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This study aims to contribute to the risk management of pharmaceuticals in the environment, illustrating risk perceptions of lay people and experts from
Southwestern Europe (Portugal, Spain, and France). The psychometric paradigm was applied to assess risk regarding four hazards: pharmaceuticals in the
environment (i.e., broadly framed), pharmaceuticals in treated wastewater, pharmaceuticals in drinking water, and pharmaceuticals in crops. Two factors
explained most of the variance of risk assessments: dread and unknown. The dread factor combined immediacy and severity of effects, and the old nature of
hazards. Pharmaceuticals in crops and drinking water scored higher in this factor, as did experts and French respondents. The unknown factor differ-entiated
between the assessments of lay people and experts. Lay people assessed the hazards as being more known by those who were exposed but less known by science;
and exposure was perceived as more voluntary and the risk as more controllable. Even though pharmaceutical residues are present in much higher concentrations
in treated wastewater, risk assessments were overall higher for drinking water and crops. Moreover, data also revealed risk management preferences: whereas lay
people preferred technological and awareness-type mea-sures, experts preferred measures to improve the disposal of pharmaceutical waste and health-type

measures.

1. Introduction

The presence of pharmaceuticals in the environment is a problem of
increasing concern and likely to be amplified in the future (Lacorte et al.,
2017). The goal of this work is to contribute to risk communication and
management strategies by 1) illustrating the risk assessments of lay
people and experts from three Southwestern European countries of
pharmaceuticals in the environment, pharmaceuticals in treated
wastewater, pharmaceuticals in drinking water, and pharmaceuticals in
crops and 2) exploring which measures are preferred to reduce the
presence of pharmaceuticals in the environment.

1.1. Pharmaceuticals in the environment: risk analysis

The pharmaceutical industry developed rapidly and continuously
after World War II, having had a huge impact on public health. A
collateral effect of this development was the contamination of aquatic
environments, which are nowadays the receptacle of mixtures of drugs
that are continuously released into them on a global scale (Boxall,
2004).

Caldwell (2015) suggests that the vast majority of pharmaceuticals
found in water systems are the result of their consumption and excretion
into sewer and wastewater treatment systems. Given the widespread
consumption of pharmaceuticals in developed countries, it is likely that
pharmaceutical residues are present in the wastewater of all households
where individuals consume pharmaceuticals. The second major
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pathway is through the improper disposal of unused or expired medi-
cines by consumers who flush them down toilets or pour them into
drains (Caldwell, 2015). Although there are indicators of the amount of
pharmaceuticals that individuals separate and return to the pharmacies,
the extent of improper disposal of unused medicines is currently un-
known and it might represent between 5% and 10% of the pharma-
ceuticals in the environment. The third major pathway is through
wastewater discharged from manufacturing sites (Caldwell, 2015).

Pharmaceuticals are just partially removed in typical wastewater
treatment processes rendering their fate clearly of importance (Nassiri
Koopaei and Abdollahi, 2017). Studies suggest that approximately 10%
of the human pharmaceutical products that have been investigated so far
pose an environmental risk. Examples are the morphological and
reproductive changes in some species of fish due to the presence of
oestrogens in water (e.g., Green et al., 2015). As far as adverse impacts
on human health (via the environment) are concerned, various studies
indicate that these are very unlikely from direct exposure to trace con-
centrations of pharmaceuticals that could potentially be found in
drinking water (see World Health Organization, 2012) and crops (Wu
et al., 2015). The data available indicates that the concentrations of
pharmaceuticals in surface water and groundwater sources impacted by
wastewater discharges are typically less than 0.1 pg/l, which is the
European Medicines Agency threshold for risk evaluation of pharma-
ceuticals in surface waters. Concentrations in drinking water are
generally lower, below 0.05 pg/1 (World Health Organization, 2012).
Pharmaceuticals reach crops through the application of biosolids or
irrigation with treated wastewater (e.g., Wu et al., 2015). There are
fewer studies in this area, but studies suggest that crops, such as corn,
lettuce, potato, cabbage, green onion, or radish, might uptake phar-
maceuticals through roots and accumulate them in different concen-
trations (usually low) and have negative effects on crops growth
(Al-Farsi et al., 2018; Wu et al., 2015).

Although the concentration of pharmaceuticals is typically not high
in drinking water and crops, researchers highlight that there are many
uncertainties and knowledge gaps. The presence and effects of trans-
formation products, metabolites, the interaction effects between phar-
maceuticals, and the effects of chronic exposure in ecosystems and for
human health are not yet known. Lastly, it is important to note that this
risk will likely be amplified due to the increase of population and life
expectancy (Lacorte et al., 2017), and due to water scarcity (Nassiri
Koopaei and Abdollahi, 2017). Elderly people usually consume a higher
diversity and quantity of pharmaceuticals. Water scarcity will lead to
higher concentration of pharmaceuticals in drinking water and will in-
crease the need to use treated wastewater. Indeed, the use of treated
wastewater has been identified as one of the ways of addressing water
demands. Treated wastewater might become a water source for food
production and human usage. However, many contaminants, such as
pharmaceutical residues, might be present in treated wastewater, and
their risks are not yet well-known (Nassiri Koopaei and Abdollahi,
2017).

