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Regulatory framework



Specific characteristics of pharmaceuticals in the 
environment

1) High pharmacological potency

2) Lipophilicity + potential effects on non-target organisms

3) Resistant to (bio)degradation, e.g., WWTPs

4) Can take multiple forms with different biological activities

5) Have never been tested in many non-target species

6) What about interactions when present in very complex

mixtures?



Specific characteristics of pharmaceuticals in the 
environment

Main sources of medicinal drugs in the wild

1) Domestic sewage after excretion

2) Drugs discarded in the sewage system

3) Urban residues

4) Industrial effluents

5) Hospital sewage

Result: presence in the aquatic compartment – adverse effects in aquatic

organisms – how to address it?



Developments in the Ecotoxicological Assessment of 
Drugs

First approach – calculation of lethality and

growth inhibition

Clofibric acid: 526.5 mg/l 

Clofibrate: 7.7 mg/l 

Diazepam: 12.7 mg/l 

SDS: 15.1 mg/l 

Classic ecotoxicological tools – standardized

tests; eg.: OCDE – lethality, growth

- Even considering an LC50 7.7mg/l – 3 orders of magnitude above what is reported to

occur in the wild

- Low ecological relevance – tools of classic toxicity are not suited to study medicinal

products – need to integrate biomarkers



Developments in the Ecotoxicological Assessment of 
Drugs

Changing the paradygm

Biomarkers

- Subindividual parameters

- Neurotoxicity, energy and detoxification metabolism

- Energetic balance

- Antioxidant defense and oxidative damage

- Epigenetic changes

- Exposure of test organisms to low levels – similar to those already reported to occur

in the environment

- Chronic exposures – similar to what happens in real life

- Integration of data to ascertain impact on ecological relevant traits



Behavioural biomarkers in

microcrustacean species

Developments in the Ecotoxicological Assessment of 
Drugs

https://cfb.unh.edu/cfbkey/html/Organisms/CCladocera/FDa

phnidae/GDaphnia/Daphnia_magna/daphniamagna.html



Behavioural biomarkers in

microcrustacean species

Paracetamol

- Significant behavioral changes in two species of the genus

Daphnia

- Opposite changes in both species

- Behavioral patterns were distinct according to the levels

and durations of exposure

- Ecological importance

Developments in the Ecotoxicological Assessment of 
Drugs



Behavioural biomarkers in fish species

Medicinal drugs such as diazepam, paracetamol, clofibric acid,

carbamazepine, fenitoine e zinc pyrithione

- Significant behavioral changes in fish

- Changes in swimming patterns

- Thigmotaxis

- Altered feeding

- Increased levels of aggression

Developments in the Ecotoxicological Assessment of 
Drugs



Behavioural biomarkers in aquatic

organisms (polychaetes)

Pharmaceutical drug ciprofloxacine

- Strong behavioural changes in polychaetes

- Increase in burrowing time

- Impairment of mobility

- High ecological relevance – increase in

predation

Developments in the Ecotoxicological Assessment of 
Drugs



Behavioural biomarkers in aquatic

organisms (polychaetes)

Developments in the Ecotoxicological Assessment of 
Drugs



Behavioural biomarkers in aquatic

organisms (polychaetes)

Pharmaceutical drug ivermectin

- Strong behavioural changes in polychaetes

- Increase in burrowing time

- Impairment of mobility

- High ecological relevance – increase in

predation

Developments in the Ecotoxicological Assessment of 
Drugs



Biomarkers such as epigenetic changes,

combined with other effects

Medicinal products, such as paracetamol and ciprofloxacine

- Strong behavioural changes in fish

- Epigenetic changes

- Changes in metabolism (detoxification, energy)

- Oxidative stress

https://blog.biobide.com/danio-rerio-everything-you-need-to-know

Developments in the Ecotoxicological Assessment of 
Drugs



Physiological biomarkers in plants

Medicinal drugs such as carbamazepine, paracetamol and diclofenac

- Reduction in the content of photosynthetic pigments (clorophyls)

