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Abstract

Among all contaminants of emerging interest, drugs are the ones that give rise to
the greatest concern. Any of the multiple stages of the drug's life cycle
(production, consumption and waste management) is a possible entry point to the
different environmental matrices. Psychiatric drugs have received special
attention because of two reasons. First, their use is increasing. Second, many of
them act on phylogenetically highly conserved neuroendocrine systems, so they
have the potential to affect many non-target organisms. Currently, wastewater is
considered the most important source of drugs to the environment. Furthermore,
the currently available wastewater treatment plants are not specifically prepared
to remove drugs, so they reach practically all environmental matrices, even tap

791 October 19,2021 | Volume1l | Issuel0 |


https://www.f6publishing.com
https://dx.doi.org/10.5498/wjp.v11.i10.791
http://orcid.org/0000-0001-7020-9713
http://orcid.org/0000-0001-7020-9713
http://orcid.org/0000-0002-0642-9081
http://orcid.org/0000-0002-0642-9081
http://orcid.org/0000-0002-0773-300X
http://orcid.org/0000-0002-0773-300X
http://orcid.org/0000-0001-9141-6236
http://orcid.org/0000-0001-9141-6236
http://orcid.org/0000-0002-6146-9174
http://orcid.org/0000-0002-6146-9174
http://orcid.org/0000-0002-6146-9174
http://orcid.org/0000-0002-9575-1602
http://orcid.org/0000-0002-9575-1602
http://orcid.org/0000-0002-9575-1602
http://creativecommons.org/Licenses/by-nc/4.0/
mailto:unax.lertxundietxebarria@osakidetza.net

Argaluza J et al. Psychiatric drug pollution

p:/ /creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Invited
manuscript

Specialty type: Psychiatry
Country/Territory of origin: Spain

Peer-review report’s scientific
quality classification

Grade A (Excellent): A, A
Grade B (Very good): 0
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

Received: February 23, 2021
Peer-review started: February 23,
2021

First decision: June 18, 2021
Revised: June 18, 2021

Accepted: August 31, 2021

Article in press: August 31, 2021
Published online: October 19, 2021

P-Reviewer: Hosak L, Seeman MV
S-Editor: Wu YX]

L-Editor: A

P-Editor: Yu HG

Jaishideng®

WJP | https://www.wjgnet.com 792

water. As drugs are designed to produce pharmacological effects at low concen-
trations, they are capable of producing ecotoxicological effects on microor-
ganisms, flora and fauna, even on human health. It has also been observed that
certain antidepressants and antipsychotics can bioaccumulate along the food
chain. Drug pollution is a complicated and diffuse problem characterized by
scientific uncertainties, a large number of stakeholders with different values and
interests, and enormous complexity. Possible solutions consist on acting at source,
using medicines more rationally, eco-prescribing or prescribing greener drugs,
designing pharmaceuticals that are more readily biodegraded, educating both
health professionals and citizens, and improving coordination and collaboration
between environmental and healthcare sciences. Besides, end of pipe measures
like improving or developing new purification systems (biological, physical,
chemical, combination) that eliminate these residues efficiently and at a
sustainable cost should be a priority. Here, we describe and discuss the main
aspects of drug pollution, highlighting the specific issues of psychiatric drugs.

Key Words: Antipsychotics; Pharmaceuticals in the environment; Drug pollution;
Antidepressants; Wastewater; Ecotoxicity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Psychiatric drugs have received special attention as contaminants of emerging
interest because of two reasons: First, their use is increasing. Second, many act on
phylogenetically conserved neuroendocrine systems, potentially affecting many non-
target organisms. Drug pollution is a complicated problem involving many
stakeholders with different values and interests. Solutions can be applied at source,
using medicines more rationally, prescribing greener drugs or designing pharma-
ceuticals that are more biodegradable. Besides, end of pipe measures, e.g., developing
new purification systems will also be crucial. Finally, educating both health profes-
sionals and citizens, and collaboration between environmental and healthcare sciences
is going to be essential.

