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Introduction to the Issue 

Pharmaceuticals are substances used in the diagnosis, treatment or prevention of disease and for restoring,               

correcting or modifying organic functions.1 In 2017, the pharmaceutical industry valued around $1143.3             

billion, and according to research by Quintiles IMS Institute, this number is expected to rise to $1.5                 

trillion by 2021, with North America, Europe, and Japan as the greatest markets. Of the global spending                 

on pharmaceuticals, the US alone makes up 45% of the pharmaceutical revenues, valuing $446 billion in                

2016.  

 

The growing concerns for the environmental threats of pharmaceuticals started in the late 90s, where the                

research in the area started growing exponentially. As a result of multiple research done on the topic, it                  

can be confidently said that pharmaceuticals pose a great threat to the wildlife, as it can damage the biota                   

of the regions highly exposed to it. The main source of pharmaceuticals is human and animal excretion of                  

bioactive substances. Most of the time, pharmaceuticals make their way into the environment through              

sewage systems or MMWPs. (municipal wastewater treatment) Another important method in which the             

pharmaceuticals reach the environment is through their incorrect disposal after use.  

 

Due to of the growing concern around the issue, Target 6.3 of the 12th Sustainable Development Goals                 

UN set for 2030 have been dedicated to decreasing amount of chemicals and pharmaceuticals in the                

environment: ‘’Improve water quality by reducing pollution, eliminating dumping and minimizing release            

of hazardous chemicals and materials, halving the proportion of untreated wastewater and substantially             

increasing recycling and safe reuse globally’’. 
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Involved Countries & Organizations 

India 

India is the largest provider of generic drugs globally, as it supplies 20% of the global market, and exports                   

to over 200 countries. It also supplies 50% of the global demand for multiple vaccines and 40% of the                   

generic drug demands in the US. The Indian pharmaceutical market valued over $12.29 billion in 2018.                

India is preferred by multiple foreign companies due to its cheap labour, production and marketing costs.                

The Indian government is quite keen on expanding the medical market even further. In the ‘’Pharma                

Vision 2020’’ the Indian government aims to make India the world leader in all of the stages of                  

pharmaceutical production. With the aim of honoring its ‘’Made in India’’ policy, the government has               

lifted restrictions on plant expansion, to benefit the producers. The medical spending in India is expected                

to increase 9-12% over the next few years, and the Indian pharmaceutical exports are anticipated to                

surpass $19 billion by the end of 2019. 

 

Although the government hopes to strengthen the medical market in India, environmentalists are             

concerned with the increasing pharmaceutical pollution in natural water sources. A 2011 report stated that               

the 70% of India’s surface water and an an increasing number of its underground water resources ‘’were                 

contaminated by biological, toxic, organic and inorganic pollutants’’. This percentage had risen to             

75-80% by 2015. To make matters worse, India has quite a poor water treatment system. In fact, it has                   

been reported that in most parts of the country only 31-32% of the water was treated, with the only two                    

exceptions being Delphi and Mumbai with 69%. As one could predict, this level of contamination has                

caused Indian waters to become a breeding ground for more than 50 different types of drug-resistant                

microbes. As the organisms are subjected to so much pharmaceuticals they adapt to overcome the               

pharmaceutical, and such microbe and bacteria are often referred to as ‘’superbugs’’ and they have been                

growing at an alarming rate especially near the sewage disposals. What’s worse is that some of these                 

organisms have been detected to be antibiotic resistant. There is a growing amount of evidence that                

suggest such bacteria are spreading to other countries. These superbugs were found in the blood and urine                 
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samples of patients from over 40 different countries. A Swedish study carried out in 2010 saw that out of                   

the 8 travelers who went to India 7 of them returned with a drug-resistant bacteria in their gut.  

 

India’s Central Pollution Control Board (CPCB) proclaimed that the number of rivers in India which are                

defined as ‘’polluted’’ have doubled (if not increased more) in just these past few years from 121 to 275.                   

If the alarming degree of pollution in India isn’t tackled properly, it can cause antibiotic resistant bacteria                 

to develop and potentially lead to an uncontrollable global catastrophe.  