- Reduction in auxiliary pigments (charotenoids)

- Changes in growth and in photosynthetic efficiency in aquatic plants of

the genus Lemna

- Great ecological relevance – impacts on producers

https://www.flowgrow.de/db/aquaticplants/lemna-spp

Developments in the Ecotoxicological Assessment of 
Drugs



Biomarkers involved in regulation of inflammatory processes

Paracetamol

- Impairment of cycloxigenase (COX) activity in

mussels

- COX – involved in the regulation of

inflammatory processes

- Impact on celular and tissue homeostasis

https://www.flowgrow.de/db/aquaticplants/lemna-spp

Developments in the Ecotoxicological Assessment of 
Drugs

https://www.marlin.ac.uk/species/detail/1421



https://www.flowgrow.de/db/aquaticplants/lemna-spp

Biomarkers of oxidative stress

The case study of paracetamol – a giant headache

Developments in the Ecotoxicological Assessment of 
Drugs



https://www.flowgrow.de/db/aquaticplants/lemna-spp

The assessment of oxidative stress caused by paracetamol was conducted in multiple

aquatic species

- Bivalves: Corbicula fluminea, Ruditates decussatus, Ruditapes philipinarum

- Fish: Onchorrynchus mykiss, Gambusia holbrooki, Danio rerio, Anguilla anguilla,

Phaloceros harpagos

- Aquatic plants: Lemna gibba, Lemna minor

- Microcrustaceans: Daphnia magna, Daphnia longispina, Ceriodaphnia dubia

- Polychaetes: Hediste diversicolor, Diopatra neapolitana

All of these species, without exception, demonstrated that paracetamol, at

concentrations similar to those already reported in the environment, can exert

adverse effects, namely by inducing oxidative stress

Developments in the Ecotoxicological Assessment of 
Drugs

Biomarkers of oxidative stress

The case study of paracetamol – a giant headache



Biomarkers of oxidative stress

Developments in the Ecotoxicological Assessment of 
Drugs

The case study of paracetamol – a giant headache



https://www.flowgrow.de/db/aquaticplants/lemna-spp

In addition to the oxidative stress caused by acetaminophen, an unexpected pattern of 

toxicity was observed in crustacean species

- Crustaceans appear to be consistently

more sensitive than other groups of

organisms to exposure to acetaminophen

- Acetaminophen is an endocrine disruptor

for crustaceans

- It disrupts the physiological function of an

enzyme that produces a hormonal

precursor for molting

Biomarkers of oxidative stress

The case study of paracetamol – a giant headache

Developments in the Ecotoxicological Assessment of 
Drugs



https://www.flowgrow.de/db/aquaticplants/lemna-spp

Biomarkers of oxidative stress

The case study of paracetamol – a giant headache

In addition to the oxidative stress caused by acetaminophen, an unexpected pattern of 

toxicity was observed in crustacean species

- Crustaceans appear to be consistently

more sensitive than other groups of

organisms to exposure to acetaminophen

- Acetaminophen is an endocrine disruptor

for crustaceans

- It disrupts the physiological function of an

enzyme that produces a hormonal

precursor for molting

Developments in the Ecotoxicological Assessment of 
Drugs



Contamination by medicinal drugs, and their effects in a context of

global change

- In the aquatic environment, there are two key factors that may

influence the ecotoxicity of multiple xenobiotics, including

pharmaceuticals, in the future

- Temperature and salinity are key factors

Developments in the Ecotoxicological Assessment of 
Drugs



- Patterns of toxic responses varied with salinity,

accompanied by increased oxidative stress

- Will organisms facing global changes face an additional

threat?

- What will be the ecological consequences of this new

reality?

Contamination by medicinal drugs, and their effects in a context of

global change

Developments in the Ecotoxicological Assessment of 
Drugs



Changes in water pH

- Change absorption of drugs, e.g.: paracetamol

- Change the patterns of toxic response of acidic drugs

- Will organisms facing global changes face an additional threat?

- What will be the ecological consequences of this new reality?

