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Abstract
Background, aim and scope Water is a renewable resource
and acceptable quality is important for human health,
ecological and economic reasons, but human activity can
cause great damage to the natural aquatic environment.
Managing the water cycle in a sustainable way is the key to
protect natural resources and human health. On a global
level, the microbiological contamination of water sources is
a major problem in connection with poverty and the United
Nations Millennium Development Declaration is an impor-
tant initiative to handle this problem. In terms of environ-
mental health, persistent organic pollutants (POPs) circulate
globally; as they travel long distances, they are found in
remote areas far from their original source of application
and can cause damage wherever they move to. On a global
scale, United Nations Environmental Programme (UNEP)
issued the Stockholm Convention to reduce POPs; in the
European Union (EU), one intention of the Water Frame-
work Directive (WFD) is to reach the good chemical status
of waters; beside these regulations, there are other directives
in support of these goals. The aim of this paper is to discuss
whether the Stockholm Convention and the WFD allows
meeting the targets of protection of human and environ-
mental health, which are established in the different
directives and how could we approach the targets.

Materials and methods The aims and scopes of different
directives are compiled and compared with the actual
quality of water, different approaches of standard settings
are compared and potential treatment options are discussed.
Results Under the Stockholm Convention on POPs, which
came into force in May 2004, governments are required to
develop a National Implementation Plan (NIP) setting out
how they will address their obligations under the convention
and how they will take measures to eliminate or reduce the
release of POPs into the environment by the use of best
available techniques (BAT) and application of best environ-
mental practices (BEP). On a European level, the WFD has
been in place as the main European legislation to protect our
water resources and the water environment of Europe since
2000. It requires managing river basins so that the quality
and quantity of water does not affect the ecological services
of any specific water body. Nevertheless, the goals of other
directives as for drinking water, bathing water and urban
wastewater treatment are not yet harmonised mainly
concerning microbiological, priority substances and priority
hazardous substances (PS/PHS) contamination. Following
the detection of substances, a risk assessment with sound
effect data needs to be performed also for regulatory
decisions and priorisation of measures to remove emerging
contaminants. Beside personal care products and industrial
contaminants, faecal pollution of recreational waters is one
of the major hazards facing users, although microbial
contamination from other sources as well as chemical and
physical aspects also affects the suitability of water for
recreation. As in arid and semiarid areas, wastewater is
considered for irrigation with regulatory needs of hygienic
and chemical parameters—health-based targets—to avoid
the contamination of crops and food. In surface waters,
currently, the relationships between physical and chemical
properties and the biological state of surface waters were
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quite well-understood to enable the management of catch-
ments and rivers to achieve ecological quality.
Discussion Nevertheless, more work is needed to find out
the actual impact of the regulations for single chemicals
and complex mixtures, in terms of environmental quality
standards to achieve a ‘good chemical status’, on the good
biological status. In a next step after the adoption of the
list of PS/PHS substances, which also includes the POPs,
the Urban Wastewater Treatment Directive (UWWTD)
needs to be adjusted and existing or new treatment options
(BATs) should comply with the new requirements of the
different directives.
Conclusions Relevant substances threaten human health
and the environment by new effects such as CMR,
endocrine-disrupting effects or neurotoxicity which are
not yet considered in an adequate way by assessment
methods and regulatory standards and the application of
abatement technologies. The Registration, Evaluation,
Authorisation and Restriction of Chemicals helps to
control the sources, but WFD, the Stockholm Convention
and UWWTD need to be harmonised and a rolling
revision process should react on new developments.
Finally, to answer the question if the Stockholm
Convention and the WFD (2000/60/EC) could reach the
target—I would state that they provide a very valuable
frame to approach the targets, but there is still way to go
to reach them on an EU level and on a global scale, also
under the aspects of the Stockholm Convention and the
Millennium Development Goals.
Perspectives The compilation of the goals of different
regulations and combined actions will save a lot of
administrative efforts and money.

Keywords Priority substances and priority hazardous
substances (PS/PHS) . POPs .Water regulations .

