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ABSTRACT: This study evaluated 

physicochemical characteristics and heavy metal 

contamination in water from the Hadejia-Nguru 

wetland to assess environmental and public health 

risks. Standard analyses measured parameters like 

pH, EC, alkalinity, chloride, hardness, turbidity, 

TDS, BOD, COD, and heavy metals (Cd, Cr, Cu, Fe, 

Pb, Zn). Results showed slightly acidic pH (6.45 – 

6.48), elevated EC (2.14 – 2.15 dS/m) and TDS 

(573.18 – 575.23 mg/L), exceeding WHO limits. 

Alkalinity, chloride, hardness, turbidity, copper, and 

iron were within safe levels. Elevated BOD (4.16 – 

4.23 mg/L) and COD (132.03 – 135.09 mg/L) 

indicated organic pollution. Cadmium, chromium, 

lead, and zinc exceeded WHO limits, likely from 

agricultural and anthropogenic sources, with acidic 

conditions enhancing metal toxicity. The water is 

unsuitable for direct domestic use without treatment. 

The study recommends continuous monitoring, 

pollution control, and sustainable management to 

safeguard the ecosystem and public health. 
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I. INTRODUCTION 
The environment is essential for sustaining 

life on Earth, but rising global contamination and 

pollution have become major concerns in recent 

years. Pollution occurs in various forms, including 

air, water, soil, and noise pollution [1]. It involves the 

introduction of harmful substances, energy, or 

activities into the natural environment, causing 

adverse effects on ecosystems, human health, and the 

planet’s balance. Environmental pollution is one of 

the biggest challenges to economic and 

environmental sustainability today [2]. Both human 

and natural activities can pollute the environment. 

While pollution types vary by source, all forms 

negatively impact ecosystems [3]. Pollutants such as 

heavy metals, pesticides, hazardous chemicals, and 

petroleum products have become widespread in 

natural resources water, soil, and air due to increased 

urbanization and industrialization, harming both 

humans and plants [4]. 

Wetlands are water bodies within terrestrial 

or semi-terrestrial ecosystems characterized by poor 

drainage, specific soil types, and distinct plant 

communities [5]. They are vital components of the 

ecosystem, serving as habitats for humans and 

animals, sources of food and shelter, and providers of 

various ecosystem services. Among the world’s 

wetlands, Nigeria is home to one of the 

internationally recognized sites the first wetland 

designated as a Ramsar site. The area is 

predominantly inhabited by the Hausa, Kanuri, 

and Fulani ethnic groups. Nigerian wetlands are rich 

in biodiversity, hosting numerous species of fish, 

reptiles, mammals, amphibians, and birds [6]. The 

Hadejia-Nguru wetlands, located in northeastern 

Nigeria, cover a vast floodplain in 

the Sudanosahelian zone, situated between 

the Sudanian Savanna to the south and the Sahel to 

the north. Key activities in this wetland include 

fishing, agriculture, and tourism. Globally, wetlands 

face challenges such as pollution, over intensification 

of agriculture, industrialization, and urbanization [7]. 

Many of these issues stem from insufficient 

government monitoring, lack of sustainability 

measures, and limited awareness among local 

inhabitants. 

Heavy metal pollution is the excessive 

accumulation of toxic, high-density metallic 

elements and metalloids (like lead, mercury, and 

cadmium) in the soil, water, or air. Because these 

elements are non-biodegradable and highly 

persistent, they pose a severe global threat to human 

health, agriculture, and ecosystem stability [8]. 

Heavy metals are elements with an elemental density 

greater than 5 g/cm³ and are classified based on this 

high density [9]. Due to their toxic nature, heavy 

metals have received the most attention from 

environmental scientists among contaminants. 