Citation: Argaluza J, Domingo-Echaburu S, Orive G, Medrano J, Hernandez R, Lertxundi U.
Environmental pollution with psychiatric drugs. World J Psychiatr 2021; 11(10): 791-804

URL: https://www.wjgnet.com/2220-3206/full/v11/i10/791.htm

DOI: https://dx.doi.org/10.5498/wjp.v11.i10.791

INTRODUCTION

Toxic problems caused by chemicals, such as aromatic compounds, polychlorinated
biphenyls, heavy metals, pesticides, etc., are well known. However, concern regarding
the so-called “pollutants of emerging interest” is increasing, with pharmaceuticals
causing the greatest concern. Pharmaceutical products have two important character-
istics that are driving this preoccupation: Firstly, they produce pharmacological effects
at Jow concentrations, such as those found in the environment. Secondly, they are
designed with stability in mind, so they are more likely to reach and interact with their
target molecules.

THE PROBLEM OF ENVIRONMENTAL POLLUTION WITH PHARMACEUTI-
CALS

Publications in scientific journals regarding the presence of pharmaceutical products
in the environment has grown exponentially since the end of the 1990s, due to
improvements in analytical techniques allowing for the detection of lower concen-
trations of drugs in different matrices[1]. Currently available information regarding
the presence of pharmaceuticals in the environment and their consequences is simply
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overwhelming.

A recent study estimated that approximately 4000 different pharmacologically
active substances are currently being administered globally, including: Prescription
drugs for human use, over-the-counter drugs, and veterinary drugs[2]. Global drug
use continues to grow, with an estimate of 4.5 trillion doses consumed in 2020[3]. The
trend will probably continue for the following reasons[2]: The age and life expectancy
of populations has increased; economies are growing, especially emerging economies,
so the capacity and expectations to treat aging and chronic diseases increase; intensi-
fication of livestock and aquaculture practices to meet demand; the design of new
pharmaceutical products; climate change, which will aggravate existing diseases (both
communicable and non-communicable).

Psychiatric drugs have received particular attention above other therapeutic classes
for two main reasons: Their widespread use and their potential to provoke ecotoxico-
logical damage. Some authors believe the current situation due to the Coronavirus
disease 2019 pandemic may lead to an increase use of certain psychiatric drugs, like
anxiolytics or antidepressants[4].

Life cycle of drugs

The liberation, absorption, distribution, metabolism, excretion (LADME) scheme
showing the curse of drugs in the human organism is still shown in universities across
the world. Drugs are first released, then absorbed, distributed, metabolized, and
finally excreted outside. But in this anthropocentric scheme, little or no attention is
paid to drugs and metabolites once they are excreted outside the organism (Figure 1).

Of course, drugs and their metabolites do not disappear after flushing the toilet, but
rather reach the environment in different amounts depending on the proportion
metabolized in the body. It has been estimated that the percentage of unchanged drug
excreted in feces and urine is between 30% and 90% on average[5].

Any of the multiple stages that make up the life cycle of the drug: production,
consumption and waste management; is a possible entry point to the different
environmental matrices.

In any case, currently the most important source is considered to be wastewater,
which includes wastewater of domestic, hospital, industrial and of agricultural or
livestock origin. Pollution due to industrial waste disposal was not considered a major
factor until recently. Contemporary research shows, however, that certain production
factories can cause environmental pollution at levels well above what was previously
thought[6]. For example, very high venlafaxine concentrations were found in a
wastewater treatment plant (WWTP) that received the discharge of a large industrial
plant near Jerusalem, in Israel[7].

But pharmaceutical products can reach the aquatic environment by other routes,
including, for example: aquaculture, runoff water from the agricultural sector, through
the removal of sewage sludge (especially when used as fertilizer in agriculture), or
leaching to groundwater after rain. Likewise, the presence of pharmaceuticals has to
be considered when re-using wastewater in agriculture, a practice that is expected to
increase in the near future[8].

The current purification systems: WWTPs

Currently available WWTPs are not specifically designed to remove drugs. Some of
them are eliminated, but others remain unchanged and are discharged with the
effluents. As an example, a study carried out in the United Kingdom in 2018 estimated
that in 13% of the WWTPs available in that country, the effluent contained potentially
dangerous concentrations of drugs such as ethynylestradiol, diclofenac, propranolol,
macrolide antibiotics and fluoxetine[9]. Sometimes, paradoxically, the drug concen-
tration in the effluent of the WWTP can be even higher than that in the influent. This is
due to the microorganisms in charge of the biological (secondary) treatment of
wastewater may be in charge of metabolizing the conjugates with glucuronic acid, so
that the drug returns to its original form[5]. This is the case with carbamazepine,
amitriptyline, lamotrigine, doxepine, citalopram, among many other pharmaceuticals
[10]. Besides, a study estimated that up to 70% of all wastewater does not receive
treatment before being discharged, so the situation in developing countries is probably
even worse[11,12].

