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ristics of pharmaceuticals in the
~ environment

High pharmacological potency

Lipophilicity + potential effects on non-target organisms
Resistant to (bio)degradation, e.g., WWTPs

Can take multiple forms with different biological activities

Have never been tested in many non-target species

What about interactions when present in very complex

mixtures?
CESAA B
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eristics 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

organisms — how to address it?
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Acute toxicity of widely used pharmaceuticals in aquatic species:
Gambusia holbrooki. Artemia parthenogenetica and Tetraselmis chuii
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Ecotoxicological Assessment of
Drugs

Classic ecotoxicological tools — standardized
tests; eg.: OCDE - lethality, growth

First approach — calculation of lethality and
growth inhibition

Clofibric acid: 526.5 mg/I
Clofibrate: 7.7 mg/l
Diazepam: 12.7 mg/I
SDS: 15.1 mg/I

- Even considering an LCs, 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

CESAA -
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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

CESAA
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Environmental Science and Pollution Research (2021) 28:38792-38808
httpsy//doi.org/10.1007/511356-021-13200-5

RESEARCH ARTICLE @
Behavioural biomarkers in
Dangerous connections: biochemical and behavioral traits . .
in Daphnia magna and Daphnia longispina exposed to ecologically microcrustacean species

relevant amounts of paracetamol
Ana Paula Sousa’ - Bruno Nunes ' (%)

Received: 13 July 2020 / Accepted: 24 February 2021 / Published online: 19 March 2021
(© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

hitps://cfb.unh.edu/cfoke
Daphnia/Daphnia_magnal
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Environmental Science and Pollution Research (2021) 28:38792-38808
https://doi.org/10.1007/511356-021-13200-5

RESEARCH ARTICLE

Dangerous connections: biochemical and behavioral traits

in Daphnia magna and Daphnia longispina exposed to ecologically

relevant amounts of paracetamol

~ Drugs

Behavioural
microcrustacean species

biomarkers

in

Ecotoxicological Assessment of

Table 3 Behavioral changes

1 12 observed in D. magna and Paracetamol
Ana Paula Sousa ' + Bruno Nunes '~ (® D). longispina after exposure to
. paracetamol Concentration (pg/l) Daphnia magna Daphnia longispina
5 T Aborty L e e 0 1 Gt Gty ot ofSinger Naure 2021 s 10 2 4 s 5 10 a0 80
<4 h TT-300 OO
TT-900 1 M 1) *()
Paracetamol T KD )
. . . . . TT-1200 1)
- Significant behavioral changes in two species of the genus TD-300 - W W -
Daphnia TD-900 RO ) )
TD-600 #(]) #1) #(]) #(|)
- Opposite changes in both species o - o 0 W
- Behavioral patterns were distinct according to the levels oo "
and durations of exposure 1200 W)
» . TD-300
- Ecological importance D900
TD-600 = HD
TD-1200 )W

TT. total swimming time(s); 7D, total distance traveled (mm), 300 and 900 (light cycle) and 600 and 1200 (dark
cycle): (1), increase in relation to the control; (|), decrease in relation to the control; and *, statistically significant
differences (Dunnett test, p < 0.05) between the different concentrations of paracetamol in relation to the negative

control
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Available online at www.sciencedirect.com

**2* ScienceDirect

ology and Environmental Safety 71 (2008) 341-354

Ecotoxicological Assessment of
Drugs

Behavioural biomarkers in fish species

Ecotoxicology
and

0
Environmental
afety

- Medicinal drugs such as diazepam, paracetamol, clofibric acid,

Behaviour and biomarkers of oxidative stress in Gambusia holbrooki Carba mazeplne, fenItOIne e ZInC pyrlthIOne

after acute exposure to widely used pharmaceuticals and a detergent

es™* AR,

3aio®, F. Carvalho®, L. Guilhermino®®

- Significant behavioral changes in fish
- Changes in swimming patterns

- Thigmotaxis

- Altered feeding

Contants lists available at ScienceDirect

Aquatic Toxicology

journal homepage: www.elsevier.com/locate/aquatox

- - Increased levels of aggression

toxicology

Short-term effects of neuroactive pharmaceutical drugs on
a fish species: Biochemical and behavioural effects
F.P. Brandao*"', S. Rodrigues®, B.B. Castro*", F. Gongalves™®,
S.C. Antunes"<, B. Nunes
ragpal

TAM). Campes of Sontiagn Untversty of Avesrs, Portugal
Unrwerssty of Porto, Portupal

@)rwm Aqualog 4.

