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Abstract
Wastewater are polluted water from effluents of industries, anthropogenic and agricultural activities; which may contain toxic materials that are harmful to the environment. Most wastewater from industries flows into the water bodies, farmlands where food crops are cultivated for consumption. This study assessed the heavy metals and physicochemical components of some industrial wastewaters in Minna, Niger State, Nigeria. Wastewater samples were collected from gold mining and pharmaceutical company sites. The samples were analyzed using standard methods and procedures. The results showed the presence of heavy metals such as lead (Pb), zinc (Zn), Iron (Fe), Copper (Cu) and Cadmium (Cd) at different levels with Pb recording the highest concentration (2.58±0.00 and 1.08±0.00) in the industrial effluents. There were significant (p<0.05) difference in the monitored physicochemical parameters (temperature, turbidity, electrical conductivity, pH, biochemical oxygen demand, dissolved oxygen demand, nitrate and phosphate) in both effluents in different concentrations. The study revealed the need for post-treatment risk assessments on the spent materials from industries before disposal into the environment and immediate regulatory intervention is recommended.
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Introduction
Water is an essential component of life and it accounts for over 2/3rd of Earth's surface, however, less than 1% of the earth's water is available as fresh water for sustaining life (Mohammed et al., 2021; Adamu et al., 2022; Adama et al., 2023; Mohammed et al., 2024). Wastewater remediation is considered to be one of the main approaches for water recycling that provides water in different regions in our daily life (Myina et al., 2014; Balogun et al., 2019). To-date, only 10% of the produced wastewater is remediated and the residual wastewater is released into water resources such as rivers, seas and diffused into groundwater (Abdelfattah et al., 2016). Wastewater contains heavy metals which come from different anthropogenic activities such as mining and industrial processes (Ajeng et al., 2020), and most of these wastewaters flow into the water bodies and farmlands where food crops are cultivated for consumption (Ibrahim et al., 2024a; Ibrahim et al., 2024b).
However, waste production are also functions of industrial processes which are usually associated with the discharge in form of wastewater, gases, and solid wastes. Industrial wastewater effluents are recognized as contributors to the pollutions of soil and water (Okoyom et al., 2021). The contamination from heavy metals is a serious environmental phenomenon due to their apparent toxicities to both plants and animals (Myina et al., 2014; Balogun et al., 2019). They possessed devastating poisonous risks to humans, resulting in various toxic effects (Armaya'u et al., 2020). Lead (Pb) has been associated with kidney dysfunction, cancer, anemia, and mental retardation in children (Adebola & Babalola, 2017; Olagunju et al., 2020). Chromium (Cr) and Cadmium (Cd) have been identified as hepatotoxic, neurotoxic, renal-toxic, and carcinogenic heavy metals associated with lung, kidney, and liver cancer (Adebola and Oyeleke, 2017). Zinc (Zn) is described as connected to respiratory disorder, while copper (Cu) was known to inhibit thyroid and adrenal hormones production. Nickel (Ni) and iron (Fe) caused pathogenesis and oxidative stress in the body cells and caused immune disorders (Nnaneme, 2021). Hence, environmental management is needed to curtail these pollutants from the environment, hence why it is of interest to environmental scientists, public health experts, environmental policymakers, and regulatory agencies (Chukwulobe and Saeed, 2014). Many researches have revealed the presence of heavy metals in environmental samples results to environmental degradation (Okoyom et al., 2021).
As urbanization and industrialization intensify, traditional wastewater treatment methods are often inadequate and cost-prohibitive, leading to the contamination of water resources and adverse effects on ecosystems and public health. Despite some potential benefits, the research on various methods of wastewater treatment remains limited and often disjointed in this part of the globe. There is need to evaluate the economic feasibility and environmental sustainability of implementing these technologies on a larger scale. Heavy metal pollution of water bodies is a significant environmental concern in Nigeria due to the adverse effects on human health and ecosystems. Industrial methods of heavy metal remediation, such as chemical treatments, can be costly and may not be feasible for developing countries like Nigeria. This study is therefore aimed at assessing the physicochemical parameters (temperature, pH, electrical conductivity, turbidity, dissolved oxygen, biochemical oxygen demand, nitrate, phosphate) and heavy metals (copper, Iron, cadmium, zinc, lead) of waste-water (Pharmaceutical and Gold mining effluents) in Minna Metropolis of Niger state and the need for post-treatment risk assessments on the spent materials from industries before disposal into the environment.  

Materials and Methods
Study Area 
The study was carried out in the Biology Laboratory of the Department of Biology, Faculty of Natural Sciences, Ibrahim Badamasi Babangida University Lapai, Niger State, Nigeria. Samples were collected from two different sites in Minna Metropolis of Niger state, Nigeria. These sites include X pharmaceutical company and Gold Mining site, all in Minna (Figure 1).
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Figure 1: Map showing the sampling point of wastewater in Minna Metropolis
Sample Collection 
Prior to sample collection, 1L previously acid-cleaned plastic bottles were washed with distilled water and rinsed three times with the wastewater (effluents) samples before collecting the wastewater (effluents) for the study in each case. Effluent samples were collected at the point of discharge by lowering the sample containers and allowing the effluents to flow in, the bottles were tightly covered after filling. Samples were collected at a week interval basis by composite sampling method. These effluent sample filled bottles were taken to the laboratory and kept in a refrigerator.

