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ABSTRACT
The pharmaceutical pollutions in an aquatic ecosystem have been emerging as a global concern. Most of the pharmaceutical contaminants are not effectively removed by conventional wastewater treatment plants (WWTPs). This study explores biomedical remedies as a promising solution for this prominent challenge. Pharmaceutical contaminants such as antibiotics, NSAID (Non-steroidal anti-inflammatory drugs), endocrine disruptors, antidepressants, antihypertensive, steroids, and chemical residues from pharmaceutical industries and pose a great risk to aquatic ecosystem and public health [5]. Some of its key impacts include disrupting biodiversity, antibiotic resistance, and interference with hormonal systems in aquatic organisms. Promising technologies like bioremediation are potential solution but its application at an industrial or environmental scale requires further development. 
Introduction
SOURCES OF PHARMACEUTICAL POLLUTION
Pharmaceutical contaminants enter the aquatic environment through both direct and indirect route. Human and animal excretion and agricultural run-off are significant sources of entry. Metabolic reactions within the human body (hydroxylation and cleavages) transform most of these compounds. However, pharmacokinetic studies have revealed that most are not fully metabolized and instead are excreted via faeces/urine in original form or as degradation products [6]. Unmetabolized pharmaceuticals expelled through urine and faeces ultimately reach water systems. Moreover, it was observed that the elimination of unused medicines into landfills contributes to the pollution of the environment [2]. Pharmaceutical manufacturing plants release effluents containing active pharmaceutical ingredients (APIs) into nearby water bodies, especially in regions where environmental regulations are not correctly enforced. The use of veterinary drugs and growth promoters in livestock farming also often leads to the leaching of these compounds into water systems through surface runoff. Antibiotics used in animal husbandry have been implicated in the contamination of rivers and streams. They disrupt natural microbial communities and encourage the development of antibiotic-resistant bacteria [3]. Methods that can remove antibiotics include physicochemical processes, advanced oxidation processes (like adsorption, photolysis, photo-Fenton, ozonation, electrooxidation, and heterogeneous catalysis), and bioremediation based on fungi, algae, or aerobic–anaerobic bacteria to degrade pollutants in wastes [14]. 
Wastewater treatment plants (WWTPs) have limited capacity to remove these contaminants. Most WWTPs are designed to treat organic matter and nutrients and they are not able to handle synthetic chemicals such as pharmaceuticals. Studies indicate that even advanced treatment technologies, like membrane bioreactors (MBRs), exhibit inefficiency in removing pharmaceutical compounds like erythromycin, ibuprofen, and diclofenac [1]. As a result, pharmaceutical residues persist and enter surface water, groundwater, and even drinking water supplies [1],[2].
ENVIRONMENTAL IMPACT OF PHARMACEUTICAL CONTAMINANTS
Nonsteroidal anti-inflammatory drugs (NSAIDs), antibiotics, and endocrine-disrupting compounds (EDCs) are pharmaceutical products that have been frequently detected in water bodies worldwide [3]. In addition to aquatic these can even impact terrestrial species indirectly linked to aquatic food chains.
A notable example of the ecological consequences of pharmaceutical pollution is the mass die-off of vultures in India. This was linked to the use of diclofenac which is an NSAID. These vultures consumed carcasses of livestock treated with diclofenac. This caused renal failure and deaths in vulture populations [3]. This case highlights how pharmaceutical pollution can travel through ecosystems and affect species far away from the point of contamination.
Endocrine disruptors are also significant threat. These mimic or interfere with the hormonal systems of animals. These can cause reproductive abnormalities in aquatic animals. E.g. male fish exposed to estrogenic compounds often develop intersex characteristics like the presence of both male and female reproductive organs. This can reduce reproductive success and disrupt population dynamics [3]. Some steroid hormones (estrone, 17β-estradiol, and 17α-ethynylestradiol) have permeability through the cell membrane and can bind to specific protein transporters such as the corticosteroid-binding globulin or sex hormone-binding globulin. These can act as signaling molecules, and endocrine disruptors, leading to the feminization of fish [16].
The presence of antibiotics in aquatic environments is particularly concerning due to their impact on microbial communities. This can lead promotion of antibiotic-resistant bacteria. Antibiotics can disrupt the balance of natural microbial populations. This can impair important ecosystem functions such as nutrient cycling and decomposition [3]. Moreover, the emergence of antibiotic-resistant bacteria in aquatic environments poses a direct threat to human health. These resistant strains can be transferred to humans through contact with contaminated water or consumption of aquatic products. Beta blockers like bisoprolol causes mortality in fish and green algae [3].
Pharmaceutical pollutants also interfere with wastewater treatment processes. Compounds such as erythromycin and ibuprofen inhibit the growth of heterotrophic biomass in MBR systems and reduce the efficiency of these treatment technologies [1]. This creates a vicious cycle of environmental degradation.

BIOREMEDIATION TECHNOLOGIES AS A SOLUTION
Bioremediation has gained momentum as a promising solution for dealing with pharmaceutical pollution. This involves the use of microorganisms primarily bacteria and fungi, to break down or transform pharmaceutical compounds. These transformed compounds are less harmful forms. These biological processes are environmentally friendly and inexpensive. Moreover, these methods do not generate any secondary pollutants [7]. Numerous microbial species have been found to be capable of breaking down pharmaceutical products in the environment including photosynthetic bacteria, lactic acid bacteria, actinomycetes, yeast, fermentation filamentous bacteria and nitrated bacteria [17]. The main bioremediation techniques include mycoremediation using fungi, microbial degradation with bacteria, phytoremediation using plants, bioaugmentation with specialized microorganisms, bioventing to enhance soil biodegradation. Techniques that can be used to eliminate pharmaceutical pollution include aerobic and anaerobic treatment, bacterial and fungal treatment, phytoremediation, and membrane bioreactors [13].
