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Abstract

Introduction. Active pharmaceutical ingredients are present in various sections
of the environment, because of both the human and veterinary use of medicinal
products. Ways of minimizing the risk of environmental contamination should be
observed during all pharmaceutical activities (research, manufacturing, prescribing,
dispensing and disposal of medicinal products).

Methods. For the present study we searched specific literature on this subject,
using the main international databases (Thomson Reuters — Web of Science, SCOPUS
and Science Direct).

Results. This narrative review focuses on the main aspects concerning
environmental contamination with medicinal products. Consequently, the present study
is structured on four different topics.: environmental research on medicinal products,
minimizing environmental contamination, waste disposal management and towards a
greener community pharmacy.

Conclusion. Waste management activities are important for reducing the
presence of active pharmaceutical ingredients in the environment. Pharmacists should
inform patients on proper pharmaceutical waste disposal and organize collection
programs for unused and expired medicines, in order to develop a greener pharmacy

for the future.

Keywords: medicinal products, environment, pharmaceutical waste disposal,
green pharmacy, active pharmaceutical ingredients

Introduction

Pollution represents one of the major problems that
mankind faces nowadays. Pharmaceutical products (mainly
medicinal products, but also other personal care products)
may be regarded as environmental contaminants because
of their worldwide use in both human and veterinary
medicine [1-4]. Approximately more than 100,000 tons
of medicinal products are consumed every year by human
patients, the European Union (EU) market being the
second biggest consumer in the world after the United
States of America (USA) [5,6]. Moreover, 559 active
pharmaceutical ingredients are found in environmental
sectors such as surface water, groundwater, soil etc. [3]. In
this context, a new concept has appeared, namely the green
pharmacy concept, which can be defined as the sum of all
measures that should be taken in order to minimize the
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environmental impact of pharmaceuticals. Such measures
should be applied during all pharmaceutical activities, from
designing new molecules to manufacturing, distribution,
dispensing and disposal [1,2,7-9]. Furthermore, healthcare
professionals (physicians and pharmacists) and the final
consumers (patients) should get involved in actions
leading to pollution prevention caused by pharmaceutical
products [2,10]. Pharmacists are responsible not only
for dispensing prescription and over-the-counter (OTC)
medicinal products, but also for proper pharmaceutical
waste disposal, mostly derived from expired medicines
[1,10]. Based on this consideration, two working groups
of the International Pharmaceutical Federation (FIP),
namely the Board of Pharmacy Practice and the Board
of Pharmaceutical Science designed a document called
“Green Pharmacy Practice: taking responsibility for the
environmental impact of medicines” in order to provide
guidelines for pharmacists in different practice settings [3].

The purpose of the paper is to provide a synthesized
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overview of the state of knowledge in the field of green
pharmacy. The objectives are to summarize and analyze
the relevant literature on preventing environmental
contamination with pharmaceuticals. Our hypothesis is that
pharmacists could be more involved in this field and we
aim to develop future research directions for its regulation

and implementation in Romania.

Methods

In order to write the current paper, we searched
Thomson Reuters — Web of Science, SCOPUS and
Science Direct, employing three different keywords:
“pharmaceutical waste disposal”
and “pharmaceuticals in the environment”. A number of
230 articles were found, out of which 46 were related to
phytotherapy and 64 were related to detection methodology
and were therefore excluded from the start. From the
remaining 120 articles, only 73 are cited in this review, as
the most current, relevant and essential for our research.
The results of this research were grouped in four areas, as

“green pharmacy”,

follows.