Therefore, precautionary management action has been set into mo-
tion to reduce the release of pharmaceuticals into the environment
(Kiimmerer, 2010) and the European Commission recently developed a
strategic approach to pollution from pharmaceutical substances (2019).

1.2. Pharmaceuticals in the environment: risk perception

The presence of pharmaceuticals in the environment is an emergent
risk. Studies indicate lack of public knowledge on this issue and on the
proper disposal of unused pharmaceuticals (e.g., AlAzmi et al., 2017;
Bound et al., 2006). The need for caution in introducing measures that
interfere with health issues is frequently emphasised (e.g., Dohle et al.,
2013; Gotz et al., 2019). For example, Dohle et al. (2013) have experi-
mentally demonstrated that, when balancing human health and the
environment, people considered that the patient’s health should be
considered first, particularly for severe diseases. Research has also

focused on the public awareness of pharmaceuticals in drinking water in
particular. It is assumed that, even if pharmaceutical residues are pre-
sent in very low concentrations and might not pose a high risk to human
health, their presence influences people’s perception of water quality
(Hartmann et al., 2018; Schriks et al., 2010).

Research with experts (e.g., health professionals, industry, re-
searchers, decision makers) has been conducted to evaluate the role they
might have in encouraging the proper use and disposal of pharmaceu-
ticals, and to investigate which paths of risk assessment and manage-
ment are preferred. For instance, Abahussain et al. (2012) assessed the
perceptions and practices of disposal by pharmacists in Kuwait and
illustrated their willingness to implement collection schemes.

Regarding risk management strategies, Doerr-MacEwen and Haight
(2006) described that experts from Canada, USA, and Europe generally
believed that pharmaceuticals in the environment represented a concern
for both human and ecosystem health, although they were more con-
cerned about impacts on aquatic ecosystems. They further believed that
advanced wastewater treatment technology, education of medical pro-
fessionals to reduce overprescription, pharmaceutical-return programs
coupled with public education, and requirements for all municipalities
to have a minimum of secondary wastewater treatment were the most
effective management strategies to reduce the environmental impacts of
pharmaceuticals. Gotz et al. (2019) work illustrated that experts from
UK, Hungary, and Germany perceived pharmaceutical residues as an
environmental risk. Whether or not they perceived it as a risk to human
health varied from country to country.

1.2.1. Psychometric paradigm

The main goal of this study is to describe and compare risk assess-
ments of lay people and experts on pharmaceuticals in the environment.
We followed on the psychometric paradigm (Fischhoff et al., 1978),
which is a classic approach in risk perception that aims to unveil the
factors that determine risk perception. It is assumed that risk is subjec-
tively defined by individuals, reflecting a wide array of psychological,
social, institutional, and cultural factors that can be quantified using an
appropriate psychometric survey method. Nine characteristics are
gathered to explain risk perception, such as the dread associated with a
given hazard. Empirical data (Fischhoff et al., 1978) showed that, when
the risk characteristics of different activities and hazards were
factor-analysed, two major factors (dread and unknown) accounted for
most of the variance emerged, and that these factors predicted indi-
vidual risk perception. The more dreadful and unknown a risk or tech-
nology is, the more people should oppose it, request for its mitigation, or
act in order to mitigate risk. Although there are some criticisms to this
approach that need to be taken into account (see Sjoberg et al., 2004),
the psychometric paradigm has been validated many times, and risk
perception is usually well explained by the aforementioned factors. In
addition, as Clahsen and colleagues suggest (2019), this paradigm al-
lows analysing whether there are significant differences in societal risk
perceptions that might be related to differences in decision making
processes among countries.

Slovic et al. (1979) suggested there are differences between lay
people’s and experts’ assessments. They showed that, when experts
judged risk, they did so in a narrow way and their responses were highly
correlated with technical estimates of annual fatalities, whereas lay
people’s responses were correlated with the factors of the psychometric
paradigm. However, posterior studies indicated that experts’ ratings
were explicable by the psychometric model characteristics in a manner
similar to those of other respondents (Sjoberg, 2002). Differences
emerged only when experts assessed the specific risks they were
responsible for assessing or managing. As the presence of pharmaceu-
ticals in the environment poses risks across different topics (e.g., phar-
macy, water, agriculture, environmental health), the psychometric
paradigm should be useful to illustrate the assessments of the different
experts.

It is important to say that the study of divergences between experts



and lay people (e.g., Sjoberg, 1998) created a debate about the appro-
priateness of using expert evaluations alone for policy decisions, which
usually follows the risk assessment paradigm that clearly distinguished
between technical risk assessment and risk management (e.g., as origi-
nally outlined by the U.S. National Research Council, 1983 ). However,
many studies illustrate that the engagement of the public and stake-
holders in all phases of decision-making is not only a democratic right
but also improves the quality of the processes (e.g., Luis et al., 2018; Luis
et al., 2015; Mata et al., 2006).

