
g 

0.049±0.006
a 

0.056±0.003
a 

0.023±0.00
4a 

0.241±0.013
a 

F 0.061±0.00
3b 

0.046±0.008
bc 

-0.012±0.001b 9.94±0.17a 1.90±0.015
c 

0.041±0.003
b 

0.051±0.003
a 

0.022±0.00
6a 

0.217±0.011
ab 

G 0.056±0.00
2c 

0.053±0.006
b 

-0.013±0.001b 8.25±0.08c 6.12±0.004
a 

0.034±0.001
c 

0.039±0.002
b 

0.022±0.00
4a 

0.203±0.016
ab 
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Table 4: Correlations for heavy metals in Ajiwa Dam Water 

Correlations 
Metals   Zn  Pb Cd Fe Cu Mn Ni Co Cr 
 Zn   1         

Pb  0.434* 1        
Cd  0.320 0.060 1       
Fe   0.522* 0.207 -

0.398 
1      

Cu  0.097 0.334 0.155 0.050 1     
Mn  0.206 0.187 0.111 0.428 -

0.349 
 1    

Ni  0.524* -0.098 -
0.077 

0.811** -
0.008 

0.540* 1   

Co  0.157 -0.076 0.250 0.413 0.201 0.260   0.516*  1  
Cr  0.455* 0.127 -

0.272 
0.625**  -

0.132 
0.573** 0.635**  

0.160 
1 

*Correlation is significant at 0.05 level ( 2-tailed)  
**Correlation is significant at 0.01 level ( 2-tailed)  

 

Table 5: Mean Concentration and Standard Deviation of Heavy Metals in fish 

Samp
le 

Zn         Pb          Cd        Fe              Cu Mn Ni Co           Cr 

A 0.80±0.001
d 

0.16±0.013bc -
0.0013±0.00
1a 

1.32±0.015f 0.21±0.048
e 

0.30±0.002
e 

0.085±0.0
07b 

0.055±0.00
1b 

0.22±0.012b 

B 0.93±0.001
a 

0.20±0.012a 0.0003±0.00
2a 

4.51±0.006a 0.38±0.001
c 

0.67±0.006
a 

0.100±0.0
04a 

0.065.±0.0
02a 

0.34±0.008a 

C 0.78±0.006
e 

0.16±0.005bc -
0.0073±0.00
1b 

1.49±0.031d 0.29±0.002
d 

0.25±0.003
f 

0.077±0.0
06bc 

0.046±0.00
5c 

0.24±0.023b 

D 0.74±0.002
f 

0.18±0.015ab -
0.0073±0.00
1b 

1.16±0.085g 1.44±0.003
a 

0.44±0.002
b 

0.069±0.0
07c 

0.054±0.00
1b 

0.20±0.022bc 

E 0.60±0.002
g 

0.14±0.013c -
0.016±0.002
d 

2.37±0.002b 0.69±0.002
b 

0.25±0.005
f 

0.051±0.0
06d 

0.036±0.00
3d 

0.16±0.015c 

F 0.87±0.003
b 

0.19±0.020ab -
0.012±0.002
c 

2.20±0.017c 0.30±0.002
d 

0.37±0.002
d 

0.047±0.0
11d 

0.045±0.00
6c 

0.23±0.035b 

G 0.82±0.001
c 

0.18±0.009ab -
0.011±0.001
c 

1.37±0.016e 0.20±0.004
e 

0.43±0.005
c 

0.051±0.0
02d 

0.037±0.00
3d 

0.20±0.049bc 
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Table 6: Correlations Among Heavy Metals In Fish Bone  

  Correlations  
Metals  Zn  Pb Cd Fe Cu Mn Ni Co Cr 
 Zn   1         

Pb   0.7 1        

Cd   0.61* 0.406 1       

Fe   0.43* 0.371 0.335 1      

Cu   0.46* -0.031  -0.142 -0.180 1     
Mn   0.67* 0.753** 0.535* 0.683**  0.100  1    

Ni   0.419 0.342 0.900** 0.440* -
0.065 

0.461* 1   

Co   0.56*  0.527* 0.872** 0.472* 0.117 0.635**  0.822*  1  

Cr   0.7 0.551* 0.676** 0.683* -
0.282 

0.680*  0.658* 0.722** 1 

*Correlation is significant at 0.05 level ( 2-tailed)  
**Correlation is significant at 0.01 level ( 2-tailed)  
 