Environmental research on medicines

The EU health policy defines medicinal products for
human or veterinary use as “any substance or combination
of substances presented as having properties for treating
or preventing disease” or “any substance or combination
of substances which may be used in or administered
either with a view to restoring, correcting or modifying
physiological functions by exerting a pharmacological,
immunological or metabolic action, or to making a medical
diagnosis” [11,12]. Such substances, often called active
pharmaceutical ingredients or pharmaceutical active
compounds may include any matter: human, animal,
vegetable or chemical [8,11-16]. There are approximately
3000 active pharmaceutical ingredients authorized on the
EU market, the medicinal products for human use ranging
between 50 and 150g/capita/year [6]. The consumption
of medicinal products is one of the main sources of
environmental contamination through excretion (urine,
faeces) and inappropriate disposal of unused or expired
medicines (toilet, sink, litter), as shown in figure 1
[1,6,8,14].
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Figure 1. Diagram showing how medicinal products enter the environment [6].
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Therefore, researchers conducted studies on the
environment (soil and water samples) with the aim of
discovering whether active pharmaceutical ingredients are
present or not [14-22]. Most of the times, these molecules
are found unchanged (parent compound) but they can
also occur as active metabolites [1,14]. The concentration
of active pharmaceutical ingredients in the environment
(water) can range from ng/lup to pg/l or even mg/I (mostly in
wastewaters) [3,23]. Another problem emphasized by many
researchers is the accumulation of active pharmaceutical
ingredients in the environment, which leads to continuous
exposure and is more likely to produce negative effects
on flora, fauna or even humans [1,8,15,16,22-25]. Such
negative effects have already been reported in literature,
for example: reproductive system disorders in fish caused
by estrogens, the emergence of resistant bacteria caused by
antibiotics or the death of some vulture species caused by
diclofenac [8,15,16].

Environmental studies showed the presence of
various classes of medicinal substances in the aquatic
system (groundwater, surface water and even drinking
water) or in soil, such as:

a. antibiotics:  macrolides  (clarithromycin,
erythromycin, roxithromycin, lincomycin), sulfonamides
(sulfamethoxazole,  trimethoprim,  sulfadimethoxine,
sulfamethazine, sulfathiazole), fluoroquinolones
(ciprofloxacin, norfloxacin), chloramphenicol,
tetracycline [14,15,17,22-24,26-28,30,31,35-40,43-
45,47,49,51,52,54,55-57];

b. antifungal substances: miconazole, fluconazole
[28,44.,46];

c. antiviral substances:
lamivudine, oseltamivir [44,51];

d. anti-inflammatory/ analgesic / antipyretic
substances: diclofenac, ibuprofen, naproxen, ketoprofen,
phenazone,salicylicacid (activemetabolite ofacetylsalicylic
acid), paracetamol [14,15,19,22,23,27,28,30,31,33-45,47-
52,54,56-58];

e. antiepileptic  substances:  carbamazepine,
primidone [14-16,18,22,31,35-40,42-44,47,49-52,54-56];

f. antidepressants: fluoxetine, olanzapine, paroxetine
etc [15,18,28,29,32,44,52,54];

g. beta-blockers: metoprolol, propranolol, betaxolol,
bisoprolol, nadolol, atenolol [14,22,30,31,33,35,36,43,44,4
5,47,49,51,52,55];

acyclovir, penciclovir,

h. diuretic substances: furosemide,
hydrochlorothiazide [33,35,36,43,49,52,56];
i. angiotensin converting enzyme inhibitors:

enalapril, captopril [43];

j. anticoagulant substances: warfarin [44];

k. blood lipid regulators: bezafibrate, clofibric acid
(active metabolite of clofibrate), gemfibrozil, fenofibric
acid (active metabolite of fenofibrate), simvastatin
[14,22,23,27,28,30,31,33,40,43,47-49,54,56;

l.oralcontraceptives:estrogens(17a-ethinylestradiol,

mestranol) [8,14,20,22,52,57];

m. cytostatic substances [14,37];

n. antiemetic substances: domperidone [46];

o.contrast media [14];

p. antidiabetic substances: metformin, glibenclamide
[14,20,22,35,36,44,51];

q. proton pump inhibitor substances: omeprazole
[28];

r. histamine H2 receptor antagonist substances:
cimetidine, famotidine [44,51];

s. bronchodilator medicines [14,22,32];

t. sympathomimetic substances: ephedrine,
pseudoephedrine [53];
u. narcotics and psychotropic  substances:

morphine, codeine, methadone, cocaine, 6-acetylmorphine,

amphetamine, = methamphetamine,  11-nor-9-carboxy-
A-9-tetrahydrocannabinol, = bromazepam,  diazepam,
lorazepam, lormetazepam, pentobarbital etc.

