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ABSTRACT

Environmental impacts of medicines arise throughout their entire life cycle. The pharmaceutical industry has a
key role in reducing these impacts in early production phases, but currently has limited possibilities to reduce the
environmental exposure arising from drug consumption and end-of-life. The aim of this interview study was to
explore the current environmental actions within the industry, as well as the views and attitudes toward the
strategies to address the environmental challenges and concerns. Semi-structured interviews were conducted
among representatives (n = 15) from twelve pharmaceutical companies operating in Finland in February-May
2021. The data were analyzed using qualitative content analysis.

The representatives of pharmaceutical industry were overall well aware of the multifaceted environmental
challenges related to the life cycle of pharmaceuticals and of their role in improving sustainability in production.
Improving waste management and reducing impacts from companies’ own operations were the most commonly
mentioned actions already taking place within the companies (15/15). “Environmental impacts arising from drug
consumption” (6/15) and “centralized drug manufacturing in countries with lax environmental regulation” (4/
15) were most frequently brought up challenges difficult to resolve. “Development of environmentally more
sustainable drug production in the company” was the most frequently raised key development need (5/15). To
address this, establishment of tangible economic drivers, regulatory incentives, or reputational rewards were
called for. “Incorporation of environmental aspects into decision-making in different situations™ was suggested
by 11/15 interviewees as a means to promote sustainable development, e.g. in selection of medicines by phy-
sicians and consumers. However, the attitudes towards the types of criteria and their evaluation differed between
interviewees. Attitudes towards the “incorporation of environmental fate assessment into early phases of drug
design and development” were mostly positive (10/11), suggesting that there is a keen interest in the industry to
foster the introduction of new tools enabling the development of pharmaceuticals intrinsically less harmful for
the environment.

1. Introduction

reported substantial pharmaceutical pollution in surface waters world-
wide (aus der Beek et al., 2016; Wilkinson et al., 2022). Most pharma-

Environmental sustainability has become a central part of pharma-
ceutical business management, with respect to cleaner production,
sustainable use of manufacturing materials, sustainability of the global
supply chains, and human resources (Milanesi et al., 2020). In recent
decades pharmaceutical residues in the environment have raised
concern because of their reported adverse effects on wildlife (Brodin
et al,, 2017; Jobling et al., 2006; Oaks et al., 2004). Studies have
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ceutical residues in the environment originate from human excretion of
pharmaceuticals and their metabolites to the sewage systems (BIO In-
telligence Service, 2013). The highest environmental concentrations are
typically measured in densely populated areas, or in developing coun-
tries with limited sanitation (Kairigo et al., 2020; Wilkinson et al.,
2022).

To account for the environmental risks of medicines use, some
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countries have adapted environmental classification systems that rely on
risk-based evaluation of active pharmaceutical ingredients (APIs), in
accordance with the regulatory environmental risk assessment (ERA)
guidance (EMA, 2006). In the EU, the ERA of new APIs has been a
mandatory part of marketing authorization (MA) since 2005
(2001/83/EC Article 8(3)(ca)). Although publicly available ERA data
are very limited, the MA holder can voluntarily provide it to the clas-
sification system, initially established as a part of the Swedish electronic
product information system (Fass.se), and later adopted in Norway
(Felleskatalogen.no) and Finland (Pharmacafennica.fi). This risk-based
assessment accounts for both drug consumption and measured ecotox-
icological hazard by comparing the predicted environmental concen-
tration to the predicted no-effect concentration. The utility of ERA-based
classification is, however, much debated because of a lack of compre-
hensive ecotoxicological data and the discrepancies within it (Ramstrom
et al., 2020; Agerstrand et al., 2009).

Moreover, pharmaceutical manufacturing can also be a major source
of pharmaceutical pollution in areas where environmental legislation
that affects permitting of pharmaceutical plants is lax. With the con-
centration of pharmaceutical raw material manufacture in low-income
countries, the lack of regulatory enforcement has resulted in alarm-
ingly high levels of pharmaceutical pollution, especially in Asia (Lars-
son, 2014). Besides environmental exposure by pharmaceutical
residues, the environmental impacts of medicines also arise from drug
production (e.g., energy and clean water consumption), distribution
(including transportation and storage), and end-of-life (unused, dis-
carded medicines).

To evaluate the environmental impacts occurring over the life cycle
of medicines, dedicated life cycle assessment (LCA) approaches have
been developed for pharmaceutical products and industries over the past
ten to twenty years (DeSoete et al., 2017; Jimenez-Gonzalez and Over-
cash, 2014; Mata et al., 2012). Traditionally, the LCA of pharmaceuticals
has focused on cradle-to-gate analysis (from resource extraction to the
factory gates before distribution), which is typically performed for in-
ternal purposes, for example, to optimize and develop more
cost-effective processes (DeSoete et al., 2017; Jimenez-Gonzalez and
Overcash, 2014). Consequently, the LCA data are rarely publicly avail-
able, as they may contain information about proprietary processes or
other classified material (DeSoete et al., 2017). In recent years,
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increasing emphasis has been put on establishment of cradle-to-grave
approaches, to better account for the environmental impacts of also
drug distribution and use as well as the end-of-life, and to find strategies
to reduce the environmental impacts along the life cycle (Fig. 1).
However, some of these operations are often organized and regulated on
a local or regional level, which challenges their incorporation into a
unified LCA assessment. This has triggered the development of national
evaluation systems that aim to assess the environmental impacts of
pharmaceutical products from a life cycle perspective (Palsson et al.,
2019) as well as approaches to identify potential levers in the life cycle
of medicines to limit the adverse effects to the environment (van der
Grinten et al. 2016).

However, the lack of publicly available LCA data is still a major
barrier to the use of LCA approaches for environmental classification
purposes or for policy and decision-making in the pharmaceutical sector
(DeSoete et al., 2017). Moreover, the local waste management strategies
for, e.g. wastewater purification and take-back of unused medicines, and
the interlinked practices for the use of sewage sludge and recycling of
the packaging materials (Fig. 1), also play a major role in delimiting
environmental discharges. In Europe, Switzerland has taken on a pio-
neering role toward zero-pollution wastewater purification creating
both legal and economic foundations for elimination of pharmaceuticals
and other organic trace substances (AFRY, 2020). According to a study
conducted in the Baltic countries, the national practices for take-back
and disposal of unused medicines via designated collection points,
instead of mixed household waste or flushing down the drain, varies
greatly between countries (Mehtonen et al., 2020), with high take-back
percentages typically reported in the Nordic countries (Louhisalmi et al.,
2020; Mehtonen et al., 2020). Besides reactive measures, there are also
proactive initiatives aiming to “support the development of pharmaceuti-
cals intrinsically less harmful for the environment and promote greener
manufacturing” (Fig. 1) in accordance with the European Commission’s
Strategic Approach to Pharmaceuticals in the Environment (COM,
2019). The insights of the pharma industry, which has a key role toward
this aim, were recently evaluated through a structured questionnaire
among the R&D and environmental experts from seven globally active
pharmaceutical companies (Puhlmann et al., 2023). The outcomes of
this study indicated that the R&D experts see many opportunities at
different stages along the R&D process to include properties providing