1.3. The current study

The European Commission Directive 2008/105/EC (amended by
Directive, 2013/39/EU) obliged the development of a strategic
approach to pharmaceuticals in the environment that was finalized in
March 2019 and identifies six action areas concerning all stages of the
pharmaceutical life cycle, where improvements can be made. The main
goal of this study is to contribute to the successful implementation of this
strategy by describing and comparing perceptions towards risk and risk
management measures of lay people and experts from three south-
western European countries on four hazards of pharmaceuticals in the
environment. The nature of the study is mostly descriptive and explor-
atory. Nonetheless, we have some expectations that are described in the
sections below.

1.3.1. Lay people and experts

Lay people, i.e. the public in general, and experts are expected to
have different risk assessments of pharmaceuticals in the environment.
Pharmaceuticals started being massively used after World War II, and
their presence in the environment was acknowledged by researchers
back in the 70s (e.g., Tabak and Bunch, 1970). However, this issue has
only recently been recognized by institutions and publicly discussed,
and most lay people are not aware of this risk (Gotz et al., 2019). The
effects of pharmaceuticals in the environment are also delayed in time.
This might cause additional difficulties in recognising them because the
association between the initial events (use/disposal of pharmaceuticals)
and their delayed effects (e.g., alterations in fish, antibiotic resistance) is
not immediate.

Experts should be knowledgeable of their field of expertise and have
more scientific and technological literacy than lay people in general. As
such, their assessments of risk should be higher overall, and they should
differentiate more between the hazards related to pharmaceuticals in
the environment than lay people.

1.3.2. Pharmaceuticals in the environment, treated wastewater, drinking
water, and crops

We explored whether there could be differences in targeting a more
general hazard (pharmaceuticals in the environment) or specific hazards
(pharmaceuticals in treated wastewater, drinking water, crops).

Pharmaceuticals in the environment is an emerging and complex
theme. Framing it in a general manner does not direct individuals to
concrete hazards and, therefore, individuals might not understand it and
underestimate its risk. Regarding the three specific hazards, the paths
through which pharmaceutical residues can pose a risk to the environ-
ment and to health is more intuitive for drinking water and crops than
for treated wastewater. The fate and uses of treated wastewater appear
to be disconnected from people and their environment because people
do not engage physically or mentally with the management of their
excretions, particularly in urban developed contexts (del Carmen Mo-
rales et al., 2014). As such, people might also underestimate this hazard.
To sum up, even though pharmaceutical residues tend to be present in
much higher concentrations in treated wastewater than in drinking
water and crops, we expected risk assessments to be higher for drinking
water and crops than for treated wastewater and pharmaceuticals in the
environment in general.

1.3.3. Portugal, Spain, and France

We explored the risk assessments of people from three countries of
Southwestern Europe that share borders: Portugal, Spain, and France.
The strategic approach to pharmaceuticals in the environment (Euro-
pean Commission, 2019) outlines a set of actions addressing the multi-
faceted challenges that the release of pharmaceuticals poses to the
environment. It identifies six action areas concerning all stages of the
pharmaceutical life cycle, where improvements can be made, including
actions such as raise awareness and promote prudent use, improve
training and risk assessment, gather monitoring data, incentivise “green
design”, reduce emissions from manufacturing, reduce waste and
improve wastewater treatment. As such, it is important to assess how
experts and lay people of the three countries perceived different types of
measures.

The risk management strategies that have already been implemented
relate mostly to the proper disposal of pharmaceutical waste. Directive
2004/27/EC (relating to medicinal products for human use) introduced
an obligation to implement appropriate collection schemes for unused
pharmaceutical products destined for human consumption. However,
this directive did not provide any guidelines on the implementation of
those schemes and a few studies have pointed to significant differences
between countries. Although the consumption of pharmaceuticals in
Portugal, Spain, and France illustrates a similar pattern (Eurostat,
2014a, 2014b), there are differences in the amount of pharmaceutical
waste that is returned to pharmacies to be recycled. Indicators from
2017 showed that people in France returned more pharmaceuticals
(164 g per capita, CYCLAMED, 2017) than people in Spain and Portugal
(92 g per capita, SIGRE, 2017; VALORMED, 2017). It is possible that
differences in the amount of pharmaceutical waste returned to phar-
macies are related to differences in risk assessments of pharmaceuticals
in the environment. In this vein, people from France should assess higher
risk than people from Portugal and Spain. However, it should be noted
that the amount of pharmaceutical waste might be a crude indicator of
societal differences in risk assessments. As such, the study of differences
between countries was mostly exploratory.