Contamination by medicinal drugs, and their effects in a context of

global change

Developments in the Ecotoxicological Assessment of 
Drugs



Changes in water pH

- Change absorption of drugs, e.g.: paracetamol

- Change the patterns of toxic response of acidic drugs

- Will organisms facing global changes face an additional threat?

- What will be the ecological consequences of this new reality?

Contamination by medicinal drugs, and their effects in a context of

global change

Developments in the Ecotoxicological Assessment of 
Drugs



Biodiversity and medicinal drugs in the environment

Could pharmaceuticals pose a threat to

biodiversity, with some species being

more sensitive than others?

Which parts of the world are likely to be

most affected?

How will wildlife cope with

pharmaceutical contamination in the

context of global change?

Developments in the Ecotoxicological Assessment of 
Drugs



Biomarkers of effects of pharmaceutical drugs and

populational effects

Developments in the Ecotoxicological Assessment of 
Drugs



Biomarkers of effects of pharmaceutical drugs and 

populational effects

High ecological relevance

Clearly established relationship – exposure – cholinesterasic inhibition -

behavior impairment – reduced amount of food intake – lesser body growth

– population effects (decrease)

Developments in the Ecotoxicological Assessment of 
Drugs



Transgenerational effects of pharmaceutical drugs and

populational effects

Developments in the Ecotoxicological Assessment of 
Drugs



High ecological relevance

- Reduction of the molts

- Reduction in size of adults

- Potential populational effects

Developments in the Ecotoxicological Assessment of 
Drugs

Transgenerational effects of pharmaceutical drugs and

populational effects



High ecological relevance

- Reduction of feeding

- Adults and neonates respond differently

Developments in the Ecotoxicological Assessment of 
Drugs

Transgenerational effects of

pharmaceutical drugs and populational

effects



Objectives

- Characterize the toxicity of an untreated general

hospital effluent

- Biomarkers measured in D. magna neonates

Developments in the Ecotoxicological Assessment of 
Drugs

Adverse effects of pharmaceutical in hospital effluents



Chemical composition of this effluent
- NSAIDs (mainly ketoprofen and salicylic acid, up to 18.1 μg/L and 120 ng/L, respectively)

- Neuroactive drugs (caffeine and carbamazepine, up to 902 μg/L and 4.5 μg/L, respectively)

- Antibiotics (up to 39.3 μg/L for sulfadiazine)

- β-blockers (atenolol up to 12.9 μg/L)

Developments in the Ecotoxicological Assessment of 
Drugs

Adverse effects of pharmaceutical in hospital effluents



Main results
- Decrease in CAT and GSTs activities – impact on the antioxidant defense and

phase II metabolism

- Increase in GPx activity – impact on the antioxidant defense

- Reduction of lipoperoxidation

- Cholinesterasic inhibition

- Increase in COX, inflammatory response

Developments in the Ecotoxicological Assessment of 
Drugs

Adverse effects of pharmaceutical in hospital effluents



Main implications
- Highly complex and variable matrices – difficult to ascertain causal relationships between

chemical contaminants (e.g.: drugs) and effects

- Activation of antioxidant response – may lead to inflammatory conditions

- Co-occurrence of organically bound halogens (AOX, disinfectants) – lead to the activation

of antioxidant response

- ChE inhibition – AOX, ROS produced during the metabolism of drugs, direct effect of

neuroactive drugs

Developments in the Ecotoxicological Assessment of 
Drugs

Adverse effects of pharmaceutical in hospital effluents



Take home messages
• Drugs are substances that need to be studied when they are in the environment

• It is necessary to develop concrete, systematic monitoring programs and regulatory

frameworks focused on the toxicological and pharmacological effects of these

substances, with multiple species

• These biomarkers should be studied after long-term exposure, with organisms exposed

to low, environmentally realistic levels of drugs, similar to those already reported in

the environment

• It will be very important to study pathways that do not exist in vertebrates

Future perspectives – beyond the guidelines



Thank you for your attention
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