Actions within the R&D Cradle-tc-ga‘t‘é ..... Cradle-to-grave
Diugdiscovety Raw material API
and production production
development
i Raw material Formulation
production process
i Local/regionalactions
Green < 5 H
chemistry: green Production of Packaging r -
solvents & packaging ofdrug E;Z‘gf:::;’e' e e End-of-life |¢_ T
syntheses, materials product H
Benign-by- | ! e, §
design APIs
Separate
Use of green solvents and [hesiciaer D Take-back
syntheses; purification WEED programs
) e e 5 et
Possibly measurable actions Consumption of energy, natural (EEbamEiE ) (zero-pollution | co! fec 1on | | (unused or
within life-cycle assessment resources and clean water; gansportation; _Enwronmental Vs. energy); or expired
. CO,emissions, risk assessment Sewage sludge || (pharma- dici
Consumption (volume and type) of = ical medicines)
ackaging materials; use of energy in (ERA) data treatment CEUtlcé) for safe
P - 4 storage (nutrients vs. || packaging di L
APl and CO, emissions from AFlreeaues) leeea isposal
production (environmental permits)

Actions on an individual level
(patients/physicians)

Rational use of medicines to minimize
API residues from excretion,
environmental classification systems
to promote sustainable choices

Circular economy
possibilities (use of
sewage sludge in
agriculture, recycling of
packaging materials)

Fig. 1. Overview of the main elements of cradle-to-gate and cradle-to-grave life cycle assessments, and the key actions and strategies to delimit environmental
impacts of medicines within the industry, by the drug consumers and physicians, and through strategic decision-making applied to waste management.
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greener APIs.

Overall, the previous literature has established an understanding of
the current challenges and the different prospective solutions necessary
to increase the environmental sustainability of the pharmaceutical
business. However, the previous research has mostly focused on specific
development needs, such as cleaner production, green supply chains, or
design of greener pharmaceuticals, usually by reviewing the available
data readily published by the companies (Kaenzig et al., 2011; Veleva
et al., 2003) or acquired through structured surveys or interviews (Li
and Hamblin, 2016; Masri and Jaaron, 2017; Puhlmann et al., 2023).
However, little is known about the views and attitudes within the
pharmaceutical industry regarding the priorities towards the different
reactive and proactive solutions and strategies to address environmental
challenges. This study aimed to investigate the current status of envi-
ronmental actions within the pharmaceutical industries through
semi-structured interviews, to obtain data about views towards the
priorities about environmental challenges facing the pharmaceutical
business as a whole as well as about attitudes towards different proposed
solutions and incentives necessary for addressing these challenges.

2. Materials and methods
2.1. Study context

This study was limited to pharmaceutical companies operating in
Finland, many of which have only branch offices in the country. This
enabled shedding light on possible specific sustainability challenges
experienced by companies operating in small market segments. Ac-
cording to the Finnish Medicines Agency (Fimea, 2022a), there are
currently 97 pharmaceutical wholesale license holders and 34 medicinal
product manufacturer’s license holders in Finland. Only three of these
manufacture pharmaceuticals in large-scale manufacturing plants in
Finland (Pharma Industry Finland, 2022). Additionally, there are some
companies with smaller-scale operations and a few contract manufac-
turers. Most of the companies operating in Finland are therefore affili-
ated branches or sales and marketing offices of global pharma
companies. Compared with global business, the Finnish pharmaceutical
market is small, comprising approximately 0.3 % of the global and 1.2 %
of the European pharmaceutical markets (EFPIA, 2016). In 2020, the
total sales of pharmaceuticals on the Finnish market were 3518 million
euros (Finnish Medicines Agency and Social Insurance Institution,
2021). Most of the medicines in the Finnish market are imported. In
2020, Finland’s pharmaceutical imports were worth 2091 million euros
and exports were worth 829 million euros (Pharma Industry Finland
Statistics 2020).

2.2. Study setting

The study was conducted between February and May 2021 as semi-
structured interviews with representatives from the pharmaceutical
companies operating in Finland. The semi-structured interview method
was chosen because it allows studying perceptions and attitudes with
open-ended questions (Smith, 2002), which is especially valuable when
previous research on the topic is scarce.

Altogether 41 pharmaceutical companies operating in Finland were
invited to participate in the study. Interview invitations were sent to all
the pharmaceutical companies that are member organizations of the
Pharma Industry Finland (N = 30) and Finnish Generic Pharmaceutical
Association (N = 8), the Finnish interest groups of the originator and the
generic industry, respectively. Additionally, the invitations were sent to
three pharmaceutical companies (one originator and two generic) that
are not members of the respective industry associations, but are
important actors in the pharmaceutical market in Finland. Industry as-
sociations first informed their member organizations of the upcoming
study after which the invitations were sent to the country managers or
the chief executive officers of the companies via email. The recipients
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were encouraged to forward the invitations inside the company, as
necessary, to the most suitable person for the interview to respond to
questions on environmental sustainability actions. One researcher (SR)
arranged the dates and times for the interviews and conducted them via
Zoom or Teams. The interviews lasted between 20 and 54 min, with an
average of 38 min, and were recorded with a digital voice recorder. The
interviews were held in Finnish or in English.

2.3. Interview guide

The interview guide consisted of three themes, including main
questions and their respective sub-questions (Table 1). Interview guides
were sent to participants prior to the interview. All the main questions
were asked of all interviewees, but the sub-questions were asked
depending on the course of the interview and the interviewee’s role in
the company. Development of the interview guide was based on existing
scientific literature about studies on sustainability of the pharmaceutical
industry and environmental impact assessments of pharmaceutical
products (De Soete et al., 2017; Milanesi et al., 2020; Palsson et al.,
2020, 2019) and on the authors’ prior experiences on the topic; this
adhered to the methodology of semi-structured interviews. Four pilot
interviews were conducted with representatives of pharmaceutical
companies in different positions (research and development, R&D;
environment, health and safety; regulatory affairs; management) to test
the suitability of the questions for a diverse group of industry experts. On
the basis of these pilots, no changes were made to the interview guide,
and the pilot interviews were also included in the study material.