Water Framework Directive (WFD) . Technological aspects .

Stockholm Convention . REACH

1 Background, aim and scope

Acceptable water quality is important for different uses,
as water is both a vital ecological and economic resource
and an essential feature of the natural landscape; but
human activity as an important factor in the water cycle
can cause great damage to the natural aquatic environ-
ment, if we abstract too much or pollute it. The five
economic sectors—transport, energy, agriculture, industry
and households—contribute most to current problems as
many pollution sources are diffuse, numerous and varied
and difficult to control. Managing the water cycle in a
sustainable way is the key to protect the natural resource
and human health. On a global level, the microbiological

contamination of water sources is a major problem and
the most important issue in connection with poverty.

Our well-being and quality of life—of humans and the
environment—depend on the state of the environment and
on our ability to ensure the sustainable use of the
environment—a task made more complex by the changing
nature of human activities that impact it most. On a global
level, the microbiological contamination of water sources is
a major problem and the most important issue in connection
with poverty. On a global level, the most important and
ambitious initiative of the United Nations system is the
Millennium Development Declaration with the goal of
poverty reduction; the lack of functioning excreta manage-
ment facilities and systems is one of the key contributors to
this worldwide disease burden (UNDP 2008). In terms of
environmental health, persistent organic pollutants (POPs)
circulate globally; as they travel long distances, they are
found in remote areas far from their original source of
application and can cause damage wherever they move to.
Once introduced into the environment, POPs—as their
name suggests—are persistent, retain their toxicity and only
degrade after decades. Nevertheless, besides the listed 12
substances, we can find different other potentially hazard-
ous chemicals in the environment. In addition, to protect
our water resources and the water environment since 2000
the Water Framework Directive (WFD) has been in place as
the main European legislation. It requires managing the
river basin so that the quality and quantity of water does not
affect the ecological services of any specific water body.

The goal of this paper is to discuss whether the
Stockholm Convention and the WFD allows meeting the
targets of protecting humans and the environment, which
are established in the different directives and how we could
approach the targets.

2 Materials and methods

The aims and scopes of different directives are compiled
and compared with the actual quality of water, different
approaches of standard settings and potential treatment
options are discussed.

3 Results

3.1 Regulative aspects

In the Stockholm Convention, the UNEP (2008) listed a
selection of 12 substances (POPs)—aldrin, chlordane,
dichlorodiphenyltrichloroethane, dieldrin, endrin, hepta-
chlor, mirex, toxaphene, polychlorinated biphenyls, diox-
ins, furans and hexachlorobenzene—and called it the dirty
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dozen. Their subtle long-term toxicity and accumulation in
fatty tissue of living organisms is a cause of particular
concern since even small quantities can cause nervous
system damage, immune system diseases, reproductive or
developmental disorders and cancers. Under the Stockholm
Convention on POPs, which came into force in May 2004,
governments are required to develop a National Implemen-
tation Plan (NIP) setting out how they will address their
obligations under the convention and how they will take
measures to eliminate or reduce the release of POPs into the
environment by the use of best available techniques (BAT)
and application of best environmental practices (BEP).

In the WFD, the existing European water policy is
harmonised by the establishment of a European Union (EU)
framework for the protection of inland surface waters,
transitional waters, coastal waters and groundwater, in order
to prevent and reduce pollution, promote sustainable water
use, protect the aquatic environment, improve the status of
aquatic ecosystems and mitigate the effects of floods and
droughts, based on whole catchments which are viewed as
integrated systems. One of its principal objectives is to
achieve good chemical and biological water status and to
restore rivers, lakes, groundwaters, wetlands and other
water bodies to a ‘good status’ by 2015 (exception ‘heavily
modified’ water bodies). The terms ecological status and
chemical status have specific definitions within the WFD.
Ecological status is based on biological elements and
supported by chemical and physicochemical elements, as
well as hydromorphological elements. Chemical status
refers to specific pollutants (e.g. priority substances or
priority hazardous substances) for which environmental
quality standards (EQS) are proposed. The European
Commission adopted a proposal for a new directive to
protect surface water from pollution on 17 July 2006 (COM

(2006)397 final), which will set limits on concentrations in
surface waters of 41 dangerous chemical substances
(including 33 priority substances and eight other pollutants)
that pose a particular risk to animal and plant life in the
aquatic environment and to human health. In addition, EQS
will be defined on a national level for certain groups or
families of pollutants as minimum requirements. The
priority hazardous substances are identified, and the target
concentrations are calculated based on the scientific risk
assessment procedure laid down in the technical guidance
documents (TGD 2003).

