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Abstract 

Heavy metals and other parameters are a major 

environmental and health concern because even at 

insignificant levels there are toxic when ingested or 

accumulate in the body. In this study, atomic absorption 

spectroscopy and standard tissue sectioning techniques were 

used to quantify the presence of heavy metals in well water 

samples and their effects on the vital organs of albino rats. 

The statistical data analyzed showed the followed mean of 

physiochemical parameter as; pH (6.36±0.04), temperature 

(35.47±0.47), DO (63.70±13.64), BOD (2.57±1.36), Ca 

(246.39±297.96), Mg (248.08±186.70), Na (288.07±381.17), 

SO4 (394.35±521.18), Cl (430.10±328.73), TDS 

(544.033±407.1511) and NO3 (97.82±72.92). And Cu 

(0.590±0.3996), Zn (0.84±0.0400), Fe (0.063±0.0404), Pb 

(0.117±0.1106), Cd (0.077±0.0289) and Cr (0.033±0.0577) 

heavy metals. Some parameters were found to be below or 

above the permissible limits set by WHO. Only pH and 

Copper were obtained within the specified range. The group 

of albino rats intake with well water for 3 weeks developed 

kidney mild inflammation of glomerulus exceeding the 

normal size compared to the control groups (intake distilled 

water). No dilation of the liver. This justifies these heavy 

metals and other parameter analyzed accumulating in 

kidney, causing diseases. Well water in the study area are 

found polluted with heavy metals and physiochemical 

parameters that effect the health status of human as time 

goes on. Governments therefor need to find solutions to deal 

with these toxic substances that maybe present in ground 

water. 
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1. Introduction 

Water is a resource necessary for the survival and daily wellbeing of all life on earth. All life forms are directly or indirectly 

dependent on water for health and sustainable development [1]. Portable fresh water advances human civilization by meeting 

their needs in every country. Since groundwater has been used and known since prehistoric times, nearly 7.5 million of it has 

been exploited and restored for human subsistence in some parts of the world [2]. In Kebbi state, government reluctance, 

corruption and human agitations have resulted in scarcity of tap water, leading to the digging of wells as the alternative tap 

water sources. As groundwater flows through sediments, it dissolves metals such as iron and manganese, many which are later 

found in high concentrations in water. The application of chemical fertilizers, pesticides or discharge of industrial wastewater 

into soil directly deteriorated groundwater quality [3, 4]. Water quality problems are partly related to poor hygiene around the 

water.  

Heavy metal effects, especially above standard limit, cause changes in vital organs of humans and other animals [5, 6]. Sufficient 

amounts of lead, cadmium, nickel, cobalt, copper, zinc and chromium are fatal when ingested [7]. It causes shortness of breath 

and is carcinogenic [8]. 

Changes in land use and management practices can have significant impacts on water quality parameters [9]. Therefore, water 

quality is completely dependent on physico-chemical parameters such as pH, temperature, light, dissolved solids and turbidity 
[10]. [11] studied the physicochemical properties of the Dukku river. They found monthly variations among the parameters 

obtained. Others researchers have identified various heavy metal substance in human drinking water [12, 13, 14]. Human activities 

such as bathing, washing of clothes and washing cars, produce chemicals such as detergents used, oils, and automobile waster 

that increase toxic substances that seep underground and contaminate water. High concentration of heavy metals (Ph, Cr, Fe) in 

polluted water accumulate in vital organs such as the kidney and liver causing serious illness [15]. Local well water have been 

reported t be unfit for human use without proper treatment [16]. Consumption of contaminated water is a major contributor to 

mortality and chronic sickness, leading to the deaths of 14,000 people every day worldwide [17, 18, 19]. Therefore, this study
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aimed to evaluate well water quality and its effect on 

selected organs of albino rats. 

 

Study Area 

Birnin Kebbi is a city situated in northwestern Nigeria at 

coordinates12027’13”N, 4012’01”E. It is the capital city of 

Kebbi State and headquarters of the Gwandu Emirates. In 

2006, the city had an estimated population of 268,420 [20]. 