2.4. Data analysis

The recorded interviews were transcribed word for word (SR) and
anonymized, after which the material was subjected to a qualitative
content analysis (Berg and Lune, 2017; Hsieh and Shannon, 2005),
where the study material was systematically arranged according to
chosen principles to enable the description of phenomena in generalized
and compacted form. In this study, both deductive and inductive ap-
proaches were used. The analysis began with reading the transcripts and

Table 1
The interview guide with the themes and main questions.

Theme Main questions of the theme

Environmental sustainability within the
pharmaceutical industry

What are the most important procedures
already carried out in your company to
promote environmental sustainability?
What are the key areas for development
in your company that will further
improve the environmental
sustainability of your operations?

The environmental impacts of
pharmaceuticals during their life cycle
and ways of reducing them and
promoting environmental
sustainability in the pharmaceuticals
business

Solutions from research to the
environmental challenges facing the
pharmaceuticals business

Which environmental impacts during
the different stages of life cycle of
pharmaceuticals (“cradle to grave™) do
you consider the easiest to overcome?
Which life cycle impacts do you find the
most challenging?

What actions or incentives do you think
would improve environmental
sustainability in the pharmaceuticals
business the most?

What new study methods, tools or
incentives would be needed to promote
environmental sustainability in the
pharmaceutical industry?

What kind of study data on the views of
the general public could the industry
benefit from when developing more
environmentally sustainable
operations?

What do you regard as the biggest
environmental challenge facing the
pharmaceuticals business as a whole?
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deductively encoding the answers under the aims and related research
questions in a tabular form using Microsoft Word 2016. An analysis unit
could be a sentence or a group of sentences describing the idea relating
to the study questions. Accordingly, the interviewee’s response could
include many units, which were then separated into several analysis
units. Next, these units were simplified, compared, and sorted into
emerging subcategories named according to all simplifications of the
respective subcategory. Finally, similar subcategories were combined
into main categories, which were named accordingly, so that the name
was descriptive of all subcategories. The analysis was conducted by one
researcher (SR), but the grouping and categorizations were discussed by
all authors.

2.5. Ethical statement

The study setting and the overall research process were in compli-
ance with national ethical instructions for human sciences research
(Finnish National Board on Research Integrity TENK, 2019). According
to TENK instructions, this study required no ethical review. The
participation was voluntary, and the interviewees gave their written
consent for participation via email and for recording at the start of the
interview. The anonymity of the interviewees was protected so that
neither individual participants nor companies could be identified from
the data. No incentives were provided to the participants.

3. Results

A total of 14 interviews were conducted with 15 representatives from
12 different companies (nine originators and three generics) comprising
approximately 30 % of the invited companies. Four companies declined
the invitation because of lack of either a suitable interviewee or time.
Four companies requested more information on the study or forwarded
the invitation to another person in their organization but did not return
to participate. About 50 % (21 companies) of the invited companies did
not respond at all to the invitation or the reminder invitation sent two
weeks later.

Two of the companies had more than one participant each. In one
interview, two people from the same company participated in the
interview together upon their own request, but their responses were
nevertheless analyzed separately (n = 2). All other 13 interviews were
conducted individually. The results are presented under three themes: 1)
The current status of environmental actions in the companies and the
interviewees’ views on the environmental life cycle impacts that are
easiest to overcome. 2) Main environmental challenges facing the
pharmaceutical business and identified development needs. 3) Plausible
solutions to overcome the current environmental challenges. Direct ci-
tations from the interviews are presented under each theme as examples.
The quotes from interviews held in Finnish were translated from Finnish
to English.

3.1. Current status of environmental actions and views on the
environmental life cycle impacts easiest to overcome in the pharmaceutical
companies

When asked about environmental sustainability, all interviewees
mentioned actions that had taken place in their company to reduce
environmental impacts resulting from their operations. Most of these
procedures were related to waste management, such as reduction and
proper disposal of generated waste (8/12 companies), reducing emis-
sions from commuting (5/12) or production (4/12), or implementation
of sustainable energy solutions (4/12). Several companies had also
established environmental programs or strategies (5/12) or set specific
environmental targets (5/12), such as carbon neutrality goals. In-
terviewees from three companies mentioned that their company had
already worked to develop more sustainable pharmaceutical products.
The examples given on actions toward “greener products” were
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development of environmentally more sustainable and recyclable
packaging and development of a reusable medical device to replace a
disposable one. In addition to the improvements made in their com-
panies’ operations, interviewees from five companies also mentioned
actions to pursue increased environmental sustainability in the phar-
maceutical sector as a whole, by demanding environmental re-
sponsibility from their contract manufacturers (3/12) or by
participating in global initiatives (2/12), such as AMR Industry Alliance
or Pharmaceutical Supply Chain Initiative (PSCI), that aim to increase
sustainability of the pharmaceutical industry and transparency in the
production chains (AMR Industry Alliance, 2017; PSCI, 2006).

“...and if the waste is created, it would be recyclable or disposable so that
there would be as little impact as possible to the environment...” (Inter-
viewee 2)

When asked about the environmental life cycle impacts of pharma-
ceuticals, the interviewees (10/15) most frequently cited impacts arising
from the company’s operations, such as production or energy and water
usage, as the easiest to overcome, as these are subject to internal action.
Other life cycle impacts mentioned as easily resolved related to opti-
mization of pharmaceutical packaging size and use of environmentally
friendly materials (5/15) and to environmental emissions resulting from
improper disposal of medicines by consumers (2/15) and medicine
waste (2/15).

“...energy solutions are, at least in my opinion, sort of (solutions) that you
can affect yourself, and and, even if they cost, and so on, at least they are
realizable...” (Interviewee 1)

3.2. Main environmental challenges facing the pharmaceutical business
and development needs

The interviewees’ views on the environmental challenges facing the
pharmaceutical business, and the identified key points of development
to improve environmental sustainability, were divided into six cate-
gories, and further into subcategories, as described in Table 2. Con-
trolling the life cycle impacts of pharmaceuticals was considered
challenging by most of the interviewees (12/15) and clear development
needs were identified (Table 2). Environmental impacts resulting from
drug consumption were mentioned repeatedly (6/15); these are
considered particularly challenging because the environmental load is
largely due to human excretion and thus expected to increase due to
aging and growing populations. It was noted that, even if the industry
works to improve the situation, for example by developing environ-
mentally less hazardous pharmaceuticals, the challenge is complex and
cannot be fixed by the industry alone. Inevitably, based on their mode of
action, pharmaceutical residues will impact the environment, and it is
impossible to discontinue the use of medicines.

