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Abstract:  Eleven sampling sites along Shika Dam, Sabongari LGA, Kaduna State, Nigeria were chosen to collect and assess 

the levels of As, Cr, Ni, Pb, Co and Cd in the dam water using pollution load index (PLI). Results of the Metal 

analysis revealed that Cd and As present in the water were above the permissible limits of WHO and FAO, 

respectively. This clearly showed that the water is highly polluted with respect to these metals. However, the levels 

of Cr, Pb, and Ni detected in the samples were below the WHO permissible limits of 0.1, 0.05, and 0.05 mg/L, 

respectively. The Cr, Pb and Ni detected permissible limits across the Dam. The physico-chemical parameters that 

were analyzed include: DO, BOD, COD, Turbidity, TSS, Colour, EC, pH, NO


3 –N, PO
3

4
–P, and NH3–N. 

ANOVA showed that there was a significant difference in the concentrations of the Cd and Ni across the sampling 

points at 95% confidence limit (P ≤ 0.05) while Pb, Cr, and As showed no significant difference in the 

concentrations across the sampling points.Pollution Load Index (PLI) was used as a tool to investigate the level of 

pollution in the quality of water in the Dam. The PLI recorded revealed and confirmed that Shika Dam water is 

highly polluted with As and Cd metals as the level recorded were > 1, a clear indication that the water is highly 

polluted. The trend in the PLI levels were H (7.287) < F (7.310) < D (7.678) < I (8.430) < C (8.821) < K (9.531) < 

A (10.0770) < G (10.487)< B (12.540) < J (14.728). Also, results of the PLI’s indicates that point H is the least 

polluted while point J is the most polluted of all the sampling points analyzed which was attributed to 

anthropogenic activities like the use of pesticides and fertilizers containing Cd and As on the farmlands close to the 

study area. 
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Introduction 

Dams are structural barriers built to obstruct or control the 

flow of water or other materials in river and streams 

(Nicklow, 2003). They are mainly built for irrigation, power 

generation, river navigation enhancement, flood control, 

hydraulic head increase, water supply and water storage to 

compensate for fluctuations in river discharge (flow) or in 

demand for water and energy with over 58,000 to 850,000 

built all over the world and more than half located in China 

and India. Some of its parts include the Crest (top), Abutment 

(the part of the valley that meets the dam), Berm (a nearly 

horizontal step in the sloping profile of an embankment), 

Outlet (an opening where water can be released), spillway (a 

structure that allows water to be released from a reservoir) 

(Latifah and Met, 2014; Nicklow, 2003).  

The existence of heavy metals in water in excess of natural 

background loads have become extremely hazardous due to 

their toxicity, persistence and bioaccumulation problems as 

well as their tendencies to accumulate in vital human organs 

(Defew et al., 2004; Tam and Wong, 2000). The 

concentrations of these heavy metals are likely to result in 

harmful effects of sediment-dwelling organisms. Studies have 

shown that heavy metals are present at low concentrations in 

aquatic environment but deposits of anthropogenic activities 

have raised their concentrations causing environmental 

problems in lakes (Ntakirutimana et al., 2013). However, the 

widespread contamination of natural waters and sediments by 

heavy metals such as Arsenic, Mercury, Lead, Chromium, 

Nickel, Cadmium etc which have hazardous effect on human 

health are associated with the increased release of this heavy 

metals from not just anthropogenic sources but also geological 

sources (Basim and Kushnood, 2016; Nicholson et al., 2003). 

Heavy metals discharge into water systems may be 

immobilized within the stream sediments by adsorption, 

flocculation, and co-precipitation (Pekey, 2006; Marchand et 

al., 2006). 