Fish Physiol Biochem (2019) 45:1495-1512
haps: //doi.org/10.1007/510695-019-00634-5

Behavioral and biochemical effects of the antifouler
and antidandruff zine pyrithione on the freshwater fish
Gambusia holbrooki

Bruno Falciio - Mércia Mangues - Bruno Nunes (O

2
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updates
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biomarkers in aquatic

organisms (polychaetes)

icology and 80 (2020) 103505

Contents lists available at ScienceDirect

2 «2 Environmental Toxicology and Pharmacology

ELSEVIER journal

www.elsevier.

Effects of low levels of the antibiotic ciprofloxacin on the polychaete Hediste | %%
diversicolor: biochemical and behavioural effects

Ana Filipa Nogueira ™", Bruno Nunes " *

Pharmaceutical drug ciprofloxacine

- Strong behavioural changes in polychaetes

- Increase in burrowing time

- Impairment of mobility

- High ecological relevance -
predation

increase

)
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Ecotmdcdogy (2021) 30:1841-1853
hittps:/idoiang 01007 /5 10646-001-00444-7

S

icological Assessment of

Behavioural biomarkers in aquatic

Effect of sublethal concentrations of the antiparasitic ivermectin on
the polychaeta species Hediste diversicolor: biochemical and
behavioral responses

B. Nunes (2" « D. Pinheiro® - A. Gomes'

Accepted: 8 June 2021 / Published ondine: 5 July 2021
D The Authons), under exclusive licence to Springer Science-HBusiness Media, LLC, part of Springer Nature 2021
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Fig. 1 Displacement of individuals of H. diversicolor acutely exposed
to IVM. Average distances traveled by different groups as a function
of ivermectin concentration, expressed in centimeters. Values are the
mean distance, 10 replicates, and corresponding standard error bars
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Fig. 2 Bumowing time of individuals of H. diversicolor acutely
exposed to IVM. Mean time each group took to bury as a function of
ivermectin concentration, expressed in seconds. Values are the mean
distance, 10 replicates, and corresponding standard error bars

organisms (polychaetes)
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Fig. 3 Displacement of individuals of H. diversicolor chronically
exposed to IVM. Average distances traveled by different groups as a
function of ivermectin concentration, expressed in centimeters. Values
are the mean distance, 10 replicates, and corresponding standard
error bars
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Effect of sublethal concentrations of the antiparasitic ivermectin on
the polychaeta species Hediste diversicolor: biochemical and
behavioral responses

B. Nunes (2" « D. Pinheiro® - A. Gomes'

Accepted: 8 June 2021 / Published ondine: 5 July 2021
D The Authons), under exclusive licence to Springer Science-HBusiness Media, LLC, part of Springer Nature 2021

Pharmaceutical drug ivermectin

- Strong behavioural changes in polychaetes

- Increase in burrowing time

- Impairment of mobility

- High ecological relevance - increase
predation

icological Assessment of
s

Eetdcony (021 30181153 Behavioural biomarkers in aquatic

organisms (polychaetes)
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Biomarkers such as epigenetic changes,
e | s e | s combined with other effects

DOL: 10.1002/t0x 22819
ENVIRONMENTAL \\/|| £y
| _ToxicoLoGy |

RESEARCH ARTICLE

Embryonic development, locomotor behavior, biochemical, and
epigenetic effects of the pharmaceutical drugs paracetamol
and ciprofloxacin in larvae and embryos of Danio rerio when
exposed to environmental realistic levels of both drugs

Ana F. Nogueira® @ | Gléria Pinto™? | BarbaraCorreia®® | Bruno Nunes'?

Medicinal products, such as paracetamol and ciprofloxacine
- Strong behavioural changes in fish

- Epigenetic changes

- Changes in metabolism (detoxification, energy)

- Oxidative stress

CESAA -
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Sdence of the Total Environment 657 (2019) 926-937

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Evaluation of pharmaceutical toxic effects of non-standard endpoints on
the macrophyte species Lemna minor and Lemna gibba

=

3

%

G.D. Alkimin **, D. Daniel 3, S. Frankenbach *°, J. Serddio *°, AM.V.M. Soares *®, C. Barata®, B. Nunes *

* Department of Biology, Aveiro University, Campus de Santiago, 3810-193 Aveiro, Portugal
® Centre for Environmental and Marine Studies (CESAM), Campus de Santiago, Universidade de Aveiro, 3810-193 Aveiro, Portugal
© Department of Environmental Chemistry, IDAEA-CSIC, Jordi Girona 18, 08034 Barcelona, Spain