Birnin Kebbi lies on the Sokoto River and is connected by 

road with Argungu (45 km to the northeast), Jega (35 km to 

the southeast) and Bunza (45 km to the southwest) with the 

relatively abundant surface water and rivers form. These 

rivers provide a good source of water for irrigation, 

domestic use, fishing and transportation. Birnin Kebbi has a 

tropical continental climate with a rainy season that lasting 

from April to October in the South and from May to 

September in the north, with a dry season lasting until the 

end of the year. Agriculture is the main occupation of the 

people and includes growing crops, fishing and animal 

husbandry, especially in rural areas. The annual temperature 

varies between 21oC to 38oC. The soil types found in the 

area vary from heavy clay in the fadama areas to loamy, 

sandy loam and sandy soils. Average annual rainfall is about 

800mm.  

 

Collection of Water Samples  

Well water samples were collected early morning in sterilize 

1.5 liters of plastic containers at Gulumbe town within 

Birnin Kebbi Local Government Area using sampling 

techniques. All collected samples were taken to the 

Department of Chemistry Laboratory, UDUS for analysis.  

 

Determination of Physiochemical Properties  

Chemical parameters of the collected water samples, such as 

pH, dissolve oxygen (DO), biological oxygen demand 

(BOD), sodium, nitrogen, phosphorus, calcium and 

magnesium, total dissolved solid and chloride were 

determined using the procedure described by [21] with 

slightly modification.  

 

Determination of Heavy Metals  

Approximately 0.2 ml of wells water samples were mixed 

with 25ml of aqua-regia in a glass digestion tube and heated 

with microwave machine at 1200C for 3 hours. The digested 

substance were filtered into 100 mL beaker and the solution 

was analyzed using Atomic Absorption Spectrometer (AAS) 

for the presence of Cu, Zn, Fe, Pb, Cd and Cr metals as 

adopted and described by [22]. 

 

Purchasing of Animals (Albino Rats) and Care 

A total of twenty 20 albino rats of both sexes of 3 weeks old 

were purchased from the Department of Biochemistry 

Usmanu Danfodio Sokoto, Nigeria. The purchased animals 

were housed in separate cages, kept in a clean environment 

with a 12hrs light/12hrs dark cycle and fed with food and 

water ad libitum. Animals received human care and 

supervision of Veterinary Doctor in accordance with the 

guide for care and allowed them to acclimatize in the 

laboratory condition for 10 days. The ethical approval was 

sourced from Department of Animal and Environmental 

Sciences, KSUST, Aliero. 

 

Experimental Protocol and Histopathological 

Examination  

A totally of 20 rats were divided into four groups. Group 1 

was given distilled water and served as control, while group 

2, 3 and 4 were given well water throughout the 

experimental period (3 weeks). All experimental animals 

were weight after 7 days each. On the final day of the 

experiment all the rats were anesthetized, sacrificed and 

dissected to obtain liver and kidney tissue. Collected organs 

samples were fixed in 10 % neutralized formaldehyde, 

processed by embedded in paraffin wax and then stained 

with hematoxylin and eosin. The stained sections were 

examined for changes or dilation under a Zeiss Axio scope 

A1 microscope. Photomicrographs of the tissue sections 

were taken at different magnifications.  

 

Statistical Analysis 

Water parameters were expressed as mean ± SD by 

ANOVA using version 21 statistical software package. 

 

