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ABSTRACT: This paper presents 10 recommendations for improving the European Medicines Agency’s
guidance for environmental risk assessment of human pharmaceutical products. The recommendations are
based on up-to-date, available science in combination with experiences from other chemical frameworks such as
the REACH-legislation for industrial chemicals. The recommendations concern: expanding the scope of the
current guideline; requirements to assess the risk for development of antibiotic resistance; jointly performed
assessments; refinement of the test proposal; mixture toxicity assessments on active pharmaceutical ingredients with similar
modes of action; use of all available ecotoxicity studies; mandatory reviews; increased transparency; inclusion of emission data
from production; and a risk management option. We believe that implementation of our recommendations would strengthen the
protection of the environment and be beneficial to society. Legislation and guidance documents need to be updated at regular
intervals in order to incorporate new knowledge from the scientific community. This is particularly important for regulatory
documents concerning pharmaceuticals in the environment since this is a research field that has been growing substantially in the
last decades.

■ INTRODUCTION

Pharmaceuticals were first identified to pose environmental
risks in the 1990s, and since then the number of available
monitoring and effect studies has increased steadily. Today,
several hundred active pharmaceutical ingredients (APIs) have
been found in sewage water, surface water, groundwater, soil,
air, or biota in concentrations from sub-ng/L to more than μg/
L.1,2 Thus far, there are several examples of APIs convincingly
shown to cause effects on organisms in the environment. The
first example is the estrogenic substance ethinylestradiol causing
impaired reproduction in fish.3,4 The collapsing vulture
populations in India and Pakistan, as a result of renal failure
after feeding on dead cattle treated with the nonsteroidal
painkiller diclofenac, constitutes the second example.5 A third is
the promotion of antibiotic resistance in bacteria in environ-
ments exposed to direct discharges from antibiotic manufactur-
ing.6−9 There are also examples of effects from antiparacitic
agents such as sheep-dips and ivermectin.10,11 Pharmaceutical
classes identified to be of environmental concern include, for
example, steroidal hormones, antibiotics, analgesics, para-
siticides, and antianxiety-drugs.2,12−15

The purpose of safety assessments for pharmaceutical
products is to show that the medicine is effective and that its
benefits outweigh any potential side-effects. Before market

approval of a new pharmaceutical product its pharmacological
effects and side effects are therefore investigated extensively in
preclinical and clinical tests. Consequently, the biological effects
of APIs are well-known, certainly in comparison to the situation
for industrial chemicals.
Based on the knowledge that APIs could constitute an

environmental risk, the European Medicines Agency’s (EMA)
guideline on environmental risk assessment (ERA) of medicinal
products for human use came into force in 2006.16 The
guideline is in accordance with the directive for medicinal
products for human use (Article 8(3))17 and has been
reinforced through a Q&A-document that clarifies specific
issues.18 The EMA-guideline applies to all new marketing
authorization applications. However, vitamins, electrolytes,
amino acids, peptides, proteins, carbohydrates, and lipids are
exempted since they are considered unlikely to result in
significant risk to the environment. In addition, there are
specific guidelines for pharmaceutical substances for veterinary
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use,19,20 and for pharmaceutical substances consisting of
genetically modified organisms (GMOs).21

In Phase I of the risk assessment procedure described in the
EMA-guidance, the predicted environmental concentration
(PEC) for surface water is calculated and the octanol−water
partition coefficient (Kow) is measured. If the PEC-value is
equal to or above 0.01 μg/L, a Phase II assessment is
performed. APIs with a logKow > 4.5 are screened for PBT-
properties (Persistence, Bioaccumulation, Toxicity). APIs that
are known a priori to affect reproduction of vertebrates or
invertebrates at concentrations below 0.01 μg/L should also
enter Phase II, following a tailored risk assessment strategy that
addresses its specific mechanism of action. In Tier A of Phase
II, physicochemical, fate, and effect studies (standard studies are
recommended) are reviewed and the predicted no effect
concentration (PNEC) for water, groundwater and micro-
organisms is calculated. If the ratio PECsurfacewater:PNECwater is
above 1, an extended environmental fate and effect assessment,
according to Tier B in Phase II, is required.16

A reliable and relevant prospective risk assessment procedure
is the backbone of an effective and successful environmental
policy. To achieve this, the assessment procedure has to be
based on best available science, meaning that regular updates
are needed. The legal requirement sets the lowest acceptable
limits and it is therefore important to make sure that these
limits correspond with the environmental protection goals. For
pharmaceuticals, the primary purpose of the ERA is to provide
information about the possible risks associated with a given
product. An identified environmental risk with a pharmaceutical
intended for human use is not considered a valid reason for
denying market approval.