Common heavy metals in the environment such 

as cadmium, lead, arsenic, mercury, and nickel pose 

serious global ecological threats [10]. Some heavy 

metals, including copper, cobalt, manganese, zinc, 
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nickel, and iron, are essential for living organisms, 

playing vital roles in biological processes. However, 

non-essential heavy metals like arsenic, cadmium, 

lead, and mercury exert toxic effects ranging from 

acute to chronic, posing significant health risks when 

accumulated in the body [11]. Exposure to arsenic, 

cadmium, chromium, mercury, and lead beyond 

permissible limits is lethal and classified as 

carcinogenic by the U.S. Environmental Protection 

Agency (U.S. EPA) and the International Agency for 

Research on Cancer (IARC) [12]. These metals can 

cause mental lapses, kidney failure, and central 

nervous system disorders [13]. This research aims to 

determine the levels of toxic metals and physical 

parameters in water from the Hadejia-Nguru wetland 

to assess its suitability for agricultural activities and 

animal use.  

 

II. DESCRIPTION OF THE STUDY 

AREA 
The Hadejia-Nguru wetland is located 

at Latitude 10°22′E and Longitude 12°46′N, 

covering a catchment area of approximately 3,500 

km². It includes Nguru Lake and the Marma Channel 

complex, comprising the Hadejia and Jama’are rivers 

[14]. The wetlands lie within the Yobe-Komadugu 

sub-basin of the Chad Basin and are formed where 

the Hadejia and Jama’are rivers meet ancient sand 

dunes aligned northeast–southwest, breaking into 

numerous channels. The wetlands are drained by 

the Yobe River, which flows east toward Lake Chad. 

The floodplain supports large fishing communities, 

most of whom also practice farming. The area is 

heavily grazed by substantial numbers of Fulani 

livestock, particularly cattle, brought in from both 

northern and southern parts of the country during the 

dry season, other key activities include fishing, 

agriculture, and tourism [15].  

 

III. SAMPLING DESIGN 
A systematic sampling technique (equal 

probability method) was used to select the sampling 

sites. Samples were collected from three locations: 

near the riverbank (Site 1, S1), 50 meters from S1 

(Site 2, S2), and 100 meters from S2 (Site 3, S3). The 

experimental design consisted of 3 samples, each 

with 3 replicates.  

 

IV. SAMPLE COLLECTION 
Water samples were collected in triplicate from three 

sites (S1, S2, and S3) in the Hadejia-Nguru wetland, 

using pre-cleaned 1 L plastic bottles. The samples 

were clearly labeled and dated. 

 

V. SAMPLE ANALYSIS 
Water samples collected from each location 

were thoroughly mixed and analyzed for 

physicochemical parameters following standard 

methods. These parameters included pH, electrical 

conductivity (EC), hardness, total dissolved solids 

(TDS), alkalinity, turbidity, chemical oxygen 

demand (COD), and biochemical oxygen demand 

(BOD). Metals such as Cd, Cr, Cu, Fe, Pb, 

and Zn were measured using atomic absorption 

spectrophotometry (BUCK Scientific AAS), with 

instrument settings and operations adhering to the 

manufacturer’s specifications. 

 

VI. RESULTS AND DISCUSSION 
 

Table 1: Physicochemical properties of water samples from study sites S1-S3 

Parameter Unit S1 S2 S3 WHO 

pH  6.48±0.02 6.46±0.05 6.45±0.05 6.5-8.5 

EC dS/m 2.14±0.01 2.15±0.35 2.14±0.25 1 

Harness mg/L 67.43±0.05 67.44±0.11 67.50±0.13 150 

TDS mg/L 575.23±0.02 573.18±0.23 574.21±0.02 500 

Alkalinity mg/L 81.22±0.06 81.25±0.04 81.27±0.02 500 

Chloride mg/L 3.77±0.01 3.78±0.05 3.77±0.02 250 

Turbidity FTU 3.53±0.04 3.59±0.03 3.82±0.02 5 

BOD mg/L 4.23±0.02 4.18±0.02 4.16±0.04 2 

COD mg/L 132.03±0.01 132.05±0.12 132.05±0.09 80 

S1 –S3 indicates the sampling points 

 

