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Assessment of the environmental impact, the risk posed by application ofmedicinal products for human and vet-
erinary use is a legal obligation, and must be performed to evaluate and limit potential adverse effects of medi-
cines on the environment.
An environmental risk assessment (ERA) is performed in a stepwise approach in European Union, which starts
with an initial screening phase (Phase I), aimed at identifying the environmental exposure of pharmaceuticals
based on their potential for bioaccumulation and persistence in the environment. If, following this preliminary
assessment, significant environmental exposure is anticipated, or if specific risks are identified due to com-
pound-specific characteristics, a number of studies should be performed (Phase II) based on the guidance docu-
ments issued by European Medicines Agency (EMA).
The Phase II tests identify the fate of medicinal products in the environment and their potential effects on repre-
sentative organisms (e.g. fish or daphnids, for the aquatic environment). For this purpose, the results of various
internationally accepted test methodologies (laid down mainly by the Organisation for Economic Co-operation
and Development (OECD)) form the basis of the risk-assessment process, which may be further extended on a
case-by-case basis, depending on the outcome of the assessment.
However, several studies have been published revealing considerable residue levels in surface waters, in rivers
and lakes throughout Europe that rise the question whether the current legislation and environmental risk as-
sessment system of human and veterinary medicinal products are sufficiently protective.
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1. Introduction

The pollution of water and soil with pharmaceutical residues is an
emerging environmental concern worldwide. In Europe in August
2013, in the framework of the adoption of Directive 2013/39/EU as
regards priority substances in the field of water policy, the European
Commission has been asked to develop a strategic approach to pollution
of water by pharmaceutical substances by the end of 2015. BIO Intelli-
gence Service carried out a study on the risks of environmental effects
of medicinal products that together with other relevant studies and re-
ports, provides the basis to develop the strategic approach [1].

There is increasing evidence that human and veterinary medicines
are damagingwildlife. The report “Pharmaceuticals in the Environment:
A growing threat to our tap water and wildlife” published by
CHEMTrust in 2014 also highlights that medicines continuously pollute
rivers and have harmed wild birds and fish [2]. Other species have also
been affected, and people are also worryingly exposed.

This report also states that assessments of the environmental risks
from human medicines in use before 30th October 2005 were not re-
quired and are often absent.

Elizabeth Chadwick of the Cardiff University (UK), whowas part of a
three-year study looking at pharmaceuticals in otter tissue, expressed
based on her research that as the human population grows and gets
older, the level of pharmaceuticals being pumped into the environment
is ever-increasing. It is one of the most serious threats to our environ-
mental health. Post-launch coverage includes The Pharmaceutical Jour-
nal of 21st February 2015, and a detailed feature on pharmaceutical
pollution in the April 2015 issue of ENDS Report [3].

Over a dozen pharmaceuticals have been reported in the environ-
ment at many locations worldwide, including anti-inflammatory and
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analgesic agents (diclofenac, ibuprofen, naproxen, paracetamol,
acetylsalicylic acid), antibiotics (sulfamethoxazole, trimethoprim, cip-
rofloxacin, ofloxacin, norfloxacin), the anti-epileptic carbamazepine,
the lipid lowering clofibric acid aswell as the residues of estrogenic sub-
stances, used in the contraceptive pill and to treat themenopause [2]. In
the peer-reviewed literature recent studies have also demonstrated that
despite the relatively low concentrations of pharmaceuticals in the en-
vironment (typically in sub-parts-per-billion levels) pharmaceuticals
are of ecological concern due to their potential long-term adverse ef-
fects on humans and wildlife [4,5,6].

2. Existing regulatory requirements of environmental risk assess-
ment of medicinal products for human use

The EMA guideline on the environmental risk assessment of medic-
inal products for human use came into force in 2006 [7]. In the scope of
the guideline, it is stated that in accordance with Article 8(3) of Direc-
tive 2001/83/EC, as amended, the evaluation of the potential environ-
mental risks posed by medicinal products should be submitted, their
environmental impact should be assessed and, on a case-by-case basis,
specific arrangements to limit the impact should be considered. In any
event, this impact should not constitute a criterion for refusal of a mar-
keting authorisation.

