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ABSTRACT 
This study examines heavy metals pollution of ground water in the residential sector of Makurdi urban area and Yaikyô settlement 

– a peri-urban area of Makurdi metropolis. Water samples from fifteen (15) wells in Makurdi urban area and fifteen (15) wells in 

Yaikyô settlement were analysed for chromium (Cr), Cadmium (cd), Iron (Fe), and Copper (Cu). Atomic Absorption 

Spectrometer (AAS) method was used for water sample analysis. This was done in the peak of rainy season, in the month of 

September, 2012. The results of the analysis show that 100% of wells in Makurdi urban area had chromium levels above WHO 

guide limit for drinking water, while Yaikyô, a sub-urban area of Makurdi, had only 35.5% of wells with chromium levels above 

WHO standards. Ten out of fifteen wells representing 67% displayed cadmium levels above WHO limits in Makurdi urban area, 

while eleven out of fifteen wells (85%) displayed cadmium levels above WHO limits in Yaikyô. Twelve out of fifteen wells 

representing 80% displayed iron levels above WHO guide limits in Makurdi, while thirteen out of fifteen wells representing 90%, 

showed iron levels above WHO guide limit in Yaikyô. All wells representing 100% displayed copper levels below WHO guide 

limit in both areas. High concentrations of heavy metals in drinking water are undesirable, toxic, hazardous, and affects portability 

of water. Source of metals in these wells is attributed to soil mineralogy, use of agro- chemicals on farms and other land use 

activities. All land use activities capable of polluting water should be properly controlled. Water from these wells may be used for 

other domestic purposes other than drinking. Boiling of water from these wells should be encouraged to reduce the risk of 

contracting illness. 
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1. INTRODUCTION 

Groundwater is generally a very good source of drinking water because of the purification properties of the soils. It is 

also used for irrigation and where surface water is scarce, for industrial purposes. In many arid and semi-arid zones, it 

is the main source water. Although it is more protected than surface waters, ground water appears to be subjected to 

pollution as well (Fried, 1975). 

The failure to provide safe drinking water and adequate sanitation services to all is perhaps the greatest failure 

of the 20th century. If no action is taken to address unmet basic needs for water, as many as 135 million people will die 

from these diseases by 2020 (Gleick, 2002). Water related diseases are a human tragedy, killing millions of people 

each year, preventing millions of people from living healthy lives, and undermining development efforts (Nash, 1993). 

About 2.3 billion people in the world suffer from diseases that are linked to water (Kristof, 1977) (UN, 1977). 

In Nigeria, urban dwellers face serious threats to the quality of life and safety with urbanisation resulting into 

high degree of population densities, and concentration of socio-economic activities, it has become increasingly 

difficult to meet all the water requirements both in quantity and quality. 

In Makurdi town, the public water supply comes from water works located by the bank of River Benue. The 

present water scheme cannot serve the water needs of the town because of population growth and urban development. 

The recent flood along the Benue valley left the water works completely submerged in River Benue for several 

months. 

Inhabitants of Makurdi town therefore resort to unsafe alternative sources of water supply from shallow hand-

dug wells, which are highly polluted from physical, chemical, and bacteriological sources (Mile, et al., 2012). Concern 

over quality of water harnessed especially from the hand-dug wells have received wide attention among researchers 

(Ovrawah and Hymore, 2001; Nnodu and Ilo, 2002; Ogunbadewa, 2002; Omofonmwam and Esiegbe, 2009). 

Consistent in their findings is that water from hand-dug wells is polluted through physical process, geochemistry of 

the environment, and anthropogenic activities. Consequently, consumers of these waters are prone to health risks. 

High concentration of iron in water can lead to liver diseases (Morris, 1952; Lee and Stum, 1960; Hem, 1970). 

Mile, et al., 2012). Shirake (1974) reported that mercury pollution causes a ground lowering of mental and 

neurological faculties of human being. Copper, according to Danielli and Davis (1951) has been found to cause 

alteration in cell membrane properties leakage of potassium (kt) and other irons and solutes. According to GRA 

(2012), Cr (VI) is considered a suspected carcinogen, while cadmium excess in drinking water over time could result 

to kidney damage. Heavy metals pollution of Miramichi River has led to disease epidemic of fish (Rippy and Hare, 

1969). 
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According to Al Jassir et al., (2005), heavy metals are non-biodegradable and non-persistent environmental pollution, 

which enter surface or ground water and are observed into plants tissues, thus affecting the consumers of such water 

plant. 