 

 

 

 

 

 

 

 

 

 

Fig 2: Scree Plot of Physicochemical Parameters of the Study Area 
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Fig 3: Cluster Analysis of Physicochemical Parameters of the Dam Water 

Discussion on Cluster Analysis of Physicochemical Parameters of Ajiwa Dam Water 

 

Fig 4: Scree Plot of Principal Component Analysis of Heavy Metals in Ajiwa Dam         
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Fig. 5: Cluster Analysis of Heavy Metals from Ajiwa Dam Water 

 

 

 

Fig 6: Scree Plot of Principal Component Analysis of Metals in Fish Bone 
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Fig. 7: Cluster Analysis of Metals in Fish Bone 

Table 7: Estimated Human Health Risks of Heavy Metals in Water 

HM ADI HQ 
Zn 0.0000005 0.000001 
Pb 0.0000004 0.0001 
Fe 0.00007 0.0001 
Cu 0.00002 0.0005 
Mn 0.0000003 0.000002 
Ni 0.0000003 0.000015 
Co 0.0000001 0.000003 
Cr 0.000002 0.00067 
H I = 0.001                    
HM = Heavy metals, ADI = Average daily intake, HQ = Hazard quotient, HI= Hazard index 

Table 8: Estimated Human Health Risks of Heavy Metals in Fish 

HM ADI HQ 

Zn 0.00001 0.00003 
Pb 0.000002 0.0005 
Fe 0.00002 0.00002 
Cu 0.000004 0.0001 
Mn 0.000003 0.000002 
Ni 0.0000006 0.00003 
Co 0.0000004 0.00001 
Cr 0.000002 0.00067 
H I = 0.0014                    
HM = Heavy metals, ADI = Average daily intake, HQ = Hazard quotient, HI= Hazard index 
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DISCUSSION 

The results of physicochemical analyses of 
water samples collected from Ajiwa dam are 
presented first. Physicochemical properties are 
the intrinsic physical and chemical 
characteristics of a substance. The 
physicochemical parameters are very important 
to test for the water quality before it is used for 
drinking, domestic, agricultural, or industrial 
purposes. Water must be tested for different 
physicochemical parameters such as pH, 
turbidity, electrical conductivity, total dissolved 
solids, hardness, nitrates, phosphates, and 
sulfates levels. The results of the 
physicochemical parameters of collected water 
samples were analyzed using standard 
procedures and the summary of the results is 
presented in Table 1. The turbidity of water 
depends on the quantity of solid matter present 
in the suspended state. The mean turbidity 
values obtained ranged between 
148.67±2.08NTU, 150.33±1.53NTU, 
162.00±2.00NTU, 175.00±2.00NTU, 
180.67±0.58NTU, 180.67±0.58NTU and 
196.00±1.73NTU in Ajiwa dam respectively. 
These mean values were found to be outside the 
permissible limits of 5 NTU for drinking water 
(WHO, 2006) and (EPA, 1999). This may be 
due to the presence of clay, silt, finely divided 
organic and inorganic matter, plankton, and 
other microscopic organisms. In Table 1, the 
mean values of hardness ranged between 
40.41±0.02 mg/L, 42.7±0.10 mg/L, 43.56±0.04 
mg/L, 43.64±0.46 mg/L, 44.87±0.02 mg/L, 
44.87±0.02 mg/L, and 47.14±0.01 mg/L 
respectively.  The mean and standard deviation 
values of hardness are within the 100 mg/L 
(WHO, 2006) specification limits for drinking 
water, but they are high enough to cause 
hardness of water. Therefore, this explains 
further the presence of carbonates/bicarbonates 
which may cause poor lather formation and 
scales on boilers (Durrance, 1986). The mean 
of nitrates, phosphates and sulphates values in 
Table 1, ranged between 0.002±0.001 mg/L, 