The EMA guidelines shall be applied to all newmarketing authoriza-
tion applications. However, vitamins, electrolytes, amino acids, pep-
tides, proteins, carbohydrates and lipids are exempted, since they are
considered unlikely to result in significant risk to the environment. In
addition, there are veterinary use of active pharmaceutical ingredients
(APIs), and pharmaceutical substances consisting of genetically modi-
fied organisms (GMOs), that should also be considered in the environ-
mental risk assessment.

In Phase I of the risk assessment procedure described in the EMA
guidance, the predicted environmental concentration (PEC) for surface
water shall be calculated and the octanol–water partition coefficient
(Kow) shall be measured (Table 1).

If the PEC-value is equal to or above 0.01 μg/L, a Phase II assess-
ment shall be performed. Active pharmaceutical ingredients (APIs)
with a logKow N4.5 are screened for PBT properties (Persistence, Bio-
accumulation, 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 (stan-
dard studies are recommended) are reviewed and the predicted no
effect concentration (PNEC) for water, groundwater and microor-
ganisms is calculated (Table 2).

If the ratio PECsurfacewater:PNECwater is above 1, an extended en-
vironmental fate and effect assessment, according to Tier B in Phase II, is
required (Table 3).

3. Regulatory requirements of environmental risk assessment of
veterinary medicinal products

In 1998 the EMEA issued a note for guidance on Environmental
Risk Assessment for Veterinary Medicinal Products (VMP) other
than GMO (genetically modified organism)-containing and immu-
nological products [8]. The guidance rests upon a logical, tiered ap-
proach with a cut-off trigger between a basic characterisation of
the veterinary medicinal product and an in-depth assessment of its
fate and ecotoxic effects.

Phase I of the environmental risk assessment for a VMP starts
with questions on the physical and chemical properties of the VMP,
its use, dose route, frequency of dosing, animal husbandry and routes
of excretion into the environment. It is assumed that VMPs with lim-
ited use and limited environmental exposure will have limited envi-
ron- mental effects and thus stop in Phase I. Phase I also identifies
VMPs that require a more extensive environmental risk assessment
under Phase II. Once a VMP has reached Phase II its predicted envi-
ronmental concentration (PEC) is compared with its lowest effective
concentration from standard ecotoxicity tests in soil and/or water to
assess a probable environmental risk. After the toxic potential of the
substance or its metabolites is assessed, the value is multiplied by an
appropriate safety factor to create a predicted no effects concentra-
tion (PNEC). If the ratio of the predicted concentration to the predict-
ed no effects concentration is N1, further and more detailed studies
on fate and effects of the VMPs have to be performed in order to re-
fine the PEC as well as the PNEC. A decline of the expected environ-
mental concentration is a function of hydrolysis, photolysis
(chemical transformation) and biodegradation (mineralisation and
biotransformation) of a VMP in the environment. The results from
a short-term laboratory base set of ecotoxicity tests may be refined
by long-term, semi-field or field data. At the end of the Phase II

Table 1
The phased approach in the environmental risk assessment.

Stage in regulatory
evaluation

Stage in risk
assessment

Objective Method Test/data requirement

Phase I Pre-screening Estimation of exposure Action limit Consumption data, logKow
Phase II Tier A Screening Initial prediction of risk Risk

assessment
Base set aquatic toxicology and fate

Phase II Tier B Extended Substance and compartment-specific refinement and risk
assessment

Risk
assessment

Extended data set on emission, fate and
effects

Table 2
Physicochemical, fate and effect studies recommended in Phase II Tier A.

Study type Recommended protocol

Adsorption - desorption using a batch equilibrium
method

OECD 106/OECD 121/OPPTS
835.1110a

Ready biodegradability test OECD 301
Aerobic and anaerobic transformation in aquatic
sediment systems

OECD 308

Algae, growth inhibition test OECD 201
Daphnia sp. reproduction test OECD 211
Fish, early life stage toxicity test OECD 210
Activated sludge, respiration inhibition test OECD 209

a One study is generally sufficient.

Table 3
Terrestrial fate and effects studies recommended in Phase II Tier B.

Study type Recommended protocol

Aerobic and anaerobic transformation in soil OECD 307
Soil microorganisms: nitrogen transformation test OECD 216
Terrestrial plants, growth test OECD 208
Earthworm, acute toxicity tests OECD 207
Collembola, reproduction test ISO 11267
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