The community water policy is based on a combined
approach. According to article 10 (WFD 2000/60/EC) for
point and diffuse sources, member states shall ensure the
establishment and/or implementation of (a) the emission
controls based on BAT, or (b) the relevant emission limit
values, or (c) in the case of diffuse impacts, the controls
including, as appropriate, BEP and of EQS for water,
sediment and biota (Fig. 1).

BATs measures could be applied at all levels: production,
use or regulatory level including the substitution or out-
phasing of priority hazardous substances or the limitations of
use in certain applications. All significant sources should be
considered and the cost-effective and proportionate levels and
combination of controls should be identified. The EQS should
be complied with by 2015 at the latest and direct discharges of
pollutants into surface water should cease by 2025.

In Europe, the Urban Wastewater Treatment Directive
(UWWTD), the Bathing Water Directive, the Nitrates
Directive and the Drinking Water Directive (DWD) will
also stay in place in addition to the WFD. Due to water
scarcity in many areas, the regulation for irrigation water
quality will gain more and more importance. Although these
directives have different goals, most of them regulate chemical
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Fig. 1 Combined approach and measures (BAT/BEP) to improve environmental quality
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and/or microbiological parameters, but do not yet overlap too
much in terms of parameters and concentration levels.

The DWD (Council Directive 98/83/EC) regulates a
total of 48 microbial and chemical parameters to protect
the health of the consumers in the EU and to make sure
that the water is wholesome and clean. The parametric
values are based on the scientific knowledge available and
the precautionary principles (e.g. for pesticides); future
parametric values should be based on risk assessment as in
the World Health Organisation Guidelines. The Ground-
water Directive (2006/118/EC) sets underground water
quality standards and introduces measures to prevent or
limit inputs of pollutants into groundwater only for
chemical parameters in response to the requirements of
the WFD. It relates to assessments on chemical status of
groundwater and the identification and reversal of signif-
icant and sustained upward trends in pollutant concen-
trations. Although the microbiological contamination is
not considered, there is an ongoing discussion about the
requirements for wastewater infiltration to sustain the
quality for groundwater abstraction for drinking water
purposes (Farnleitner et al. 2007). The revised Bathing
Water Directive (Directive 2006/7/EC) is based on
microbiological indicators of faecal contamination and
the list of parameters contains just Escherichia coli and
intestinal enterococci. It will apply to surface water where
a large number of people are expected to bathe, establish-
ing a method for monitoring bathing water quality during
the bathing season. In addition, irrigation water quality
requirements (WHO 2006), especially in the case of water
recycling, have to consider hygienic and chemical param-
eters to avoid the contamination of crops and food. WHO
(2006) issued health-based targets for treated wastewater
use in agriculture and requests for unrestricted irrigation a
reduction of 6–7 log10 based on Rotavirus and 3 log10
helminth reduction for faecal pollution. The objective of
the UWWTD (91/271/EEC) is to protect the environment
by prevention of eutrophication or oxygen depletion
considering the adverse effects of urban wastewater
discharges and discharges from certain industrial sectors.
The regulation covers the collection, treatment and
discharge of domestic wastewater, mixture of wastewa-
ter and wastewater from certain industrial sectors. The
Integrated Pollution Prevention and Control (IPPC)
Directive (96/61/EEC) is about minimising pollution
from various industrial sources; operators of industrial
installations covered by Annex I of the IPPC Directive
are required to obtain an authorisation (environmental
permit) for emissions. In chemical policy, the commis-
sion outlined its new strategy for ensuring a high level
of chemical safety and a competitive chemicals industry
through a system for the registration, evaluation and
authorisation of chemicals—the Registration, Evaluation,