[8,14,15,18,22,29,32,35,36,42,47,50-52,56].

The occurrence of all the above-mentioned active
pharmaceutical ingredients was detected in Germany,
Austria, Italy, Spain, Greece, Croatia, Denmark, United
Kingdom, Nederland, Switzerland, China, Brazil, the
USA, Canada, Mexico, South Africa, Iraq, Saudi Arabia,
India, Belgium, France, Portugal, Poland and Romania [14-
24,26-58].

Minimizing environmental contamination

Pharmaceutical  activities include research,
manufacturing, prescribing, dispensing and disposal of
medicinal products. All these activities should be matched
by actions in order to minimize the risk of environmental
contamination with active pharmaceutical ingredients.

Research and manufacturing medicinal products

The pharmaceutical industry is involved in
designing and manufacturing medicinal products. Most
of the time, designing new bioactive compounds involves
chemical synthesis, a process which increases the risk
of environmental pollution due to the use of various
organic and inorganic solvents. In order to minimize
this negative impact on the environment, in the past few
years researchers have developed the concept of “green
chemistry”, which can be described as being eco-friendlier.
For example, the use of aqueous synthesis, solvent-
free synthesis and enzymes represent different “green
chemistry” methods. Biotechnology is another way of eco-
designing new medicinal products [1,2,8,9,59,60]. During
pharmaceutical research, a large number of molecules is
usually obtained before an actual medicinal product can be
tested and authorized. A method that can reduce the number
of synthesized molecules is the evaluation of quantitative
structure-activity relationship, which establishes the
connection between the structure and the biological
properties of newly designed molecules even before they
are obtained [8].
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Another challenge for the pharmaceutical industry
is the manufacturing of medicinal products that can
easily undergo biodegradation as soon as they reach the
environment, mainly water and soil. Current medicinal
products are metabolized through a series of reactions
occurring in the liver, such as phase I reactions (catalyzed
by Cytochrome P450) and phase II reactions. This
transformation leads to the excretion of more hydrophilic
metabolites, although it can also lead to the formation
of the active compound in the case of the pro-drugs. In
addition, the pharmaceutical industry needs to design
technologies for manufacturing a “greener pill” that can
have a therapeutic effect in the right dose at the right place
and can still be eco-friendly. Such technologies include co-
crystallization for improving bioavailability, salt formation,
cyclodextrin encapsulation or obtaining amorphous
forms for improved solubility [9,61]. Valproic acid is an
example of medicinal product currently in use that can
undergo rapid biodegradation through photodegradability
during wastewater treatment [62]. Another example
is carbamazepine that can suffer biodegradation using
microorganisms (Streptomyces sp.) as bioremediation
agents [63].

In order to obtain the marketing authorization for
new medicinal products, manufacturers need to provide
the environmental risk assessments if the expected
environmental concentration of the active pharmaceutical
ingredient in water is equal or higher than 1 pg/l according
to the U.S. Food and Drug Administration or 0.01 pg/l
according to the European Medicines Agency [1,5].

Prescribing medicinal products

As healthcare professionals, physicians are also
responsible for prescribing medicinal products. In order
to minimize the environmental impact of pharmaceuticals,
prescribing should be rational, optimal and efficacious;
otherwise it increases the consumption and accumulation of
unused medicinal products [1,2]. According to the literature,
various factors can influence both the consumption and the
accumulation mentioned above. These include the patients’
expectations and requests (for example antibiotics, often
prescribed when their use is not needed, like for the
common cold), over-prescribing, changes in medication
therapy, prescribing medicinal products for treating side
effects or for “use as needed”, offering excessive free
samples, unnecessary prescribing leading to medicine
abuse, in-hospital prescribing of medicines that patients
already have etc [1,2,64].