Pollution load index which is an example of the root of 

product pollution index is calculated as the chemical product 

concentrations that are measured in water bodies and is used 

as an index of bioavailability of pollutants for mussels in 

coaster waters. It  represent the number of times by which the 

metal contents in the sediment exceeds the background 

concentration and gives a conclusive indication for the overall 

levels of heavy metals toxicity in a particular sample (Priju 

and Narayana, 2006). It is also proposed as a standardized 

system for detecting pollution which permits a comparison of 

pollution level between different sampling points at 

exceedingly different times (Angulo, 1996; Barakat et al., 

2012). Examples of single indices used include geo-

accumulation index (Igeo), while contamination factor (CF) is 

used to determine the concentration and cause of the 

contaminants, and enrichment factor is used to check the 

amount of nutrients in the soil and to determine the 

anthropogenic impacts of the metal or metals in the water, soil 

or sediments (Yujun et al., 2011).  

This paper is aimed at assessing the pollution load index of 

water in Shika Dam so as to assist the law enforcement 

agencies such as Kaduna state environmental protection 

agency with a background data for improving its quality 

through constant monitoring. 

 

Materials and Methods 

Experimental 

Sampling 

Sample collection: The samples were collected according to 

the method describe by APHA, (2005). 

Sample pretreatment: The samples were pre treated according 

to the method described by APHA, 2005. 

Sample preservation: The samples were preserved according 

to the method described by APHA, 2005. 
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Method 

Quality assurance 

The analytical data quality was guaranteed through the 

implementation of laboratory quality assurance and quality 

control methods, including the use of standard operating 

procedures, calibrating the standards, analyzing of reagent 

blanks and analysis of replicates. All reagents used were of 

analytical grades and double distilled de-ionized water was 

used to carry out the analysis (Todorov et al., 2008). 

a) Washing of the glassware: Glassware’s and polythene 

sample bottles were washed with liquid soap, rinsed with 

water and soaked in 10% HNO3 for 24 h. They are then rinsed 

with double distilled de-ionized water and dried. The 

analytical results obtained were validated with the spiked 

samples. The analytical precisions were confirmed by the 

triplicates digestion throughout the study (Todorov et al., 

2008). 

Determination of the physicochemical parameters of the 

water 

All the physicochemical parameters were determined using 

APHA, 2005, standard analytical methods. 

Water sample digestion for metal analysis 

25ml of each sample were taken and mixed with 5ml of a 

mixture of concentrated H2SO4 concentrated HNO3 (1:1), the 

solution was boiled on a hot-plate at 1200C until dense white 

fume of SO3 appears. Aliquots of 5ml of concentrated HNO3 

were added and heating was continued until the solution 

becomes clear and no brown fumes were observed. The 

solution was heated to dryness and 15 ml of 0.5% v/v were 

added and boiled to dissolve salts. After cooling, the solution 

was transferred into 50 ml volumetric flask and the volume 

was made up to the mark with 0.5% v/v HNO3 (APHA, 1998). 

Sample analysis 

The digested samples were analyzed forCd, Pb, Hg, As, Cr, 

and Ni contents in both the water and sediments sample using 

the Atomic Absorption Spectrophotometer (AAS) in the 

Multi-user laboratory of Chemistry Department, Ahmadu 

Bello University (ABU), Zaria. 

Statistical treatment of the water and sediment data 

The data obtained for the water samples were subjected to 

statistical analysis using Microsoft excel spreadsheet and 

SPSS-package for ANOVA correlations analysis. 

Determination of pollution load index (PLI) 

Generally pollution load index (PLI) as developed by 

Tomlinson (1985) was adopted. 

 

Results and Discussion 

Physicochemical parameters of water samples 

The results of the investigation have been summarized in 

Tables 1 – 4. The mean values and standard deviations of 

physicochemical parameters analyzed in the water of Shika 

Dam was presented in Table 1 while the results for heavy 

metals, ANOVA and Pollution Load Index were presented in 

Tables 2, 3, and 4, respectively. 