 

China 

China is the world’s largest producer and consumer of antibiotics, and had accounted for 60% of the                 

world’s antibiotic output in 2003. A 2009 study by Yang Ying collected 20 surface water samples from                 

the Bijiang River. When placed in LB agar (nutritionally rich medium, used to grow bacteria) 17 out of                  

the 20 samples bacterias sprouted up to form colonies, and out of these 17 samples, bacterias in 14 of                   

them showed a resistance towards tetracycline (an antibiotic). The fact that 70% of the samples contained                

antibiotic resistant bacteria, shows how common ‘’superbugs’’ have become in some regions of China.              

The spreading of antibiotic resistant bacteria is a growing concern in China.  

 

When Xi Ping took office in 2013, one of his agendas was to improve the environmental state of the                   

country. In the April of 2017, the government announced a year-long plant inspection in Beijing, Tianjin                

and 26 other smaller cities in the region, employing over 5,000 inspectors. One of the major types of                  

pollution the government aimed to reduce was pharmaceutical pollution. Before coming to an end in               

2018, the government inspected 5,322 businesses and found that 1,389 of them weren’t following the               

environmental regulations. The companies were subject to several penalties and some were even shut              

down. 

 

Besides the government following a more environmentally conscious policy for pharmaceuticals, there is             

still a considerable amount of pharmaceutical pollution. Still, the government wishes to expand its              

medical market. China has become a profitable ground for foreign investors due to its large population                
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(with large percentage of elders) and an approximate of 4 million cancer patients annually. The time for                 

approving a drug in China has decreased as a result of Xi Ping’s ‘’Made in China 2025’’ initiative, which                   

places great importance on pharmaceuticals. With this policy China wishes to expand and grow its market                

for medical products. China is currently the 2nd largest national market for pharmaceuticals valuing              

around $122 billion.  

 

USA 

The USA is the biggest national market for medical products in the world. It is responsible for 45% of the                    

medical market, with the American market valuing approximately $446 billion. The main countries the              

US imports pharmaceuticals from are Ireland, Germany, Switzerland, Israel, and India. Due to its large               

imports, it would not be a surprise that the US is facing similar environmental concerns to those of EU                   

and Canada. However, the severity of pharmaceutical pollution is by no means comparable to the               

pollution in India or China.  

 

Detailed Analysis of the Issue 

A Brief History of the Pharmaceutical Industry 

Up until the 16th century, the medical industry was in the hands of Chinese, Hindu and Mediterranean                 

civilizations. Some of their treatments and drugs have provided a base for modern medicine tor grow on.                 

For example, the Ancient Chinese used ma huang in order to treat asthma, lung and nose congestion as                  

well as fever. Today, we use ephedrine, the compound that made up 90% of the plant, to treat cold and                    

some allergies.  

 

After the 16th century, the lead role of the pharmaceutical industry shifted to Europe, and in 1546, the                  

first pharmacopeia was published in Germany. The pharmacopeia was the first collective list of drugs and                

other medical chemicals with the instructions on how to make them. This was a major step towards                 

developing the scientific methods of pharmacy, as before this date, there existed no instructions on how to                 

make a certain drug, which resulted in them varying in their components and concentrations. Another               
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milestone was taken in the name of medicine when Edwards Jenner, an English physician and scientist,                

inspired by cowpox disease in cows, developed an ‘’immunization procedure’’ and invented the smallpox              

vaccine. Due to his great contributions, smallpox has been eliminated as a disease.  

 

The 19th century saw plenty of medical innovations. New pharmaceutical classes such as             

sedative-hypnotic (sleep producing), antipyretic (fever reducing) and analgesic-antipyretic (relieving pain          

or fever) drugs. In 1842, for the first time, ether was used as an anesthetic drug during surgery. This                   

allowed surgeons to pay more attention to possible tissue damages during surgery and allowed for the                

development of more complex medical practices. All things said the most groundbreaking innovation in              

medicine in this century has to be that of Aspirin in 1899. Aspirin as an anti-inflammatory and                 

analgesic-antipyretic drug became one of the most popular drugs and is still in use today. Alongside these                 

accomplishments, throughout the 19th century many compounds - such as morphine, quinine, colchicine,             

cocaine- were isolated from their plants. Such a development meant that accurate doses of drugs could be                 

administered to the patient, while it also meant the decrease in the toxic effects of some drugs due to                   

impurities. The isolated compounds were analyzed during the century and age of synthetically produced              

pharmaceuticals began.  