One way of reducing both the side and the
environmental effects of prescription medicinal products is
by lowering normal doses. Some researchers showed that,
most of the time, the therapeutic effect can be reached at
smaller doses than the ones established by the manufacturer
[1]. For example, the co-administration of naltrexone
and morphine can produce an analgesic effect at lower
doses of morphine thus reducing the risk of tolerance and

dependence [65].

Individualized medicinal therapy can help prescribers
tailor medicinal products for each patient [1,66,67,68].
Since genetic factors may influence the outcome of
medicinal therapy, they provide an important framework for
personalized medicine. Pharmacogenomics represents a new
field in personalized medicine that can support physicians
in prescribing a more efficient, safer and rational medicinal
therapy [2,67].

Physicians should also focus on reducing polytherapy,
recommending lifestyle measures (diet, exercises etc.),
empowering patients, verifying the pharmacokinetic profiles
of medicines in order to select the ones that are easily and
highly metabolized, etc [2].

Dispensing and disposal of medicinal products

According to some studies, factors relating to
the dispensing of medicinal products may increase
environmental contamination caused by pharmaceutical
active compounds. Free or low-cost medicines may lead
to the over accumulation of unused medicines. Sale at
a distance to the public often leads to lost or damaged
shipments. Consequently, some medicines cannot be used
while some, including fake or counterfeit ones may become
too freely available. Inaccurate or hand-written labels
could prevent patients from understanding how to use their
medical treatment. Dispensing by physicians can lead to
abuse. In this respect, the following risk minimization
measures can be cited: creating databases containing
information related to the use and the return of medicinal
products, using clear labels that specify proper disposal,
adopting regulations for internet pharmacies and guidelines
for patient counselling [1,2].

Patients are also responsible for environmental
contamination with active pharmaceutical compounds.
Self-medication, storing excessive stocks of medicinal
products at home, excessive direct-to-consumer advertising,
polytherapy, particularly in elderly patients, patient
noncompliance to medication therapy and adverse effects
are factors that can lead to the accumulation of unused
or expired medicines and consequently to their improper
disposal [2,69,70,71]. Patient education regarding the
rational consumption of medicinal products and the correct
disposal of unused or expired medicines should be imparted
through information campaign and take-back programs,
also named pharmaceutical-return programs [2,7,69,72].

Waste disposal management

Diverse management strategies should be taken
into consideration in order to minimize the environmental
impact of pharmaceutical waste [15]. As mentioned
above, pharmaceutical waste includes unused and
expired medicinal products, as well as containers with
pharmaceutical residues (blister packs, vials, bottles, bags),
gloves and masks [3]. Waste can be classified as soft and
sharp or as hazardous (infectious) and non-hazardous [73].
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Cytotoxic medicines are considered to be hazardous and
genotoxic pharmaceutical waste because of their highly
mutagenic, teratogenic and carcinogenic properties [3].
All pharmaceutical waste should be collected
in specific, color-coded containers before suitable
waste treatment is applied [3,74,75]. Most of the times,
pharmaceutical waste is disposed through incineration,
a heat treatment technique which consists in combustion
at high temperature [3,69,75]. Other waste treatment
techniques include compact low temperature gasification
(temperature of up to 550°C), autoclave, chemical
sterilization, radiofrequency irradiation, microwave, hot oil
systems or alkaline hydrolysis. Some disposal techniques
such as landfill, open burning or mechanical destruction have
limited application due to their high risk of environmental
pollution [73]. Active pharmaceutical ingredients can be
found in wastewaters because of patients flushing down the
toilet unused medicines. Human medicine use inevitably
leads to excretion by urine and faeces thus increasing the
levels of active pharmaceutical ingredients in wastewaters.
Wastewaters are treated with common procedures (biological,
physical and chemical) for removing contaminants, although
most of the times, medicines cannot be efficiently eliminated
[3,76]. As a result, different improvements should be made
to wastewater treatment, such as ultrafiltration, reversed
osmosis, ozonation and the use of activated carbon [3,62,76].