2. Method
2.1. Participants

The sample of lay people was recruited using the online platform
Qualtrics Panels. Five hundred and nine participants from Portugal
(30.8%), Spain (35.6%), and France (33.6%) responded to the survey.
Respondents provided their informed consent to participate in the
research and were paid for their participation. The sample was recruited
aiming for similar quotas for sex (50.7% were female), age groups
(30.5% were between 18 and 29 years old; 26.3% were between 30 and
49 years old; 29.1% were between 50 and 64 years old; but only 14.1%
were more than 65 years old), and educational level (33.6% had lower
education; 33.8% had medium education; and 32.6% had higher edu-
cation). To increase the representativeness of the sample in respect to
these characteristics, we weighted the data of each country for sex, age
groups, and education, based on the Eurostat information for the pop-
ulation. All analyses were conducted with weighted data.

The survey was disseminated through experts using a mixed strategy
approach. Experts were invited to respond through addressed e-mails,
mailing lists, and by telephone. Respondents’ anonymity was safe-
guarded to increase the response rate. Experts from all three countries
on the following topics were approached: environmental health
agencies, public health agencies, government agencies for pharmaceu-
ticals, government agencies for the environment, health professionals,
pharmacy, industry, academia, and also from non-governmental
agencies and associations. Therefore, the sample of experts includes
not only experts on pharmaceuticals in the environment but also experts
on the topics that cross this thematic and therefore should be involved in
the risk management processes. One-hundred and fifty experts



responded: 24.7% from Portugal, 48% from Spain, and 27.3% from
France. Respondents provided their informed consent to participate in
the research. Most of the experts were female (64.6%), middle-aged
(29.4% were between 18 and 29 years old; 44.4% were between 30
and 49 years old; 24.6% were between 50 and 64 years old; 1.6% were
more than 65 years old), and practically all had a higher educational
level (0.8% had medium education level).

2.2. Procedure and materials

2.2.1. Questionnaire

The survey assessed characteristics of the psychometric approach,
environmental and health risk perception towards pharmaceuticals in
the environment, wastewater, drinking water, crops, and the perceived
effectiveness of measures to mitigate pharmaceuticals in the
environment.

Using the psychometric paradigm (e.g., Fischhoff et al., 1978), in-
dividuals were asked to rate the risk of pharmaceuticals in the envi-
ronment, wastewater, drinking water, and crops, in scales pertaining to
psychometric characteristics, which ranged from 1 to 7. The chronic vs.
catastrophic potential of the risk was not assessed because pre-tests
alerted that individuals perceived that this question was irrelevant
and, therefore, its inclusion could diminish the face validity of the
survey.

Risk magnitude was assessed as an indicator of risk perception. It was
measured by asking the level of risk for the environment and for health
of pharmaceuticals in the environment, wastewater, drinking water, and
crops, using a 7-point scale ranging from 1 (very low) to 7 (very high).

To assess which measures individuals perceived as contributing most
effectively to reducing pharmaceutical residues in the environment,
individuals were asked to choose 4 out of 10 measures. This measure
follows on the work of Gotz et al. (2019) that considered 10 measures
that we classified in 4 types: awareness, regulations, technological,
health area.

3. Results
3.1. Psychometric paradigm

We entered the psychometric characteristics in a principal compo-
nent analysis. Risk assessments of pharmaceuticals in the environment,
in treated wastewater, in drinking water, and in crops were pooled
across type of respondent (lay people and experts) and country
(Portugal, Spain, and France). Data was adequate for analysis: the
Kaiser-Meyer-Olkin measure was above 0.60, Bartlett’s test of sphericity
was significant, and communalities values ranged between 0.64 and
0.90. Two factors explaining 76.04% of variance emerged and were
labelled based on the psychometric approach tradition (Table 1).

Factor 1, dread, combined the immediacy of the effect of the risk, the

Table 1
Factor Loadings and Eigenvalues based on a Principal Component Analysis with
Varimax Rotation.

Psychometric characteristics Factor Loadings

Dread Unknown

Immediacy of effect (immediate/delayed) -.92 .24
Nature of risk (common/dread) .88 -.02
Severity of consequences (no fatalities/fatalities) 77 -.20
Newness of risk (new/old) .68 .53
Known by exposed (known/not known) -12 .94
Voluntariness of risk (voluntary/involuntary) -.40 .82
Known by science (known/not known) -.23 -.73
Control over risk (uncontrollable/controllable) .46 -71
Eigenvalues 3.69 2.40
% of variance 46.08 29.96

Note: Variables range between 1 and 7. Factor loadings over 0.50 appear in bold.

dreadful nature of the risk, the severity of the consequences, and the
relative old nature of the risk, explaining 46% of data variance. This last
characteristic, old nature of the risk, was also described by Factor 2.
Factor 2, unknown, combined lack of knowledge by those exposed to
risk, involuntariness of risk exposure, no personal control over risk, and,
unexpectedly, knowledge on behalf of science, accounting for 30% of
data variance. The factorial analytical representation is shown in Fig. 1.