“...if we talk about like about the pharmaceutical residues that come
through the end user, then then... It is probably the challenge that, I
imagine, that the solution would be very difficult, difficult and expensive
to develop relative to how important the treatments are...” (Interviewee
5)

Environmentally more sustainable drug production was also raised
(5/15) as a key needed development, suggesting that much more could
be done to reduce the impact arising from production, although this was
also considered one of the easiest goals to achieve, as it is entirely in the
hands of the producer.

“...of course we can, like, improve the energy efficiency and that’s what
we must do by the law as well... But on the other hand we eventually hit a
barrier there, as we need to ensure the GMP. We have clean rooms that
require e.g. certain air exchange rates. So we have like fairly tight frames
where we can carry out that (energy efficiency improvements)...“
(Interviewee 9)
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Table 2
Views of the interviewees on the main environmental challenges facing the
pharmaceutical business and the key identified development needs.

Main category Interviewees
Subcategory (n=15)
Controlling the life cycle impacts of pharmaceuticals 12
Environmental impacts resulting from drug consumption 6
Development of environmentally more sustainable drug production 5
Comprehension of the life cycle impacts of pharmaceuticals 3
Identification of the environmentally most significant targets for 3
development along the life cycle for action prioritization
Development of more environmentally sustainable transportation 2

Development of more environmentally sustainable pharmaceuticals 1
Lack of transparency and need to improve environmental
sustainability in the production chains

Production concentrated in countries with weak environmental 4
regulation

Ensuring the environmental sustainability of subcontractors 3

Lack of transparency in the production chain 3

Limited possibilities for individual companies or countries to 2
influence global markets and trends

Lack of binding systems and surveillance in the purchasing and 2
production chains

Legislative challenges 6

Lack of legal framework to guide and require more environmentally 3
sustainable operations in the pharmaceuticals business

Legal framework in Finland that is slow to change and requires 2
decision-making at the EU level

Challenges resulting from changes in legislation 2

Advertising restrictions that prevent informing consumers about 1
prescription medicines

Environmental load resulting from the mandatory reserve supplies 1

Developing more environmentally sustainable mode of
operations in the company

Development of environmental management system in the company 2

Environmental evaluation of the mode of operations and target-
oriented development

Environmental impacts of commuting

Identification of the needs and demands of the stakeholders

Global pandemics threatening human health

Antimicrobial resistance

Global pandemics

Pandemics resulting from climate change

Others

Development of instructions on how to recycle or dispose of
medicines and medical devices

Changing the mindset of people

Finding common ground between the industry and the 1
environmental groups

Using recycled materials in medicinal products 1

N A= Ww=N (8]

—

The lack of transparency in the production chains and the need to
improve their environmental sustainability was frequently mentioned
(9/15). Considered especially problematic were the challenges arising
from production centralized in countries with lax environmental regu-
lation and the lack of means to ensure and assess the environmental
sustainability of subcontractors. A range of legislative challenges was
raised by some interviewees (6/15), with the lack of a legal framework
to guide and require environmentally sustainable operations as a key
challenge (Table 2). Additionally, one-third of the interviewees (5/15)
brought up the need to develop environmentally more sustainable
modes of operation within the company (Table 2), suggesting that these
are still lacking in some companies, even though many have already
established their own environmental programs or strategies.

“...the API production being localized in countries with weak regulation,
or weaker regulation, that is one of those big global problems, which
causes that, well, most certainly some adverse environmental impacts
arise there...” (Interviewee 14)

3.3. Plausible solutions to overcome current environmental challenges

Open-ended questions were used to ascertain what solutions, actions,
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and incentives the interviewees would raise themselves for dealing with
the environmental challenges facing their business. The actions and
incentives that the interviewees spontaneously introduced were divided
into eight categories (Table 3). Next, their views on specific actions and/
or incentives were asked with a set of sub-questions compiled from the
data, and based on the answers, the attitudes were categorized as
“positive,” “reserved,” or “negative” (Fig. 2). Examples of responses
relating to the categorized attitudes of the interviewees are compiled in
the Supplementary material.

3.3.1. Incorporation of environmental aspects into decision-making in
different situations

Nearly all of the interviewees (11/15) brought up the need for the
incorporation of environmental aspects into decision-making, empha-
sizing its effectiveness in tackling environmental challenges (Table 3).
The suggested mechanisms included aspects relating to environmental

Table 3
Interviewees’ suggested actions and incentives toward the environmental chal-
lenges facing the pharmaceutical business.

Interviewees
(n=15)

Main category
Subcategory

Incorporation of environmental aspects into decision-makingin 11
different situations

Increasing transparency in the production chains to guide decision- 3
making
Raising public awareness of the environmental impacts of 3

pharmaceuticals so that consumers can include environmental
aspects in their decisions

Incorporation of environmental criteria into public procurement 3
processes in hospitals

Competitive pressure to guide focusing on environmental issues 2

API-based environmental classification to help physicians in 2

decision-making when prescribing medication (when acceptable
from a therapeutic point of view)

Incorporation of environmental aspects in production as criteria in 2
choosing medicines
Incorporation of environmental aspects into reimbursement 1

discussions

Raising awareness on environmental issues and influencing the 8
general atmosphere in society

Raising awareness on environmental issues

Raising awareness on correct ways to dispose of medicines

Affecting consumers and the general atmosphere in society

Global uniform and equal environmental criteria and standards
based on international cooperation

Global uniform and equal environmental standards

Global cooperation 3

Sustainability/responsibility criteria to assess the performance of the 2
companies and to encourage doing well

Incorporation of environmental assessments and sustainability 5
considerations in drug design and development

NN WS

w

Environmental effect assessments of drug design and development 4

Sustainability considerations regarding drug design and 1
development

Removal of pharmaceuticals from wastewaters 5

Targeted and more effective treatment of wastewaters to remove 3
pharmaceuticals

Dedicated collection of bodily excretions containing harmful 2
pharmaceuticals

Legislative means 4

Improving the mandatory reserve medical supplies system 2

Environmental criteria (on production) incorporated into marketing 2
authorization approval or in the good manufacturing practice
(GMP) norms

Changes to pharmaceutical legislation

Rational use of medicines

Rational use of medicines

Other

Incentives and actions to support recycling of medicinal package
materials

Switching to renewable energy in the company

Resolving the emissions from company’s production 1

Incentives from easy tools 1

N AW W

-
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Use of environmental effects and fate assessment tools in early
phases of drug development
LCA-based system to guide choice of medicines

Knowledge of consumers' willingness to pay to support industry's
operations

Legislative or regulatory changes

Environmental criteria in public procurement

Environmental classification of APIs to guide choice of medicines,
when possible from therapeutic point of view