 

As the benefits of scientific/medical research were acknowledged by the general public, in the 20th               

century, the governments started supporting such research and NGOs concerned with research were             

established in multiple countries. Such support wasn’t wasted. In 1910 German scientist Paul Ehrlich,              

found arsphenamine to treat syphilis (an STD that causes sores on genitals) and referred to his treatment                 

as chemotherapy, is the first of its kind. In 1922 a team led by Frederick Banting purified insulin and                   

performed a trial treatment on a 14-year-old boy with severe diabetes. This operation became the first in                 

successfully treating patients with diabetes, through the use of pancreatic extracts. The most notable              

discovery of the 20th century is undeniably that by Alexander Fleming in 1929, with the discovery of the                  

penicillin. His discovery revolutionized the way serious bacterial infections were treated.  
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Most Common Pharmaceuticals in Water 

A research group led by Kleywegt analyzed the number of pharmaceuticals found in 256 samples               

collected by the Ontario Ministry of the Environment. The group examined 48 contaminated compounds              

(source water or finished drinking water) and saw that 27 of them were frequently observed in the                 

samples. The most frequently detected compounds were: Carbamazepine, Ibuprofen, Gemfibrozil, and           

Bisphenol A. The research concluded that the number of pharmaceuticals found in drinking water was               

way below the levels that could affect human health.  

 

How do pharmaceuticals make their way into the environment? 

The mains source of pharmaceutical waste is through human and animal excretion. A study found that                

30-90% of the active material of a pharmaceutical in an oral dose isn’t absorbed by the body but instead is                    

excreted. The feces and urine that is excreted from the body, still contains bioactive compounds, meaning                

that if they are not distilled properly the bioactive chemicals can easily leak into the environment.                

Another big source of pharmaceutical pollution is the incorrect disposal of drugs. Technically, unused or               

expired drugs should be dropped off to pharmacies where they can be sent to a special waste yard and                   

burnt. However most of the time uninformed consumers decide to dispose of the drugs by               

pouring/throwing them down the toilet or sink.  

 

Most common way pharmaceuticals leak into natural water reserves and the soil is through sewage               

systems. The municipal wastewater treatment process in sewage systems is based on the oxidation of the                

water sample in order to remove the contaminants. However, this process isn’t enough to separate most of                 

the pharmaceutical compounds and chemicals that might be present in the wastewater. To put it simply,                

the techniques used to treat wastewater isn’t designed to separate pharmaceuticals. However, in some              

water treatment facilities advanced techniques such as particle removal, ozone oxidation, and activated             

carbon absorption has been shown to prove useful.  
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Pharmaceuticals’ Effects on Wildlife and ABR 

As mentioned before, it was in the late 1990s when pharmaceuticals in the environment became an                

evident concern for ecologists. This sudden increase in interest and concern on the matter is not without a                  

cause. The pushing cause was the population crash of vultures in India because of their exposure to a                  

certain pharmaceutical. (This would, later on, spread to affect Pakistan as well) This pharmaceutical was               

an anti-inflammatory drug called diclofenac and was given to cattle in order to treat their pain and fever.                  

Since a large portion of India is made up of Hindus who do not eat meat for religious reasons, most of the                      

cattle caresses were left for vultures to feed on. When vultures from the genus Gyps feasted on cattle,                  

including those who have been given the drug, they experienced abdominal gout and acute kidney failure,                

because the species were sensitive to diclofenac. Due to this mishap, between the years 2000 and 2007,                 

the South Asian vulture population underwent an annual population decline of 40%. Today, Pakistan has               

lost 90% of its Gyps vultures, while India has lost 95%. Similar cases have been reported for Gyps                  

vultures in Africa and Europe, but there hasn’t been a dramatic population crash such as the one in India                   

and Pakistan.  
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Another case that has drawn global concern is the feminization of male fish. A collective research study                 

by the American and Canadian governments, which was conducted on the fathead minnows of The Great                

River Watershed in Ontario, Canada. In the study, the scientists purposely subjected fish to the hormone                

17-a ethinylestradiol (found in birth control pills) with a concentration of 5 nanograms per liter.               