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

CESAA ™.
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Biomarkers involved in regulation of inflammatory processes

Environmental Pollution 293 (2022) 118562

Contents lists available at ScienceDirect

Environmental Pollution

FI1 SEVIER journal homepage: www elsevier.com/locate/envpol

tl,

Toxicity of two drugs towards the marine filter feeder Mytilus spp, using |
biochemical and shell integrity parameters™
David Daniel °, Joao C. Campos b, Paulo C. Costa®, Bruno Nunes ™%
® Departamento de Biclogia, Universidade de Aveiro, Campus Universitario de Santiago, 3810-193, Aveiro, Portugal
b UCIBIO, REQUIMTE, Laboratério de Tecnologia Farmacéutica, Departamento de Giéncia: Farmacéuticas, Faculdade de Farmécia, Universidade do Porto, Rua Jorge
Viterbo Ferreira, 228, 4050-313, Porto, Portugal
© Centro de Estudos do Ambientz ¢ do Mar (CESAM), Univerzidade de Aveiro, Campus Universitirio de Santiago, 3610-193, Aveiro, Portugal

Paracetamol

- Impairment of cycloxigenase (COX) activity in

mussels
- COX - involved in the regulation of

inflammatory processes
- Impact on celular and tissue homeostasis CLESAA &)
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Biomarkers of oxidative stress

The case study of paracetamol — a giant headache

EXVIEONMINTAL TOXICOLGGY AND PHARMACOLOCY 37 (2014) 1221-1238

Availablo online at www sciencedirect com
ScienceDirect

El SEVIER journal homepage: www.elsevier.com/locate/etap

Environ Sci Pollut Res (2013) 20:6658-6666
DOI 10.1007/511356-013-1784-9

Emtaxiology and Environmental Safety 107 (2014) 178-185

Contents lists available at ScienceDirect
o
saseTy

Effect of acetaminophen exposure in Oncorhynchus @mm“u

mykiss gills and liver: Detoxification mechanisms, SHORT RESEARCH AND DISCUSSION ARTICLE

oxidative defence system and peroxidative damage

Ecotoxicology and Environmental Safety

journal homepage: www.elsevier.com/locate/ecoenv

ELSEVIER

s} **, AT. Correia®, S.C. b, F. lves®*, . . . . P . .
R Ak St Biochemical effects of acetaminophen in aquatic species: edible o e — _

] & Ambiental Rua dos Bragas 289, . . oy . oxIc potential of paracetamol to fres water organisms: CrossMatk
e = e clams Venerupis decussata and Venerupis philippinarum A headathe senvironmental regulators? ®

4169007 Forto, Portugal

(FCS-UFP), Rua Carks da Maia 296, 4200-150,
Porto, Portugal

3810-193 Aveiro, Portugal
* Departamento de Biologia, Universidade de Aveiro, Campus Universitdrio de Santiago, 3810-133 Aveiro, Portugal

nviron Sci Pollut Res (2014) 21:10815-10822
YOI 10.1007/511356-014-3059-5

S. C. Antunes « Rosa Freitas « E. Figueira «
 Conts de Ksudow o Ablom ¢ do Ma (CESAMS, Heeieo, Cogs N A Fernando Gongalves + Bruno Nunes

RESEARCH ARTICLE

Biochemical and standard toxic effects of acetaminophen
on the macrophyte species Lemna minor and Lemna gibba

3runo Nunes « Gléria Pinto « Liliana Martins «
‘ernando Gongalves + Sara C. Antunes

Bruno Nunes™”, Sara C. Antunes ***, Joana Santos ", Liliana Martins®, Bruno B. Castro™”

*Centro de Estudas do Ambiente e do Mar (CESAM), Universidade de Aveiro, Campus Universitdrio de Santiago, 3810-193 Aveiro, Pornugal
® Departamento de Biobgia da Universidade de Aveiro, Campus Universitdrio de Santiago, 3810-193 Avekro, Portugal

© Faculdode de Giéncias da Saide da Universidade Fernando Pessoa (FCS-UFP). Porto, Ports

“ Departamento de Biokogia. Faculdade de Céncias da Universidade do Porto, Rua do Campo Alegre s/n. 4169-007 Porto, Portugal