Physicochemical parameters of the water  

Table 1 presents the physicochemical 

properties of water samples from different sampling 

points. The pH of water is an important indicator of 

its acidity or alkalinity and significantly influences 

the mobility and toxicity of heavy metals. Water with 

a pH below 6.5 is generally considered acidic and 

may enhance the solubility and bioavailability of 

toxic metals. In the present study, the mean pH values 

ranged from 6.45 to 6.48 across the three sampling 
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sites, which are slightly below the recommended 

WHO range for drinking water. These values differ 

from those reported by [16]. The acidic nature of the 

water may increase the mobility and potential toxicity 

of metals such as chromium and zinc, thereby posing 

ecological and public health concerns [17].  

Electrical conductivity (EC) is a measure of 

the ability of water to conduct electrical current and 

reflects the concentration of dissolved ionic 

substances. The EC values recorded in this study 

ranged from 2.14 to 2.15 dS/m, indicating a relatively 

high concentration of dissolved ions in the water. 

Elevated EC values are commonly associated with 

the presence of contaminants such as sodium, 

potassium, chloride, and other dissolved salts 

originating from anthropogenic activities. Similar 

observations have been reported in the Nguru 

wetland, where agricultural and domestic activities 

contributed to increased ionic concentrations in 

surface waters [18]. Alkalinity values ranged from 

81.22 to 81.27 mg/L, which are well within the WHO 

permissible limit of 500 mg/L. This indicates that the 

water possesses adequate buffering capacity against 

sudden changes in pH. Chloride concentrations 

varied between 3.77 and 3.78 mg/L and remained far 

below the WHO guideline value of 250 mg/L, 

suggesting minimal influence from saline intrusion or 

chloride-rich pollutants. Water hardness ranged from 

67.43 to 67.50 mg/L, remaining within acceptable 

limits. The moderate hardness observed may be 

attributed to naturally occurring calcium and 

magnesium ions and does not pose any significant 

health risk. Turbidity results ranged from 3.53 to 3.82 

FTU, remaining below the WHO recommended limit 

of 5 FTU. Turbidity is primarily caused by suspended 

particles such as clay, silt, organic matter, and 

microorganisms. Elevated turbidity may also result 

from industrial discharges and algal growth. The 

relatively low turbidity values obtained indicate that 

suspended particulate matter was not excessive in the 

river during the sampling period. Total dissolved 

solids (TDS) concentrations ranged from 573.18 to 

575.23 mg/L, exceeding the WHO recommended 

limit of 500 mg/L. Elevated TDS levels indicate the 

presence of substantial amounts of dissolved 

inorganic salts and organic matter in the water. High 

TDS concentrations may adversely affect water 

quality, taste, and suitability for domestic use. The 

observed values suggest significant anthropogenic 

inputs, including agricultural runoff, domestic waste 

discharge, and weathering of geological formations. 

Similar findings have been reported in Niger State 

and Kano, where elevated TDS levels were attributed 

to dissolved salts from aquifers and agricultural 

activities [19]. Comparable trends have also been 

documented in groundwater systems across Ghana 

[20]. Biochemical oxygen demand (BOD) values 

ranged from 4.16 to 4.23 mg/L, while chemical 

oxygen demand (COD) values ranged from 132.03 to 

135.09 mg/L. Both parameters exceeded WHO 

recommended limits, indicating substantial organic 

pollution within the river system. Elevated BOD and 

COD values suggest increased microbial 

decomposition of organic matter and the presence of 

oxidizable pollutants. Such contamination is 

commonly associated with domestic wastewater 

discharge, agricultural runoff, and industrial 

effluents. Similar observations have been reported for 

the Kaduna River [21], the Pra River in Ghana [22], 

and the Sokoto River Basin [23]. 

