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ABSTRACT

The global problem of drugs in the environment, both human and veterinary, is being investigated. Despite advances 
in our understanding of its sources, fates, and effects, risk assessment and prevention efforts are still limited to 
single cases. The global problem of drugs in the environment, both human and veterinary, is being investigated. 
Despite advances in our understanding of its sources, fates, and effects, risk assessment and prevention efforts are 
still limited to single cases. As a result, such acts were summarized and categorized into the following groups in the 
presented review: 

A. pharmaceutical design, synthesis, and manufacture,

B. prescription, sales, and waste management, and 

C. source control using sophisticated technologies. 

Because the total number of proposed actions was determined to be fairly large, the pyramid of needs was used 
to propose a ranking based on the term of effects. The advantages of measures performed in the first steps of the 
pharmaceutical life cycle (acting upstream) over actions taken at the end of the pipeline and the use of modern 
technologies. With the help of expert opinions, technologies (the downstream option) were discussed.
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INTRODUCTION

In 1977–1978, the first reports on drugs in wastewater and natural 
water were published [1]. Since After that, understanding the 
sources, destiny, and ecotoxicology. The field of drugs has begun to 
progress. Pharmaceuticals have been found in groundwater, surface 
water, wastewater, soils, and biota all over the world [2,3]. Many 
pharmacological sources and mechanisms have been identified in 
general [4,5]. Pharmaceuticals can be utilised as indicators of surface 
and groundwater pollution caused by domestic wastewater because 
it is frequently cited as the principal source [6]. Non-wastewater 
emission pathways, such as aquacultures and wastewaters, are 
also relevant [7] derived from livestock In addition, in the case of 
particular groups of people, pharmaceuticals, and non-municipal 
wastewater routes may have the upper hand. The problem of 
pharmaceutical pollution in the environment is complicated, not 
only because of the multiple origins and complex fates [7] but also 
because of the numerous pharmacological substances in use. 713 
pharmaceutically active compounds were examined in wastewater 
and environmental samples, out of a total of 11,926 (https://www.
drugbank.ca/stats) [2]. There are no environmental toxicity issues 
with 88 percent of drugs information [8,9]. The assessment begins 

with an overview of upstream options, including design, synthesis, 
production, prescription, sales, and waste management. Then 
there's source control (aquaculture, hospital wastewaters, animal 
wastewater, residential and industrial wastewaters, runoff, landfills 
leaching, unintentional and intentional introduction of untreated 
wastewaters) and sophisticated treatment technology.

Pharmaceutical Development and Manufacture

Pharmaceutical consumption will increase for various reasons [9] 
the worldwide trend of population ageing and life span extension, 
economic expansion, intensified livestock husbandry, and climate 
change that exacerbates existing diseases. Malaria and dengue 
fever (Cavicchioli) are two examples of diseases (2019). The 
synthesis of environmentally friendly medications is based on 
the assumption that pharmaceuticals will easily disintegrate and 
be less hazardous to aquatic organisms after excretion, and that 
this can be accomplished by manipulating the chemical structure. 
This enhancement should not alter the active components or 
the mechanism of action during shelf storage. Alternatives to 
antibiotics include enzymes, peptides, vaccines, antibodies, phage 
treatments, immunological stimulation, prebiotics, probiotics, 
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essential oils, and herbal medications, among others [10-12]. In 
this era of antibiotic resistance, finding alternatives to antibiotics 
is more crucial than ever [13,14]. Synthesis of bacteria-specific 
antibiotics is one option. In addition, expiration dates must be 
re- evaluated. Most producers purposefully lower these or utilize 
a one-year standard value. Another challenge is the long-term 
environmental sustainability of medicinal ingredients [15]. As a 
result of such activities, pharmaceutical waste, as well as the costs 
associated with it patient.

Prescription and Sales of Pharmaceuticals

Prescriptions and sales of medications are increasing year after 
year, and will continue to do so in the next years [16] Despite the 
fact that the population of the Country expanded by 21% in the 
last decade, the number of prescriptions increased by 85 percent 
[17] a lot more 50 percent of People take prescription drugs on a 
regular basis, typically from multiple doctors. When the pathogen 
is diagnosed at a low level, medications are frequently administered 
or chosen incorrectly. When a patient takes medications “just in 
case,” it is referred to as a “just in case” condition is well-known, 
and it is the result of both specialist and patient pressure. An 
excellent example is when antibiotics are in short supply. Despite 
the fact that influenza is a viral condition, it is prescribed for it. 
Antibiotics are ineffective in treating this Infection. Prescription 
monitoring is especially significant in the case of elderly people 
who frequently take the same active ingredient from different 
specialists. Improvements in pharmaceutical prescription are a 
critical goal for the existing health-care system (Costa-Font and 
Gemmill) 2011 (Toyama). More importantly, disease prevention 
is the most effective way to reduce pharmaceutical use in the 
environment. An examination of population trends and the 
Prediction of trends in this area would be beneficial for effective 
decision-making. Developing a long-term strategy [18].