Normally, the fathead minnows reach sexual maturity in 2 years after birth and only live through one                 

mating season. However, in the study, it was observed that the sexual development of male fish was                 

disturbed by the given hormone. The testicular growth of the male fish halted, and subsequently, the                

production of early-stage eggs began. Due to the overproduction of eggs and lack of sperms in the                 

population, the population crashed within 2 years. The fish who are born male but start to show feminine                  

behaviour due to external factors are often referred to as ‘’intersex’’ as they carry both male and female                  

characteristics. The feminization of fish is not as rare as one would expect. On the contrary, over the last                   

few years, such cases have become more and more common, especially in the US, where there is a high                   

concentration of pharmaceutical waste in the water (this is directly related with the US being the world’s                 

biggest consumer of pharmaceuticals). Sightings of intersex fish were reported by LA Times in              

Susquehanna, Delaware and Ohio river basins in Pennsylvania. The intersex fish are even more common               

in areas surrounding a sewage discharge. According to a report by Peter Iwanowicz, the intersex fish                

made up 82-100% of the overall smallmouth bass (a fish species) population in some parts of the US. It is                    

important to note, that intersex fish are not only observed in the US but also throughout Europe (i.e. Italy,                   

Belgium, Spain) and Canada.  

 

The two cases mentioned above are the most extreme cases of pharmaceutical impact on biota so far.                 

There are other claims of pharmaceutical impact on wildlife, such as the feminization of frogs in New                 

England. However, as the field is quite new, there is a lack of research done on the subject.  

 

Another feared consequence of pharmaceutical pollution is drug-resistant microbes and worse antibiotic            

resistant (ABR) bacteria. Such cases are not improbable as there has been an increasing number of reports                 

about superbugs, especially in India and China. (Although this is of global concern, since the source of                 
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the problem is quite local, it is explained individually under India and China. For more detail, see                 

Involved Countries and Organizations) 

 

List of Important Events 

Date (Day/Month/Year) Event 

1790 Edwards Jenner discovered the penicillin. He was inspired by         

cowpox, and development ‘’immunization procedure’’ 

1889 The discovery of penicillin.  

1929 Alexander Fleming discovered the penicillin. This discovery       

revolutionized the treatment of serious bacterial diseases.  

The late 1990s, Early 2000s The population crash of Gyps vultures in India and Pakistan 

8-9 April 2014 The ‘’Pharmaceuticals in the Environment’’ international      

workshop was held in Geneva Switzerland.  

 

Past Resolutions and Important Documents 

There is no UN resolution regarding the issue yet.  

 

This is an EU resolution on the environmental effects of pharmaceuticals. It was tabled: 

http://www.europarl.europa.eu/doceo/document/A-8-2018-0257_EN.html?redirect 

Pharmaceuticals in the Environment -- Result of EEA Workshop: This is a technical paper and contains a                 

lot of good and specific statistics about Pharmaceuticals’ environmental effects that threaten Europe. 

https://www.eea.europa.eu/publications/pharmaceuticals-in-the-environment-result-of-an-eea-workshop/fi

le 
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Regulating the Environmental Impact of Pharmaceuticals: Has good explanations and analysis about the             

previous actions taken on the matter and has good suggestions to improve the issue.  

http://www.pharmtech.com/regulating-environmental-impact-pharmaceuticals 

 

Past Attempts to Solve the Issue  

Various European countries such as Finland, Germany, and Sweden have actively participated in multiple              

research, studies and surveys. Finland has also opened 20 facilities to separate these pharmaceuticals from               

the water. The IMI (Innovative Medicines Initiative) has started the Ecorisk Prediction Project, which              

besides other goals focuses on closing knowledge gaps on environmental effects of pharmaceuticals. The              

project is funded by the EU and European Federation of Pharmaceutical Industries and Associations              

(EFPIA). In June 2014, ‘’Review on Antimicrobial Resistance’’ was commissioned the United Kingdom             

Prime Minister, and the final version was produced in the summer of 2016. The report focused on what                  

could be done globally to tackle the issue of growing drug-resistant bacteria/microbes. Another important              

action taken was the international workshop between 8-9 April 2014, called ‘’Pharmaceuticals in the              

Environment’’ in Geneva, Switzerland. It focused ‘’global occurrence, effects, and options for actions.’’  

 

Possible Solutions 

To solve the issue, the public should be educated on the correct methods of the disposal of                 

pharmaceuticals. There should be a central system for the disposal of pharmaceuticals. Advanced water              

treatment techniques (mentioned in previous sections) should be put in place in wastewater treatment              

facilities to ensure pharmaceuticals separated from the water. Also, a prioritization scheme could be made               

to identify and focus on the elimination of high-risk pharmaceuticals. These should be made on both                

international and national levels.  
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