According to the guidance document, the ERAs should be
performed by companies and evaluated by regulators. So far, it
has been difficult to get an overview of how many ERAs for
human pharmaceuticals have been performed since the
guideline came into force. There is no publicly available record
of ERAs and the responsibility for evaluation is divided between
EMA and national competent authorities in Europe. During
2011−2012, EMA administrated and evaluated 42 ERAs, of
which 20 required phase II assessments.22 The German Federal
Environment Agency (UBA), one of the largest contributing
competent authorities on this matter, administrated and
evaluated in total 120 ERAs during the years 2006−2014.
Approximately 10% of the ERAs resulted in the conclusion that
the pharmaceutical substance posed a potential environmental
risk.2

We have analyzed the regulatory process for ERA of APIs
and identified several aspects which are proposed to be
included in future updates of the EMA-guideline. Ten
recommendations for how to improve the current guideline
are presented (Table 1). These recommendations are based on
the results from research performed in the field of
pharmaceuticals in the environment and on other types of
regulatory frameworks for chemicals regulation, such as the
REACH-legislation, and the biocide and plant protection
product regulations.23−25 The recommendations are presented
here in the order of the risk assessment process, not in the
order of importance. It is not our intention to rewrite the
existing guidelines. Hence, we do not provide the detail that
will be required in a new guideline; that detail would be agreed
and written when the current guideline is updated.

Table 1. Ten Recommendations for Improving the European Medicines Agency’s Guideline on Environmental Risk Assessment
of Medicinal Products for Human Use

1. Require environmental risk assessment also for products put on the market before 2006
We recommend that environmental risk assessments are performed also on products approved before the European Medicines Agency’s guideline came into force.
This would provide relevant environmental information for all active pharmaceutical ingredients that could be found in the environment.

2. Add requirements to assess the risk for development of antibiotic resistance
We recommend that information that enables assessment of the risk for increased antibiotic resistance development is included in the environmental risk assessment
for antibiotic substances. This would provide a more accurate picture of the risks connected to the environmental occurrence of antibiotics.

3. Perform only one environmental risk assessment per active pharmaceutical ingredient
We recommend that pharmaceutical companies that produce/import the same active pharmaceutical ingredient submit a joint environmental risk assessment instead
of each company producing a separate one for the same substance. This would increase consistency, and reduce animal testing as well as duplication of work.

4. Refine the tiered approach
We recommend that the tiered approach is refined to include pharmacological and toxicological data from the drug discovery process, as well as bioconcentration data.
This would improve the prioritization process so that the ecotoxicity testing is focused on the most problematic substances and the most relevant test species.

5. Perform mixture toxicity assessments on active pharmaceutical ingredients with similar modes of action
We recommend that environmental risk assessments are performed for groups of active pharmaceutical ingredients with similar modes of action. This would enable a
more accurate environmental risk assessment.

6. Mandate use of all available ecotoxicity studies
We recommend that all available ecotoxicity studies, of sufficient reliability and relevance, are used in the decision process. This would make better use of the available
knowledge and may thereby add important information to the environmental risk assessment.

7. Include environmental risks in the risk-benefit analysis
We recommend that environmental risks are included in the risk-benefit analysis when a product is considered for market authorization. This would increase the
importance of the environmental risk assessment and motivate pharmaceutical companies to perform the assessment on time.

8. Require review of the environmental risk assessments at regular intervals
We recommend that environmental risk assessments must be updated when significant new environmental information is available. This would bring forward the
regulatory use of new scientific data and increase collaboration between stakeholders.

9. Include data from production of active pharmaceutical ingredients and formulations in the environmental risk assessments
We recommend that the risk associated with active pharmaceutical ingredient discharges from manufacturing sites is included in environmental risk assessments when
reviewing updated dossiers of products already on the market. This would increase the relevance of the assessments by including a part of the life cycle of the product
responsible for the highest environmental concentrations detected.

10. Increase transparency
We recommend that environmental risk assessments and information about manufacturing sites are made publicly available. This would enable use of that information
for other purposes such as research and evaluation, as well as stimulate companies to take more environmental responsibility throughout their supply chains.
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■ THE 10 RECOMMENDATIONS

1. Require Environmental Risk Assessment Also for
Products Put on the Market Before 2006. The EMA-
guideline only applies to new marketing authorization
applications, that is, products that were put on the European
Union (EU) market after the guideline came into force in 2006.
Consequently, products approved before 2006 have not been,
and will not be, assessed for environmental risk in the current
system. There are no reasons to believe that the risks posed by
a substance, or the need for a risk assessment, would depend on
the date of market approval. German consumption data also
show high and increasing sales numbers for some of the old
APIs.2 Consequently there are no scientific arguments for such
a division and it can thus be seen more as a pragmatic approach
to facilitate the phasing in of new rules.
A similar solution was previously used for industrial

chemicals: up until 2007 there were separate rules for market
introduction of “new” and “existing” industrial chemicals.26−29

However, with the implementation of the new REACH-
regulation this division is now abandoned. REACH covers all
industrial chemicals regardless of the date when they were put
on the market.30 The same strategy is also used in the biocide
and plant protection product regulations.
A reliable ERA is a prerequisite for proportionate risk

management decisions such as the inclusion of a substance in
the environmental monitoring program within the Water
Framework Directive,31 or attempts to reduce emissions.
Unfortunately, recent studies show and acknowledge that
environmental information is missing for many APIs.32−35

