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Opinion 
Pharmaceutical waste has become a huge threat to the environment, endangering both 

human and ecological health. As it contributes to the pollution of natural ecosystems and 
the spread of pharmaceutical residues in the environment, the disposal of unused or expired 
drugs has grown to be a critical issue. The globe now consumes more pharmaceuticals 
products because of improvements in medical technology and rising life expectancy. 
Although these medical advancements have led to better health outcomes, they have also led 
to an increase in illnesses including obesity, diabetes, cardiovascular problems, cancer, and 
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Abstract

Pharmaceutical waste has become a major environmental concern, endangering both human and 
environmental health. The disposal of unneeded or expired pharmaceuticals has become a serious 
concern, leading to environmental contamination and the spread of pharmaceutical residues. The 
global increase in pharmaceutical use has led in an increase in ailments such as obesity, diabetes, 
cardiovascular difficulties, cancer, and autoimmune disorders. This has resulted in a large increase in 
the demand for several pharmaceutical subcategories, such as hypertension medications, cholesterol-
lowering compounds, diabetes therapies, and antidepressants. Because of their ease of availability and 
price, Over- The-Counter (OTC) drugs, particularly pain relievers, have been widely used. Numerous 
studies have found that people all around the world rely heavily on OTC medications. The COVID-19 
epidemic has heightened worries about self-medication behaviors, as people turn to over-the-counter 
medications like ivermectin for preventative or symptomatic therapy, adding to pharmaceutical waste 
and potentially negative environmental repercussions. Antibiotic misuse is one of the most alarming 
parts of pharmaceutical waste since it results in their release into the environment, increasing the 
worldwide antibiotic resistance dilemma. Pharmaceutical residues in bodies of water can disturb aquatic 
ecosystems, affecting plant and animal life. Pharmaceutical waste improperly disposed of contaminates 
water sources, exposing people to potentially dangerous active pharmaceutical chemicals. It can also 
diminish the efficiency of important treatments, potentially rendering previously curable conditions 
fatal. Inadequate disposal techniques and inadequate wastewater treatment contribute to drugs being 
present in the environment, hurting aquatic creatures and altering ecological equilibrium. Concerns have 
been raised about the absorption of drugs by terrestrial animals and soil-dwelling invertebrates. Effective 
waste management techniques are required to limit the consequences of incorrect pharmaceutical waste 
disposal. Pharmaceutical take-back programs, prescription return facilities, and appropriate disposal 
procedures can all assist to limit the quantity of medicine that ends up in landfills and waterways. It is 
critical to educate the public about the dangers of incorrect pharmaceutical waste disposal. Individuals 
can be empowered to adopt responsible waste management behaviors by encouraging correct disposal 
procedures and promoting pharmaceutical take-back programs. To maintain safe waste disposal 
processes, collaboration between healthcare institutions, pharmaceutical firms, regulatory bodies, and 
the public is required. Finally, pharmaceutical waste is a major environmental concern, causing water and 
soil contamination and leading to antibiotic resistance. To address this issue, education programs must 
be strengthened. To develop correct disposal methods, waste management programs and pharmaceutical 
regulations are used. It is critical to recognize pharmaceutical waste as a worldwide environmental 
danger to address public health concerns.
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autoimmune issues. As a result, demand has increased dramatically 
for several pharmaceutical subcategories, such as hypertension 
pharmaceuticals, cholesterol-lowering agents, antidiabetic 
treatments, and antidepressants [1]. One notable development 
is the increasing use of Over-The-Counter (OTC) medications, 
which are widely available and inexpensive. This has resulted in 
widespread OTC medication use, with painkillers being particularly 
prominent. Various studies in various locations have revealed 
that a sizable section of the population constantly relies on OTC 
medications [2].

The worldwide COVID-19 outbreak has heightened worries 
about self-medication behaviors. People are increasingly turning 
to over-the-counter medications like ivermectin for preventative 
or symptomatic treatment, exacerbating pharmaceutical waste and 
perhaps having negative environmental consequences [3].