 

 

Table 1: Physico-chemical parameters of water in Shika Dam 

Sample 
DO 

(m/L) 

BOD 

(mg/L) 
TSS pH 

EC  

(μS/cm) 

Turbidity  

(NTU) 

COL 

(unit) 

NO3 

(mg/L) 

PO4 

(mg/L) 

NH3 

(mg/L) 

COD 

(mg/L) 

A 2.10±0.00 1.15±0.07 0.10±0.00 4.89±0.01 95.05±0.07 56.80±0.00 8.00±0.00 30.00±0.00 8.00±0.00 0.12±0.00 120.00±0.00 

B 3.25±0.07 2.05±0.07 0.20±0.00 5.06±0.00 125.75±0.35 60.10±0.00 8.00±0.00 30.00±0.00 7.00±0.00 0.12±0.00 100.00±0.00 

C 3.25±0.07 2.15±0.07 0.10±0.00 5.33±0.01 106.30±0.00 59.25±0.07 8.00±0.00 32.00±2.83 7.00±0.00 0.12±0.00 49.75±0.35 
D 2.50±0.00 1.45±0.07 0.15±0.07 4.99±0.01 96.05±0.64 60.50±0.00 8.00±0.00 31.00±1.41 7.00±0.00 0.12±0.00 122.50±3.54 

E 2.10±0.00 1.10±0.00 0.10±0.00 5.64±0.01 221.50±0.71 61.40±0.14 8.00±0.00 40.00±0.00 6.50±0.71 0.12±0.00 210.00±0.00 

F 1.75±0.07 0.90±0.00 0.10±0.00 5.05±0.07 100.45±0.07 77.25±0.07 8.00±0.00 40.00±0.00 7.00±0.00 0.12±0.00 110.00±0.00 
G 0.65±0.07 0.25±0.07 0.10±0.00 4.06±0.01 94.15±0.07 74.25±0.07 8.00±0.00 40.00±0.00 8.00±0.00 0.12±0.00 190.00±0.00 

H 2.40±0.00 1.25±0.07 0.20±0.00 5.06±0.01 106.40±0.71 65.75±0.07 8.00±0.00 40.00±0.00 8.50±0.71 0.12±0.00 215.00±7.07 

I 1.05±0.07 0.75±0.07 0.10±0.00 4.85±0.01 91.80±0.00 61.50±0.42 8.00±0.00 30.10±0.14 7.00±0.00 0.12±0.00 150.00±0.00 
J 2.05±0.07 0.95±0.07 0.20±0.00 5.07±0.00 131.25±0.07 60.40±0.00 8.00±0.00 30.00±0.00 7.00±0.00 0.12±0.00 49.65±0.49 

K 1.60±0.00 0.6±0.00 0.10±0.00 5.19±0.01 113.75±0.07 56.50±0.00 8.00±0.00 30.50±0.71 7.00±0.00 0.12±0.00 70.50±0.71 

WHO 13 – 14 6  6.5 – 9.2 200 25 5 45 5 0.3 10 

 

The trend of DO (mg/L) value across the sampling points was 

in the order of G < F < I < K < J < E < A < H < D < B < C 

across the sampling points, which was in line with the work of 

Ogeibu et al. (2014). The results also showed that the levels of 

dissolved oxygen across all the sampling points analyzed were 

below the WHO/FAO standard of 13-14 mg/L. In this study, 

the lower values of Dissolved oxygen in all the sampling sites 

indicate the presence of micro-organisms that compete with 

the aquatic organisms for the available oxygen in the water. 

Bacteria’s decomposes organic materials using dissolved 

oxygen, thus reducing the DO present for fish. Dissolved 

oxygen concentrations below 3 mg/L stress most warm water 

species of fish and concentrations below 2 mg/L will kill 

some species. Often fishes that have been stressed by 

dissolved oxygen concentrations in the range of 2 or 3 mg/L 

will become susceptible to disease.  

The trend of BOD (mg/L) across the sampling points was in 

the order G < K < I < F < J < E < A < H < D < B < C 

sampling points respectively which corroborates with analysis 

of Ogeibu et al. (2014). These results showed that the BOD 

value of all the samples sites are way below the WHO 

standard of 6 mg/L. The low values of Biochemical oxygen 

demand (BOD) in all the sampling points suggest that the 

bacteria present in the water consumed the available oxygen 

while decomposing organic matter under aerobic conditions. 

