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H I G H L I G H T S

• Improve monitoring and strengthen
comprehensive prioritization of toxic
pollutants

• Foster consistent assessment of water
pollution

• Support solution-oriented management
of chemicals in the water cycle
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Water is a vital resource for natural ecosystems and human life, and assuring a high quality of water and protecting
it from chemical contamination is a major societal goal in the European Union. The Water Framework Directive
(WFD) and its daughter directives are the major body of legislation for the protection and sustainable use of Euro-
pean freshwater resources. The practical implementation of the WFD with regard to chemical pollution has faced
some challenges. In support of the upcomingWFD review in 2019 the research project SOLUTIONS and the Europe-
an monitoring network NORMAN has analyzed these challenges, evaluated the state-of-the-art of the science and
suggested possible solutions. We give 10 recommendations to improve monitoring and to strengthen comprehen-
sive prioritization, to foster consistent assessment and to support solution-orientedmanagement of surface waters.
The integration of effect-based tools, the application of passive sampling for bioaccumulative chemicals and an in-
tegrated strategy for prioritization of contaminants, accounting for knowledge gaps, are seen as important ap-
proaches to advance monitoring. Including all relevant chemical contaminants in more holistic “chemical status”
assessment, using effect-based trigger values to address priority mixtures of chemicals, to better consider historical
burdens accumulated in sediments and to usemodels tofill data gaps are recommended for a consistent assessment
of contamination. Solution-oriented management should apply a tiered approach in investigative monitoring to
identify toxicity drivers, strengthen consistent legislative frameworks and apply solutions-oriented approaches
that explore risk reduction scenarios before and along with risk assessment.

© 2016 Published by Elsevier B.V.

1. Introduction

Water is a vital resource for natural ecosystems and human life, and
therefore, as stated by the European Union (EU) Water Framework Di-
rective, a “heritage which must be protected, defended and treated as
such” (European Union, 2000). Especially freshwater is limited in quan-
tity and in quality, and currently under a variety of increasing pressures;
for example, climate change, overexploitation and contamination from
point and diffuse sources, including agriculture, industry and house-
holds. Ensuring a high quality of water and a high level of protection
from chemical contamination is fully in line with the major societal
goals presented by the 7th Environmental Action Plan of the EU “Living
well within the limits of our planet” (European Union, 2013a). Consis-
tent with this, the earth's capacity to assimilate chemical pollution has
been proposed as one of the nine planetary or regional boundaries in re-
lation to which anthropogenic impact needs to be reduced if unaccept-
able global or regional change is to be avoided (Rockström et al., 2009a;
Rockström et al., 2009b; Steffen et al., 2015).

Threats to clean water (and other environmental compartments)
have resulted in a number of regulations around the globe aiming
to reduce the production and use of the most hazardous chemicals.

Nevertheless, despite significant achievements, toxic pollution still poses
a substantial risk to almost half of the water bodies recently monitored
in Europe (Malaj et al., 2014). Such risk assessment results are corroborat-
ed by diagnostic eco-epidemiological impact studies, in which changes in
biodiversity associate with mixture exposures (Posthuma et al., 2016;
Posthuma et al., 2016), but, due to lack of knowledge, current regulation
of environmental quality is mostly based on a limited number of single
chemicals. Consequently, and in agreement with the concepts of ecologi-
cal, energy, carbon, andwater footprints (Fang et al., 2014), the concept of
a chemical footprint has been advanced to enable exploration of mixture
threats for water systems. The chemical footprint has been defined as “a
quantitative measure describing the environmental space needed to di-
lute net chemical pollution – commonly by amixture – due to human ac-
tivities to a level below a specified boundary condition” (Zijp et al., 2014).
It is, however, very challenging to identify and quantify boundaries for
chemical pollution either at local or global scales (Diamond et al., 2015)
given the very large number of chemicals present in the environment,
the wide-ranging sensitivity of natural species, and the vulnerability of
ecosystems (Posthuma et al., 2014).

At present, man-made products containing N100,000 chemicals are
registered in the EU, where 30,000 to 70,000 are in daily use (Loos et
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