 

1.1 The Study Area 
The study area is Makurdi town, the capital of Benue State in North Central Nigeria. Makurdi lies between Latitude 70 

44N and Longitude 80 54N. It is located within the flood plain of lower River Benue valley. The physiographic 

characteristics span between 73 – 167 m above sea level. Due to the general low relief sizeable portions of Makurdi is 

water logged and flooded during heavy rainstorms. This is reflected in the general rise in the level of groundwater in 

wells during wet season. The drainage system is dominated by River Benue, which traverses the town into Makurdi 

North and South banks. 

Temperatures are generally high throughout the year due to constancy of insulation with the maximum of 

320C. And mean minimum of 260C. The hottest months are March and April. The rainfall here is convective, and 

occurs mostly between the months of April and October and is derived from the moist and unstable southwest trade 

wind from St. Helena subtropical Anticyclones (STA). Mean annual rain total is 1990 mm and ranges from 775 – 

1792 m. Rainfall distribution are controlled by the annual movement and prevalence of Inter-Tropical Discontinuity 

(ITD). The mean monthly relative humidity varies from 43% in January to 91% in July – August period (Tyubee, 

2009). 

The geology is of cretaceous sediments of fluvio-deltaic origin with well-bedded sandstones of hydro-

geological significance in terms of groundwater yield and exploitation (Kogbe et al., 1978). Makurdi town which 

started as a small river port in 1920 has grown to a population of 297,393 people (NPC, 2006). 

Yaikyô a sub-urban area of Makurdi town is located five (5) kilometres away from Makurdi; and bears same 

climatic characteristics (Tyubee, 2009). 

Agriculture is the predominant land use and Yaikyô is a mechanic village for Makurdi urban area. Thus, 

crankcase oily wastes and oil spills constitute a major environmental treat to groundwater. 

 

1.2 Sample Collection and Preservation 
Following a reconnaissance survey, Makurdi town was divided according to the existing political wards: North Bank, 

Wadata, Wailomayo, and Ankpa Wards. 

Water samples from fifteen (15) wells were taken and analysed for chromium, cadmium, iron, and copper. 

Yaikyô was divided into three (3) political wards in which five (5) wells each were sampled for the study, making a 

total of fifteen (15) wells. 

Sampling and sample preservation were done according to prescribed procedures. Samples were taken in 1 

litre polythene kegs and acidified to pH<2 with analar grade concentrated nitric acid. Samples were kept in an ice box 

prior to transportation to the laboratory where they were further preserved before analysis (Standard Methods, 1986). 

Samples obtained in sampling regime conducted in September 2012, in the peak of rainy season, were used for the 

study. 

 

1.3 Analysis of Samples 
Heavy metals parameters of the water samples were determined using Alpha 4 Atomic Adsorption Spectrometer 

(AAS) after using pre-concentration, using their various stored programme numbers and compared to the WHO 2006 

standards for drinking water. 
 

Table-1: WHO Standards for Drinking Water (Mg/1), 2006 
Chromium Cadmium Iron Copper 

0.5mg/L 0.01mg/L 1.0mg/L 2.0mg/L 

 

2. RESULTS AND DISCUSSION 
The results of heavy metals in well water samples of Makurdi urban areas and Yaikyô, a sub-urban area of Makurdi, 

are presented in tables 2 and 3 below. These values indicate the prevailing quality status of well water in the study 

areas. 

From Table 2, 100% of wells have chromium concentration levels above WHO prescribed limit of 0.5mg/L 

for drinking water. In Table 3, only 5 wells out of 15 representing 35.5% have chromium concentration levels above 

WHO limit with an average value of 0.98mg/l in Makurdi and 0.43mg/l in Yaikyo. 

This shows higher chromium concentrations in Makurdi urban area than in Yaikyô, a sub-urban area of 

Makurdi. Chromium concentrations in these wells may be explained in the context of hydro geochemistry of these 

environments, well characteristics, agricultural, and other land use activities. Beside, depths of these wells are 

important because contaminants can easily get into these wells. Average well depth in Makurdi urban area is 3.38m, 

while Yaikyô has average well depth of 6.25m. 
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Table 2, show that 10 out of 15 wells representing 67% have cadmium concentrations above WHO maximum 

allowable limits, while Table 3 shows 85% of wells (11 out of 15 wells) with cadmium levels above WHO limits. The 

sources of cadmium in these wells may be attributed to runoff from wastes, batteries, and paints. The mechanic 

village, which serves Makurdi urban area, is located in Yaikyô settlement. The mean concentration of chromium is 

0.98mg/l, while Yaikyo settlement has 0.43mg/l. 