3.1.1. Lay people and experts

As expected, the risk assessments of experts were overall higher than
those of lay people. In the upper right of Fig. 1, which indicates the
highest scores in both factor dread and factor unknown, only the scores
of experts are represented. Oppositely, in the lower left of the Figure,
which indicates the lowest scores in both factor dread and factor un-
known, only the scores of lay people are represented.

Experts had also more differentiated assessments than lay people, but
only in the dread factor. In this factor, the range of the assessments of
experts was much wider than the range of the assessments of lay people
(respectively, the range of the scores were 4.00 and 1.11; the difference
between the ranges of experts and lay people was 2.89). The lowest score
in the dread factor was of experts from Portugal towards pharmaceuti-
cals in treated wastewater, and the highest was of experts from France
regarding pharmaceuticals in crops.

In the unknown factor, lay people’s assessments were slightly more
differentiated than experts’ assessments (the range of scores were 1.56
and 0.74, respectively; the difference between the ranges of lay people
and experts was 0.82). The lowest score on the unknown factor is of lay
people from France regarding pharmaceuticals in the environment, and
the highest is of experts from France regarding pharmaceuticals in
drinking water.

The unknown factor clearly distinguishes between the assessments of
lay people and experts: lay people scored at its lower end (upper and
lower left of Fig. 1) and experts scored at its higher end (upper and lower
right of Fig. 1). In comparison to experts, lay people perceived relatively
higher knowledge by those exposed to risk and voluntariness of risk
exposure, lower knowledge on behalf of science, and higher personal
control over risk.

3.1.2. Pharmaceuticals in the environment, drinking water, treated
wastewater, and crops

We explored how individuals assessed the four hazards to know if
there were differences in targeting more general or more specific haz-
ards. We expected the assessments of risk to be higher for drinking water
and crops than for treated wastewater and pharmaceuticals in the
environment in general. Our expectation was only partially corrobo-
rated. In the upper right of Fig. 1 (highest factor dread and unknown)
scored not only drinking water and crops but also pharmaceuticals in the
environment and in treated wastewater (by experts from France).
Likewise, in the lower left of Fig. 1 (lowest factor dread and unknown)
scored not only pharmaceuticals in the environment in general and
treated wastewater, but also pharmaceuticals in crops and in drinking
water (by lay people from Portugal).

Our psychometric factors combined types of respondent and coun-
tries. Therefore, we further explore if there were consistent differences
in the factors across these variables (Fig. 1). In the dread factor, the
hazards that scored relatively higher were indeed drinking water and
crops, both for lay people and experts from Portugal, Spain, and France.
However, in the unknown factor the results were less straightforward.
The hazard that scored higher was pharmaceuticals in drinking water for
all but experts from Portugal, and crops in pharmaceuticals only scored
as second higher for lay people from France.

3.1.3. Portugal, Spain, and France

Based on the amount of pharmaceutical waste that is returned to
pharmacies, we explored if individuals from France assessed higher risk.
Our expectation was only partially corroborated. In the upper right of
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Fig. 1. Spatial representation of the hazards by type of respondent and country in Factor 1 (Dread) and Factor 2 (Unknown). Unfilled bullets represent the responses
of lay people, filled bullets represent the responses of experts. PIE =Pharmaceuticals in the Environment. TWW = Treated Wastewater. DW = Drinking water. C =
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Table 2
Descriptive Statistics and ANOVA's for Risk Perception Magnitude by type of respondent and country.
Environmental Risk Perception Health Risk Perception
Groups PIE Treated Drinking Crops PIE Treated Drinking water Crops
wastewater water wastewater
Lay people
Portugal 6.00 (1.31)* 5.48 (1.31) 5.52(1.31) 5.48 (1.38) 5.48 (1.31) 5.17 (1.11) 5.91 (1.12)? 5.96 (1.11)?
Spain  4.87 1.77)° 5.01 (1.66) 4.81 (1.85) 4.97 (1.74) 4.86 (1.72) 4.97 (1.73) 5.01 (1.72)° 5.14 (1.66)*"
France  5.25 (1.57)* 5.22 (1.52) 5.27 (1.46) 5.21 (1.45) 4.77 (1.69) 4.85 (1.67) 4.74 (1.56)° 4.84 (1.66)°
Total  5.14 (1.66) 5.15 (1.57) 5.10 (1.63) 5.13 (1.57) 4.84 (1.69) 4.91 (1.67) 4.91 (1.63) 5.02 (1.65)
Expert
Portugal  5.71 (1.46) 5.65 (1.45) 5.29 (1.49) 5.55(1.48) 5.41 (1.29) 5.34 (1.40) 5.69 (1.51)? 6.06 (1.08)?
Spain  5.80 (1.31) 5.77 (1.49) 5.61 (1.43) 5.61 (1.33) 5.34 (1.48) 5.52 (1.45) 6.05 (1.36)° 6.23 (1.00)*
France 6.20 (0.99) 6.11 (0.96) 5.63 (1.63) 5.40 (1.68) 4.83 (1.62) 4.94 (1.80) 4.26 (1.98)b 4.43 (1.72)b
Total  5.88(1.61) 5.83 (1.36) 5.54 (1.50) 5.54 (1.46) 5.22(1.48) 5.32 (1.55) 5.48 (1.74) 5.71 (1.46)
Source F o F 1 F i F n o F noF i F noF i
Country 3.55* .012 1.29 .005 0.92 .003 0.46 .002 3.02 .011 1.84 .006 19.34%x* .064 22.15%** .073
Respondent ~ 7.87%* .014 11.05** .019 2.63 .005 2.64 .005 0.63 .001 1.91 .003 0.32 .001 1.97 .003
Country X Respondent 16.88* .012 1.09 .004 2.34 .008 1.16 .004 0.96 .003 0.80 .003 9.27%** 032  8.97%** .031
Simple effects
Lay people  6.66**  .023 - - - - - 6.19%* .021  6.35%* .022
Expert 1.01 .003 - - - - 14.44%** .048 16.34%** .055