When substances/products are exempted from testing, like
“existing” pharmaceuticals are in the EMA-guideline, “no data”
is treated as “no hazard”, meaning that if no ecotoxicological
information is available, then the API is considered nontoxic for
organisms in the environment in a risk management situation.
This approach is risk seeking, since it will underestimate
environmental risks unless all APIs that lack ecotoxicity studies
also lack environmental effects. In contrast, the hazard
classifications of pharmaceutical products performed by the
Stockholm County Council in Sweden build on a risk averse
(precautionary) approach.36 In that system, products lacking
environmental information are assigned into the highest hazard
classification category. This in turn may influence the risk
management decisions since products without environmental
data may be deselected in favor of products with information
stating low environmental impact.37 (For a discussion about
risk-neutral approaches to risk management, see38).
Since the less strict rules for pharmaceutical products

registered before 2006 are not motivated from a scientific
perspective and since environmental data are missing for many
APIs, we recommend that the information requirements and
requirement to perform ERA should encompass all pharma-
ceutical products on the EU market.
One obvious disadvantage of widening the scope to include

also products put on the EU market before 2006 is the
increased costs, both for regulators and pharmaceutical
companies. However, considering the overall cost of developing
a new pharmaceutical product (often several billion USD39),
the additional cost for the ERA is tiny. Companies could also
perform the ERA in collaboration with other producers/
importers of the same substance to reduce costs and animal
testing (see recommendation number 3).

Today, all ERAs are evaluated by competent authorities and
to be able to continue with this also for existing products, extra
resources are probably needed. An alternative strategy could be
to put greater responsibility on the pharmaceutical industry by
using a similar approach as the REACH-legislation, where
manufacturers/importers of chemicals are responsible for data
submission and for performing risk assessments, and only a part
of the submitted assessments are evaluated by regulators. It
should also be stressed that a well-designed tiered risk
assessment approach (see recommendation number 4) has
the potential of limiting the workload for both regulators and
the pharmaceutical companies and still improve the scientific
basis for risk assessment.
Allocation of the responsibility for generic products also

needs to be discussed. One possible solution is to use the same
approach as is used within the REACH-legislation, where
manufacturers as well as importers of substances and products
are responsible for performing ERAs.

2. Add Requirements to Assess the Risk for Develop-
ment of Antibiotic Resistance. The risk of promotion of
antibiotic resistant bacteria is by far the greatest human health
concern with regards to pharmaceuticals in the environment.1

Antibiotics, possibly in conjunction with other chemicals such
as heavy metals and antibacterial biocides, have the potential to
select for resistant strains also outside of our bodies.40 Given
sufficient exposure, antibiotics in the environment may
therefore favor the spread of resistant pathogens. Importantly,
antibiotics can also promote harmless “environmental” bacteria
carrying novel resistance factors, and when they increase in
numbers under a selection pressure, there is increased risk for
transfer of novel resistance elements to pathogens.41,42 A
comprehensive human health risk assessment for antibiotics in
the environment is complicated,43 but on the other hand a
clearly recognized risk factor is if the antibiotics reach
concentrations that select for resistant strains. Recent research
suggests that such minimal selective concentrations (MSCs)
can be very low.44

Several experimental methods have been proposed to
generate MSCs for antibiotics, but it is recognized that there
is a need to evaluate the sensitivity and relevance of such tests;
also such data are still only available for a few antibiotics. One
possible way to estimate MSCs broadly is to take advantage of
already existing and publicly available data in the EUCAST
database45 on the potency of antibiotics to different pathogenic
bacteria, as assessed by minimal inhibitory concentrations
(MICs) (i.e., the concentration where no bacterial growth
occur). The MSC for a resistant strain is, by necessity, lower
than the MIC of the corresponding wild type bacterium, but
how much lower would be dependent on the specific resistance
mechanisms involved. The lowest MIC determined with
confidence for any species would therefore provide an upper
concentration limit of the possible MSC that would apply to,
and be protective for, all bacterial species. Most likely, there will
be species that are more sensitive (i.e., have a lower MIC), than
those pathogens covered in the EUCAST database, and for that
reason a safety factor is proposed to be added. Also,
acknowledging that the MSC will be lower than the MIC, an
additional safety margin should be included. Taken together,
given the urgency to assess risk for resistance promotion, we
therefore propose to include an assessment based on publicly
available MIC data in the ERA for antibiotics. Similar ideas have
earlier been proposed by Tello et al.46 Eventually, the
legislation should be refined by including data obtained from
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assays dedicated to directly assess the MSC rather than the
MIC. This could for example involve the establishment of
complex microbial communities in the lab under different
antibiotic exposure concentrations, followed by analyses of
changes in the abundance of resistant bacteria and resistance
genes.
3. Perform Only One Environmental Risk Assessment