One of the most concerning parts of pharmaceutical waste is 
antibiotic overuse, which leads to their release into the environment 
and drives the worldwide crisis of antibiotic resistance. 
Pharmaceutical residues permeate water bodies because of poor 
drug consumption and disposal [4]. Pharmaceutical waste includes 
leftover or expired pharmaceuticals, pharmaceutical packaging, 
and byproducts of drug production operations. The inappropriate 
disposal of pharmaceutical waste, such as flushing it down toilets 
or dumping it into sinks, has become a worldwide problem [5]. The 
Implications for human health of improper pharmaceutical waste 
disposal can contaminate water sources, exposing individuals 
to potentially dangerous active pharmaceutical substances. 
Furthermore, persons scavenging in landfills or garbage sites may 
come into touch with toxic medications unwittingly, putting human 
health at risk. This reduces the efficiency of important drugs, making 
previously curable illnesses potentially fatal. Pharmaceutical 
waste that enters the environment poses a substantial risk to 
ecosystems. Residual medications can disturb aquatic environment 
balance, impacting both plant and animal life. Furthermore, 
several medications have the potential to stay in the environment, 
resulting in long-term pollution and bioaccumulation in the food 
chain [6]. One of the primary ways expired medications contribute 
to environmental pollution is through water contamination. 
Pharmaceuticals have been detected in surface water, groundwater, 
and even in drinking water supplies in many parts of the world [4]. 
These compounds can persist in aquatic environments, affecting 
aquatic life and even leading to the disruption of hormone systems 
in fish [7] and other organisms. Residual medications can disturb 
aquatic environment balance, impacting both plant and animal life. 
Furthermore, several medications have the potential to stay in the 
environment, resulting in long-term pollution and bioaccumulation 
in the food chain [8]. Pharmaceuticals in water bodies can have 
an influence on the health and behavior of aquatic species. For 
example, changing hormone levels caused by pharmaceutical 
exposure might disrupt fish reproductive and lead to population 
imbalances. Furthermore, pharmaceutical waste has the potential 
to diminish biodiversity and impair ecosystem functioning. 
Pharmaceutical waste is generally discharged into the sewage 
system and transferred to wastewater treatment facilities after 

use, improperly disposed pharmaceutical waste can also pollute 
soil. Many drugs are resistant to degradation during wastewater 
treatment operations, and as a result, they will be present in 
wastewater treatment effluents and sludge byproducts [9]. The 
use of recovered wastewater for irrigation and the land application 
of sewage sludge (biosolids) as a fertilizer provide a channel of 
entry for medicines into the terrestrial environment [10]. As a 
result, concerns have been raised about the possible absorption of 
medications into terrestrial species, as well as the consequences on 
soil- dwelling creatures and organisms that feed on them. Improper 
disposal of antibiotics contributes to the growing problem of 
antibiotic resistance. Acquired antibiotic resistance comprises two 
key mechanisms:

a)	 Modifying existing genes 

b)	 Horizontal Gene Transfer (HGT) to acquire new genes 
from other strains. 

HGT, in general, refers to conjugation, transformation, or 
transduction. Conjugation is the transfer of DNA from a donor 
to a recipient, which is commonly facilitated by mobile genetic 
elements like plasmids. Transformation occurs because of direct 
absorption, integration, and functional expression of foreign DNA 
from the environment [11]. Transduction happens when DNA is 
passed between bacteria via bacteriophages. When antibiotics are 
introduced into the environment, bacteria are exposed to sublethal 
doses, leading to the development of resistant strains. These 
resistant bacteria can then pose a significant risk to human and 
animal health when they cause infections that are difficult to treat. 
The environment serves as a repository for antibiotic-resistant 
microbes and resistance genes. Antibiotics and their metabolites 
can be introduced into natural ecosystems via agricultural runoff, 
residential sewage, and wastewater discharge [12]. These settings 
are favorable for the horizontal transmission of resistance genes 
across bacterial species. Pharmaceutical waste management is 
necessary to reduce the implications of improper pharmaceutical 
waste disposal, effective waste management strategies are 
essential [13]. Pharmaceutical take-back programs, prescription 
return facilities, and proper disposal methods can all assist to 
reduce the quantity of medications that wind up in landfills and 
water sources. Healthcare institutions, pharmaceutical companies, 
regulatory authorities, and the public must all work together to 
ensure proper waste disposal. It is vital to educate the public about 
the consequences of improper pharmaceutical waste disposal. 
Education campaigns should emphasize the need of proper 
disposal methods and encourage the use of pharmaceutical take-
back services. Individual empowerment through information 
can encourage proper waste management behavior [14]. To 
reduce the environmental effect of expired drugs, several parties 
must work together: It is critical to educate the public about the 
environmental repercussions of incorrect pharmaceutical disposal 
[15]. The significance of returning unused or expired prescriptions 
to pharmacies or engaging in pharmaceutical take-back programs 
should be emphasized through public awareness campaigns. 
Pharmaceutical businesses must accept responsibility for their 
products’ whole life cycle, including advocating correct disposal 
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techniques and producing treatments with minimal environmental 
implications. Governments must enact and enforce stronger 
restrictions regarding the disposal of outdated drugs. This might 
involve giving pharmaceutical firms incentives to manufacture 
more environmentally friendly pharmaceuticals and developing 
collecting systems to ease correct disposal [16]. By addressing 
correct disposal procedures with their patients and increasing 
awareness of the environmental effect of expired prescriptions, 
healthcare practitioners may play an important role in encouraging 
responsible medication disposal.