Note. Standard deviations appear in parentheses following means. Risk perception response scales range from 1 to 7. Means with different superscript letters within the
same column are significantly different from each other, based on simple main effect analyses that were conducted for the significant interaction effects of country,
separately for lay people and experts (Sidak paired comparisons, p < .050). PIE = Pharmaceuticals in the Environment.

*p < .050, **p < .010, ***p < .001.



Fig. 1 (highest factor dread and unknown) scored not only respondents
from France but also from Spain (of experts on pharmaceuticals in crops
and drinking water). However, in the lower left of Fig. 1 (lowest factor
dread and unknown) scored only respondents from Portugal and Spain.

Again, we further explore if there were consistent differences in the
factors across types of respondent and hazards (Fig. 1). In the dread
factor, both experts and lay people from France scored higher than ex-
perts and lay people from Portugal and Spain in all four hazards.
However, in the unknown factor, experts from France only scored higher
in pharmaceuticals in drinking water and treated wastewater. In addi-
tion, lay people from France scored lower in the unknown factor than lay
people from Portugal and Spain in all four hazards.

3.2. Risk perception

A 2 X (respondent type: lay people vs. expert) X 3 (country: Portugal
vs. Spain vs. France) ANOVA was employed to compare risk perception
between groups. Results are presented in Table 2. Environmental risk
perception towards pharmaceuticals in the environment, wastewater,
drinking water, and crops was medium/high. There are no large dif-
ferences among results. Lay people perceived lower environmental risk
of pharmaceuticals in the environment than experts, particularly Span-
ish respondents, and perceived lower environmental risk of pharma-
ceuticals in treated wastewater than experts.

Health risk perception towards pharmaceuticals in the environment,
wastewater, drinking water, and crops was also medium/high. Lay
people perceived lower health risk of pharmaceuticals in drinking water
and crops than experts. However, French respondents, both lay people
and experts, tend to perceive lower risk of pharmaceuticals in drinking
water and crops than respondents of Portugal and Spain.

3.3. Measures to reduce the presence of pharmaceuticals in the
environment

Among the four measures that individuals assessed as most effective
in reducing pharmaceutical residues in the environment, the measure
most experts of the three countries chose was an awareness-type mea-
sure (“raising public awareness about how pharmaceuticals should be
disposed of”). Lay people also indicated a preference for this measure
and further pointed out two technology-type measures (“intensified
development of environmentally-friendly pharmaceuticals”, and
“intensified water treatment”) and a regulation-type measure, which
was strongly preferred by respondents from France (“standardized
regulation for the disposal of unused pharmaceuticals”). Health-type
measures tended to be the least chosen, particularly by lay people
(Table 3).

To further observe to what extent the different measures were most
preferred by each of the groups, an analysis of simple correspondences
with the SPAD package was carried out using a 6 x 10 frequency matrix,
where the rows were a combination of the three countries and the two
types of individuals — lay people and experts - and the columns were the
10 measures. The results of this analysis allow us to relate the measures
with respect to the six groups (3 countries X 2 types of individuals) on
two factors that explain 83.31% of the variance. Fig. 2 shows how the
abscissa axis organizes the participants in two different spaces, regard-
less of the country to which they belong. One to the right of the ordinate
axis, characteristic of the lay people and the other to the left of the axis
corresponding to the experts. Each one of the ten measures distributed in
the analytic space appears in a way that its position is established by the
frequency associated to each of the six groups. The shorter the distance
between a measure and a group, the more it relates to that group than to
the others.