Per Active Pharmaceutical Ingredient. According to the
first line in the EMA-guideline, products are assessed one-by-
one, meaning that there can be several ERAs for the same API.
Apart from duplication of work and increased animal testing,
this may also affect the credibility and coherence of the process,
and the ability to assign a proper risk management option, if the
different risk assessments come to different conclusions about
risk.
An example of when risk assessors arrived at different

conclusions comes from the Swedish voluntary classification
system for pharmaceuticals (often called the FASS-system).47

Here, the sex hormone estradiol was assessed by eight
pharmaceutical companies and this resulted in four different
conclusions regarding the environmental risk associated with
this substance. In five of the risk assessments it was concluded
that too few ecotoxicity studies were available to enable a
classification. In the three other assessments, three different
classifications were proposed: insignificant risk, moderate risk
and high risk. Reasons for the variations in the conclusions can
be attributed to differences in the exposure assessments, use of
different assessments factors and use of different ecotoxicity
studies.47 Reviews of risk assessments for other types of
chemicals show similar inconsistencies when several institutions
assess the same substance. How toxicity studies were weighted
and evaluated was an important aspect explaining the different
conclusions for these substances.48,49

The REACH-legislation uses the opposite approach by
encouraging producers/importers of the same chemical
substance to share data from animal testing. Only in specific
cases where proper justifications are provided are companies
allowed to hand in a separate risk assessment (Article
11(1,3)).23 The motivation behind this approach is the 3R
principle (replacement, reduction and refinement), which is
aimed at reducing animal testing. Also the plant protection
product regulation offers producers the option to hand in a
joint application for the active substance (Article 7(1)).
To deal with possible inconsistencies in ERAs for APIs, to

reduce duplication of work, and to avoid redundant animal
testing, we therefore recommend that ERAs are performed on
the API level instead of product level. Since different exposure
scenarios may occur, especially in connection to manufacturing,
it may be necessary for each company to provide their own
exposure assessment. This is also in accordance with the
REACH-legislation.
4. Refine the Tiered Approach. The vast majority of the

APIs for which an ERA is required go through the same test
battery. An efficient test strategy must take into account the
limitations in resources and testing capacity, as well as the
overall aim to reduce the use of animals in ecotoxicity testing.
Furthermore, relevant and sensitive end points have to be
studied. This implies that the selected test methods for lower
tier test should minimize the probability of false negatives (type
II errors), while allowing for some false positives (type I
errors). The reason for this is that false positives can be
corrected at higher tiers, while the false negatives will not reach
higher tiers and hence cannot be corrected. The purpose of a

tiered approach is to separate APIs that are unlikely to be of
environmental concern and focus resources on testing those
APIs that could pose an environmental risk. Since resources for
testing are limited, useful and adequate prioritization schemes
for in-depth ecotoxicity testing of APIs are of great environ-
mental importance.50−52

The EMA-guideline has a clear tiered approach. First, APIs
that are considered unlikely to result in significant risk to the
environment are exempted (e.g., vitamins, electrolytes, and
amino acids). In the next step, referred to as phase I,
environmental exposure is modeled and logKow is determined.
In phase II, fate and effect testing are performed for products
that exceed the trigger values in phase I.53 However, ecotoxicity
testing is still based on traditional studies developed for
identifying toxic industrial chemicals, using end points such as
lethality, growth and fecundity. Most APIs are designed to be
nontoxic, but still affect biological systems in specific ways.
Therefore, they may cause other types of effects compared to
industrial chemicals. This should be reflected in a relevant test
strategy, and therefore we suggest that the recommended effect
studies in Phase II, Tier A are refined. The improvements that
are needed are mainly related to aquatic vertebrates and not to
invertebrates and algae, where we think the testing approach
does not fall short in the same way.
An interesting alternative approach would be to use

preclinical and clinical toxicological and pharmacological data
from the drug discovery process in ERAs when conserved drug
targets are likely to be present in the test organisms.34,54,55 The
testing may be optimized by first requiring simplified
bioconcentration studies (e.g., without a depuration phase,
and with a long duration time) on fish. APIs that show blood
plasma or target tissue concentrations in fish far below those
known to give rise to pharmacological responses in mammals
when exposed at the PEC could be considered unlikely to cause
effects on aquatic vertebrates, and further testing on fish may
not be required.56−58 The action limit for requiring in-depth
testing, such as full lifecycle test or a mode of action based test,
could be defined as a ratio between the plasma concentration in
fish and the human (or mammalian) therapeutic plasma
concentration. But how large that ratio should be needs to be
evaluated with more data to strike a good balance between
increased testing and risks of missing important information.59

The lipophilic property of a substance gives a rough estimate
of its bioconcentration potential but good bioconcentration
models are currently lacking. Fick et al. performed a screening
study on blood plasma of fish exposed to sewage effluents.56