This accelerates bacterial growth and diminishes oxygen to 

levels that are lethal for most fish and many aquatic insects.  

Similarly, the trend observed for the Turbidity (NTU) across 

the sampling points was in the order of K < A < C < D < B < J 

< E < I < H < G < F while that of TSS values was 0.1 NTU 

for points A = C = E = F = G = I = K < B < H < J < D. In all 

the sampling points the water of Shika Dam was found to be 

highly turbid and full of suspensions which agrees with the 

findings of Narayanaswamy and Ramachandra (2014) on the 

Seasonal influence on physicochemical parameters of 

Yelahanka lake water of Bangalore. The turbidity value in all 

the sampling points was above the WHO permissible limit of 

25 NTU. This clearly indicates that the water in Shika dam 

was turbid. The higher value of turbidity and TSS showed the 

presence of anthropogenic contributions especially the 

improper discharge of wastes from various human activities 

and the industrial oil sub-sector in the study area. This high 

level of Turbidity and TSS in the water of Shika Dam thus 

stresses fish species at prolonged exposures of 25 NTUs or 

greater. High Turbidity and or TSS reduce light penetration, 

decreasing algal growth, and low algal productivity which 

reduces the productivity of aquatic invertebrates that serves as 

food source of many fish. High turbidity levels affect fish 

feeding and growth and impair the ability of salmonids to find 

and capture food. Gill function in some fish may also be 
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impaired after 5 to 10 days of exposure to a turbidity level 

above 25 NTU.  

The trend of pH across the sampling point was in the order of 

G < I < A < D < F < B < H < K < J < C < E, respectively 

across the 11 sampling points. The pH of the Shika dam water 

is similar to the observation of Davies and Tawari for Okpoka 

Creek, upper Bonny Estuary in Nigeria (Davies and 

Tawari, 2010). The result of this study showed that the water 

is below the WHO standard of 6.5-9.2 mg/L, which indicates 

that the water is acidic. Also, the lower value of pH in Shika 

Dam may be due to the leaching of heavy metals from 

plumbing systems around the Dam. This could also lead to an 

unpleasant aspect of foul-tasting water. Acidic drinking water 

generally has few negative health effects and can cause 

serious problems like lead exposure that causes neurological 

and reproductive problems, such as seizures, hearing loss and 

miscarriages. 

Electrical conductivity (200 µs/cm) value along the dam was 

in the order of I < G < A < D < C < F < H < K < B < J < E, 

respectively across the sampling sites. This is in agreement 

with Klake et al., (2016). The EC in all the sampling sites are 

low except in sample E where the result is high when 

compared to the WHO standard of 200 µs/cm. The low 

electrical conductivity in the water of Shika dam causes 

aesthetic problems and makes the water taste salty. However, 

this shows that the kind of water in Shika dam is not suitable 

for children under the age of 1 and patients on salt-restricted 

diets such as heart and kidney patients and individuals with 

chronic diarrhea.  

However, the colour of the water was also found to be the 

same across the dam with value being 8 units. This value is 

above the WHO permissible limit of 5 unit, which is an 

indication that the colour of the water is aesthetically 

displeasing and not pleasant for the survival for aquatic 

organisms growth and survival (Iwegbue et al., 2007). 

The Nitrate (mg/L) values along the dam were all in the range 

of 30 and 40 mg/L and the trend recorded was in the order of I 

< K < D < C < A = B = J < E < F < G < H, respectively. The 

results presented in the table showed that the levels of nitrate 

in the water of the dam was slightly below the WHO 

permissible limits of 45 mg/L. Nitrate level in water is an 

important factor for controlling the occurrence and abundance 

of phytoplankton maximum values. Varol, (2011) revealed 

that dam water derived nitrate from allchitinous impact 

through influx of rain water from catchment area. The lower 

concentration of nitrate is an indicator of low organic 

pollutant and eutrophication.  