The Impact of Paracetamol on Selected Environ Sci Pallt Res
Biomarkers of the Mollusc Species DOLID1007511356.013-4329-6
Corbicula fluminea RESEARCH ARTICLE

Fatima Pinto Brandao, Joana Luisa Pereira,’ Fernando Gongalves,' Bruno Nune¢

; Biochemical effects of the pharmaceutical drug paracetamol
CESAM - Centro de Estudos do Ambiente e do Mar/ Departamento de Biologia da

Universidade de Aveiro, Campus Santiago 3810-193 Aveiro, Portugal on Angﬂ'f”ﬂ' ﬂﬂglﬂ”ﬂ
2CIAGEB - Centro Interdisciplinar de Alteragoes Globais, Energia e Bioengenharia,
FCS-UFP - Faculdade de Ciéncias da Salde, Universidade Fernando Pessoa, Bruno Nunes' + Maria Francisca Verde' « Amadeu M. V. M. Soares’

Rua Carlos da Maia, 296, 4200-150 Porto, Portugal
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the Ecotoxicological Assessment of
Drugs

Biomarkers of oxidative stress
The case study of paracetamol — a giant headache

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

CESAA 4
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Biomarkers of oxidative stress
The case study of paracetamol — a giant headache
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cotoxicological Assessment of

 Drugs

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

— Cental Tendency

Proportion of species affected
o
(9]

0 “"o D, "'fﬂ""“;. i K. e 36% Prediction 'hx-rval
1.00 10.00 100.00 1000.00 10000.00

Paracetamol concentrations (mg I")

Fig. 1. Species sensitivity distribution (SSD) plot, showing the distribution of ECsos
for organisms acutely exposed to paracetamol, with 95 per cent confidence
intervals (dotted lines). Data were obtained from the literature and from this study
(highlighted in bold and underlined).

———

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

CESAA ™.
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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
s Acetaminophen i docrine di t
AR - cetaminophen is an endocrine disruptor
for crustaceans

Proportion of species affected
o
(9]

04 -

03 - It disrupts the physiological function of an

gf 1 e enzyme that pr?duces a hormonal

2 e 95% Pracition o precursor for molting
1.00 ; 10000.00
Paracetamol concentrations (mg I")

Fig. 1. Species sensitivity distribution (SSD) plot, showing the distribution of ECsys
for organisms acutely exposed to paracetamol, with 95 per cent confidence G E SA« B .
intervals (dotted lines). Data were obtained from the literature and from this study CENTRO DEEATUSOR
(highlighted in bold and underlined). = DD AABHINIE ©
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Contamination by medicinal drugs, and their effects in a context of
global change

Comparative Biochemistry and Physiology, Part C 179 (2016) 116-124

Contents lists available at ScienceDirect

Comparative Biochemistry and Physiology, Part C

journal homepage: www.elsevier.com/locate/cbpc

Oxidative effects of the pharmaceutical drug paracetamol on the edible @c,mm,k
clam Ruditapes philippinarum under different salinities

Barbara Correia, Rosa Freitas, Etelvina Figueira, Amadeu M.V.M. Soares, Bruno Nunes *

Department of Biology, Centro de Estudos do Ambiente e do MAR (ESAM), University of Aveiro, Portugal

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

influence the ecotoxicity of multiple xenobiotics, including

pharmaceuticals, in the future
- CCESAA .
- Temperature and salinity are key factors

DO AMBIENTE E
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Contamination by medicinal drugs, and their effects in a context of
global change

Comparative Biochemistry and Physiology, Part C 179 (2016) 116-124

Salinity Salinity
Contents lists available at ScienceDirect A 4 28 35 A 4o 28 35
C ti Bioch ist d Physiol Part C 12 SaOD 0.035 , GRed
omparative biochemistry an ysiology, Far N ‘ 5 i ¢ 003 - .
>, i | ] g ooz, o : . i
journal homepage: www.elsevier.com/locate/cbpc ‘;, p ? b g 0.02 | ? ] b [ b
E b a £ 0015, §
> 4 S oo1 M3 2
. j “ ' i il
0 - 2 b = .
Oxidative effects of the pharmaceutical drug paracetamol on the edible @mm T s s oso T eos 05 50
Paracetamol concentration (mg/L) Paracetamol concentration (mg/L)