When comparing the theoretically calculated plasma concen-
trations with the experimentally determined values, some APIs
did not bioconcentrate to blood plasma as expected. The
progestin levonorgestrel exceeded the predicted value consid-
erably, possibly due to the presence of specific binding
proteins.60 Such high bioconcentration of levonorgestrel agrees
well with its ability to reduce egg production in fish and frogs
already at exposure concentrations of 1 ng/L.13,61 In addition,
in the screening study with fish exposed to sewage effluents,
other APIs bioconcentrated less than expected based on
calculated lipophilic properties.56 This demonstrates the value
of using actual empirical data to estimate bioconcentration in a
tiered risk assessment context.
Pharmacological and toxicological data could also be used to

guide in the selection of test species and test design.34,54

Knowledge about the presence of drug targets in different
species may facilitate identification of species and end points

Environmental Science & Technology Policy Analysis

DOI: 10.1021/acs.est.5b00302
Environ. Sci. Technol. XXXX, XXX, XXX−XXX

D

http://dx.doi.org/10.1021/acs.est.5b00302


that are expected to be sensitive to the pharmacological or
toxicological mode of action, and hence provide a guide to what
species and end points that are suitable to include in the
ERA.55,57 The current chronic tests in phase II could however
not be (completely) replaced by tests with end points related to
modes of action, since potential effects that are not related to
interactions with effects/targets known in mammals are not
likely to be accurately reflected using a mode of action
approach.
The most important advantage of this recommendation is

that resources are focused and tailored. The pharmaceutical
industry, with its long tradition of showing safety of their
products, is given the possibility to use available substance-
specific knowledge in the environmental field as well. Specific
methods and strategies for transfer of pharmacological and
toxicological data to be used in ERA do however need to be
developed and standardized. An example demonstrating the
methodology to use when designing a specific mode-of-action
test can be found in Margiotta-Casaluci et al.62 Disadvantages
with the recommendation include increased demand on
pharmaceutical companies and regulatory agencies, since it
will result in a wider range of studies that need to be performed
and assessed.34 To handle this, additional training and guidance
may be needed.
5. Perform Mixture Toxicity Assessments on Active

Pharmaceutical Ingredients with Similar Modes of
Action. Estrogenic chemicals have been demonstrated to
have additive effects at environmentally relevant concentra-
tions.63 It has also been shown to be possible to accurately
model the effects of complex mixtures of estrogenic chemicals
at the whole river catchment scale.64 This highlights the
possibility for underestimating the exposure and, therefore, the
risk posed by real-life mixtures of chemicals that act via a similar
mode of action. In addition, environmentally relevant
concentrations of three progestagenic APIs (levonorgestrel,
norethindrone, and progesterone) inhibit egg development in
frogs in a similar manner. The three progestagens interrupted
formation of vitellogenic oocytes, indicating suppressed vitello-
genesis, after exposure to low ng/L concentrations in adult
frogs.65 This implies that these progestagens may act additively
and that the current approach to evaluate the risk for single
APIs may underestimate the risk for this group of APIs.
To further increase the relevance of the ERA process, we

therefore recommend that the cumulative risk for groups of
APIs with similar modes of action is assessed. Such an approach
could give important insights regarding actual risk and, to some
degree, how to handle mixture effects in a transparent and
readily applicable manner.50,66,67 Several theoretical models
have been developed and applied to predict mixture toxicity in
the context of ERA. These models are largely based on two
principles referred to as concentration addition (CA) and
independent action (IA), which were proposed to describe
mixture effect of components having similar and dissimilar
modes of action, respectively (e.g.,68,69). Although we are fully
aware that it may be difficult to establish the exact mode of
action for many APIs in nontarget organisms, the examples on
estrogenic chemicals and progestagenic APIs in fish and frogs
provided above still indicate that the CA-model could be used
for deriving more refined risk estimates. The most straightfor-
ward approach would be to apply the so-called PEC/PNEC
summation method, which simply sums up the PEC/PNEC
quotient for all those APIs that have similar mode of action and
are of relevance for a particular exposure scenario.66 It uses

available ecotoxicity data and does not require environmental
measurements, which means that the PECs and PNECs that are
required for individual APIs in the EMA-guideline are already
available, at least for those APIs for which Phase II analyses
have been made. Another simple approach is to multiply each
individual PNEC-value with a mixture correction factor that
equals the number of chemicals present in a mixture.66

Analogous to the PEC/PNEC summation method, as chronic
data for individual APIs are available, this method does not
require additional data demands.