Environmental responsibility included in patent protection

Relocation of production to countries with stricter environmental
regulations

o
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2 4 6 8 10 12 14

B positive Oreserved Onegative

Fig. 2. Attitudes of the interviewees toward the different suggested actions and incentives to deal with the environmental challenges of the pharmaceutical business.
The length of the bar indicates the total number of interviewees with an opinion of the given action or incentive. The number of interviewees per sub-question thus
varies, since not all sub-questions were discussed with every interviewee (or not everyone had an opinion on each sub-question).

impacts of the APIs and to transparency and sustainability of production
to guide decision-making by consumers, physicians, or hospital/insti-
tution drug buyers. However, the opinions about which criteria to use
for decision-making, and who should make the decisions, varied sub-
stantially among the interviewees, although many suggested that
incorporation of environmental aspects into decision-making would
incentivize and guide the companies to put more focus on environmental
issues. Some interviewees were concerned about whether patients
would get the needed treatment if they made decisions about over-the-
counter (OTC) drugs based on the environmental impacts of medication.
It was also noted that the patients should not be exposed to choosing
their medication on these grounds, but the decision should rather be
made by the physicians only, who could evaluate the overall risk-benefit
ratio of the treatment. Nevertheless, the interviewees’ attitudes were
mostly positive toward drug classification based on LCA of the phar-
maceutical products (10/13) to guide the selection of medicinal prod-
ucts (Fig. 2 and Supplementary material). However, the attitudes toward
drug classification based on environmental risks of APIs were more
divided between positive (6/11) and reserved (5/11), but none were
clearly negative, suggesting that acknowledging the environmental
impacts of medicines, and minimizing the use of the most harmful ones,
was generally considered important.

Ten interviewees considered an LCA-based system accounting for
environmental and sustainability aspects of the whole product to be a
good mechanism to guide decision-making and to support the devel-
opment of sustainably produced medicines (Fig. 2 and Supplementary
material). Although it was considered difficult to establish, such a sys-
tem was perceived as an incentive for the companies to improve their
operations. Two interviewees had negative attitudes toward the use of
LCA data to guide the selection of drug products because of the chal-
lenges in producing comparable environmental footprint data for
different products by different companies. Nevertheless, LCA data were
considered valuable for identifying specific points in the production
processes for further development. The challenges raised with the
establishment of LCA-based assessment systems were the extensiveness
of the data across the life cycle even for one product and the question of
sufficient transparency to allow reliable third-party reviewing without
compromising property rights. It was also pointed out that the assess-
ment system would need a structure to enable all companies to partic-
ipate, without categorically excluding any particular business sector, for
example by unequal treatment of originators and generic companies.

Additionally, three interviewees cited the incorporation of environ-
mental criteria in public procurement processes as another mechanism

to promote environmental sustainability (Table 3). When specifically
asked, six of the fourteen interviewees had positive attitudes toward
this, considering environmental criteria in public procurement tenders
as an incentivizing mechanism, whereas eight interviewees had a
reserved or negative attitude with concerns about the criteria to be used
(Fig. 2 and Supplementary material). This group of interviewees
considered it important that the criteria would not only build on who
can provide certain documents, but also guide the industry to enforce
improved sustainability in their operations. Several interviewees
emphasized that the criteria should be impartial, clear, and harmonized
so that the same criteria could be used in several procurement regions in
different countries without excluding any particular segment of the
pharmaceutical industry from the tendering. Two interviewees were
nevertheless skeptical of the success of weighing environmental criteria
against price.

“...in some way getting the environmental issues included in the choosing
of the medication process. No matter if it is in a hospital or outpatient care
when choosing medicine. But that somehow it would be included. So, it
could be one of the criteria, or one claim that the bidders would need to
provide a report on how... umm the environmental issues have been taken
into account in the production...” (Interviewee 2)

3.3.2. Raising awareness on environmental issues, global environmental
criteria and cooperation

The interviewees frequently (8/15) raised increasing awareness on
environmental issues and affecting the general atmosphere in society,
considering them important, although slow, means to improve envi-
ronmental sustainability (Table 3). They advocated improvement in
education and increased research on environmental impacts of medi-
cines to increase discussion, to train professionals for the pharmaceu-
tical sector, and to raise awareness on all levels, including drug
consumers, who will have the ultimate impact on political decision-
making and legislative actions.

“...of course it would be good to do awareness raising in all levels. And
then I believe that the awareness would gradually increase and then the
pressure perhaps also to political decisions and legislative guidance would
increase...” (Interviewee 15)

Information on consumer willingness to pay for more sustainably
produced medicines was also considered important by nine in-
terviewees, and a tangible incentive for the companies to invest in
environmentally sustainable production and products (Fig. 2 and
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Supplementary material). However, two interviewees had reservations
about the incentivizing effect of this information, emphasizing the need
for information on a society’s willingness to pay, because, in many
countries, much of the costs of prescription medicines is reimbursed by
national health insurance agencies.

Raising awareness on correct disposal of unused and expired medi-
cines (3/15) was also brought up as a concrete action on which con-
sumers should be informed to avoid unnecessary environmental load.
Public awareness campaigns targeted to drug consumers were proposed
to address the general lack of awareness of the environmental impact of
medicines.

“...I do strongly see that the awareness of people also on how to dispose of
medicines... So, I think that can save or improve the situation (to reduce
the load of pharmaceutical residues in the environment) a lot, that they
are not thrown in the household waste nor flushed down the toilet...”
(Interviewee 2)

The interviewees frequently (7/15) brought up the need for global
actions and incentives, including setting of equal environmental stan-
dards and criteria based on international cooperation, as mechanisms to
increase effectiveness and transparency required for the highly inter-
linked international global pharma industry.

“...one really big challenge of course is, as I already mentioned earlier
about the raw materials that are purchased around the world, that of
course if there would be uniform environmental set of rules globally, then
this problem would be solved. So probably cooperation in these issues is
like really important and to have influence in that...” (Interviewee 1)

3.3.3. Incorporation of environmental assessments and sustainability
considerations into drug design and development

Incorporation of environmental aspects into drug design and devel-
opment was spontaneously brought up by five interviewees as a means
to reduce the environmental impacts of APIs and thereby increase the
environmental sustainability of the pharmaceutical business (Table 3).
Four interviewees noted that the environmental effects of pharmaceu-
ticals should be assessed in early preclinical phases of drug design and
development to avoid the use of environmentally harmful chemical
structures, when possible, or to develop medicines that can be targeted
more efficiently to their site of action to reduce the dose and thereby the
amount of human excretion to the environment.