clam Ruditapes philippinarum under different salinities

B CAT GSTs
Barbara Correia, Rosa Freitas, Etelvina Figueira, Amadeu M.V.M. Soares, Bruno Nunes * L b b i by
2,0 a
Department of Biology, Centro de Estudos do Ambiente e do MAR ((ESAM), University of Aveiro, Portugal > 60 3 b '5 : 1 ahap e a
- § 2 !
. . . . @ 20 a
- Patterns of toxic responses varied with salinity, £ N B g
. . . . 2 20 =
accompanied by increased oxidative stress B A 6
H H H Ty (a8 005 05 50 005 05 50
- Will organisms facing global changes face an additional ! e ooy gt
th reat? A e o oo (O . e
5 mg/L) under the salinities of 14,28 and 35 (Hack dark gray, and light gray bars, respec- ~ and 5 mg/L) under the salinities of 14,28 and 35 (black, dark gray, and light gray bars, re-

- What will be the ecological consequences of this new =iiini i SR B m i
]
reality? cenrmo oe estuoos
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Contamination by medicinal drugs, and their effects in a context of
global change j

B8 viology bPy

Article
Assessment of Paracetamol Toxic Effects under Varying Seawater

pH Conditions on the Marine Polychaete Hediste diversicolor
Using Biochemical Endpoints

David Daniel 2, Bruno Nunes "**, Edgar Pinto 7, Isabel M. P. L. V. O. Ferreira >’ and
Alberto Teodorico Correia 267

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? CESAA
What will be the ecological consequences of this new reality? '

mrﬂm»
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Contamination by medicinal drugs, and their effects in a context of
global change j

B8 viology bPy

Article
Assessment of Paracetamol Toxic Effects under Varying Seawater

pH Conditions on the Marine Polychaete Hediste diversicolor
Using Biochemical Endpoints

David Daniel 2, Bruno Nunes "**, Edgar Pinto 7, Isabel M. P. L. V. O. Ferreira >’ and
Alberto Teodorico Correia 267

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? CESAA
What will be the ecological consequences of this new reality? '

mrﬂm»
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Biodiversity and medicinal drugs in the environment

Could pharmaceuticals pose a threat to
biodiversity, with some species being
Conservation Science more sensitive than others?

Translating Knowledge into Actions

Pharmaceutical drugs and other substances with pharmacological Wh| Ch pa rtS Of the W0r'| d are I|ke|y to be

activity in the environment: a threat to biodiversity?

B Nane most affected?
Summary Letter to Editor

Drugs of human origin are now dispersed in all ecosystems, and non-target
exposed biota are likely to be impacted in the future by a large number of  Article history

bst vith unpredictabl quences. One of the potential effect H 1 1 1
of dmgsN (:nd other mb:ta:c‘;»s with pharmalc]eolgglcai l;:tf:lly) fs e(ch: Racefved 18 November 2014 H OW WI | I WI |d I Ife Co pe Wlth

exertion of selective pressure, favouring an artificial process of selection, Accepted 06 December 2014

e v o S aomposts oo oS | Tl Oolie S 12 Db 20 pharmaceutical contamination in the
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High ecological relevance

Clearly established relationship — exposure — cholinesterasic inhibition -
behavior impairment — reduced amount of food intake — lesser body growth
— population effects (decrease) CLESAA )
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- Reduction of feeding
- Adults and neonates respond differently
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Fig. 2. Effects of clotrimazole on the feeding of D. magna. A) Feeding rate for
individuals with 5 days and 24 h of exposure + 4 h of recovery; B) Feeding rate
for neonates <24 h and 120 h of exposure +4 h of recovery. Bars and error bars
correspond to the mean = SE (N = 5). * means statistically significant

e differences from the control, after an ANOVA followed by a Dunnett test (or

another equivalent non-parametric test).
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Objectives

- Characterize the toxicity of an untreated general

hospital effluent

- Biomarkers measured in D. magna neonates CLCSAA =
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Chemical composition of this effluent

NSAIDs (mainly ketoprofen and salicylic acid, up to 18.1 pg/L and 120 ng/L, respectively)
Neuroactive drugs (caffeine and carbamazepine, up to 902 pg/L and 4.5 ug/L, respectively)
Antibiotics (up to 39.3 pg/L for sulfadiazine)

B-blockers (atenolol up to 12.9 pg/L)
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Main results

- Decrease in CAT and GSTs activities — impact on the antioxidant defense and
phase Il metabolism

- Increase in GPx activity — impact on the antioxidant defense

- Reduction of lipoperoxidation

- Cholinesterasic inhibition

- Increase in COX, inflammatory response
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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 CESAA 4
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Wl actives — beyond the guidelines

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
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Thank you for your attention
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