Authorisation and Restriction of Chemicals (REACH)
system. It entered into force on 1 June 2007. The main
aims of REACH are to improve the protection of human
health and the environment from the risks that can be posed
by dangerous chemicals such as persistent, bioaccumulative
and toxic (PBT) or very persistent, very bioaccumulative
(vPvB) components, also with hazardous properties; and it
makes industry responsible for assessing and managing the
risks posed by chemicals and providing appropriate safety
information to their users. In parallel, the EU can take
additional measures on highly dangerous substances where
there is a need for complementing action at the EU level.

3.2 Status of water in the EU

Oxygen deficiency is largely under control in many places
in the EU and phosphate concentrations in European rivers
have been reduced by a third and more—with the biggest
reductions in countries which had the largest point source
pollution; therefore, eutrophication of lakes and coastal
waters has been reduced as a result, but hot spots remain
(EEA 2005). The number of monitored lakes with
phosphorus concentrations below 25 μg/L has increased
from 75% to 82% in the past 20 years. According to the
EEA (2003), nitrogen pollution, particularly from agricul-
ture, has remained constant and there is no evidence of
changes in nitrate levels in the groundwater. Limit values for
nitrate in drinking water are exceeded in around one third of
groundwater bodies for which information is available.
Pollution of rivers by heavy metals and some other heavily
regulated chemicals listed in the Dangerous Substances
Directive (76/464/EEC) is generally decreasing; but data
availability for many other pollutants is too weak to make
assessments. However, there is a lack of comparable data on
the European scale. This situation will improve as imple-
mentation of the WFD (2000/60/EC) progresses (EEA 2005).

Recent international and national studies (BLAC 2003;
Bursch et al. 2004; Kim et al. 2007; Metcalfe et al. 2003;
Kolpin et al. 2002) indicate that water pollution caused by
wastewater effluents persists despite three decades of effort
to clean up European surface waters and despite the
requirements of the UWWTD and anti-pollution measures.
Especially, the organic substances with toxic properties
such as pharmaceuticals, biocides, hormones, antibiotics,
personal care products, flame retardants and endocrine
active substances are increasingly detected in consumer
products and the wider environment. They could be found
in concentrations in the nanograms per litre to micrograms
per litre range, although the lower limits of detection of
modern analytical equipment and measured concentrations
were generally low, but even low concentration levels can
be seen to induce toxic effects (e.g. carcinogenic, muta-
genic, toxic to reproduction CMR). The most frequently

Environ Sci Pollut Res (2009) 16 (Suppl 1):S92–S97 S95



detected compounds in surface and ground water were
iodinated X-ray contrast media carbamazepine, diclofenac,
bezafibrate fenofibric acid, clofibric acid, triclosan (antimi-
crobial disinfectant), tri(2-chloroethyl)phosphate (flame
retardant) and 4-nonylphenol (nonionic detergent metabo-
lite). Mainly in the Mediterranean countries, concentrations
of nonylphenol still exceed the predicted no-effect concen-
tration of 0.33 μg/L and they are still present in the aquatic
environment (Bursch et al. 2004). The detection of multiple
contaminations was common, but little is known about the
potential interactive effects such as synergistic or antago-
nistic toxicity that may occur from complex mixtures or
from metabolites (Kolpin et al. 2002).

It is estimated that 70% of worldwide water use is for
irrigation. In this case, faecal pollution of waters is crucial.
Agriculture is a significant user of water resources in
Europe, accounting to around 30% of total water use. In
southern Europe (where it is a fundamental input),
irrigation accounts for over 60% of water use in most
countries; in northern member states, it ranges from 0% to
over 30%. However, in arid and semiarid areas, wastewater
is considered as a valuable resource and is being increas-
ingly used for irrigation of agricultural crops in both
developing and industrialised countries.