Presence of drugs in environmental matrices

Residues of multiple types of drugs (about 700) have been detected in different
environmental compartments mainly in wastewater, surface and groundwater, but
also in soil, air and biota, even in the tap water that we drink[13]. In the specific case of
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Figure 1 The liberation, absorption, distribution, metabolism, excretion scheme is just the tip of the iceberg. LADME: Liberation, absorption,
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psychiatric drugs, there are complete books reviewing their presence in the
environment[14]. Carbamazepine has even been considered as a marker for
wastewater influenced water bodies due to its omnipresence[15].

For a greater detail of all the drugs detected in any environmental matrix, the free
database of the German Environment Agency can be consulted, which maintains an
exhaustive registry of all published studies, available from: https:/ /www.umweltbun
desamt.de/dokument/database-pharmaceuticals-in-the-environment-excel.

Furthermore, once they have reached the environment, parent drugs (or
metabolites) continue to transform and continue to undergo complex metabolic
processes by different organisms as well as by different physicochemical mechanisms
(photo-degradation, adsorption to solids, etc.), leading to “transformation
compounds”. For example, Trawifiski et al[16] reviewed the photodegradation process
of psychotropic drugs. Some substances can remain unchanged in the environment for
decades, i.e., are very persistent. This is the case of oxazepam, which has remained
unchanged at the bottom of Swedish lakes for more than 30 years[17].

Ecotoxicological effects of psychiatric drugs
Toxic effects of drugs in the environment can go far beyond growth, mortality or
reproduction. For example, psychoactive drugs can affect organism behaviour and
fitness, altering population dynamics[18-21]. The therapeutic targets and the
physiological systems in which drugs act are not exclusive to human beings. Many of
these structures and signaling pathways are highly conserved phylogenetically, and
are present in many living organisms[22]. For example, multiple behavioral tests (such
as anxiety, fear and stress) for experimental drugs intended for human use are
performed on fish[23]. Fish share many of the neurotransmitter and signaling
pathways with us. In fact, biogenic monoamines (serotonin, dopamine, norepi-
nephrine, efc.) are found in vertebrates and invertebrates, including amphibians, fish,
insects and echinoderms[24,25]. These substances are so ancient from an evolutionary
point of view that they are present in organisms outside the animal kingdom. For
example, acetylcholine is present in fungi and bacteria[26] and serotonin in plants[27].
Fluoxetine has shown to induce behavioral changes in crickets[28]. Fish also become
constipated in the presence of the antipsychotic clozapine[29], plants accumulate
benzodiazepines that could act on their GABAergic system[30], or sertraline affects
sedimentary nitrification processes by altering the microbial trophic chain[31].

Castillo-Zacarias et al[32] have recently reviewed available literature about the
presence and effects of antidepressants on the environment. We have also shown that
the role of antipsychotic drugs as environmental pollutants has probably been
underrated so far[33].

In short, the psychoactive drugs that we use and excrete into the environment can
have pharmacological effects in different non-target organisms. However, the extent of
exposure and subsequent effects remains unknown for many taxa and ecosystems[34]
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(Table 1).

Effects of drug pollution on human health

The effect of drug pollution on human health is still relatively little studied. A WHO
report published in 2012 concluded that drug concentrations in tap water should not
pose any health problems[35]. These findings were confirmed in a recent study carried
out in China[36]. However, the presence of drugs in the environment could be a
problem for the most vulnerable groups of patients (e.g., allergic[5]). Although there is
no evidence of short-term effects on human health, uncertainties remain, in particular
concerning long-term exposure (chronic exposure) to a mixture of pollutants[5]. The
possible routes of exposure are, mainly, consumption of drinking water, vegetables
and tubers, meat, fish, shellfish and dairy products[5].

Probably the best known example of the deleterious effect of drug pollution on
human health is that of the increase in bacteria with resistance to antibiotics, which is
currently recognized as the biggest public health problem worldwide. In this sense, we
consider that the “One Health” approach or philosophy, which considers that human
health is closely interrelated with environmental health, is essential[37]. Nevertheless,
we believe that it is necessary to extend this approach to all therapeutic groups
including psychiatric drugs, not only antibiotics[38,39].

