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104 countries

Only 2 rivers had 

no detections

25 % had harmful

levels of

pharmaceuticals

Pharmaceutical pollution 
poses a global threat 

Wilkinson et al.  2022 Proc Nat Acad Sci

Assessment of 

258 rivers                  



Rate of production & 

release far outpacing 

ability to 

assess safety

Bernhardt et 

al. 2017 Front 

Ecol Env



NOVEL 

ENTITIES

Planetary boundary passed

Recently proposed that the safe operating 

space for the planetary boundary of novel 

entities is exceeded

Annual production and releases are 

increasing at a pace that outstrips the global 

capacity for assessment and monitoring

(Persson et al. Environ. Sci. Technol. 2022)

Published 

January 2022



Drug targets evolutionarily  

conserved across phyla

Bioaccumulate in organisms 

and can biomagnify in 

food chains

Persistent in the 

environment

Designed to have biological 

effects at low doses



Oriental white-backed vultures (Gyps bengalensis) scavenged 

livestock carcasses contaminated with diclofenac in India and Pakistan

Population decline of ~99.7%, beginning in the 1990s

(Oaks et al. Nature 2004)

Ecological effects



(Jobling et al. Environ. Sci. Technol. 1998;

Tyler and Jobling BioScience 2008)

Intersexuality in wild populations of 

riverine roach (Rutilus rutilus) 

throughout the UK due to hormonally 

active pharmaceuticals in wastewater

~1/4 of roach in UK rivers show signs 

of sex-reversal

Ecological effects



Complete sex-reversal 

(masculinisation) of zebrafish 

(Danio rerio)

Altered mating tactics in male 

guppies (Poecilia reticulata)

(Larsen and Baatrup Environ. Toxicol. Chem. 2010)

(Bertram et al. Horm. Behav. 2015)

Depressed reproductive behaviour

in female eastern mosquitofish 

(Gambusia holbrooki )

(Saaristo et al. PLoS ONE 2013)



Benzodiazepines

• Discovered in 1955, sold since 1960

• Class of 20-25 pharmaceuticals

• Approx. 300 tonnes/year globally

• Used to treat anxiety, muscle cramps, sleeping
disorders and used as a sedative.

Oxazepam



(Brodin et al. Science 2013)

Wild European perch (Perca

fluviatilis) exposed to field-realistic 

levels of the anti-anxiety drug 

oxazepam

Increased activity, reduced sociality, 

increased feeding

Ecological effects



(Brodin et al. Science 2013)

Wild European perch (Perca

fluviatilis) exposed to field-realistic 

levels of the anti-anxiety drug 

oxazepam

Increased activity, reduced sociality, 

increased feeding

Ecological effects

What does this mean?

Growth increased with 16% over summer
Risk of being eaten increased



Oxazepam

Control

Klaminder et al. 2016



Effects on salmon migration - lab



Effects on salmon and trout migration - field

83%

25%



Where do exposed salmon end up?

Eaten by pike and large perch in the river.



Where in the environment?

Cod

Bonefish



100% of bonefish, average = 7

53 pharmaceuticals: 

Heart, psychoactive & 
antihistamines

52.7% exceed human threshold

Present in remote areas

N = 134

94% of redfish, average = 2

17 pharmaceuticals: 

Heart, pain killers & psychoactive      

25.7% exceed human threshold

Present in small cities

N = 103



Ecological effects of pharmaceuticals

• Direct mortality – e.g. diclofenac

• Changed reproductive physiology – all female
populations due to EDC

• Behavioural effects – activity, sociality, 
boldness, migration

• Secondary effects – reduced growth, reduced
reproduction, higher mortality

• Ecological effects – larger home-range, changed
habitat use

• Ecosystem effects – changed productivity, stability
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~6.3 trillion doses p.a.

~5000 products on the market

>600 pharmaceutical 

substances detected in the 

environment

Reported across 104 countries 

spanning all continents

Pharmaceuticals in the 

environment



Issues with lab-bred model organisms

Vossen et al. 2020





Pharmaceutical pollution 

and behaviour 

Generally, more sensitive than 

conventional endpoints

Link between physiological processes 

and the environment

Fundamental to the ecology of 

individuals, and the evolution of 

populations and species

Has received relatively little attention



Jacob et al NRN 2008



Persson et al. 2022     
Environ Sci Technol

Safe operating space for novel entities 
is exceeded
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