“...in terms of a development of a new drug and how we develop the new
drug, the sustainability kind of component was not well enough reflected
in the things that we want to put into that new drug. So I think that needs
to be, just that needs to rise so, you know, in the R&D groups that dis-
cussing, so that... We have a molecule here, how do we bring it to the
patient? I think the sustainability thinking needs to be there at every step,
yeah?...” (Interviewee 12)

When specifically asked for opinions on the use of environmental
effect and fate assessment tools in early phases of drug discovery and
development, ten interviewees had positive attitudes (Fig. 2 and Sup-
plementary material). Although not all interviewees were participating
in research and development, and some specifically implied that they
were giving their personal perception, possibly differing from the
company policy, all ten interviewees said they would welcome such
tools and foresee their use even without regulatory requirements.
However, one interviewee had reservations and, while considering these
tools interesting and valuable for increasing knowledge on drugs’
environmental impacts, was cautious about their hindering the devel-
opment of very potent and inevitably harmful medicines, such as anti-
cancer drugs.

3.3.4. Removal of pharmaceuticals from wastewaters and rational use of
medicines

Five interviewees raised the possibility of removal of
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pharmaceuticals from wastewater as a means to reduce the environ-
mental impacts of pharmaceuticals (Table 3); when asked for specific
examples, they narrowed methods to targeted and more efficient
removal processes for pharmaceuticals (3/15) and to dedicated collec-
tion of bodily excretions containing harmful pharmaceuticals (2/15).

“...And then, maybe, I don’t know, treating of wastewater in general... ...
if there was some fine system developed to treat wastewaters, that would
remove all those (residues), then that would be the best solution...”
(Interviewee 1)

Three interviewees additionally suggested rational use of medicines
as an important action to reduce unnecessary and suboptimal drug
consumption and thereby the environmental load and adverse impacts
of pharmaceutical residues. It was also noted that physicians should pay
attention to the amount of drugs prescribed at a time to avoid excess
purchases.

“...probably the main thing is, what, what has like umm... been under
discussion is of course reducing all kind of unnecessary use (of medicines)
...” (Interviewee 5)

3.3.5. Legislative means

Legislative actions were spontaneously raised and considered effec-
tive by five interviewees (Table 3) because once implemented, they are
binding and require changes. One example presented (3/15) of specific
legislative action to avoid unnecessary medicinal waste was targeting
renewal of the legislation on obligatory storing of medicines based on
the Finnish Act (979/2008) and Decree on Mandatory Reserve Supplies
of Medicines (1114/2008) to enable recirculation of the stored medi-
cines before they expire. Obligatory storing was considered necessary,
but updated legislation could allow for flexibility to avoid unnecessary
waste resulting from expired products. Another example, given by two
interviewees, was the incorporation of environmental criteria (of pro-
duction) into the marketing authorization or the GMP norms, to ensure
that environmental impacts are considered in the context of pharma-
ceutical raw material production in low-income countries, where envi-
ronmental regulation and its implementation might be inadequate
(Table 3).

“...But then again, one (way) that for sure will work is (to include issues
in) the pharmaceutical legislation. So that if something is required there,
then that has to be enforced...” (Interviewee 6)

Additionally, when specifically asked for their opinion on legislative
or regulatory actions, seven interviewees had positive attitudes, two
were reserved and one had a negative opinion (Fig. 2 and Supplemen-
tary material). The arguments in favor of legislative and regulatory
changes emphasized that stricter policy instruments are needed despite
the existing voluntary initiatives, such as the AMR industry alliance, and
that changes in legislation could incentivize companies to relocate
production facilities to Europe. For example, changes to the interpre-
tation of Directive (2001/83/EC) on the Community code relating to
medicinal products for human use, so that the companies would have to
report the actual place of manufacturing (instead of the headquarter’s
address) in the package leaflets, may guide the selection of drug prod-
ucts and incentivize return of production to Europe. Other changes
considered favorable are legislation enabling the companies to inform
on the environmental impacts of prescription medicines, without this
being interpreted as advertisement, or the replacement of the printed
package leaflets with electronic ones, to reduce waste from pharma-
ceutical packaging. However, special requirements set on a national
level were considered unrealistic for companies, and thus, to achieve
bigger improvements, the environmental criteria and legislative changes
would need to be implemented on the EU level.

The reserved (2/10) and negative (1/10) attitudes towards legisla-
tive changes (Fig. 2 and Supplementary material) were based on the
opinion that current legislation in the EU is already sufficient regarding
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environmental considerations. Stricter regulation and requirements
were considered as possible risks to operational functionality of smaller
companies, or as paths to price increases of drugs, such as generics
critical to public health. Instead of strict environmental regulation or
changes in legislation, one interviewee called for setting key perfor-
mance indicators for environmental sustainability, perceiving that
companies would follow them, not only because of goodwill, but also
because of value-added investment as an incentive.

The attitudes varied in response to specific questions about reloca-
tion of drug manufacturing to countries having stricter environmental
regulation (Fig. 2 and Supplementary material). Five interviewees
regarded this positively as protecting the environment, while also
securing the supply of medicine and raw materials. Three interviewees
were reserved and considered actualization would require clear finan-
cial incentives or reputational advantages, and some questioned the
willingness of societies to pay for presumably more expensive pharma-
ceuticals produced in Europe. Three interviewees argued that relocating
the production to Europe is neither feasible nor the best solution, since
Europe alone cannot provide medicines to the global market, and
establishing new facilities in Europe would also have adverse environ-
mental impacts. Instead, they suggested that the environmental impacts
resulting from drug manufacturing outside the EU should be resolved by
international cooperation, demanding similar environmental criteria as
in the EU, permitting of non-EU producers, and contracting with
responsible producers only. This approach was, however, perceived as
challenging by another interviewee, who emphasized the limited ability
to secure environmental sustainability of a subcontractor’s operations
despite periodic auditing. On the other hand, two interviewees raised
the possibility of improving conditions by establishing the LCA-based
assessment system to account for production location and methods of
raw material production.

4. Discussion
4.1. Strengths and limitations of the study design

Out of the invited 41 companies, twelve (30 %) participated in this
study. The participation rate in this study was lower (30% vs. 73 %) than
in similar interview studies conducted for pharmaceutical companies,
for example on the reasons behind medicine shortages (Heiskanen et al.,
2017). This may be due to many different reasons. First, the business
orientation for the companies operating in Finland focuses on sales and
marketing only, whereas the environmental and sustainability actions
are often considered to relate to manufacturing or strategic planning
taking place at the headquarters. Thus, the invitees operating in the
Finnish market might have found the interview themes difficult or
irrelevant to their position in the company, lowering their interest in
participating. Second, the interviews were conducted in the middle of
the COVID-19 pandemic in spring 2021, which might have reduced the
time and/or interest in participating. Despite the low participation rate,
saturation of the data was achieved, and the number of interviewees was
considered sufficient for drawing conclusions on their views and atti-
tudes. In addition, the participation rate between originator and generic
companies was equal (approx. 30 %) and therefore distortion in the
results is not expected to arise from either sector’s being over- or
under-represented.