Conclusion
Pharmaceutical waste is a huge environmental issue. Their 

inappropriate disposal pollutes water and soil and contributes 
to antibiotic resistance. Integral residue control is critical for 
minimizing public health risk. It is required to build pharmaceutical 
education campaigns, strengthen pharmaceutical waste 
management programs, and adopt pharmaceutical legislation that 
establishes procedures for waste disposal. Pharmaceutical waste 
should be deemed a worldwide environmental danger since it 
raises public health concerns.

Conflict of Interest
No Conflict of Interest is declared.

References
1.	 Peltoniemi T, Suomi R (2019) Eliminating medicine waste in a finnish 

university hospital-a qualitative study. J Pharm Policy Pract 12: 27.

2.	 Rogowska J, Zimmermann A (2022) Household Pharmaceutical waste 
disposal as a global problem-A review. Int J Environ Res Public Health 
19(23):15798.

3.	 Hammad HM, Nauman HMF, Abbas F, Jawad R, Farhad W, Shahid M, et 
al. (2023) Impacts of COVID-19 pandemic on environment, society, and 
food security. Environ Sci Pollut Res Int 1-12.

4.	 Li D, Chen H, Liu H, Schlenk D, Mu J, et al. (2021) Anticancer drugs in the 
aquatic ecosystem: Environmental occurrence, ecotoxicological effect 
and risk assessment. Environ Int 153:106543.

5.	 Freitas L de AA, Radis Baptista G (2021) Pharmaceutical pollution and 
disposal of expired, unused, and unwanted medicines in the brazilian 
context. J Xenobiotics 11(2):61- 76.

6.	 Fehrenbach GW, Pogue R, Carter F, Clifford E, Rowan N (2022) 
Implications for the seafood industry, consumers and the environment 
arising from contamination of shellfish with pharmaceuticals, plastics 
and potentially toxic elements: A case study from Irish waters with a 
global orientation. Sci Total Environ 844:157067.

7.	 Hampel M, Alonso E, Aparicio I, Bron JE, Santos JL, et al. (2010) Potential 
physiological effects of pharmaceutical compounds in Atlantic salmon 
(Salmo salar) implied by transcriptomic analysis. Environ Sci Pollut Res 
Int 17(4):917-33.

8.	 Saab Y, Nakad Z, Rahme R (2021) Chemotherapeutic drugs in Lebanese 
surface waters: Estimation of population exposure and identification of 
high-risk drugs. Sustain Environ Res 31(1): 31.

9.	 Dalkmann P, Broszat M, Siebe C, Willaschek E, Sakinc T, et al. (2012) 
Accumulation of pharmaceuticals, enterococcus, and resistance genes in 
soils irrigated with wastewater for zero to 100 years in central Mexico. 
PloS One 7(9): e45397.

10.	Carter LJ, Ryan JJ, Boxall ABA. (2016) Effects of soil properties on the 
uptake of pharmaceuticals into earthworms. Environ Pollut 213:922-31.

11.	Manaia CM, Aga DS, Cytryn E, Gaze WH, Graham DW, et al. (2022) The 
Complex interplay between antibiotic resistance and pharmaceutical 
and personal care products in the environment. Environ Toxicol Chem.

12.	González PJJ, Blau K, Milaković M, Jurina T, Smalla K, et al. (2019) 
Antibiotic-manufacturing sites are hot-spots for the release and spread 
of antibiotic resistance genes and mobile genetic elements in receiving 
aquatic environments. Environ Int 130:104735.

13.	Sapkota B, Pariatamby A (2023) Pharmaceutical waste management 
system-Are the current techniques sustainable, eco-friendly and 
circular? A review. Waste Manag 168: 83-97.