The phosphate (mg/L) levels across the sampling points 

indicate that they were higher than the WHO permissible 

limits of 5 mg/L. This corroborates with the work of Priju and 

Narayana (2006) and indicates that the soil around the 

sampling points is fertile and that weathering of phosphorus 

bearing rocks and leaching of the soils in the farmlands is the 

main sources of phosphorus in the water. Priju and Narayana 

(2006) also established high level of phosphate as a nutrient 

element which enhances the growth of microscopic algae 

which is responsible for the maintenance of dams and lagoons 

productivity which has been linked to agricultural land use 

around riverine areas and runoff during the rainy season 

(Erhunmwunse, 2013). 

The Ammonia levels across the sampling points analyzed was 

found to be uniform with the value of 0.12 mg/L. This value 

was found to be below the WHO standard of 0.3 mg/L. 

Ammonia-nitrogen is one of several forms of nitrogen that 

exist in aquatic environments. Unlike other forms of nitrogen, 

which can cause nutrient over-enrichment of a water body at 

elevated concentrations and indirect effects on aquatic life, 

ammonia causes direct toxic effects on aquatic life (Iwegbue 

et al., 2007). 

When ammonia is present in water at high levels, it is difficult 

for aquatic organisms to sufficiently excrete the toxicant, 

leading to toxic build-up in internal tissues and blood, and 

potentially death. The low level of ammonia is associated with 

low municipal treatment discharges, and the less stress effects 

of ammonia on aquatic organisms (Ihenyen, 2001). 

The COD (mg/L) value along the 11 sampling sites was in the 

order of C < J < K < B < F < A < D < I < G < D < H, 

respectively. The concentrations recorded were extremely 

high as compared to the WHO standard of 10 and goes in line 

with analysis of Sekabira et al. (2013). The high level of COD 

across the dam showed that the total quantity of oxygen 

required to oxidize all the organic material into carbon dioxide 

and water is extremely high. This affects aquatic life and 

makes them prone to diseases.  

Heavy metal contents 

The concentrations of Cd across the sampling points was in 

the order of H < I < F < E < A < K < G < C < J < B 

respectively. The concentrations of Cd in all the sampling 

points were far higher than the WHO tolerable limit of 0.005 

mg/L. These levels of Cd recorded did not compare 

favourably with the mean values obtained by Ihenyen (2001). 

Cd replaces Zn in the body, and long-term consumption of Cd 

may lead to bodily disorders. Cd is toxic to both humans and 

fish and seems to be a cumulative toxicant.  

The concentrations of Ni recorded across the sampling points 

followed the following trend A < B. As for most metals, the 

toxicity of Ni is based on its solubility and routes of exposure 

(inhalation, oral and dermal) of the nickel compound (Das et 

al., 2008). However, points A and B were found to be below 

the WHO standard of 0.05 mg/L for Ni. The mean 

concentration of Ni showed similar spatial pattern like others 

with the highest and lowest values encountered in points A 

and B, respectively and the range obtained in this study was 

much lower than the values of Ogbeibu, (2011) in the water at 

Benin River. This result implies that there is mild Ni exposure 

in points A and B which can cause cancer to humans, skin 

allergy, immunotoxicity effects, delayed hypersensitivity 

haematotoxic effect, neurotoxic effect, genotoxic effect, etc. 

due to bio-accumulation (Das and Dasgupta, 2002).   

The trend of As recorded across the sampling points was B < 

F < E < C < D < G < H < I < A < K < J, respectively. These 

results agreed with the work of Goher, (2002) who reported 

that the deposition of As enhanced by the association of 

metals with clay minerals or by the adsorption of the oxides of 

other metals on the water. However, in all the sampling points 

analyzed, the level of As was found to be higher than the 

WHO permissible limit of 0.01 mg/L. The health implication 

of this is that As is present in a dangerous concentration and 

could lead to cancer of the lungs and skin, limb paralysis, 

muscular weaknesses when this water is consumed. The major 

source for the metal contamination in Shika Dam might be 

due to the industrial effluents near this dam, as well as the 

transport of small fraction of sediment downstream due to the 

river velocity that contributes to the accumulation of heavy 

metals in lower parts (Hassouna, 1996).  