The study was conducted as a semi-structured interview, which
enabled the participants to express their opinions and to bring up new
aspects during the interviews for further discussions. In most cases, only
one person per company participated in the interview and therefore the
opinions and perceptions expressed did not necessarily represent the
company policy. Instead, the results represent the views and attitudes of
individuals acting in different positions in the companies, providing
understanding of the daily environmental challenges facing the phar-
maceutical companies, and including views on certain country chal-
lenges. Nevertheless, the actions and incentives proposed by the
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interviewees were prioritized to drive the environmentally sustainable
development on a global level.

4.2. Current status of the companies regarding environmental actions

According to the interviewees, many improvements have already
taken place in the pharmaceutical companies to increase the environ-
mental sustainability of their businesses and of the sector as a whole.
These include concrete actions in the companies such as generally
improving waste management and reducing emissions from their oper-
ations and production; these were also considered the easiest life cycle
impacts of pharmaceuticals to address. Similarly, Milanesi et al. (2020),
based on managerial literature review, reported that cleaner production
was the main topic associated with environmental sustainability. These
results suggest that green production is one of the most intensively
studied areas, where economic drivers (e.g., lower manufacturing cost)
might already meet environmental incentives (e.g., reduced energy
consumption). The international pharma industry has also many recent,
voluntary initiatives aiming to improve the environmental sustainability
of the pharmaceutical sector as a joint effort; these include the
Eco-Pharmaco Stewardship program by European Federation of Phar-
maceutical Industries (EFPIA) (EFPIA, 2015), the AMR Industry Alliance
(AMR Industry Alliance, 2017), and the PSCI initiative (PSCI, 2006).
Interestingly, these were noted by only two interviewees in this study,
even though many of the companies were members of these initiatives,
suggesting that participation is perhaps not considered as a concrete
action on all levels of the business and that the interviewees’ focus was
on the more tangible operations.

Supporting the development of pharmaceuticals intrinsically less
harmful for the environment and funding research and innovation to
support “greener” pharmaceuticals are the action points in the EC’s
Strategic Approach to Pharmaceuticals in the Environment (PiE) (COM,
2019). Despite the regulatory support, the development of more envi-
ronmentally sustainable pharmaceutical products was not commonly
brought up by the interviewees as an action their companies had already
begun, indicating that environmental fate of APIs and life cycle impacts
of drug products are not yet an integrated element of the R&D in the
participating companies, or if there are environmental aspects behind
decisions in product development, these are not effectively communi-
cated internally. The examples given by the interviewees focused largely
on packaging materials and reducing waste by developing reusable
medical devices. The examples given did not include designing of
environmentally less harmful (e.g., readily biodegradable) APIs, indi-
cating that “benign by design approach” (Kiimmerer, 2007; Rastogi
et al., 2014) is not yet a tangible goal. Although the companies had not
yet adopted such pre-emptive approaches in drug design, several in-
terviewees acknowledged this to be an interesting solution for the future
and the attitudes were generally positive, which is well in line with the
findings of Puhlmann et al. (2023).

4.3. Environmental impacts of drug manufacturing and transparency of
production chains

Environmentally sustainable drug production was brought up by
most interviewees as a key development need for the future. Lack of
transparency in the complex production chains involving many, often
dispersed, actors was overall the second largest challenge facing the
pharmaceutical business according to the interviewees, with the most
commonly mentioned challenge being the drug manufacturing central-
ized in countries with lax environmental regulation. The environmental
challenges arising from centralized raw material manufacturing, and the
industrial emissions from that, are a well-known issue (Larsson, 2014;
Larsson et al., 2007), lacking economic and regulatory incentives to
increase environmental sustainability of drug production. Any im-
provements toward, for example, adaptation of more efficient industrial
wastewater treatment, were anticipated to raise production costs, and
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therefore the interviewees considered that incorporation of environ-
mental criteria into such aspects as public drug procurement or pricing
and reimbursement are necessary incentives to help reduce discharges
arising from drug production. The need for similar incentivizing acts for
reducing discharges from antibiotic manufacturing have also been dis-
cussed by Larsson and Flack (2022). Environmental criteria in public
procurement of medicines already exist in Sweden (Upphand-
lingsmyndigheten, 2015) and Norway (Sykehusinnkjop, 2021).
Although the use of environmental criteria in public procurement was
generally supported by the interviewees of this study, their attitudes
were partially reserved, with concerns relating to extra work with no
clear rewards. Many interviewees considered that the cheapest bid
would be the most competitive, despite environmental criteria. How-
ever, the interviewees perceived this mechanism as potentially incen-
tivizing, provided that the criteria were harmonized, at least on the
Nordic level, or preferably on the EU level, and appropriately weighed in
the tendering. The importance of harmonized criteria has also been
highlighted in previous studies as a factor to decrease the workload of
both procurers and bidders and hence promote the use of environmental
criteria in tendering (Miettinen, 2020). The use of procurement policy to
encourage greener manufacturing is also one of the action points of the
EC’s Strategic Approach to PiE (COM 2019).

The interviewees noted that besides public drug procurement,
increased transparency, and publicly available information regarding
the origin of drug products could allow physicians and consumers to
make informed choices (Larsson and Fick, 2009), as another means to
foster environmentally sustainable drug production. The pressure from
consumers is known to be a key driver for social and environmental
improvements in companies as they can also be a reputational incentive
(Lestari et al., 2021). According to recent studies, consumers are
increasingly aware of the environmental impacts of pharmaceuticals
(Alajarvi et al., 2021). The need for raising awareness of the environ-
mental impacts of medicines in the society generally was also brought up
by the interviewees. According to the recent studies carried out among a
population in Finland, drug consumers expect sustainability from the
pharmaceutical industry, and they are willing to pay more for envi-
ronmentally sustainable pharmaceutical policies (Alajarvi et al., 2022,
2021). The information on consumers’ valuations was generally
perceived as positive by the interviewees, suggesting that consumer
preferences and attitudes could hold a great incentivizing potential for
the companies. In Sweden, the Valvald (" well-chosen™) campaign has
been developed to communicate the sustainability performance of the
drug producers to the customers in community pharmacies in an effort
to guide the customers’ choices to increase transparency and support
sustainable production (Swedish Pharmacy Association, 2022). The
Valvald symbol is displayed next to the OTC medicines that meet the
requirements set by the campaign. Currently, the requirements are that
the companies must have an externally audited sustainability report, be
a member of PSCI organization, and demand that the manufacture of the
OTC products takes place with respect to human rights, workers’ rights,
the environment, and freedom from corruption. Additionally, the com-
pany must carry out and document risk analyses based on the PSCI
principles for the supply chain relating to the OTC products. However,
the information submitted by the companies is only handled by the
Valvald office and therefore it does not provide information on the
country of origin or production location to the customers. Valvald
initiative is, however, a step forward as currently legal obligations to
publish the country of origin are lacking.