0.003±0.002 mg/L, 0.004±0.001 mg/L, 
0.007±0.001 mg/L, 0.72±0.006 mg/L, 
0.87±0.002 mg/L, 0.99±0.006 mg/L for nitrate, 
1.89±0.002 mg/L, 1.96±0.001 mg/L, 
10.97±0.012 mg/L, 11.98±0.015 mg/L, 
14.22±0.015 mg/L, 17.23±0.016 mg/L, 
19.37±0.015 mg/L for phosphates and 
15.00±1.00 mg/L, 16.07±0.12 mg/L, 
16.93±0.06 mg/L, 17.00±1.00 mg/L, 
18.67±0.58 mg/L, 20.21±0.27 mg/L, 
23.40±0.53 mg/L for sulphates respectively. 
These values were found to be within the 
permissible limit except for five (5) samples in 
phosphates which are higher than the WHO 
permissible limits of 5.0 mg/L, 6.5 mg/L, and 
400 mg/L for nitrates, phosphates, and 
sulphates levels in drinking water respectively 
(WHO, 2006). The test for the pH of the water 
was carried out to determine whether it is 
acidic, neutral, or alkaline in nature. The mean 
values obtained 6.17±0.06, 6.27±0.12, 
6.43±0.06, 6.47±0.12, 6.70±0.10, 7.10±0.10 
and 7.23±0.15 are within the range of 6.5-8.9, 
recommended by WHO (1996) for drinking 
water. The electrical conductivity mean and 
standard deviation values obtained are 89.77± 
0.06 µs/cm, 93.30±0.10 µs/cm, 97.07±0.23 
µs/cm, 97.47±0.06 µs/cm, 99.57±0.49 µs/cm, 
103.00±0.00 µs/cm, and 105.37±0.32 µs/cm 
respectively. All the values are within the 
WHO's maximum permissible limits (8-10,000 
µs/cm) for drinking water (WHO, 2006). The 
mean and standard deviations of total dissolved 
solids for Ajiwa dam were 43.40±0.00 mg/L, 
44.10±0.00 mg/L, 46.03±0.06 mg/L, 
46.17±0.06 mg/L, 47.30±0.00 mg/L, 
48.70±0.00 mg/L, and 50.03±0.06 mg/L in 
(Table 4.1) are lower than the recommended 
value of 500 mg/L by the National Guideline 
and Standards for water quality in Nigeria and 
the WHO specification limits (1000 mg/L) for 
drinking water (Edimeh et al., 2011).  For the 
statistical result, Table 2, shows the correlation 
among physicochemical parameters for water 
and it indicates that turbidity has a significant 
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negative correlation with nitrate for water. This 
means the higher the concentration of turbidity 
the lower the concentration of nitrate for water 
and vice versa. It also indicates that turbidity 
has a significant positive correlation with 
phosphate and sulphate which means the higher 
concentration of turbidity results in higher 
concentrations of phosphate and sulphate for 
water and vice versa.  
Figure 2 is the cumulative proportion of the 
physicochemical parameters of the total 
variance explained by each principal 
component (PC) and can also be displayed as a 
scree plot. A scree plot displays how much 
variation each principal component captures 
from the data. The principal component 
analysis is used for data set reduction. Any 
component whose eigenvalue is less than one is 
rejected and considered a distractors. From Fig 
2, the first three principal components may be 
retained as they capture the most variability in 
the data and as the PCs with an eigenvalue 
greater than one. This means that the original 8 
physicochemical parameters for water can 
adequately be represented by the first three 
PCs. The first three PCs explained 85.959% 
variability in the data sets.  
A dendrogram for physicochemical parameters 
of the dam Fig. 3 is a diagram that shows the 
hierarchical relationship between objects. It is 
most commonly created as output from 
hierarchical clustering. This dendrogram was 
created using a final portion of 5 clusters, 
which occurs at different similarity levels. The 
first cluster is composed of two 
physicochemical parameters for water namely 
turbidity and phosphate. The second cluster is 
composed of one physicochemical parameter 
for water namely sulphate. The third cluster is 
composed of two physicochemical parameters 
for water namely EC and TDS. The fourth 
cluster is composed of one physicochemical 
parameter for water namely pH. The fifth 
cluster is composed of two physicochemical 
parameters for water namely Hardness and 
Nitrate. Physicochemical parameters for water 

