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• Pharmaceuticals: concern

when residues enter water

systems

• APIs in soils, water, sediments,

organisms, drinking water

• Main source: urban wastewater

effluent

• Cause harm to aquatic life and

raise concerns about long-term

human health & antimicrobial

resistance

Pharmaceutical Pollution: an Invisible but 

Widespread Issue

Source: aus der Beek, T. et al. (2016), “Pharmaceuticals in the environment-Global 

occurrences and perspectives”, Environmental Toxicology and Chemistry, Vol. 35/4, pp. 

823-835, http://dx.doi.org/10.1002/etc.3339



Pharmaceutical Pollution: an Invisible but 

Widespread Issue

APIs are a challenge to manage:

• Potent at low doses → harmful even in tiny amounts

• Designed to be persistent → slow to degrade

• Continuously released → faster than they break down

• Not removed by standard wastewater treatment

→ What are the risks?



Environmental Impact: Aquatic Life Disruption

Source: OECD (2019), Pharmaceutical Residues in Freshwater: Hazards 

and Policy Responses, OECD Studies on Water, OECD Publishing, 

Paris, https://doi.org/10.1787/c936f42d-en.

• Hormones (e.g. from birth control)

cause feminization of male fish →

collapse of fish populations

• Psychiatric drugs alter fish behaviour

(e.g. more aggression, less caution) →

disrupted food webs & biodiversity loss

• Bioaccumulation & trophic transfer:

drug residues move up the food chain →

exposes predators (and humans) to

harmful residues

https://doi.org/10.1787/c936f42d-en


Human Health Concerns : Antimicrobial 
Resistance (AMR)

• Antimicrobials (antibiotics, 

antifungals, antivirals) enter water 

through wastewater, excretion, 

and agriculture.

• Microorganisms exposed to low 

concentrations develop 

resistance.

• Resistant strains spread 

through water, food, or contact, 

reaching humans.Source: Antibiotic Resistance – How It Spreads, World Health Organization (WHO)



Human Health Concerns : Antimicrobial 
Resistance (AMR)

Current Situation :

• 700,000-1.3 million deaths globally per year 

(WHO, UN Environmental Programme).

• Increasing difficulty treating previously 

manageable infections.

Projected Health Crisis by 2050 :

• Deaths from AMR may surpass those from 

cancer (up to 10 million/year).

• Routine procedures (e.g., surgeries, childbirth, 

chemotherapy) become higher-risk.
Source: Bracing for Superbugs 2023 (UN Environmental

Programme)



Human Health Concerns : Endocrine Disruptors 
& Antidepressants in Water

Endocrine Disruption

• Hormone-like pharmaceuticals (e.g., synthetic estrogens) disrupt hormonal balance, even at 

low doses.

• Associated with infertility, early puberty, breast and prostate cancers.

• Particularly harmful to fetuses, infants, and reproductive health.

Antidepressants in Water

• Trace levels (e.g., fluoxetine) have been detected in drinking water.

• May influence mood, behavior, and neurodevelopment, especially in children.

• Long-term effects remain uncertain, but growing evidence raises concern.



Economic & Social Costs

• Healthcare costs rise due to longer hospital stays and resistant infections.

• Water treatment upgrades to remove pharmaceutical residues become costly for cities 

and taxpayers.

• Agriculture and fishing are impacted when drug residues contaminate food and disrupt 

ecosystems.

The Cost of Inaction:

• Billions more spent on treatments and infrastructure.

• Drinking water may become unaffordable for vulnerable groups.

• Food supply chains and rural economies at risk.



Progress in Assessing Pharmaceutical 
Pollution

Improved Analytical Methods:

• Highly sensitive techniques now identify extremely low 

pharmaceutical concentrations.

• Enable precise tracking of environmental pollution levels.

Predictive Models (QSARs):

• Compensate for data gaps regarding pharmaceutical persistence 

and mobility.

• Inform regulatory prioritization and safer chemical development.