Determination of Physicochemical Parameters
Water temperature (°C), turbidity, electrical conductivity (µS/cm), pH, dissolved oxygen (mg/L), biochemical oxygen demand (mg/L), nitrate (mg/L) and phosphate (mg/L) were determined using standard methods of America Public Health Association (APHA 2017). Water temperature, turbidity, electrical and pH were determine in-situ with the aid of multipurpose meter. While dissolved oxygen and biochemical oxygen demand were determine using the winkler azide titration methods. Nitrate and phosphate were determined using the spectrophotometric methods.   

Determination of Heavy Metals Analysis of Wastewater Sample	
The concentration of heavy metals in the digested water samples was determined using Atomic Absorption Spectrophotometer equipped with a digital read-out system. Working standards of heavy metals (Lead, Zinc, Copper and Iron) were prepared, after serial dilution of 1000ppm metal stock solution in each case. Calibration curves were constructed by plotting absorbance values versus concentrations. 
Data analysis
Physicochemical parameters and heavy metal analysis of the wastewater are presented as mean ± standard error of mean (SEM) and is analysed using descriptive statistic function of paleontological statistical software (PAST version 4.05, 2020). Significance differences between the means were determined using one-way analysis of variance (One-way ANOVA).
RESULTS 
Physicochemical properties of wastewater
The physicochemical properties of wastewater collected from pharmaceutical and mining wastewater is presented in table 1. Pharmaceutical wastewater recorded highest in temperature, electrical conductivity, turbidity, Nitrate and Phosphate while wastewater from the mining site record highest in water pH, dissolved oxygen and biochemical oxygen demand.
Heavy metals concentration of wastewater
The heavy metal properties of wastewater collected from pharmaceutical and mining wastewater is presented in Table 2. Copper ranged between 0.025±0.00 mg/L in pharmaceutical wastewater to 0.028±0.00 mg/L in mining wastewater. Iron ranged from 1.20±0.00 mg/L in in pharmaceutical wastewater to 3.35±0.00 mg/L in mining wastewater. Cadmium ranged between 0.008±0.00 mg/L in pharmaceutical wastewater to 0.012±0.00 mg/L in mining wastewater. Zinc ranged between 0.017±0.00 mg/L in pharmaceutical wastewater to 0.02±0.00 mg/L in mining wastewater. Lead ranged between 1.08±0.00 mg/L in mining wastewater to 2.58±0.00 mg/L in pharmaceutical wastewater.
Table 1: Physicochemical properties of wastewater collected from Pharmaceutical and Mining wastewater
	Parameters 
	Pharmaceutical wastewater
	Mining wastewater
	WHO Standard 

	Temperature (°C)
	27.50±0.70
	27.00±0.00
	<40

	pH
	6.10±0.14
	6.65±0.21
	6.5-8.5

	Electrical conductivity (µS/Cm)
	271.50±0.28
	253.35±0.06
	1250

	Turbidity (NTU)
	5.67±0.01
	2.95±0.00
	<40

	Dissolved oxygen (mg/L)
	2.65±0.03
	3.13±0.02
	4

	Biochemical oxygen demand (mg/L)
	4.83±0.04
	5.42±0.05
	10

	Nitrate (mg/L) 
	3.52±0.02
	3.13±0.05
	-

	Phosphate (mg/L)
	7.13±0.02
	5.12±0.02
	-




Table 2: Heavy metal properties of wastewater collected from Pharmaceutical and Mining wastewater
	Heavy metals 
	Pharmaceutical wastewater
	Mining wastewater
	WHO standard 