2. Results and Discussion 

From the obtained results, Table (1) shows the different 

physiochemical parameters values of the analyzed well 

water samples from 6.36±0.04 value in pH to 

430.10±328.73 of Cl which is the highest. Similar 

parameters were analyzed in river water of Dukku, Kebbi 

state [11]. Also, majority of the parameters level recorded in 

these findings were above the [23] recommended permissible 

limit. This result is comparable to the work of [24] that 

observed increases and decreases in several physiochemical 

concentrations analyzed in the Labana waste influent. The 

NO3 and SO4 detected above the acceptable limit agree with 

the report of [25] who opined that, mean values NO3 and SO4 

analyzed from stream were above specified limit set by 

WHO and SON. The closeness of these results findings is 

probably due to the fact that some pesticides, chemical 

fertilizers and landfill wastes are used as fertilizers by 

farmers in these areas. They contained substances that 

percolated into the soil and altered the original state of 

underground well water [26]. Nevertheless, the lower 

concentration of BOD (Table 1) indicated that the well 

water analyzed is not safe for human drinking. According to 

Indian water regulatory authority, the permissible limit for 

drinking water is < 30mg/l [27]. These parameters help in 

determine water quality and contamination levels for 

purpose. Well water collected in the study area was found to 

be neutral (6.36±0.04) as it is less 7.0. [28] water is neutral if 

it has a pH below 7 and greater that acidic. This is consistent 

with the findings of [29] who found well water in Yauri and 

Zuru were within the specific limits set by WHO. Also, the 

overall pH measured in these findings is closed to 7 which is 

the standard value. 
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Physiochemical Parameters 

 
Table 1: Showing Physiochemical Parameters of the Well water 

Analyzed 
 

Parameters Values 

pH 6.36±0.04 

Temp 35.47±0.47 

DO 63.70±13.64 

BOD 2.57±1.36 

Ca 246.39±297.98 

Mg 248.08±186.70 

Na 288.07±381.17 

SO4
2- 394.35±521.18 

Cl- 430.10±328.73 

NO3
- 97.82±72.92 

TDS 544.033±407.1511 

Values obtained were expressed as mean ± SD. 
 

Heavy Metals 

The highest heavy metal concentrations were obtained in Zn 

(0.840±0.0400), followed by Cu (0.590±0.3996), Pb 

(0.117±0.1106), Cd (0.077±0.0289) while Cr 

(0.033±0.0577) was found lowest as seen in Table 2. The 

results of the present study are similar to those of [30, 31, 29] 

who found the maximum concentration of heavy metal 

concentrations in Zinc in well water. Different heavy metals 

such as Cu, Zn, Pb and Cr have being determined in 

underground water [32]. This finding is inconsistent with a 

work of [33] that observed the presence of iron only in dug 

well water samples in some selected area of Ethiopia. In 

additional this inconsistence maybe due to the differences of 

region and human actions that take place within the 

surrounding. 

 
Table 2: Heavy metals of well water 

 

Parameters Values 

Cu 0.590±0.3996 

Zn 0.840±0.0400 

Fe 0.063±0.0404 

Pb 0.117±0.1106 

Cd 0.077±0.0289 

Cr 0.033±0.0577 

Values obtained were expressed as mean ± SD 
 

Histology of the Liver and Kidney 

Figure A1 and B1 representing control groups of rats intake 

with distilled water during the experiment, show normal 

liver architecture of central vein (white arrow) and 

hepatocyte assembly (black arrow) whereas normal 

glomerulus (black arrows) and Kidney showing renal 

tubules (red arrow) H & E X 100. A2 and A3 show 

depiction of a liver with normal portal triad (red arrow), 

(white arrow) and hepatocytes arrange in cords (black 

arrow). Fig. B2 and B3 showed dilation of glomerulus 

(black arrows) above normal size and normal renal tubules 

(red arrow). Dilation of glomerulus can lead to cancer and 

adversely affect the health of other associated organs. It has 

been reported that, 20% cancer cases worldwide and 70% 

other human disease are associated with drinking polluted 

water [34]. Several heavy metals are released into the soil by 

human anthropological agitations that permeate the soil and 

contaminated groundwater [35] also adversely affects humans 

and other animals when drinking. Portable water purified for 

drinking is a major challenge for human populations, 

especially those leaving in remotes area due to human 

anthropological activities, resulting in the contamination of 

ground and surface waters and the environment as a whole. 

 

  
 

  
 

  
 

Fig 1: A1 – A3 and B1 – B3 photomicrographs of liver and kidney 

of experimental animals 
 

3. Conclusion  

In conclusion, physiochemical parameters and metals 

analyzed in well water samples were found above the 

standard values or below. Also, the photomicrographs show 

a normal liver condition but the kidney had scarring beyond 

normal (abnormal condition) which could be due to the 

accumulation of these parameters. Further studies should be 

conducted to analyze the vital organs intake with water. 
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