Progress in Assessing Pharmaceutical 
Pollution

Detection: using 
instruments (e.g., 

mass 

spectrometry) to 

sense the 
presence of 

pharmaceuticals in 

environmental 

samples

Identification: 
pinpointing 

specific 

compounds and 

their 
transformation 

products within 

the detected 

signals

Quantification: 
Measuring the 

concentrations of 

these compounds, 

even at trace 
levels, to assess 

exposure risks and 

treatment 

effectiveness



Technological Solutions to Mitigate 
Pollution

Advanced Wastewater Treatment 
Technologies:

• Ozonation, activated carbon adsorption, 
ultrafiltration.

• Full-scale post-ozonation combined 
with powdered activated carbon effectively 
reduces micropollutants.

Bioremediation Approaches:

• Microbial degradation as a complementary, 
sustainable option.

Industry Initiatives:

• Advanced on-site wastewater treatment 
solutions reducing pharmaceutical 
emissions.

Source: OECD studies on water - 2019



Policy Developments and Collaborative 

Stewardship

• EU Regulatory Actions:

• Environmental Risk Assessments (ERA) for APIs mandatory since 2005.

• EU Chemicals Strategy for Sustainability (CSS) targeting PMT/vPvM 
substances.

• Safe and Sustainable by Design (SSbD):

• Pharmaceutical industry's proactive approach to reducing environmental 
harm from the design phase.

• Eco-Pharmaco Stewardship (EFPIA) as a model for industry collaboration.

• Disposal and Application Guidelines:

• National return programs for unused medications.

• Guidelines for manure and biosolids application to reduce agricultural 
pollution.



Achievements, Remaining Challenges, and 

Future Directions
Source: OECD 

studies on water 

2022

Map generated on 
VS code 



◼ Incomplete and Uneven
Regulations:

• Lack of data from certain 
countries

• Lack of strict and 
harmonized regulation

• Sometimes difficult to track 
the active ingredients of 
compounds

What obstacles are preventing further 

progress 

Source: Wilkinson JL, Boxall ABA, Kolpin DW, Leung KMY, Lai RWS, Galbán-Malagón C et al.
Pollution pharmaceutique des rivières dumonde. Proc Natl Acad Sci USA



What obstacles are preventing further 

progress 

◼ Inadequate Wastewater
Treatment Plants:

• Lack of economics 
resources in developing 
countries

• Only a few countries use 
advanced technologies

Source: OECD (2019), Pharmaceutical Residues in Freshwater: Hazards and 

Policy Responses, OECD Studies on Water, OECD Publishing, Paris



What obstacles are preventing further 

progress 

◼ Insufficient awareness and waste management

Source: OECD (2022), Pharmaceutical Residues in Freshwater: Hazards and Policy Responses, OECD 

Studies on Water, OECD Publishing, Paris



What solutions can overcome these 

challenges?

Act across the full 

life cycle: green 

design, LCA, 

regulation

Improve treatment: 

activated carbon, 

wetlands, ozonation

Enhance 

monitoring: sensors, 

modelling, 

biomonitoring

Make ERA 

mandatory — even 

for legacy 

substances

Engage 

stakeholders: health 

professionals, 

industry, citizens

Support take-back 

systems and green 

procurement



What solutions can overcome these 
challenges?

◼ Visual overview of the main 

emission pathways — a 

reminder that environmental 

solutions must address the 

entire pharmaceutical chain.

Source: OECD (2022), Pharmaceutical Residues in Freshwater: Hazards and 
Policy Responses, OECD Studies on Water, OECD Publishing, Paris



Achievements, Remaining Challenges, and 

Future Directions

Achievements:

• Improved international awareness and regulatory responses.

• Technological advancements reducing pharmaceutical residues 
significantly.

Remaining Challenges:

• Need for broader global participation and harmonization of regulations.

• Addressing complexities in global pharmaceutical production and 
environmental impact.

Future Directions:

• Further integration of Safe and Sustainable by Design principles.

• Ongoing development and refinement of predictive and detection 
methodologies.



Concepts and Tools for Sustainable Chemicals Manufacture

Thank you for 

your attention!
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