within a cluster are very similar and variables 
outside a cluster are very dissimilar. The total 
metal content in water samples was analysed 
using Atomic Absorption Spectrophotometer 
and is summarized in Table 3. Table 3, presents 
the mean and standard deviations of heavy 
metals in water obtained from the Ajiwa Dam. 
The mean concentration of zinc obtained from 
sample A to sample G was found in the range 
of 0.038 to 0.068 mg/L, lead from 0.016 to 
0.085 mg/L, cadmium ranges from 0.004 to -
0.013 mg/L, iron from 5.21 to 9.94 mg/L, 
copper from 0.36 to 6.12 mg/L, manganese 
ranges from 0.020 to 0.050 mg/L, nickel from 
0.022 to 0.056 mg/L, cobalt ranges from 0.019 
to 0.023 mg/L and chromium from 0.165 to 
0.241 mg/L from the dam water respectively. 
This result highlighted some heavy metal 
concentrations are higher in some points while 
some are at lower concentrations in dam water, 
this implies that water samples collected at the 
extreme of the dam are of higher concentration 
due to the water used by the irrigation farmers 
that flows back to the dam. The average 
concentrations of the heavy metals were within 
the permissible limits recommended by WHO.  
Table 4, reported the correlation for heavy 
metals in Ajiwa Dam water. Analysis of 
variance revealed that the concentration of Zn 
for water is statistically different among the 
samples at a 5% level of significance. 
Furthermore, samples with the same 
superscripts namely samples E and F have 
statistically the same concentration of Zn for 
water at a 5% level of significance while 
samples with different superscripts have 
statistically different concentrations of Zn for 
water. Analysis of variance revealed that the 
concentration of Pb for water is statistically 
different among the samples at a 5% level of 
significance. Furthermore, samples with the 
same superscripts namely samples A and C 
have statistically the same concentration of Pb 
for water at a 5% level of significance while 
samples with different superscripts have 
statistically different concentrations of Pb for 
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water for example sample A and B as shown by 
Duncan multiple comparison test. Furthermore, 
samples with the same superscripts namely 
samples B and C have statistically the same 
concentration of Fe for water at a 5% level of 
significance while samples with different 
superscripts have statistically different 
concentrations of Fe for water for example 
samples A and B as shown by Duncan multiple 
comparison test. Analysis of variance revealed 
that the concentration of Cu for water is 
statistically different among the samples at a 
5% level of significance. Furthermore, samples 
with the same superscripts have statistically the 
same concentration of Cu for water at a 5% 
level of significance while samples with 
different superscripts have statistically different 
concentrations of Cu for water. This therefore 
indicated that all the samples have different 
concentrations of Cu for water as shown by 
Duncan's multiple comparison test. 
 Analysis of variance revealed that the 
concentration of Mn for water is statistically 
different among the samples at a 5% level of 
significance. Furthermore, samples with the 
same superscripts for example samples D and E 
have statistically the same concentration of Mn 
for water at a 5% level of significance while 
samples with different superscripts have 
statistically different concentrations of Mn for 
water for example samples A and B as shown 
by Duncan multiple comparison test. Analysis 
of variance revealed that the concentration of 
Ni for water is statistically different among the 
samples at a 5% level of significance. 
Furthermore, samples with the same 
superscripts for example samples B and C have 
statistically the same concentration of Ni for 
water at a 5% level of significance while 
samples with different superscripts have 
statistically different concentrations of Ni for 
water for example sample A and B as shown by 
Duncan multiple comparison test. Analysis of 
variance revealed that the concentration of Co 
for water is statistically the same for all the 
samples at a 5% level of significance. Duncan's 