 

Determination of Heavy metals 

The figures 1 – 6 showed the distribution of 

heavy metals in river water from three sampling sites 

(S1–S3). Cadmium concentrations ranged from 0.93 

to 1.02 mg/L, greatly exceeding the WHO guideline 

value of 0.01 mg/L. Cadmium contamination is 

commonly associated with phosphate fertilizers, 

sewage sludge, industrial effluents, and cement 

manufacturing activities [24]. The elevated 

concentrations observed in this study are of serious 

concern because prolonged exposure to cadmium can 

result in kidney dysfunction, skeletal damage, and 

other adverse health effects [25]. Similar levels of 

contamination have been reported in agricultural 

areas of Kano State and other regions where intensive 

farming and industrial activities occur. Chromium 

concentrations ranged from 0.93 to 0.94 mg/L and 

exceeded the permissible limit for drinking water. 

Chromium contamination poses significant 

environmental and public health risks because certain 

forms, particularly hexavalent chromium, are highly 

toxic and carcinogenic. Potential sources include 

industrial discharges from metallurgical operations, 

leather tanning, and improper waste disposal 

practices [26]. Copper concentrations ranged from 

0.46 to 0.47 mg/L and remained within the WHO 

permissible limit. Copper is an essential trace 

element required for biological functions; however, 

excessive concentrations may be harmful. The 

concentrations observed in this study indicate that 

copper contamination is currently not a major 

concern. Similar values were reported by [27], who 

recorded concentrations ranging from 0.26 to 0.66 

mg/L. Iron concentrations varied between 0.92 and 

0.93 mg/L. Although iron is an essential nutrient, 

elevated concentrations may affect water quality 

through undesirable taste, staining, and discoloration. 

The concentrations obtained were lower than the 3.16 

mg/L reported by [28], suggesting relatively lower 

iron contamination in the present study area. Lead 

concentrations ranged from 0.99 to 1.00 mg/L, 
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greatly exceeding the WHO guideline value of 0.01 

mg/L. Lead is a highly toxic metal capable of 

inducing oxidative stress, neurological disorders, 

kidney damage, and developmental abnormalities, 

particularly among children and pregnant women 

[29]. Potential sources include battery disposal, 

vehicular emissions, industrial activities, lead-based 

paints, and contaminated agricultural inputs. Similar 

studies in Nigeria have reported elevated lead 

concentrations in irrigation water and food crops, 

highlighting significant public health concerns [30]. 

Zinc concentrations ranged from 0.85 to 1.86 mg/L. 

Zinc is an essential micronutrient involved in 

numerous physiological and metabolic processes; 

however, excessive exposure may cause adverse 

effects. The observed concentrations suggest 

contributions from agricultural fertilizers, animal 

manure, and industrial effluents. The presence of zinc 

in all sampling sites reflects the influence of human 

activities within the river catchment and underscores 

the need for continuous monitoring of water quality.  

 

 
Figure 1: Cadmium concentration in water at different sampling sites and WHO standard 

 

 
Figure 2: Chromium concentration in water at different sampling sites and WHO standard 
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Figure 3: Copper concentration in water at different sampling sites and WHO standard 

 

 
Figure 4: Iron concentration in water at different sampling sites and WHO standard 
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Figure 5: Lead concentration in water at different sampling sites and WHO standard 

 

 
Figure 6: Zinc concentration in water at different sampling sites and WHO standard 

 

VII. CONCLUSION 
The assessment of water quality in the 

Hadejia-Nguru wetland revealed that while some 

physicochemical parameters such as alkalinity, 

chloride, hardness, turbidity, copper, and iron were 

within WHO permissible limits, several critical 

parameters exceeded acceptable standards. Slightly 

acidic pH, elevated electrical conductivity, total 

dissolved solids (TDS), biochemical oxygen demand 

(BOD), and chemical oxygen demand (COD) 

indicate water quality deterioration, likely influenced 

by anthropogenic activities like agricultural runoff 

and domestic waste discharge. Concentrations 

of cadmium, chromium, and lead were significantly 

above WHO guidelines, signaling heavy metal 

contamination with serious environmental and public 

health risks due to their persistence, bioaccumulation, 

and toxicity. Additionally, the water’s acidic nature 

may increase the mobility and bioavailability of these 

metals, heightening their toxicity in the aquatic 

ecosystem. 
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