Co concentration in the water of Shika dam was found to be 

below detection limit in all the 11 sampling points (A - K) 

which shows that the water is free of Co. The WHO 

permissible limit of Co is 0.7 mg/L. This is in contrast with 

the work of Clyne et al. (2001) where the concentration of Co 

is pronounced. This implies that the water in Shika dam is free 

of natural and anthropogenic like include phosphate fertilizer 

application, mining and smelting of cobalt ores, processing of 

cobalt alloys, cobalt compounds used by industries close the 

study area. Inhalations of cobalt particles results in deposition 

in the upper and lower respiratory tract, where they can be 

retained or absorbed into the blood after dissolution or 

mechanically transferred to the gastrointestinal tract of 

http://www.ftstjournal.com/
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humans to cause harm (Andre et al., 1989). However, Cobalt 

dust may cause an asthma-like disease with symptoms ranging 

from cough, shortness of breath and dyspnea to decreased 

pulmonary function, nodular fibrosis, permanent disability, 

and death. Exposure to cobalt may cause weight loss, 

dermatitis, and respiratory hypersensitivity.  

The trend of Pb recorded was in order of C < F < I < A < K < 

J < B, respectively; although Pb values in points C, D, F and 

G were below detection limit. However, in all the analyzed 

samples, the concentration of Pb in sample B tends to be 

higher than the WHO permissible limit of 0.05 mg/L while 

points C,F, I, A, K, J and B were below the WHO standard 

limit. The concentrations recorded was lower than those 

recorded by Ogbeibu (2011) and Olomukoro and Azubuike 

(2009) in the water and sediments of Benin River and Ekpan 

creek, respectively. The high concentration of Pb recorded in 

sample B might be attributed to the nature of anthropogenic 

activities associated with pesticides containing lead 

compounds used by the farmers in Shika community. This 

also suggests that point B is closer to areas where 

anthropogenic activities like runoff from cities, discharge of 

improperly treated waste effluents, sewage sludge, etc. 

(Radojevic and Bashkin, 1999). Lead can cause a variety of 

neurological disorders. In children, it inhibits brain cell 

development. Lead also prevents the uptake of iron, so people 

ingesting lead often exhibit symptoms of anemia including 

pale skin, fatigue, irritability, and mile headaches. Copper is 

also toxic to juvenile fish. Other toxicants that are associated 

with industrial effluent are mercury and silver. However, 

when fish are exposed to either of these at certain 

concentrations, gill tissues are damaged and death by 

asphyxiation can occur.  

The Cr value in the 11 sampling points analyzed (A-K) was in 

the trend of C < D = E = F = H = I = K < G < A < J < B. The 

levels of Cr recorded across in the sampling points were far 

below the WHO/FAO permissible limits of 0.1 mg/L, a clear 

indication that Cr concentration in the water is low which 

means that anthropogenic activities around the farmland 

contains low concentration of Cr (Jacobs and Tests, 2005). 

Hexavalent chromium [Cr(VI)] is a toxic industrial pollutant 

that is classified as human carcinogen by several regulatory 

and non-regulatory agencies However, the values recorded in 

this investigation were lower when compared to the mean 

values obtained by Turnland (1988) for the water of San 

creek. Chromium reaches water bodies primarily from the 

discharge of industrial wastes and disposal of products 

containing the metal (Ihenyen, 2001).  

 