6. Mandate Use of All Available Ecotoxicity Studies.
The EMA-guideline recommends use of ecotoxicity studies
following Good Laboratory Practices (GLP) and internationally
standardized guidelines provided by the Organisation for
Economic Co-operation and Development (OECD). Standard
studies have, if the strict instructions for how to perform and
report them are followed, high reliability (i.e., intrinsic quality).
The OECD standard tests were developed for testing of
industrial chemicals with a focus on traditional toxicological end
points including acute effects, organ toxicity, cancer, and
reproductive toxicity. Nevertheless, many APIs are not expected
to be toxic in the traditional sense. Instead it is the
pharmacological effect that is expected to be the main effect
occurring at low doses (also described for recommendation 4).
Therefore, for many APIs, standard studies might not be the
most relevant choice.70 Systematic exclusion of nonstandard
studies in regulatory risk assessment was presented as one of
the shortcomings in the U.S. Environmental Protection
Agency’s (USEPA) pesticide risk assessment process. For the
herbicide atrazine, 74 nonstandard studies were excluded since
they did not meet the USEPA criteria for inclusion in
quantitative assessments, even though some of the studies
were evaluated to be useful for investigating possible effects
from atrazine. The risk assessment was instead based on a
single standard study funded by the manufacturer showing no
effect on reproduction.71

Alteration in natural behaviors, such as activity and feeding
rate, are examples of end points that are not included in ERAs
on a regular basis, even though they have ecological
consequences. Recent ecotoxicity studies on a benzodiazepine
anxiolytic drug reported increased activity, reduced sociality,
and higher feeding rate in fish at concentrations close to those
encountered in effluent-influenced surface waters.12,72,73 Non-
standard studies may also open up for use of other test species
than the standard set (i.e., fish, crustacean, and algae). In
amphibians, the Müllerian ducts (precursors of the female
reproductive tract in higher vertebrates) are sensitive targets for
endocrine disrupting APIs and other substances. As a
consequence, frogs exposed to the progestagen levonorgestrel
during the larval period showed serious effects on female
reproduction (a lack of oviducts and sterility) that would not
have been discovered using standard test species.74

Due to the limitations with standard studies, we recommend
that the ERAs should utilize all available ecotoxicity studies of
sufficient reliability and relevance. The guidance document
should explicitly state that the peer-reviewed literature has to be
searched for relevant studies for all substances. A major
advantage of this is that state of the art scientific knowledge
may be used in a way that directly benefits society.
Nonstandard studies also have the possibility of filling some
of the existing data gaps. From an ethical point of view, by
considering the use of animals in (eco)toxicity testing, and also
that much research is paid by taxpayers’ money, it is important
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to make use of already performed studies in all possible ways.
This is also supported in other legislation, for example, REACH
and the biocide regulation.
A disadvantage with including all available ecotoxicity data is

the added workload for risk assessors, both in the data selection
phase and when evaluating and interpreting ecotoxicity studies,
since nonstandard studies in general include a variety of test
designs, species and end points. Studies from the peer-reviewed
literature have also been seen to lack in the necessary detailed
reporting of methods and results,75,76 which adds to the
complexity of the evaluation process.77 A new validated
evaluation method, which puts equal demand on standard
and nonstandard studies, can act as a guide in this process.78

7. Include Environmental Risks in the Risk-Benefit
Analysis. The EMA-guideline states that the ERA “should not
constitute a criterion for refusal of a marketing authorization”.
As a consequence, and because there is no penalty for
noncompliance, the ERA is not prioritized by pharmaceutical
companies and they can fail to deliver data or to deliver data in
time. A recent study shows that 37% of the ERAs performed
during 2011−2012 were submitted after the deadline, and
studies were missing or of unsatisfactory quality for 83% of the
submitted ERAs.22 Including environmental risk in the risk-
benefit analysis has therefore been suggested as a way to
emphasize the importance of the ERA, although the intention is
not to block marketing of new products. For veterinary
pharmaceuticals it has, since 2004, been possible to refuse
approval of products due to their environmental risk; however
this has so far never happened.2 Potentially, inclusion of
environmental risks in the risk-benefit analysis could be an
incentive for pharmaceutical companies to generate all
requested studies, and to do this on time, since market
introduction might be delayed otherwise. In addition, environ-
mental risk assessment could be performed earlier in the drug
development process for prompt identification of potentially
problematic APIs.
A Swedish expert group for pharmaceuticals in the

environment, appointed by the Government, suggested that
the ERA should be included in the risk-benefit analysis, but
emphasized that the extent of the environmental impact has to
be weighed against the expected clinical benefits, from a
medical and social perspective, and against the availability of
alternative and equivalent treatments with less environmental
impact.79 The potential impact on public health from exposure
to pharmaceutical residues in the environment should also be
considered. The possibility to consider the environmental
aspects in the authorization should only aim at denying further
approvals of products containing a known problematic API
when there are already products on the market that cover that
cover the specific medical need to the same extent though
associated with a lower environmental risk. The availability of
effective drug treatments would therefore not be affected
significantly if the environmental aspects were considered in the
risk-benefit analysis.79 Therefore, we recommend that the ERA
is included in the risk-benefit analysis. This recommendation is
also supported by regulators, and it is included in the Swedish
Government’s bill on chemicals.2,80 Knowledge concerning
risk-benefit analyses where environmental aspects are included
can be transferred from other fields where this has been
standard procedure for many years, for example, the biocide
and plant protection product regulations.
8. Require Review of the Environmental Risk Assess-