multiple comparison tests further revealed that 
all the samples have the same superscripts. 
Analysis of variance revealed that the 
concentration of Cr for water is statistically 
different among the samples at a 5% level of 
significance. Furthermore, samples with the 
same superscripts for example samples A and B 
have statistically the same concentration of Cr 
for water at a 5% level of significance while 
samples with different superscripts have 
statistically different concentrations of Cr for 
water for example sample B and C as shown by 
Duncan multiple comparison test. 
Figure 4, is a scree plot of the metal content of 
the dam. A scree plot displays how much 
variation each principal component captures 
from the data PC1 captures the most variation, 
PC2 — the second most, and so on. From Fig 
4, the first four principal components may be 
retained as they capture the most variability in 
the data set and as the PCs with an eigenvalue 
greater than one. This means that the original 9 
metals for water can be adequately represented 
by the first four PCs. The first four PCs 
explained 82.684% variability in the data sets.  
Figure 5, explains the cluster analysis of the 
metal content of the dam. A dendrogram is a 
diagram that shows the hierarchical relationship 
between objects. It is most commonly created 
as output from hierarchical clustering. This 
dendrogram was created using a final portion of 
8 clusters, which occurs at different similarity 
levels. The first cluster is composed of one 
metal for water namely Zn. The second cluster 
is composed of two metals for water namely Fe 
and Ni. The third cluster is composed of one 
metal for water namely Cr. The fourth cluster is 
composed of one metal for water namely Mn. 
The fifth cluster is composed of one metal for 
water namely Co. The sixth cluster is composed 
of one metal for water namely Pb. The seventh 
cluster is composed of one metal for water 
namely Cu and the eighth cluster is composed 
of one metal for water Cd. Metals for water 
within a cluster are very similar and variables 
outside a cluster are very dissimilar.  
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Table 5, presents the mean and standard 
deviation of heavy metals in fish bone of 
Clarias gariepinus (catfish) obtained from the 
Ajiwa Dam. The mean and standard deviation 
of zinc obtained from sample A to sample G 
was found in the range of 0.60 to 0.93 mg/kg 
from the dam water. The mean and standard 
deviation of lead obtained from sample A to 
sample G were found in the range of 0.14 to 
0.20 mg/kg from the dam water. The mean and 
standard deviation of cadmium obtained from 
sample A to sample G was found in the range 
of -0.0003 to -0.016 mg/kg from the dam water. 
The mean and standard deviation of iron 
obtained from sample A to sample G was found 
in the range of 1.32 to 4.51 mg/kg from the 
dam water. The mean and standard deviation of 
copper obtained from sample A to sample G 
was found in the range of 0.20 to 1.44 mg/kg 
from the dam water. The mean and standard 
deviation of manganese obtained from sample 
A to sample G was found in the range of 0.25 
to 0.67 mg/kg from the dam water. The mean 
and standard deviation of nickel obtained from 
sample A to sample G was found in the range 
of 0.047 to 0.100 mg/kg from the dam water. 
The mean and standard deviation of cobalt 
obtained from sample A to sample G was found 
in the range of 0.036 to 0.065 mg/kg from the 
dam water. The mean and standard deviation of 
chromium obtained from sample A to sample G 
were found in the range of 0.16 to 0.34 mg/kg 
from the dam water respectively. 
Based on the recorded concentrations, the 
findings did not suggest immediate hazard 
since concentrations did not exceed the 
permissible limit set by WHO. Table 6, 
indicates that Zn has a significant positive 
correlation with Pb, Cd, Fe, Mn, Ni, Co, and Cr 
for fish. This means the higher the 
concentration of Zn, the higher the 
concentration of   Pb, Cd, Fe, Mn, Ni, Co, and 
Cr for fish and vice versa. It also indicates that 
Zn does have a significant negative correlation 
with Cu for fish. Therefore it indicates that the 
higher the value of Zn the lower the value of 