14.	Esseku YY, Mante PK, Dodoo ANO, Woode E (2022) Drug Disposal and 
Ecopharmacovigilance Practices in the Krowor Municipality, Ghana. J 
Toxicol 7674701.

15.	Veiga A, Sousa AC, Sousa C, Oliveira M, Neto B (2023) end-of-life 
management strategies of pharmaceuticals in portuguese households. 
Waste Manag Res J Int Solid Wastes Public Clean Assoc 41(1): 235-47.

16.	Smith CA, Skibinski K, Livingston M (2022) The US environmental 
protection agency focus on compliant pharmaceutical waste 
management now includes long-term care. Sr Care Pharm 37(10): 488-
94.

https://pubmed.ncbi.nlm.nih.gov/31592317/
https://pubmed.ncbi.nlm.nih.gov/31592317/
https://pubmed.ncbi.nlm.nih.gov/36497873/
https://pubmed.ncbi.nlm.nih.gov/36497873/
https://pubmed.ncbi.nlm.nih.gov/36497873/
https://link.springer.com/article/10.1007/s11356-023-25714-1
https://link.springer.com/article/10.1007/s11356-023-25714-1
https://link.springer.com/article/10.1007/s11356-023-25714-1
https://pubmed.ncbi.nlm.nih.gov/33813231/
https://pubmed.ncbi.nlm.nih.gov/33813231/
https://pubmed.ncbi.nlm.nih.gov/33813231/
https://pubmed.ncbi.nlm.nih.gov/34069823
https://pubmed.ncbi.nlm.nih.gov/34069823
https://pubmed.ncbi.nlm.nih.gov/34069823
https://www.sciencedirect.com/science/article/pii/S004896972204164X
https://www.sciencedirect.com/science/article/pii/S004896972204164X
https://www.sciencedirect.com/science/article/pii/S004896972204164X
https://www.sciencedirect.com/science/article/pii/S004896972204164X
https://www.sciencedirect.com/science/article/pii/S004896972204164X
https://pubmed.ncbi.nlm.nih.gov/20140651/
https://pubmed.ncbi.nlm.nih.gov/20140651/
https://pubmed.ncbi.nlm.nih.gov/20140651/
https://pubmed.ncbi.nlm.nih.gov/20140651/
https://sustainenvironres.biomedcentral.com/articles/10.1186/s42834-021-00105-8
https://sustainenvironres.biomedcentral.com/articles/10.1186/s42834-021-00105-8
https://sustainenvironres.biomedcentral.com/articles/10.1186/s42834-021-00105-8
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0045397
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0045397
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0045397
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0045397
https://pubmed.ncbi.nlm.nih.gov/27049789/
https://pubmed.ncbi.nlm.nih.gov/27049789/
https://pubmed.ncbi.nlm.nih.gov/36582150/
https://pubmed.ncbi.nlm.nih.gov/36582150/
https://pubmed.ncbi.nlm.nih.gov/36582150/
https://www.sciencedirect.com/science/article/pii/S0160412018330903
https://www.sciencedirect.com/science/article/pii/S0160412018330903
https://www.sciencedirect.com/science/article/pii/S0160412018330903
https://www.sciencedirect.com/science/article/pii/S0160412018330903
https://www.sciencedirect.com/science/article/abs/pii/S0956053X23004178
https://www.sciencedirect.com/science/article/abs/pii/S0956053X23004178
https://www.sciencedirect.com/science/article/abs/pii/S0956053X23004178
https://pubmed.ncbi.nlm.nih.gov/36619292/
https://pubmed.ncbi.nlm.nih.gov/36619292/
https://pubmed.ncbi.nlm.nih.gov/36619292/
https://journals.sagepub.com/doi/full/10.1177/0734242X221105416
https://journals.sagepub.com/doi/full/10.1177/0734242X221105416
https://journals.sagepub.com/doi/full/10.1177/0734242X221105416
https://pubmed.ncbi.nlm.nih.gov/36171663/
https://pubmed.ncbi.nlm.nih.gov/36171663/
https://pubmed.ncbi.nlm.nih.gov/36171663/
https://pubmed.ncbi.nlm.nih.gov/36171663/

	Monitoring Real-Time Flood Risk Zones in Australia by Combining Open-Source Data and Participatory G
	Abstract
	Introduction 
	References