Some authors have suggested that psychoactive drugs present in the environment
may potentially be associated with human neuropsychiatric disorders such as autism,
Alzheimer’s disease and schizophrenia, since they are able to cross the maternal
barriers affecting the development of the embryonic brain[40].

Bioaccumulation

Recent studies suggest that certain drugs bioaccumulate in non-target organisms
through the food web, reaching tissue concentrations much higher than those found in
the environment. For example, a study carried out in five Australian rivers found that
platypuses and brown trouts bioaccumulate 66 of the 80 drugs studied due to their
insectivorous diet. First, the larvae of riparian insect’s bioaccumulated certain drugs
present in surface waters, and subsequently, these drugs can pass to the animals that
eat them. Surprisingly, the researchers estimated that, in the case of antidepressants,
platypus might be exposed to amounts up to half the daily doses used in humans[41].
Table 1).

( A recc)ent work studied the presence of more than 90 drugs pertaining to 23 different
drug classes in blood plasma of wild European fish in three different European
countries. For some drugs, measured fish plasma concentrations were above human
therapeutic plasma concentrations. Indeed, three of the four drugs that showed a
moderate or a high risk of inducing toxic effects on fish were antipsychotics: i.e.,
risperidone, flupentixol and haloperidol[42].

An excellent review of the bioaccumulation of pharmaceuticals (including
psychiatric drugs) in aquatic fish and invertebrates was published by Miller et al[43].
Besides, this bioaccumulation process is not exclusively restricted to the aquatic
environment. A study carried out in the Doflana National Park, Spain, showed that
dung beetles accumulate the antiparasitic ivermectin used in livestock in their tissues.
Ivermectin, with recognized insecticidal activity, is toxic to beetles that are in charge of
processing manure, in such a way that the properties of the soil are altered[44]. In
addition, some studies suggest certain psychiatric drugs like carbamazepine and
fluoxetine might bioaccumulate in terrestrial organisms (earthworms) depending on
the properties of the soil and the physico-chemical characteristics of the drug[45].

We still understand little about what is happening ... although highly hypothetical,
what if insectivorous bats were accumulating drugs in their tissues? What
consequences could this have on the appearance of new zoonosis[46]?

Environmental impact risk reports from the European Medicines Agency

Since October 2005, the European Medicines Agency has required the laboratories
holding the marketing authorization to assess the environmental impact of medicines
[47] (ERA: Environmental risk assessment). Despite this significant progress, this
report is not considered during the benefit-risk balance in drug evaluation, even if it
shows potential risks for the environment. For example, the ERA of the recently
marketed antidepressant vortioxetine[48] recognizes that this drug is “potentially
harmful to the environment”. Something similar occurs with the antipsychotic
asenapine[49], for which the ERA recognizes that it is a potential endocrine disruptor.
Despite this, both drugs have been marketed without any restrictions.
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Table 1 Examples of the presence of certain psychiatric drugs in the environment and ecotoxicological effects on organisms

Therapeutic . - .
class P Drug Non-target organism Ecotoxicological effects Ref.
Antiepileptics Carbamazepine Ryegrass (Lolium perenne) Accumulation in plants tissues Carter et al[83],
2014
Antidepressants ~ Various Platypus (Ornithorhynchus anatinus), Half of human daily dose, insectivorous diet. Richmond et al[41],
Brown Trout (Salmo trutta) Effects? 2018
Sertraline River sediment microorganisms Sedimentary nitrification processes by altering Li et al[31], 2020
the microbial trophic chain
Fluoxetine Cricket (Gryllus campestris) Behaviour disturbance Abey-Lee et al[28],
2018
Starling (Sturnus vulgaris) Reduced female attractiveness Whitlock et al[84],
2018
Benzodiazepines ~ Various Beet (Beta vulgaris) Phitotoxicity Carter et al[30],
2018
Oxazepam European perch (Perca fluviatilis) Behaviour and feeding rate disturbance Brodin et al[85],
2013
Antipsychotics Clozapine Zebra fish (Danio rerio) Constipation de Alvarenga et al
[29], 2017
Risperidone Zebra fish (Danio rerio) Alteration of antipredatory behavior, Kalichak et al[86],
transgenerational effect 2019
Various Chub (Squalius cephalus) Fish plasma concentrations > Human plasma Cerveny ef al[42],