ments at Regular intervals. There are no formal demands in

the EMA-guideline to review and update the ERAs for
approved products. Hence, new knowledge can only impact
future market authorizations, that is, new products. The
flexibility needed to make use of new knowledge, such as
results from ecotoxicity studies, sales statistics, and environ-
mental monitoring is not present. This is problematic since
environmental studies are scarce but new knowledge may
emerge at any time. Knowledge from the European database on
suspected adverse drug reactions could also be an important
contribution to an updated assessment. Furthermore, knowl-
edge generated in other legislation, such as monitoring data
from the Water Framework Directive, could add important
information to the ERAs.81 Therefore, we recommend that the
guidance document should include a requirement that the
ERAs are reviewed at regular intervals and updated whenever
new information that may lead to a change in the risk
assessment conclusions become available. This recommenda-
tion is similar to the wording in Article 22 of the REACH-
legislation: “Following registration, a registrant shall be
responsible on his own initiative for updating his registration
without undue delay with relevant new information and
submitting it to the Agency in the following cases: [...] e)
new knowledge of the risks of the substance to human health
and/or the environment of which he may reasonably be
expected to have become aware which leads to changes in the
safety data sheet or the chemical safety report”. For biocides
and plant protection products the initial approval shall not
exceed 10 years, and in some cases 5 years (Article 4(1) in the
biocide regulation, Article 5 in the plant protection product
regulation).
Updates of the ERAs should include a thorough review of the

peer-reviewed literature and other publicly available sources
such as reports from stakeholders. If new data become available
and are assessed for possible inclusion in the ERA, but the data
are not considered sufficient to change the conclusions in the
ERA, the new data should still be included in the list of
references, and the ERA should include an explanation on why
the new data did not motivate an update of the conclusions.
The date of the latest update should also be clearly available in
the ERA.
In general, there is often a delay between generation of new

scientific data and societal use of that particular information.
The advantage of this recommendation is that new knowledge
can potentially be considered and used as soon as it becomes
available, or shortly thereafter. A requirement to carry out
reviews at regular intervals also has potential to increase
collaboration between stakeholders. Increased collaboration has
been identified as a future need in risk assessments.82 In
addition, it would make better use of resources, in terms of
laboratory animals and taxpayers’ money.

9. Include Data from Production of APIs and
Formulations in the Environmental Risk Assessments.
The EMA-guideline only considers API use by patients, leaving
out other parts of the pharmaceutical product’s lifecycle, such as
production of APIs and formulation. Due to the nature of
industrial discharges, it is considerably more difficult to
generate PECs for such emission routes than for patient
usage and excretion.9 Hence, an assessment based on MECs
rather than PECs is proposed for manufacturing discharges, and
this can normally only be done after marketing authorization.
Discharges of APIs are very rarely regulated in any part of the
world, but it is clear that pharmaceutical production can lead to
substantial API discharges to the environment. There are

Environmental Science & Technology Policy Analysis

DOI: 10.1021/acs.est.5b00302
Environ. Sci. Technol. XXXX, XXX, XXX−XXX

F

http://dx.doi.org/10.1021/acs.est.5b00302


several examples of discharges in the mg/L range, also of highly
toxic APIs, including antibiotics, leading to unprecedented
environmental contamination. Most examples of high dis-
charges so far are from Asia, but there are also examples from
U.S. and within the EU.9 Importantly, that European citizens
consume pharmaceutical products produced outside of the EU
boarders, where discharges to the environment may be
significant, creates a moral dilemma.83 We firmly believe that
our concern for the environment should go beyond boarders
and therefore such environmental aspects must be handled
within European legislation. Finally, discharges of antibiotics
may lead to the promotion of antibiotic resistance, which
clearly is of everyone’s concern regardless of where the
discharges take place.7,8,42 Therefore, we recommend that the
risk associated with API discharges from manufacturing sites is
included in ERAs when reviewing dossiers, even if the
discharges take place outside of EU borders.
If the risks associated with manufacturing discharges are

assessed during the review, we also recommend that it should
be possible to withdraw market authorization when discharges
are considered “severe” and the companies have failed to
reduce emissions despite being given warnings and appropriate
time to adjust. There are presently no agreed methods for how
to define acceptable API-emissions from production. However,
there are risk-based methods available that identify safe long-
term and short-term concentrations using approaches similar to
those used in several legal frameworks.84 Notably, the strategy
proposed by Murray-Smith et al. does not encompass risks for
antibiotic resistance development. It should be stressed that
there are well documented examples of industrial API-
discharges that we believe very few would consider “accept-
able”, even though they may not violate current laws,9

motivating the need to create incentives to reduce such
emissions.
10. Increase Transparency. There is currently low