	Copper (Cu)
	0.025±0.00
	0.028±0.00
	1.3

	Iron (Fe)
	1.20±0.00
	3.35±0.00
	0.3

	Cadmium (Cd)
	0.008±0.00
	0.012±0.00
	0.002

	Zinc (Zn)
	0.017±0.00
	0.02±0.00
	0.1

	Lead (Pb) 
	2.58±0.00
	1.08±0.00
	0.02




Discussion
Pharmaceutical wastewater is often laden with a wide range of organic and inorganic chemicals, including active pharmaceutical ingredients (APIs), solvents, and by-products from synthetic processes. The elevated temperature observed in pharmaceutical wastewater can be attributed to heat generated during manufacturing and cleaning processes (Gadipelly et al., 2014). High electrical conductivity (EC) indicates the presence of dissolved ionic species such as salts, acids, and bases commonly used in drug formulation (Mohammed et al., 2020; Mohammed et al., 2021; Mohammed et al., 2023). 
In this study, the high turbidity values observed suggests the presence of suspended particles, which may include undissolved drug particles, excipients, or other residues. Elevated nitrate (NO₃) and phosphate (PO₄³) concentrations point to nutrient-rich discharges, possibly due to the use of nitrogen and phosphorus-containing compounds in production or cleaning (Zezulka et al., 2024). These nutrients, when discharged into natural waters, can contribute to eutrophication promoting excessive algal growth and subsequent oxygen depletion (Yang et al., 2008). Mining operations often influence water pH, particularly where acid mine drainage (AMD) or the use of alkaline materials alters the hydrogen ion concentration. A higher pH in mining wastewater could result from lime addition during mineral extraction processes to neutralize acids or facilitate metal precipitation (Akhtar et al., 2021). The dissolved oxygen (DO) level, surprisingly higher in mining wastewater, could reflect lesser organic pollution compared to pharmaceutical effluents, as mining runoff may contain more inorganic particles and metals rather than biodegradable organic matter. However, biochemical oxygen demand (BOD5) also higher in mining wastewater in this case could be due to the oxidation of reduced metal ions or the presence of oxidizable sulphides, and other inorganic compounds, rather than organic matter alone (Younger et al., 2002). The composition of pharmaceutical wastewater raises significant ecological concerns, especially due to the persistence of drug residues that can disrupt aquatic life and lead to antibiotic resistance (Fatta-Kassinos et al., 2011). In contrast, mining wastewater, though less organic, poses threats through heavy metal contamination and changes in water chemistry that can be toxic to aquatic organisms and disrupt natural buffering systems.
The analysis of heavy metal concentrations in wastewater from pharmaceutical and mining industries reveals notable variations that raise concerns for environmental and public health. The findings suggest both sources discharge wastewater containing detectable levels of toxic metals, though the concentrations differ by metal and source (Myina et al., 2014; Balogun et al., 2019). Copper concentrations ranged from 0.025 ± 0.00 mg/L in pharmaceutical wastewater to 0.028 ± 0.00 mg/L in mining wastewater. These values are relatively low but still indicate contamination. Copper, while essential in trace amounts, can become toxic at elevated levels, particularly to aquatic organisms. According to the World Health Organization (WHO, 2017), the permissible limit for copper in drinking water is 2.0 mg/L, but its continuous input into aquatic systems may lead to bioaccumulation and ecosystem imbalance (Oladimeji et al., 2024).
Iron levels were significantly higher, ranging from 1.20 ± 0.00 mg/L in pharmaceutical wastewater to 3.35 ± 0.00 mg/L in mining wastewater. Iron is a common component of industrial effluents, especially from mining, due to ore processing. Although iron is not considered highly toxic, high concentrations can affect water clarity, clog gills in fish, and alter aquatic habitats (Akpor & Muchie, 2011). The WHO guideline value for iron in drinking water is 0.3 mg/L, indicating that both sources far exceed safe levels (WHO, 2017). Cadmium concentrations ranged from 0.008 ± 0.00 mg/L in pharmaceutical wastewater to 0.012 ± 0.00 mg/L in mining wastewater. These levels are troubling, as cadmium is highly toxic even at low concentrations. It is known to bioaccumulate in aquatic life and is linked to kidney damage, skeletal problems, and carcinogenic effects in humans (Jarup, 2003). The WHO guideline for cadmium in drinking water is 0.003 mg/L, meaning both wastewaters exceed safe levels.
Zinc levels ranged from 0.017 ± 0.00 mg/L to 0.02 ± 0.00 mg/L, with mining wastewater having slightly higher concentrations. Zinc is an essential nutrient, but at concentrations above 3.0 mg/L, it can become toxic to aquatic life (USEPA, 2009). While current levels are below critical thresholds, their continuous input can still have cumulative effects on aquatic ecosystems (Ali et al., 2019). Lead was detected at 1.08 ± 0.00 mg/L in mining wastewater and 2.58 ± 0.00 mg/L in pharmaceutical wastewater. These are alarmingly high values. Lead is a potent neurotoxin, especially dangerous to children and pregnant women. It has no known biological function and is harmful even at very low exposures (ATSDR, 2007). The WHO permissible limit for lead in drinking water is 0.01 mg/L, meaning both sources are drastically above safe limits, especially the pharmaceutical effluent. The concentrations of cadmium and lead in both wastewater types are particularly concerning and suggest urgent intervention. Mining wastewater shows higher iron and cadmium levels, likely due to ore-related activities. Surprisingly, pharmaceutical wastewater had higher levels of lead, possibly from formulation processes, disposal of expired drugs, or equipment corrosion.
Conclusion
Both wastewater sources contribute significantly to environmental heavy metal pollution. Effluents, especially from pharmaceutical and mining industries, require proper treatment before discharge to prevent contamination of water bodies and threats to ecological and human health. Enforcing stricter effluent standards and promoting cleaner production techniques are critical steps forward. The study significantly revealed that high concentrations of Pb and Fe were found in wastewater samples from mining and pharmaceutical effluents, highlighting the need for efficient, reasonably priced treatment methods.  Remediation could be made more difficult by the increased organic matter and nutrient loading (phosphate, nitrate). 
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