Additionally, the interviewees discussed both global environmental
standards and responsibility criteria developed with global cooperation,
as well as stricter legislative actions, as means to reduce the hazards of
raw material manufacturing in countries with weak environmental
regulation. Nevertheless, relocation of manufacturing from low-income
countries to Europe was not supported by all interviewees. Instead,
legislative or regulatory changes that would obligate the companies to
commit to environmentally sustainable operations independent of the
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manufacturing site were considered the most effective, and the attitudes
toward legislative changes in this regard were positive, suggesting that
industry prefers either tangible economic or regulatory incentives.

4.4. Environmental classification approaches

Controlling the multifaceted life cycle impacts of pharmaceuticals
was the most commonly noted environmental challenge for the phar-
maceutical business, and the impacts resulting from drug consumption
were considered one of the greatest unresolved challenges. The sug-
gested solutions included both preventive and reconstructive actions.
Incorporation of environmental aspects to selection of medicines (e.g.,
physicians prescribing medicines or public drug procurements) was the
most frequently proposed action to reduce environmental impacts of
pharmaceutical residues, by promoting the use of either environmen-
tally less harmful APIs or responsibly produced drug products. This
approach would inevitably require an assessment system to enable
comparison of APIs or drug products, based on their environmental
footprint. However, the attitudes towards API-based environmental
classifications were divided between positive and reserved. The in-
terviewees anticipated that the impact of such a classification system on
drug consumption and consequently on the environmental exposure
would be small, and not the most effective means to overcome the
challenge. Nevertheless, the interviewees considered that API-based
classification could possibly incentivize companies to think about the
environmental fate and effects of the APIs already in the R&D phase.
Similar conclusions were also drawn in the report by the Swedish
Environmental Research Institute (IVL), finding that the API-based
classification of Fass had a limited impact on drug prescribing during
10 years since its introduction (Graae et al., 2017). On the other hand,
the information collected for the “Pharmaceuticals and the environ-
ment” database of janusinfo.se has been used by the Swedish Drug and
Therapeutics Committees when formulating recommendations for
healthcare professionals (Ramstrom et al., 2020; The Wise List, 2015).
Swedish physicians follow these recommendations in drug prescribing
(Eriksen et al., 2017); this can affect the consumption of certain APIs and
consequently, their environmental exposure levels. Nevertheless, fair
comparison and substitution of APIs based on their environmental risks
is challenging because of the limited data, lack of transparency, and
discrepancies in the available environmental information (Ramstrom
et al., 2020; Agerstrand and Rudén, 2010).

The LCA-based environmental classification has been proposed as an
alternative approach for favoring environmentally more sustainable
pharmaceutical products, for example in public procurement of phar-
maceuticals or in pharmaceutical benefits plans (Palsson et al., 2020).
This kind of environmental classification was also generally perceived as
a positive development by the interviewees of this study, as incentiv-
izing the companies to improve their operations. However, it was
acknowledged by most of the interviewees that such a system is difficult
to establish while not excluding any particular sector of the pharma-
ceutical business. Earlier literature (Larsson, 2014) has discussed chal-
lenges such as the difficulties in distinguishing which industrial
discharges are associated with a particular product. On the other hand,
for some products, the entire generic market relies on a single API
manufacturer, making comparison based on industrial API emissions
unfeasible. Similar concerns were also raised by the interviewees,
emphasizing that companies might experience inequality if the reques-
ted API producer data is owned by a single company, which is also
participating in the tendering. The challenges facing companies
involving many suppliers and subcontractors in the production chain
have been reviewed in more detail by Palsson et al. (2019). Overall, the
lack of primary process data and the challenges in sharing confidential
data between companies are identified as key development needs for a
fully functional LCA-based system for pharmaceutical products (DeSoete
et al., 2017; Palsson et al., 2019).
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4.5. Country-specific issues

As an example of country-specific sustainability challenges, the
mandatory reserve supply system of medicines, decreed by law in
Finland, was introduced by two interviewees as a source of unnecessary
medicine waste. The legislation in Finland aims to ensure the supply of
medicines in circumstances when availability is restricted or prevented,
e.g., as a result of suspended deliveries or serious crises (Fimea, 2022b).
The legislation applies to pharmaceutical companies, importers,
healthcare units, and the National Institute for Health and Welfare. The
quantities to be stocked by pharmaceutical companies and importers are
based on domestic sales and are equivalent to 3-, 6-, or 10-months’
average consumption, depending on the type of medicine (Fimea,
2022c). While the mandatory reserve supply is critical to small markets,
like Finland, these stored medicines are eventually incinerated as
medicine waste, after the storage period ends. Similarly, the mandatory
reserve stocks in hospitals are a significant source of medicine waste in
Finland (Peltoniemi and Suomi, 2019). According to the interviewees,
further investigation is necessary to understand how much medical
waste is created solely because of this legislation and what mechanisms
might reduce unnecessary waste.

5. Conclusions

Based on the outcome of this interview study, the pharmaceutical
industry is well aware of the multifaceted environmental challenges
relating to drug development, use, and end-of-life. Industry represen-
tatives identify their responsibilities for improving sustainability of drug
production, and many improvements have already taken place in the
companies. However, due to the lack of regulations and economic
drivers or reputational rewards, incentives to promote environmentally
sustainable drug production are unrealized. The environmental impacts
arising from centralized API manufacturing are especially challenging
and are mainly unaddressed. Therefore, the interviewees of this study
called for global cooperation, including stricter legislative actions.

Overall, however, the environmental challenges relating to human
excretion of consumed drugs and their metabolites were considered the
most challenging. The most commonly mentioned actions to improve
the environmental sustainability of the pharmaceutical sector were
environmental criteria based on the active ingredients, drug products,
and/or the company’s environmental footprint, to guide the drug se-
lection by consumers, physicians, and the healthcare system at large.
This also highlights the importance of promoting awareness at all levels
among professionals and drug consumers. The attitudes towards many
of the different actions and incentives to solve the environmental chal-
lenges were, however, generally divided between positive, reserved, and
negative. The only exception was the possibility of introducing envi-
ronmental effects and fate assessment tools into the early phases of drug
discovery and development, which received an almost entirely positive
reception, although this is not yet a reality in the industry. These find-
ings indicate that the benign by design approaches, whether focusing on
the APIs or the drug products, comprise a strategy of clear interest to the
industry for further proactive development to reduce the impact of
future pharmaceuticals.
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