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The modern biological tools can prove be an inexpensive, non-chemical, and eco-friendly approach to eliminate toxic environmental contaminants and maintanance of sustainability [4]. The rapid growth of this field is attributed to new tools and techniques for use of bioremediation in situ, in biofilters, and in bioreactors It is anticipated that it this technique play an increasingly important role as a result of new and emerging techniques and processes. [12]. Mycoremediation and microbial degradation using bacteria are potentially useful bioremediation techniques and are explained as follows.
Mycoremediation
One of the most promising bioremediation strategies is mycoremediation. This technique utilizes fungi, particularly white-rot fungi, to degrade pharmaceutical pollutants. White-rot fungi are known for their ability to secrete lignin-degrading enzymes like laccases and peroxidases. These can break down a wide range of organic pollutants, including pharmaceuticals [3]. These enzymes are highly nonspecific, i.e. they can target various pharmaceutical compounds. Following tools and enzymes can be used- restriction enzymes (EcoRI, HindIII, DNA cutting); DNA ligase (T4 DNA ligase, DNA joining); T4 polynucleotide kinase (DNA phosphorylation); alkaline phosphatase (DNA dephosphorylation); reverse transcriptase (RNA to DNA conversion); cellulase (cell wall degradation); protease (protein degradation); lipase (lipid degradation) and peroxidase (oxidative degradation) [15]. Even those that are resistant to other forms of treatment can be transformed. Even under harsh environmental conditions Fungi have ability to colonise a large array of heterogeneous habitats. It can decompose organic matter and biotic and abiotic surfaces can be quickly colonised [11].
The conventional direct application of microorganisms involves freely exposing microbial cells to the contaminated waste media in soil, air, or water. An alternative approach involves culture and immobilization (or encapsulation) of microbial cells in a permeable polymeric gel matrix. The immobilized microbes within the gel matrix are indirectly exposed to the contaminated media [8],[9].
Studies have demonstrated the effectiveness of white-rot fungi in degrading complex and difficult to remove pharmaceutical compounds like diclofenac. In addition, mycoremediation has the potential to reduce the overall toxicity of wastewater effluents. This can minimize the environmental impact of pharmaceutical pollution [3]. 
Microbial degradation using bacteria
Microbial degradation using bacteria has shown promise. as a bioremediation strategy. These bacteria possess metabolic pathways that can break down pharmaceutical compounds. Some bacterial strains can metabolize antibiotics and NSAIDs. These are then transformed into less harmful byproducts. Researchers hope to develop bioremediation systems that can be integrated into existing wastewater treatment infrastructure and provide a sustainable solution for pharmaceutical pollution [1]. The use of fungi in removing antibiotics seems important since bacteria can acquire rapidly antibiotic resistance genes during bioremediation and thus contribute to the widespread of antibiotic resistance genes (ARGs) [3].
While bioremediation technologies offer great potential. However their implementation on a large scale faces several challenges. Factors that can influence the efficiency of bioremediation processes include: variability of pharmaceutical compounds, environmental conditions, and complexity of wastewater matrices. Further research is needed to optimize these technologies. This can ensure their viability for widespread use in wastewater treatment systems.
METHODOLOGY
A comprehensive review of the literature articles related to pharmaceutical contamination in aquatic environments was conducted. The focus was on research pertinent to the environmental impact of the pharmaceutical pollutants and bioremediation techniques involved. Compounds such as antibiotics, NSAIDs, and endocrine disruptors have been considered as significant. Among the various bioremediation techniques, mycoremediation and microbial degradation were identified as potential solutions. Analytical methods in the reviewed studies included liquid chromatography-mass spectrometry LC-MS. These analytical methods were used in the reviewed studies to quantify the concentrations of pharmaceuticals in aquatic systems and enzyme assays. Investigation of the efficiency of bioremediation systems was done. Evaluation of the efficiency of conventional wastewater treatment plants (WWTPs) was done. Further exploration of the applicability of bioremediation technologies for large-scale environmental management can be done and this technique can be implemented as an environmentally and economically beneficial solution. This is because the technique uses carbon dioxide which is beneficial in cleaning the environment [10].  
RESULTS
The review found that pharmaceuticals such as antibiotics, NSAIDs, and endocrine-disrupting compounds (EDCs) are widespread in aquatic environments globally. Conventional methods are inefficient at removing pharmaceutical residues. Techniques like mycoremediation (using white-rot fungi to degrade complex pharmaceutical compounds) and microbial degradation (using bacteria capable of metabolizing these pollutants) are potential solution.


CONCLUSION
The contamination of water bodies by pharmaceutical pollutants has become a growing threat to ecosystems and public health. Research offers promising solutions for bioremediation techniques that can help overcome the environmental impact brought about by pharmaceutical pollution. However, attaining wide application of these technologies requires further research. More investment should be done towards sustainable practices in water management. Aside from the technological challenges, pharmaceutical pollution is also viewed as a challenge from a regulatory perspective. This calls for coordinated actions by governments, industries, and the scientific community to effectively address and mitigate pharmaceutical pollution.
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