transparency in the ERA process for pharmaceutical products.2

The EMA publishes European public assessment reports
(EPARs) containing a summary of the environmental
information, and such documents are currently available for
41 products, but ERA dossiers are not publicly available.22 As a
consequence, it is not possible for a third party to review and/
or make use of the studies and conclusions from the
pharmaceutical companies and the competent authorities.
Therefore, we recommend that the ERA dossiers are made
publicly available by EMA, preferably on the Web site for faster
and more flexible access. For industrial chemicals under the
REACH-legislation this is possible; registration data without
confidential business information are available at the European
Chemicals Agency’s webpage (http://echa.europa.eu/
information-on-chemicals/registered-substances).
Advantages with this recommendation are that external

evaluation and comparison between different ERA dossiers
would be possible. Previous evaluations of chemical risk
assessments have identified several shortages in the process
that should be considered. Examples include: how toxicity
studies are interpreted differently in different assessments; how
values influence assessments; differences in data selection
between risk assessments for the same substance; and
nontransparent use of assessment factors.48,49,85−87 In addition,
increased transparency can also be beneficial for the research
community, since new environmental data can guide the design
and prioritization of future studies. Unnecessary repetitive
testing can also be avoided, thereby reducing animal testing.

Regulatory work within other legal frameworks, for example,
environmental monitoring, could moreover benefit from a
greater access to environmental data.2

To improve transparency in this ERA process and to facilitate
and safeguard use of nonstandard environmental data from the
peer-reviewed literature in the regulatory process, steps toward
increased collaboration between academia, governmental
agencies and pharmaceutical industry need to be taken. We
recommend that EMA develops an open access database
containing summaries and references to all available ecotoxicity
data, both industry study reports and peer-reviewed literature.
As a starting point, the WikiPharma database from the
MistraPharma program can be used.35 To facilitate the process
of adding studies to the database, collaborations with scientific
journals could be established to ensure that all peer-reviewed
studies for APIs are made available for ERA.
We also suggest that information on the manufacturer of the

API and the specific manufacturing site(s), both for API
production and formulation, becomes publicly available.83 This
would motivate producers to more carefully control discharges
and improve wastewater treatment in the production chain,
since this information would enable interested parties (for
example researchers and journalists) to identify cases of severe
environmental pollution and link it to the company selling the
final product. This would in turn make it possible for
consumers and the healthcare sector to deselect products that
are produced in an environmentally unfriendly way. Today, the
origin of APIs in pharmaceutical products is most often
considered confidential information, which prevents consumers
and purchasers from making environmentally informed
decisions. Reporting the site of origin is common for various
groups of consumer products and food items (e.g., fruit, meat,
fish, seafood, clothes, and cars), and it should therefore also be
possible for pharmaceutical products.

■ CONCLUSIONS
One could argue, from an ethical and resource effective
perspective, that society has a responsibility to make use of
research by incorporating new knowledge into legislation and
guidance documents. The European Medicines Agency’s
guideline for environmental risk assessment for human
pharmaceutical products is one example of a process that
could benefit from doing this. In this paper we provide 10
recommendations for how this can be done. The recom-
mendations vary in complexity and controversy, which makes
the implementation of them differ in amount of effort needed
for gaining acceptance of the change. Some recommendations
might also need changes in the European Directive.17All of the
recommendations are based on research performed in the field
of pharmaceuticals in the environment, and from studying
other European regulatory frameworks for chemicals. We
believe that society as a whole would benefit from carefully
considering the implementation of our recommendations, and
that they could contribute to strengthening the protection of
the environment.
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available, easily accessible, interactive and comprehensive database for
environmental effect data for pharmaceuticals. Regul. Toxicol.
Pharmacol. 2009, 55, 367−371.
(36) Wennmalm, Å.; Gunnarsson, B. Public health care management
of water pollution with pharmaceuticals: Environmental classification
and analysis of pharmaceutical residues in sewage water. Drug Inf. J.
2005, 39, 291−297.
(37) Stockholm County Council. www.sll.se.
(38) Hansson, S. O.; Rudeń, C. A risk-neutral default for chemical
risk management. Am. J. Ind. Med. 2008, 51, 964−967.
(39) Herper, M. How Much Does Pharmaceutical Innovation Cost?
A Look At 100 Companies. Forbes 2014. http://www.forbes.com/
sites/matthewherper/2013/08/11/the-cost-of-inventing-a-new-drug-
98-companies-ranked/.
(40) Pal, C.; Bengtsson-Palme, J.; Rensing, C.; Kristiansson, E.;
Larsson, D. G. J. BacMet: Antibacterial biocide and metal resistance
genes database. Nucleic Acids Res. 2014, 42, D737−743.
(41) Finley, R. L.; Collignon, P.; Larsson, D. G. J.; McEwen, S. M.;
Li, X.-Z.; Gaze, W. H.; Reid-Smith, R.; Timinouni, M.; Graham, D. W.;
Topp, E. The scourge of antibiotic resistance: The important role of
the environment. Clin. Infect. Dis. cit 355, 2013, DOI: 10.1093/cid/
cit355.
(42) Pruden, A.; Larsson, D. G. J.; Ameźquita, A.; Collignon, P.;
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