therapeutic concentrations

2020

At the moment, and contrary to what happens for certain medicinal products for
veterinary use, the environmental impact is not taken into account in the benefit/risk
balance of the evaluation of medicinal products for human use, which is based solely
on criteria of efficacy and safety. We believe that this may change in the future, as we
gain knowledge on the environmental risks of medicines[38]. In addition, another
aspect to consider is that all drugs marketed before that date (October 30, 2005) are
exempt from submitting this environmental impact report in the renewal of their
marketing authorization, so the information available about many of the drugs
currently used is scarce or non-existent. For some drugs, such as fluoxetine, an ERA is
published many decades after its authorization[50]. Another aspect is that current
ecotoxicological tests demanded by the EMA do not include behavioral tests. Some
authors propose updating the demanded tests in order to incorporate these kind of
ecotoxicological tests[21]. Currently, the regulation of ERAs for medicines for human
use is under review. It seems that some changes will occur, specifically in terms of
bioaccumulation and fundamentally endocrine disruptors[51]. However, the
legislation involved in Europe is varied, abundant, complex and not always easy to
understand by non-experts in the field[52]. Another important issue is that legislation
differs between countries, or is, directly, non-existent[53]. On the other hand, there are
veterinary drugs used in pets, for which the environmental impact assessment is not
considered in the benefit/risk balance either. There are authors who consider that this
should change, taking into account the toxicity of some of the substances used and the
increasing number of pets in our environment[54,55].

POSSIBLE SOLUTIONS

The study of the problem of drug pollution is among the priority lines of research of
the main organizations dedicated to the protection of public and environmental health,
such as the WHO and the European Commission. In this regard, it is worth
highlighting the publication of the “Strategic approach of the European Union in the
field of pharmaceutical products in the environment” by the European authorities,
probably the front-runners in the field[56].

The contamination of the environment with pharmaceutical products is a
complicated and diffuse problem that entails scientific uncertainties, a large number of
stakeholders with different values and interests, and great complexity. This is
probably why the Dutch government has classified it as a “wicked problem” (a
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problem that is difficult or impossible to solve given that it presents incomplete,
contradictory and changing requirements that are generally difficult to recognize). In
their comprehensive strategy to face the problem, they have established that all agents
involved in the complex life cycle of the drug should participate in the solution[57].

It is more than likely that in the future, as the detection of drugs and ecotoxico-
logical studies progress, many drugs will end up being a priority in legislative matters,
and that maximum concentration of certain drugs in wastewater may be established.
We believe that we are on the verge of a revolution in the field of psychopharma-
cology[38].

At source measures

Before trying to improve the elimination processes of drugs once they reach the
WWTP and the environment, it is probably reasonable to act at source. Considering
that drugs have offered, and continue to offer, an unquestionable benefit to the health
of humanity, great care must be taken not to restrict access to those drugs that are
necessary. Here are some ideas that could help improve the problem.

Rational use of the drug, eco-prescription, or "green prescription”

The “Rational use of medicines” is a term coined by WHO experts more than 30 years
ago, in 1985[58]. To date, the rational use of medicine has been defined as “patients
receive the appropriate medication for their clinical needs, in the doses corresponding
to their individual requirements, for an adequate period of time and at the lowest
possible cost for them and for the community”. This term has served as a conceptual
framework of undoubted value to promote actions and strategies that have improved
the health of countless patients, avoiding excesses in the use of medications,
polypharmacy, etc. However, we believe that the term requires an update, so that the
"One Health’s philosophy, which tries to achieve optimal health for people, animals
and our environment taking into account the existing interrelations, is considered[59].
Currently this philosophy is already applied, but fundamentally to antimicrobials. We
believe that broadening the approach is necessary. Reducing the inappropriate
consumption of drugs will reduce their entry into ecosystems, improving people's
health and that of the environment[60].