 
Table-2: Heavy Metals Content of Groundwater in Makurdi Urban Area 

Well 

Code 

Well 

Depth (m) 

Depth of Water 

Level (m) 

Chromium 

(mg/L) 
Cadmium Iron (mg/L) 

Copper 

(mg/L) 

W1 2.30 1.00 1.45 0.20 0.8 1.6 

W2 2.70 1.45 1.20 0.04 1.3 1.3 

W3 2.70 1.45 1.40 0.02 1.5 1.8 

W4 1.30 1.00 1.31 0.00 1.8 1.5 

W5 5.20 1.65 0.91 0.03 1.2 1.2 

W6 4.33 4.33 0.76 0.00 2.0 1.4 

W7 5.80 3.43 0.68 0.08 1.6 1.6 

W8 3.77 2.37 1.40 0.05 1.3 1.7 

W9 1.87 1.87 0.49 0.00 0.5 1.2 

W10 2.93 1.30 1.31 0.00 1.9 1.3 

W11 3.70 3.50 0.53 0.06 1.1 1.1 

W12 9.15 7.55 0.66 0.03 2.6 1.9 

W13 2.90 2.00 0.83 0.00 2.7 1.2 

W14 1.00 1.00 0.81 0.10 0.7 1.3 

W15 1.00 1.00 0.93 0.13 1.8 1.4 

Mean 3.38 2.33 0.98 0.05 1.52 1.43 

 

Table-3: Heavy Metals Content of Groundwater in Yaikyô 

Well 

Code 

Well 

Depth (m) 

Depth of Water 

Level (m) 

Chromium 

(mg/L) 
Cadmium Iron (mg/L) 

Copper 

(mg/L) 

W1 1.80 0.95 0.45 0.00 1.03 0.65 

W2 2.06 1.15 0.66 0.13 1.05 1.30 

W3 2.93 1.03 0.35 0.06 0.11 0.05 

W4 3.35 2.00 0.76 0.08 0.68 0.00 

W5 6.53 2.66 0.35 0.02 1.34 0.35 

W6 3.26 1.78 0.76 0.01 1.55 1.00 

W7 2.33 1.30 0.25 0.11 1.26 1.15 

W8 1.86 1.00 0.43 0.05 1.58 1.00 

W9 10.30 3.44 0.33 0.00 1.34 1.32 

W10 7.39 2.34 0.28 0.00 1.66 0.00 

W11 6.93 2.10 0.39 0.00 1.53 0.00 

W12 33.75 1.33 0.19 0.01 1.35 1.55 

W13 2.39 1.00 0.16 0.03 1.60 1.30 

W14 3.48 1.35 0.63 0.06 1.34 1.03 

W15 5.46 2.68 0.51 0.08 1.25 1.50 

Mean 6.25 1.7 0.43 0.04 1.24 0.81 

 

In Table 2, 12 out of 15 wells representing 80% shows iron levels above WHO limits in Makurdi urban areas, with a 

mean value of 1.52,  while 13 wells out of 15 representing 90% shows iron levels above WHO limits in Yaikyô sub-

urban area with a mean of 1.24 (Table 3). 

The presence of iron may be attributed to the mineralogy of sand formation, low pH, or indiscriminate use of 

agricultural chemicals. Its presence is also a reflection of the general characteristics of groundwater in significant parts 

of all states in Nigeria (Ezeigbo, 1989). 

High iron concentration in drinking water are undesirable, and hazardous, and affects portability of water. 

Copper values in all wells in both locations were below WHO allowable limits for drinking water. 

 

3. CONCLUSION 

This study has aptly presented the current heavy metals quality characteristics of well water within Makurdi town and 

Yaikyô sub-urban area. From the results, all parameters measured displayed higher concentrations above WHO 

standards for water quality in most of the wells sampled except copper, thus, consumers of these waters are prone to 

health risk. Waters from these wells must be boiled or treated through reverse osmosis before use. 
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