The following activities can help increase pharmaceutical sales:

Trial and installment dispensing in small quantities is a viable 
choice. This is particularly critical for medications with a short 
shelf life, such as aspirin.

The suitable packaging—the visibility of the expiration dates, as 
well as the dosing—should be improved. Furthermore, on the 
information leaflet attached to the packaging, information on the 
importance of returning outdated drugs to certain locations (most 
commonly pharmacies) should be provided and highlighted.

To avoid the circumstance where multiple specialists prescribed 
the same active ingredient, but with different names or modalities 
of application, an electronic and accessible online system of patient 
treatment history is needed (for example pills and syrup).

Returning leftover medications to the pharmacy through a system. 
Furthermore, this prevents the usage of this medicine in the future 
without first consulting an expert.

The standardization of pharmaceutical names for goods containing 
the same active ingredient, as well as for patients who buy them 
without knowing what they contain.

Eco-labeling enhances consumer choice and awareness, which in 
turn improves societal welfare (Li 2020).

Restriction on pharmaceutical advertising, particularly for 
painkillers and "lifestyle drugs." Medications used to treat 
non–life threatening and non–painful illnesses such as acne, 
balding, wrinkles, and erectile dysfunction are known as lifestyle 

pharmaceuticals. Pharmaceuticals used to "satisfy a non-medical or 
non-health-related objective" are another definition [19,20]. The 
majority of these are self-medicated.

Control of pharmaceutical sales on the internet. Large packages are 
frequently available for a low price and of unknown purity.

Control of the pharmaceutical illegal market. According to press 
reports, roughly 25% of medications are sold on the black market 
(according to World Anti-Doping Agency estimations), with a 
substantial percentage of them being counterfeit [21] anabolic 
androgenic steroids [22].

Advanced Treatment Technology and Source Control 
Consumers 

Waste management: The incorrect dumping of medications 
down sinks or toilets is one of the reasons for their prevalence in 
municipal wastewater. Of course, the best approach is to return 
to the programmer. The literature has an analysis of medications 
returned to pharmacies [23,24]. Because they are regarded as 
hazardous waste, medicines returned to pharmacies are typically 
disposed of by burning, including the packaging [25].

Storm water Runoff and Surface Runoff

Only by understanding the dynamics of storm water movement can 
storm water pollution be controlled [26]. Traditional stormwater 
treatment systems are mechanical (screens, sieves, separators, 
filters), physicochemical (fotation, focculation, sedimentation) 
and biological (fotation, focculation, sedimentation) biotic 
(ponds, marshes, sand flters), and through reducing emissions 
filtration, storage, and application. Stormwater treatment from 
hydrophobic contaminants has already been proposed [27,28] but 
pharmaceuticals would almost certainly require more expensive 
materials and procedures more sophisticated technology.

Advanced Technology for Water Treatment

The benefits and drawbacks of various procedures (wastewater 
treatment plants (WWTPs) with activated sludge treatment, 
WWTPs with biological sludge treatment, etc.) membrane, 
coagulation, artificial wetlands, chlorination. Bioreactors, micro-, 
ultra-, and Nano filtration, reverse osmosis, ozonation, photo 
catalysis, and advanced oxidation processes are all examples of 
advanced oxidation processes. (Photocatalysis, Fenton, and photo-
Fenton are examples of AOPs.) Medications are being phased 
out (in terms of efficiency, toxicity of products, cost, technical 
operation, among others).

Sewage from Industry

Because there are no regulatory limitations for pharmaceuticals, 
monitoring of industrial wastewater is currently focused on 
fundamental indicators such as COD, BOD, and heavy metal 
concentrations. For the reduction of such point sources of 
pharmaceuticals in the environment, the general rule of prevention 
and “Best Available Technique” must be implemented [29]. 
Regular monitoring will provide evidence for decision-makers to 
demand that the quality of treated wastewater be improved in the 
pharmaceutical manufacturing industry.

Sewage from Hospitals

Hospitals produce a variety of liquid and solid wastes, which 
have different criteria around the world [30]. There is no specific 
management directive in Europe of sewage from hospitals 
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Nonetheless, member nations have expressed their dissatisfaction 
with the current system their own set of rules. In general, hospital 
wastewater should not be discharged directly into surface water. 
It is advised that treatment and disposal into surface water or 
pretreatment and disposal into WWTPs be done. The WHO 
advice can be found in the book "Safety in the Workplace."

Waste Management from Health-Care Activities” (2nd Edition, 
Geneva, 2014) [31]. The simultaneous reduction in antibiotics 
together with antibiotic resistance genes by advanced technology 
(membrane bioreactor treatment (MBR), ozonation, granulated 
activated carbon (GAC) and UV treatment) was presented in a real 
case study.