Christian Daughton, head of the American Environment Agency, now retired,
proposed more than 5 years ago the term “eco-prescription”, or “green prescription”.
Ultimately, it means that the prescriber should consider the characteristics and
environmental behavior of drugs when prescribing them[10]. This is definitely going
to be challenging. For example, oxazepam (not available in some countries such as
Spain, but a common metabolite of numerous benzodiazepines commonly used in our
setting), is considered a good choice for the elderly due to its adequate pharma-
cokinetic profile, since it is not eliminated by oxidative metabolism and is excreted
unchanged in urine. However, it is a known to cause of potential toxic effects in fish,
and can accumulate for decades without biodegrading. From an environmental point
of view, substances that are metabolized to inactive metabolites prior to elimination
may be preferable[10]. We believe that incorporating environmental criteria in the use
of medicines is essential, and it may become a true revolution in pharmacotherapeutics
[38].

Another interesting classification of drugs is the one proposed by the Swedish
Environmental Research Institute. It is one of the few available classifications of drugs
according to their environmental characteristics. It is an initiative of the Stockholm
City Council, driven by the pharmaceutical industry. Each drug receives three scores,
each of which can take a value from 0 to 3: one on its persistence in the environment
(P); another on bioaccumulation (B) and another on toxicity (T). The overall score is the
sum of the points obtained for each item[61].

Prescribers may incorporate this information when using drugs in individual
patients. The “Wise List” (Kloka Listan), is so far, the only multifaceted approach
incorporating environmental aspects to recommend drugs in ambulatory care[62]. The
chain approach of the Dutch Government also incorporates a “psychotropic task force”
in order to reduce psychotropics in water[57]. We believe further research is urgently
needed in this crucial area.

The design of more biodegradable and sustainable drug: “Green design”

An attractive idea for the future is to design greener and more biodegradable drugs; i:
e: “benign by design” concept[63]. Although there are already some examples of the
development of more "environmentally friendly" drugs, such as glufosfamide[64] and
green drug delivery systems[65], no psychoactive drugs has been designed to be more
biodegradable.
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Furthermore, a holistic approach should be considered when evaluating the
environmental impact of medicines, and other constituent parts of medicines ought to
be taken into account apart from active pharmaceutical ingredients. We believe there is
room for improvement in this specific area. For example, inhaled loxapine, a recently
marketed antipsychotic for the treatment of agitation, requires a lithium battery for
each dose administered. Another example would be Abilify Mycite®, in which an
electronic circuit is excreted with each capsule administered[38].

Education

Until now, healthcare professionals who are in charge of prescribing, administering
and dispensing drugs have paid little attention to the problem of drug contamination,
which has been preferentially addressed by biologists, chemists and other professional
profiles such as environmentalists. We firmly believe that this concern cannot be
ignored anymore in the schools of Medicine, Pharmacy and Nursing[66]. Recent
studies carried out in China have shown that awareness of the problem in both
pharmacists[67] and prescribers[72] has a wide room for improvement. As proposed in
the European Commission strategy[56], we believe that general education for both
health professionals and citizens is a key element in the fight against drug pollution.

Improved waste management, responsible consumption
The incorrect management of pharmaceutical waste is one of the routes of entry of
medicines into the environment. Studies indicate that up approximately 33% of
patients do not use all the medicines dispensed, which generates a waste of health
resources and possible environmental contamination[2]. The generalization of the
adoption of refund schemes such as SIGRE, implemented in Spain, will be another key
element. This is especially important in countries where waste management is not
working well and where inappropriate drug disposal can be expected, such as regions
form the Middle East, Asian and African countries[69]. Optimizing package sizes and
extending drug expiration dates where possible will allow drugs that are still safe to
use from being unnecessarily discarded. The idea of reusing drugs has also been
proposed. In this regard, a survey conducted in the United Kingdom found that more
than half of those surveyed would welcome the reuse of medicines in the future[70].
Although it is not legally accepted in many countries, it could help reduce the amount
of unused medicine accumulation, a fact that can lead to overuse or incorrect use of
medicines or also to incorrect disposal. However, obviously, considering security
issues is mandatory if such policies are going to be implemented.

From a regulatory perspective, the European Parliament suggests that “eco-
labeling” of pharmaceutical products with a high risk for the environment should be
explored (Figure 2), as is already done with other products in the market[71].

Legislation

As knowledge about the environmental impact of pharmaceuticals keeps mounting
up, ERAs need to update accordingly to improve our capability of correctly assessing
the risk posed. It is interesting to highlight that last year, venlafaxine and desvenla-
faxine were considered as suitable for inclusion in the next “Watch List” (WL): under
the European Union Water Framework Directive[72]. These antidepressants are the
first psychoactive drugs ever to be included in such a list[73].