Within the expert group, those from Portugal and France are rela-
tively more similar and related to health-type measures (“promoting
non-medical treatment and prevention”, “changing prescription
behavior”) and to one regulation-type measure (“standardized

Table 3
Preference of measures to reduce pharmaceutical residues in the environment.
Measure Lay people Expert
PT SP FR PT SP FR
Awareness

Raising public awareness about  76.2 47.6 56.5 622 77.8 61.0
how pharmaceuticals should be
disposed of

Raising public awareness about  40.6  36.1 40.1 29.7 472 29.3
the presence of pharmaceuticals
in the environment

Regulations

Standardized regulation for the ~ 42.8 50.0 59.1 486 542 56.1
disposal of unused
pharmaceuticals

Introducing an ecolabel for 45,5 37.1 325 189 181 12.2
environmentally- friendly
pharmaceuticals

Technology

Intensified development of ~ 73.4 53.3 475 405 50.0 488
environmentally- friendly
pharmaceuticals

Intensified waste/drinking water 72.5 44.7 46.1 35.1 25.0 34.1
treatment

Developing an environmental 20.8 31.9 29.6 270 167 19.5
classification system for
pharmaceuticals

Health area changes

Continuing education and training 140 21.5 19.2 324 514 36.6
for doctors and pharmacists

Changing prescription behavior ~ 16.4 154 299 29.7 222 31.7

Promoting non-medical treatment  13.9 31.8 20.8 21.6 20.8 26.8
and prevention

Note: Responses are in percentage. PT = Portugal. SP = Spain. FR = France.

regulation for the disposal of unused pharmaceuticals™). Experts from
Spain related more to a different health-type measure (“continuing ed-
ucation and training for doctors and pharmacists”) and to an awareness-
type measure (“raising public awareness about how pharmaceuticals
should be disposed of™).

Among lay people, those from Portugal and Spain are more similar
and are related to various types of measures: awareness-type (“raising
public awareness about the presence of pharmaceuticals in the envi-
ronment”), regulation-type (“introducing an ecolabel for
environmentally-friendly pharmaceuticals”), and technological-type
measures (“intensified development of environmentally-friendly phar-
maceuticals”). Lay people from France related more to technological
measures (“intensified development of environmentally-friendly phar-
maceuticals”, “developing an environmental classification system for
pharmaceuticals™).

4. Discussion
4.1. Risk perception of pharmaceuticals in the environment

4.1.1. Lay people and experts

The psychometric analysis combined different respondents, coun-
tries, and hazards. The differences that were illustrated more pristinely
were between lay people and experts, suggesting this factor was the
most relevant. In comparison to experts, lay people perceived higher
knowledge by those exposed, higher voluntary exposure and control
over hazards, thereby suggesting higher individual agency to deal with
risk, but also that these hazards are less known by science. This last
result is at odds with previous findings likely because lay people and
experts’ assessments are not typically analysed together. Indeed, the
unknown factor signals possible controversies between experts and lay
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people. For instance, if experts highlight scientific knowledge and
minimize individual agency, from their perspective the focus of risk
communication should be on the promotion of awareness and scientific
knowledge. However, if lay people are interested in individual agency,
not discussing it will make risk communication ineffective. The actions
that can be taken by the individuals should be also be discussed (e.g., the
proper disposal of pharmaceuticals, see Lima et al., 2020), as well as
what can be done to reduce personal exposure and control hazards, in a
realistic manner that does not reduce individual agency. In addition,
when communicating scientific knowledge, the uncertainty and
knowledge gaps on pharmaceuticals in the environment should also be
discussed, highlighting how these influence risk management decisions
in order to promote transparency and public trust (Markon et al., 2013).

Lay people tended to perceive lower risk of pharmaceuticals in the
environment than experts, particularly the environmental risks of
pharmaceuticals in the environment and in treated wastewater. This
result differs from studies on chemophobia, i.e., an irrational fear of
chemicals among lay people, such as food additives (e.g., Siegrist and
Bearth, 2019). It suggests that chemophobia might depend on the
perceived benefits of the chemicals. When it comes to pharmaceuticals,
the health benefits might override its’ environmental risk.

4.1.2. Pharmaceuticals in the environment, drinking water, treated
wastewater, and crops

The psychometric analysis illustrates that assessments of pharma-
ceuticals in the environment and in treated wastewater were relatively
similar. This suggests that when the hazard was framed generally
(pharmaceuticals in the environment), people inferred that the issue was
about pharmaceuticals in treated wastewater, and/or that people made
similar assessments when the hazards were abstract. Pharmaceuticals in
drinking water scored higher than all other hazards in the dread and the
unknown factor (except for experts from Portugal), and pharmaceuticals
in crops scored higher than pharmaceuticals in treated wastewater and
pharmaceuticals in the environment in the dread factor.

These results suggest that risk communication should be specific and
also focus on pharmaceuticals in drinking water and crops. Even if the
presence of pharmaceuticals in drinking water or crops is residual, and

much lower than in treated wastewater, it should not be ignored. Firstly,
because there are uncertainties and knowledge gaps in this area that
should be acknowledge and discussed. Secondly, because studies have
shown that the presence of traces of contaminants in drinking water
influence the perception of its quality, even when they do not pose a risk,
and might lead consumers to alternatives (such as bottled water or
sweetened beverages) that are linked to other environmental and health
issues (de Franca Doria, 2010; Hartmann et al., 2018).