Table 2: Metal concentration (mg/L) of water in Shika 

Dam 
Sample Cd Ni As Co Pb Cr 

A 0.628±0.792 
0.008± 
0.011 

5.027±0.063 BDL 
0.019± 
0.013 

0.008±0.002 

B 1.474±0.307 
0.002± 

0.003 
1.689±0.622 BDL 

0.061± 

0.011 
0.020±0.004 

C 1.051±0.900 BDL 3.333±0.566 BDL 
0.001± 

0.001 
0.005±0.001 

D 0.371±0.037 BDL 3.578±0.114 BDL BDL 0.006±0.000 

E 0.591±0.338 BDL 3.086±0.521 BDL BDL 0.006±0.000 

F 0.521±0.115 BDL 3.071±0.212 BDL 
0.004± 

0.006 
0.006±0.000 

G 0.990±0.563 BDL 4.102±0.144 BDL BDL 0.007±0.001 

H 0.402±0.033 BDL 4.148±0.055 BDL BDL 0.006±0.000 

I 0.570±0.224 BDL 4.527.0.182 BDL 
0.018± 
0.022 

0.006±0.001 

J 1.022±0.044 BDL 5.211±0.197 BDL 
0.048± 

0.002 
0.015±0.000 

K 0.737±0.043 BDL 5.151±0.122 BDL 
0.026± 

0.004 
0.006±0.000 

WHO 0.005 0.05 0.01 0.7 0.05 0.1 

 

Pollution load index of the water samples 

The trend of the pollution load index across the sampling 

points was in the order of H < F < D < I < C < K < A < G < B 

< J which indicates that the most polluted site was point J and 

the least polluted site was point H. in consistent with Ogbeibu 

et al. (2014). The evaluation also revealed that the water of 

the study stretch of Shika Dam was highly polluted as the 

values of PLI in the water were above the WHO guidelines for 

water across the sampling points. The PLI in this study were 

in contrast with the findings of Rabee et al. (2011) in a similar 

study where the PLI were found to be very low, and varied 

between 0.301-0.970, an indication that the studied stations in 

Tigris River were unpolluted. The implication of the findings 

in this work is that the fishes and all other aquatic organisms 

dwelling in the water would be polluted and prone to disease. 

It also implies that humans are also at a high risk of these 

contaminations when they consume these organisms through 

the food chain (Prater, 1975). 

These results also correspond with a recent report published 

by Abdullah et al. (2015) that shows that the pollution load 

index of samples of surface river sediments of Balok river in 

Pahang Malaysia have values ranging from 2.4 to 3.7 which 

of course indicates that all the studied metal in all stations 

exceeded the background levels and as a result the water and 

sediment samples have been polluted by different 

anthropogenic sources. The high pollution of the dam might 

be attributed to the influence of Agricultural run-offs, 

industrial activities and other anthropogenic inputs. This 

largely indicates that the analyzed samples were all 

contaminated with Cd and As which might lead to serious 

health problems to consumers of the water and fish species 

such as cancer and other neurological disorders. 

ANOVA 

The results obtained for the analysis of variance (ANOVA) 

showed that there is no significant difference in the 

concentrations of Cd and Ni at 95% Confidence level (P ≤ 

0.05) as P recorded for Cd was 0.369 and 0.536 for Ni. 

However, while there was significant difference in the 

concentrations of Pb, Cr, and As as P = 0, for Pb, Cr, As 

across the sampling points, there is no correlation in the 

concentration of Co across the sampling points. 

 

Table 3: ANOVA of water in Shika Dam 

Parameter 
Sum of  

Squires 
Df 

Mean  

Square 
F Sig. 

Cd Between Groups 2.270 10 0.227 1.228 0.369 

Within Groups 2.033 11 0.185   

Total 4.302 21    

Ni Between Groups 0.000 10 0.000 0.953 0.526 

Within Groups 0.000 11 0.000   

Total 0.000 21    

As Between Groups 23.428 10 2.343 22.381 0.000 

Within Groups 1.151 11 0.105   

Total 24.579 21    

Co Between Groups 0.000 10 0.000 . . 