Cu for fish and vice-versa. It also indicates that 
Pb does have a significant positive correlation 
with Mn, Co, and Cr for fish.  This means the 
higher the concentration of Pb the higher the 
concentration of    Mn, Co, and Cr for fish and 
vice versa. It also indicates that Pb does not 
have a significant correlation with Cd, Fe, Cu, 
and Ni for fish. Therefore it indicates that there 
is no relationship between Pb with Cd, Fe, Cu, 
and Ni for fish and vice versa. It also indicates 
that Cd does have a significant positive 
correlation with Mn, Ni, Co, and Cr for fish.  
This means the higher the concentration of Cd 
the higher the concentration of Mn, Ni, Co, and 
Cr for fish and vice versa. Figure 6, is a scree 
plot of the metal content in catfish bone. A 
scree plot displays how much variation each 
principal component captures from the data 
PC1 captures the most variation, PC2 — the 
second most, and so on. Each of them 
contributes some information to the data, and in 
a PCA, there are as many principal components 
as there are characteristics. From the above 
figure, the first three principal components may 
be retained as the capture most variability in the 
data and as the PCs with an eigenvalue greater 
than one. This means that the original 9 metals 
for fish can be adequately represented by the 
first three PCs. The first three PCs explained 
85.114% variability in the data sets.  
Figure 7, is a dendrogram of heavy metals in 
catfish bone, which shows the hierarchical 
relationship between the metals.. It is most 
commonly created as output from hierarchical 
clustering. This dendrogram was created using 
a final portion of 6 clusters, which occurs at 
different similarity levels. The first cluster is 
composed of two metals for fish namely Zn and 
Cr. The second cluster is composed of two 
metals for fish Pb and Mn. The third cluster is 
composed of two metals for fish namely Cd and 
Ni. The fourth cluster is composed of one metal 
namely Co. The fifth cluster is composed of 
one metal for fish namely Fe. The sixth cluster 
is composed of one metal for fish Cu. Within a 
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cluster are very similar and variables outside a 
cluster are very dissimilar. 
Hazard Quotient (HQ)  
 Non-carcinogenic risks for individual heavy 
metals were evaluated by computing the target 
hazard quotient (THQ) using THQ = CDI/RfD 
(Micheal et al., 2015). CDI is the chronic daily 
heavy metal intake (mg/kg/day) and RfD is the 
oral reference dose (mg/kg/day) which is an 
estimation of the maximum permissible risk on 
the human population through daily exposure, 
taking into consideration a sensitive group 
during a lifetime ((Li & Zhang, 2010). EPA-
recommended RfD values of Zn, Pb, Fe, Cu, 
Mn, Ni, Co, and Cr were used in the above 
equation (Liu et al., 2013; USEPA, 2005). The 
result for the health quotients of metals for the 
exposed population is presented in Table 7 and 
Table 8. 
Hazard index (HI)  
To evaluate the potential risk to human health 
through more than one heavy metal, the chronic 
hazard index (HI) is obtained as the sum of all 
hazard quotients (THQ) calculated for 
individual heavy metals for a particular 
exposure pathway (NFPCSP Nutrition Fact 
Sheet, 2011). It is calculated as follows: HI = 
THQ1 + THQ2 + ⋯ + THQn 
…………………………………….....equation 
4.1 
It is assumed that the magnitude of the effect is 
proportional to the sum of the multiple metal 
exposures and that a similar working 
mechanism linearly affects the target organ 
(RAIS, 2007). The calculated HI is compared 
to standard levels: the population is assumed to 
be safe when HI < 1 and in a level of concern 
when 1 < HI < 5 (Guerra et al., 2012).  
Conclusion 
The results of the physicochemical parameters 
revealed that the water samples were enriched 
with organic substances, which include Nitrates 
(NO3

-), Sulphates (SO4
-), and phosphates (PO4

2-

). Their contents were higher than the WHO 
permissible limits. The pH was found to be 
acidic in five samples while the other two 

samples were alkaline in nature, Turbidity also 
was found to be outside the permissible limit 
and has high electrical conductivity. Total 
dissolved solids and hardness were also within 
the permissible limit. The result of our study 
revealed that the levels of Zn, Pb, Fe, Cu, Mn, 
Ni, Co, and Cr in fish and water samples were 
within the WHO permissible limits. Cadmium 
(Cd) was not detected in this study. Therefore, 
it is concluded that the investigated heavy 
metals occurred at various concentration levels 
in fish and water, and were within the 
acceptable limit set by WHO. The human 
health risk assessment in this study classifies 
the Fish-bone and water as safe with regards to 
dermal exposure to heavy metals in which each 
of the Hazard quotient (HQ) and Hazard index 
(HI) was <1; indicating that there is no health 
risk associated with the heavy metals in the 
dam water. However, despite the low levels of 
the metals in this work compared to the pieces 
of literature in the world, they could still lead to 
serious health hazards over time, considering 
their cumulative effects on the environment. 
 Recommendation 
Based on the study outcome there is a need for 
relevant authorities to put in place strict 
measures for a proper waste management 
approach to checkmate indiscriminate refuse 
dumping of waste into the dam and irrigation 
farming. There is also a need for regular 
monitoring of the water quality of the Ajiwa 
Dam to prevent fish contamination. Excessive 
application of agrochemicals in agricultural 
activities should be controlled by legislation. 
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