4.1.3. Portugal, Spain, and France

Comparing between countries, it is noticeable than people from
France have a distinct profile of people from Portugal and Spain: both
experts and lay people scored relatively higher in the dread factor and,
when distinguishing between environmental and health impacts, they
perceive lower health risk of pharmaceuticals in drinking water and
crops. As such, this result is consistent with data indicating that in
France people separate more pharmaceutical waste and might be more
aware that the current main problem is environmental and related to
wastewater. Regarding the unknown factor, lay people from France
actually scored at its lower limit in the four hazards. This result was
unexpected. However, if we follow on our previous interpretation that
scoring lower in the unknown factor might indicate lay people’s indi-
vidual agency to deal with risk, this result is also consistent with the data
on the separation of pharmaceutical waste.

Even though the results might be, overall, consistent with our
expectation, two issues should be highlighted. Firstly, the relation be-
tween risk management of pharmaceutical waste and individuals’ per-
ceptions and behaviours might be complex and bidirectional. It is likely
a result of top-down type influences (e.g., awareness raising campaigns
that promote knowledge, implementation of measures, social norms)
and bottom-up influences (e.g., the enactment of changes in beliefs and
practices that were already under way, nongovernmental initiatives)
(Clahsen et al., 2019; Luis and Palma-Oliveira, 2016). Second, at the
individual-level we do not have data that allow us to infer what is un-
derlying these differences. For instance, they might underlie differences
in the individuals’ understanding of the issue of pharmaceuticals in the
environment (and, therefore, of knowledge and risk perception) that are



related to risk management processes, or they might reflect differences
in the social norms towards separating waste in general (organic, plastic,
pharmaceutical, etc.) which are not necessarily related to a greater
understanding of pharmaceuticals in the environment.

4.2. Measures to reduce the presence of pharmaceuticals in the
environment

The major pathway through which pharmaceuticals for human
consumption reach the environment is through their ingestion and
excretion (Caldwell, 2015). Nonetheless, two of the highest-ranking
measures were related to the improper disposal of pharmaceuticals:
“raising public awareness about how pharmaceuticals should be
disposed of” and “standardized regulation for the disposal of unused
pharmaceuticals” This suggests that risk communication on pharma-
ceuticals in the environment should also focus on discussing how human
consumption and excretion of pharmaceuticals contribute to this
problem.

Health-type measures were the least preferred and appeared to be
chosen when the dread factor and the unknown factors were higher, i.e.,
when people are more likely to perceive higher risk and advocate for risk
regulation. The disfavour for these measures is aligned with the research
of Dohle et al. (2013), which illustrated that people consider that the
health benefits of pharmaceuticals are much more relevant than possible
environmental risks, particularly when it comes to prescribed pharma-
ceuticals. This result also supports the strategic approach of the Euro-
pean Commission (2019) of ensuring that actions to reduce the presence
of pharmaceuticals in the environment do not jeopardise access to safe
and effective pharmaceutical treatments.

Lastly, the simple correspondence analysis pinpointed differences
between lay people and experts, and between countries, that allow un-
derstanding and anticipating which measures are perceived as needed
and might be better accepted. Comparing between experts and lay
people, whereas experts preferred health-type measures and measures
related to improving the disposal of pharmaceutical waste, lay people
preferred technological and awareness-type measures. Experts are much
more likely to know about the efficacy and constraints of the techno-
logical solutions and, as such, might prefer reducing the consumption of
pharmaceuticals and improving the measures that have already been
implemented. Lay people appear to show their need for knowledge and
trust on the efficacy of technological measures to solve this problem. We
would like to note that technological measures can be highly appealing
because they allow solving a problem while maintaining current life-
style. However, as Heikkurinen illustrates (2018), technological solu-
tions alone do not support the societal and individual changes that might
be needed to deal with global environmental problems.

Differences between countries are likely related to the risk man-
agement practices, as earlier suggested. In this study, lay people from
Portugal and Spain appear to consider awareness raising as much more
needed than lay people from France, where the amount of pharmaceu-
tical waste returned to pharmacy is higher.

4.3. Limitations

The main limitation of this study is related to the samples of experts.
These samples were not homogenous: we contacted experts on different
topics as the issue of pharmaceuticals in the environment is highly
interdisciplinary. Nevertheless, we consider that it was relevant and
adequate to represent the different experts that should be engaged in
risk management. Also, the psychometric paradigm analyses were based
on aggregated data. Caution is needed regarding the ecological fallacy,
as results based on aggregated measures do not provide information
about individuals (Marris et al., 1997).

5. Conclusions

The main goal of this study was to contribute towards a successful
implementation of the European approach to pharmaceuticals in the
environment. The engagement of the public in risk management, along
with different types of experts, improves the quality of decision making,
contributes to achieving a greater acceptance of regulations, and en-
hances the understanding of the issue of pharmaceuticals in the envi-
ronment. Divergencies between lay people and experts from different
European countries might undermine engagement and, therefore, need
to be identified and considered in risk management processes.
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