Towards a greener community pharmacy

One of the activities that pharmacies can deploy
for minimizing the environmental impact of medicinal
products is collecting unused or expired medicinal
products from patients. In the document called “Green
Pharmacy Practice”, FIP makes some recommendations
to community pharmacies regarding pharmaceutical waste
collection and disposal. If they wish, pharmacies can obtain
accreditation for their waste management activity although
this process is rather expensive. Even if pharmacies are not
compelled to get an accreditation, they should elaborate
standard operating procedures for the activity of collecting
unused and expired medicines from patients, as well as
for pharmaceutical waste disposal. Also, community
pharmacies can conclude different types of agreements,
as follows: with companies that collect pharmaceutical
waste for proper disposal, with local authorities for a
better management of collection programs and information
campaigns, with manufacturers of medicinal products
for correct waste collection and for helping pharmacists
organize their waste management activity [3].

As far as the communication with patients is
concerned, pharmacists are best equipped to provide
information regarding medicinal products, including their
environmental risk. Through counselling, pharmacist should
also inform patients on the proper disposal of unused or
expired medicines by encouraging them to return such
medicines to a community pharmacy. Pharmacists should

also inform patients about the proper packaging of medicines
before returning them to the pharmacy. All information
concerning the proper disposal of unused or expired
medicines should also be provided in writing [3,77,78].

Community pharmacies should be involved in
collection programs, activity which represents an easy
way of minimizing the presence of pharmaceuticals in the
environment [79]. For example, in Switzerland, pharmacies
collect 237g/capita/year of unused medicinal products,
followed by countries such as France, Luxembourg, Ireland
and Sweden. The European average of pharmaceutical
waste collected from patients ranges between 10g and
100g/capita/year. Most South Eastern countries collect
lower amounts of unused or expired medicines than the
European average [78]. In Romania, researchers conducted
a study in order to establish whether Romanian patients
return their unused or expired medicines to a community
pharmacy. Less than 1% of the interviewed patients reported
actually returning these medicines to a pharmacy, while
the majority threw them away as garbage [69]. This poor
collecting service can be explained by the geographical
distribution of community pharmacies (patients should be
able to return their unused or expired medicinal products
to the nearest pharmacy), the lack of patient privacy when
disposing pharmaceutical waste and the absence of specific
containers in the pharmacy [78].

As far as the relation between pharmacists and other
healthcare professionals is concerned, FIP encourages
communication with physicians in order to properly evaluate
and prescribe medicinal products that present a minimal
risk of environmental contamination [3]. For example, in
Sweden, the Drug Therapeutic Committee and the Health
and Medical Care Administration of the Stockholm County
Council created a website containing information related to
medicinal products, where they are classified by using both
their environmental hazard and risk. Environmental hazard
of a medicinal product is characterized by persistence,
bioaccumulation and toxicity (PBT). For each of these
characteristics a numerical value of 0-3 is established,
taking into consideration the results of environmental
hazard assessment. According to these criteria, the sum
of these values for each medicinal product can range from
0 to 9, a high value of the PBT index meaning a high
environmental impact. The environmental risk is based on
the risk of aquatic system toxicity of any medicinal product,
which can be insignificant, low, moderate or high [80].
These factors could be taken into account when prescribing
and/or dispensing a medicinal product.

Conclusions

Pharmaceutical waste can be placed among
other environmental contaminants, studies showing its
presence in water and soil. Therefore, risk minimization
actions should be taken by the pharmaceutical industry,
physicians, pharmacists, other healthcare professionals

Clujul Medical Vol. 91, No. 4, 2018: 391-398

395



396

Pharmacy

and the final consumer. The pharmaceutical industry could
develop alternative eco-friendly methods for obtaining and
manufacturing medicinal products. Physicians should adapt
as much as possible any medicinal therapy to the needs of
each patient without endangering the safety of both the
patient and the environment. Pharmacists should inform
patients about returning unused or expired medicinal
products to community pharmacies. Also, an efficient
pharmacist — patient relationship could increase public
awareness regarding pharmaceutical waste and proper
medicines disposal. Community pharmacies can organize
collection programs for unused or expired medicines and
should collaborate with different authorities and waste
disposal companies in order to mitigate the environmental
impact of medicinal products.
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