End of pipe measures

Apart from implementing at source measures, it is essential to address the problem of
waste already generated. Taking into account the growing consumption of drugs at a
global level, the research and development of new purification systems (biological,
physico-chemical) that eliminate these residues efficiently and at a sustainable cost
should be a priority.

Improvement of WWTPs
The design of purification systems requires prior knowledge of the physical-chemical
characteristics of the effluent wastewater and of the concentration of the main
eliminated drugs, especially those that represent a greater risk for the environment.
For example, in order to optimize costs, various authors propose eliminating drugs
at the hospital wastewater effluent instead of treating the total amount of water
reaching WWTPs, since hospitals are the main consumers of certain types of pharma-
ceuticals (some cytostatics, broad-spectrum antibiotics, iodine contrasts). There are
already interesting initiatives such as the one implemented at the Herlev Hospital in
Copenhagen, Denmark, where improved treatment of hospital wastewater is
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performed on-site to effectively remove all drugs before they reach the municipal
WWTP[74].

Anther strategy is that carried out by Switzerland, a country in which all treatment
plants from a certain size are going to be improved (through tertiary treatment with
ozone and activated carbon) to effectively eliminate drugs and other emerging
contaminants, at an approximate cost of 1 billion euros[75]. However, this strategy is
probably not sustainable or applicable to most countries. On the other hand, ozonation
can oxidize drugs producing new transformation products with poor known ecotoxic-
ological effects[76].

New methods that improve the performance of WWTPs in the elimination of drugs
continue to be studied and sought. A curious method is the use of xylophagous fungi (
white rot fungi) of which the species most used to date is Trametes versicolor. These
fungi, in charge of degrading soil organic matter in nature, possess enzymes, called
“laccases” with the capacity to oxidize a wide spectrum of organic substances,
including drugs[77].

Eco-pharmacovigilance, environmental pharmacovigilance

In the 1960s, the use of thalidomide was used for the treatment of nausea and vomiting
in pregnant women. Later, the drug proved to be teratogenic, producing thousands of
newborns malformations. This disaster gave rise to the modern pharmacovigilance
systems currently in place. Since the ecological disaster produced by diclofenac in the
Indian subcontinent, various authors have asked to create a new discipline, i.e., “Eco-
pharmacovigilance” or “environmental pharmacovigilance”[78]. This discipline will
dedicate to “monitor” the environmental impact of drugs[79]. Will be ever witness a
market withdrawal of an antidepressant or an antipsychotic, or any other drug,
because of environmental factors in the future? May be.

Phytoremediation

From the point of view of environmental drug contamination, the accumulation of
drugs by plants can be harmful (in the case of agriculture) or beneficial, if done on
purpose. Phytoremediation is a technology that uses plants and the associated
microorganisms of the rhizosphere (zone of interaction between plant roots and soil
microorganisms) to eliminate, transform or contain toxic chemicals located in soils,
sediments, groundwater and surface waters, among others. Different species of plants
have been used for the treatment or removal of a variety of pollutants such as oil,
chlorinated solvents, pesticides, metals, radionuclides, explosives and pharmaceuticals
[80]. The design of constructed wetlands, a technique than can be employed for the
removal of pharmaceuticals from wastewater, has received particular attention[81]. It
is interesting to verify that the detoxification mechanisms used by plants, are
sometimes surprisingly similar to those of mammals, as in the case of glutathione
conjugation of paracetamol in the Brassica juncea plant[82].
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CONCLUSION

So far, the problem of drug pollution has been largely ignored by healthcare profes-
sionals and academics. However, if the problem is to be dealt with effectively, an
interdisciplinary approach will be necessary, allowing integration of the knowledge of
the different agents involved[38].

In conclusion, drug pollution with psychiatric drugs is a problem of emerging
concern. This complex problem involves many stakeholders with different values and
interests. Solutions can be implemented at source, before drugs reach the environment:
using medicines more rationally, prescribing greener drugs, or designing pharma-
ceuticals that are more easily biodegradable. Besides, end of pipe measures, such as
the development of new, sustainable purification systems will also be crucial. Finally,
educating both health professionals and citizens, and collaboration between environ-
mental and healthcare sciences is going to be essential.
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