Agricultural Waste Water

Although a direct harmful effect from this concentration is 
improbable, with a continuous flow of animal effluent, a change in 
the bacteria community was seen [32]. Currently, more countries 
are banning the use of antibiotics which are important for human 
treatment and for livestock use. Some procedures must be used 
promptly to reduce the possibility of pharmaceuticals posing a health 
risk to wildlife and humans due to the presence of antibiotic resistance.

Fisheries

Because of direct contact with aquatic organisms and bacterium 
resistance to the antibiotics already described, the use of antibiotics 
in fish production is a hazard for the environment (reviewed in 
(Santos and Ramos 2018)). Vaccines are available, although they 
have limits, particularly in the case of crustacea. Other options 
include bacteriophages, microbiota, phytobiotics, postbiotics, 
prebiotics, probiotics, and synbiotics (all of which are discussed in 
[33], with details on the benefits and drawbacks of each technique).

Dumpsites

It has been reported that landflls have polluted groundwater 
[34,35]. Some medications have been found in such high amounts 
that they pose a serious threat to groundwater quality [36]. There 
are treatment options for such wastewater [37,38] and they are 
effective in terms of standard regulated parameters. Mixing with 
municipal wastewater, recycling, anaerobic and aerobic systems, 
coagulation/focculation, and sorption on carbon materials are all 
part of this excellent treatment [39]. On the one hand, leachates 
from wastewater will be decreased as a result of stricter rules and 
a greater number of new landfills with appropriate groundwater 
protection equipment. As a result, the most effective action is to 
avoid dumping medications in landfills.

Plants that Cleanse Waste Water

Several variables may contribute to the presence of medicines in 
municipal wastewater. To begin with, medications are applied orally, 
inhaled, or applied topically, and their incomplete metabolism in 
the human body results in a discharge into household wastewater. 
Despite the significant expense of implementing and operating 
new technologies, numerous EU countries have begun this 
process, Switzerland, for example, began executing a plan in 2016 
to invest in upgrades to limit the discharge of micropollutants into 
the aquatic environment from its sewage treatment facilities using 
an ozonation method in 100 of the 700 WWTPs that exist in the 
country [40,41]. Given that, even if advanced treatment techniques 
were used, some pharmaceutical material would eventually find up 
in surface, ground, and drinking water, a preferable answer is to 
focus on the "pipe's beginning." 

Untreated Wastewater is introduced by Accident or on 
Purpose

The last source, which is unquantifiable and has, yet to be 
calculated, is the deliberate or unintentional entry of untreated 
wastewater. Investing in the modernization of the sewage system, 
as well as linking all houses to sewage systems, are all ways to 
avoid this source of pollution and the storm water sewage system, 
as well as monitoring and linking it to the sewage system of the 
municipality. Furthermore, there is a need to search for unlawful 
wastewater dumps, implement external controls in pharmaceutical 
factories, and improve sanitation. Permitting systems.

Prioritization of Actions

It is difficult to manage, but it is also difficult to perform. Some 
2006 insights provide an expert appraisal of important aspects in the 
pharmaceutical problem management (Doerr-2006 MacEwen and 
Haight). In interviews (open-ended and closed-ended questions), 
a group of 27 experts from university, government, and industry 
were questioned for their opinions. Respective perspectives on 
the effectiveness and viability a set of actions: Rules governing 
the production of green medications, as well as risk assessment 
regulations Advanced therapy was the most successful choice in 
terms of effectiveness (the highest ranking score), Experts, on the 
other hand, believe that this is not the case. It would be difficult 
to put into practice. It was observed that the only low score was 
for “green medication manufacturing incentives.” The most 
important thing to do is to improve human and animal health. 
Experts in several sectors have emphasized the need of working 
upstream of the pharmaceutical life cycle and the benign-by- design 
concept. In both veterinary and human medicine, the concept is 
desirable. Several activities taken at this stage have been linked to 
human benefits, as they improve pharmaceutical safety. Advanced 
therapeutic technologies, as well as a short-term solution. When 
alternative options aren't available, this method should be used 
impossible [42-45].

CONCLUSION

Within the notion, the logical consequence of action effect 
equality for humans and the environment is linked to 
mutually inseparable dependencies. Working upstream in the 
pharmaceutical life cycle reduces the influence of not just native 
chemicals, but also metabolites and transformation products 
produced during advanced treatment. This broad spectrum of 
efforts for pharmaceutical minimization should be undertaken 
in parallel by numerous participants, worldwide and at various 
organizational levels: scientific establishments, manufacturers, 
governments, non-governmental organizations, Households and 
industry. Optimistically, following a review of the literature from 
1990 to 2018, it is clear that there are growing worries about 
pharmaceutical contamination. Environmental issues, as well as 
remediation activities.
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