Within Groups 0.000 11 0.000   

Total 0.000 21    

Pb Between Groups 0.009 10 0.001 11.498 0.000 

Within Groups 0.001 11 0.000   

Total 0.010 21    

Cr Between Groups 0.000 10 0.000 23.656 0.000 

Within Groups 0.000 11 0.000   

Total 0.000 21    

Results are significant at P ≤ 0.05 
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Table 4: Contamination factor (CF) and pollution load 

index of water in Shika Dam 
Sample CFCd CFNi CFAs DFPb CFCr PLI 

A 62.830 0.162 100.544 0.187 0.162 10.077 

B 147.440 0.038 33.778 0.605 0.396 12.540 
C 105.080 0.000 66.658 0.008 0.098 8.821 

D 37.130 0.000 71.562 0.000 0.124 7.322 

E 59.130 0.000 61.726 0.000 0.124 7.678 
F 52.120 0.000 61.426 0.000 0.122 7.310 

G 98.990 0.000 82.044 0.000 0.142 10.487 

H 40.210 0.000 82.956 0.000 0.116 7.287 
I 57.040 0.000 90.548 0.000 0.116 8.430 

J 102.190 0.000 104.218 0.481 0.300 14.728 

K 73.720 0.000 103.026 0.258 0.114 9.531 

PLI < 1 indicates a polluted site 

 

 

Pollution load index 

The trend of the pollution load index across the sampling 

points was in the order of H < F < D < I < C < K < A < G < B 

< J which indicates that the most polluted site was point J and 

the least polluted site was point H. in consistent with Ogbeibu 

et al. (2014). The evaluation also revealed that the water of 

the study stretch of Shika Dam was highly polluted as the 

values of PLI in the water were above the WHO guidelines for 

water across the sampling points. The PLI in this study were 

in contrast with the findings of Rabee et al. (2011) in a similar 

study where the PLI were found to be very low, and varied 

between 0.301-0.970, an indication that the studied stations in 

Tigris River were unpolluted. The implication of the findings 

in this work is that the fishes and all other aquatic organisms 

dwelling in the water would be polluted and prone to disease. 

It also implies that humans are also at a high risk of these 

contaminations when they consume these organisms through 

the food chain (Prater, 1975). 

These results also correspond with a recent report published 

by Abdullah et al. (2015) that shows that the pollution load 

index of samples of surface river sediments of Balok river in 

Pahang Malaysia have values ranging from 2.4 to 3.7 which 

of course indicates that all the studied metal in all stations 

exceeded the background levels and as a result the water and 

sediment samples have been polluted by different 

anthropogenic sources. The high pollution of the dam might 

be attributed to the influence of Agricultural run-offs, 

industrial activities and other anthropogenic inputs. This 

largely indicates that the analyzed samples were all 

contaminated with Cd and As which might lead to serious 

health problems to consumers of the water and fish species 

such as cancer and other neurological disorders. 

The distribution patterns of the heavy metals investigated in 

the water reflected a high significant difference (P ≤ 0.05) for 

Cd and Ni. Overall, the correlation coefficient of the 

physicochemical parameters and heavy metals contents in the 

water samples of Shika dam were found to be in the range of -

1 to +1, this clearly showed that the source of pollution of the 

dam was actually from different sources (both anthropogenic 

and natural). Pollution index revealed that the water polluted 

and consumers would be prone to various health problems 

such as typhoid fever, gastro-intestinal tract infection, cancer 

for using the raw water. 

 

Conclusion 

The results of this study supply valuable information about 

some heavy metal contents of water from eleven sampling 

points along Shika Dam, and it can be concluded that the 

distribution patterns of the heavy metals investigated in the 

Dam water reflected a perspicacious high significant 

difference (P ≤ 0.05) for Cd and Ni, while Cr, Pb and As 

across the sampling points were without an exception. 

Overall, the correlation coefficient of the physicochemical 

parameters and heavy metals content in the water samples of 

Shika dam were found to be in the range of -1 to +1. This 

clearly showed that some of the analyzed parameters across 

the sampling points were strongly positive correlated while 

others were strongly negative correlated. Thus, the source of 

pollution of the dam is actually from different sources. 

According to the Pollution index for the studied metals and 

the information’s gathered from the contamination factor and 

pollution load index, it can be concluded that, Shika dam 

water has a very high pollution across the sampling points, a 

clear indication of its high pollution and consumers would be 

prone to various health problems such as typhoid fever, 

gastro-intestinal tract infection, cancer etc due to bio-

accumulation effects.  
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