3.3 Wastewater quality

The major sources of contamination of freshwater systems
are derived from wastewater emissions. Untreated waste-
water generally contains high levels of organic material,
numerous pathogenic microorganisms, as well as nutrients,
salts, suspended solids, acids and bases, metals and toxic
organic compounds which could cause specific problems.
The microbiological contamination for raw wastewater is
well-known and the WHO (2006) lists numbers of index
organisms per 100 mL for E. coli 106–108, for faecal
streptococci/intestinal enterococci 4.7×103–4×105 and for
polioviruses 180–500,000 and 1–1,000 helminths. In
comparison to microbiological contamination, the type
and concentrations of potentially hazardous substances
can be very varying; as many compounds are registered
and new are developed. Emerging contaminants are
chemicals or materials of interest that are characterised by
a potential or real threat to human health or the environment; the
list of ‘emerging contaminants’ includes personal care, medical,
industrial and household products such as drugs, biocides,
fragrances, pesticides, plasticisers, detergents and metabolites,
antioxidants, combustion indicators and flame retardants—this
list is not comprehensive and is changing frequently. Many of
these chemical compounds, or types of compounds, have been
found to be globally ubiquitous and persistent.

Nevertheless, the mere detection of contaminants in
water does not mean that there is a risk connected to that,

but this question can only be answered with the help of a
risk assessment which requires comprehensive knowledge;
but if this knowledge is not available at a proper time, no
action is taken. This often results in a respectable loss of
time; therefore, it is often necessary to react on existing
problems, which have already caused considerable harm. It
requires prevention and control at source. On time scale, the
precautionary principle which is often applied in regula-
tions acts in advance of potential damage, whereas risk
assessment is often lacking behind. Measures based on the
precautionary principle shall be re-examined regularly and, if
necessary, modified depending on the results of the scientific
research and the follow-up of their impact (EU 2002).

3.4 Wastewater treatment

Conventional biological municipal wastewater treatment
plants (WWTPs) are designed to remove or to decrease the
loads of bulk organic and inorganic constituents that may
pollute the receiving waters and lead to oxygen depletion
and eutrophication; as a side effect, the concentrations of
pathogens are also reduced ranging from 0–1 log10 removal
for sedimentation to 1–2 log10 for a removal of secondary
treatment (WHO 2006). Usually, the design of a WWTP
does not focus on the removal of trace organic pollutants,
which depend on the persistence of the individual com-
pound, its sorption behaviour, its volatility and the
technology and operation conditions (e.g. temperature,
redox potential, sludge retention time [SRT]) applied.
Ternes (1998) found 32 drug residues as well as five
metabolites in German WWTP discharges, river and stream
waters, which were detectable in at least one municipal
WWTP effluent with concentration levels up to 6.3 μg/L
(carbamazepine). Removal rates showed a great variability
according to sewage treatment plants and types of treat-
ments (e.g. biological, physicochemical) with better
removal rates at high SRT (Clara et al. 2005).

Membrane treatment (MBR) removed microbiological
indicators with 5log removal of E. coli more efficiently than
did the tertiary filtration and upflow anaerobic sludge
blanket line (Ottoson et al. 2006). WHO (2006) considers
membranes removing viruses and bacteria from 2.5 to >6
log10. MBR is a promising technology able to achieve
efficient removal of micropollutants, due to long SRT and
low sludge loads (Joss et al. 2005). Fürhacker et al. (2006)
showed that CMR substances, such as cytostatic com-
pounds such as 5-fluorouracil and anthracyclines, could be
removed in an MBR below limit of detection. Kim et al.
(2007) applied reverse osmosis and nanofiltration showing
excellent removal (>95%) for all target analytes.

Oxidation processes and disinfection with Cl2 or ozone
give excellent results in log unit reduction of up to 6 log10
or inactivation of excreted pathogens (WHO 2006).
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Advanced oxidation processes applying ozone (O3), O3/UV
or H2O2/UV are recently also used for the removal of trace
pollutants, e.g. pharmaceuticals, and for promoting water
recycling and reuse (Vogna et al. 2004; Huber et al. 2005).
Nonetheless, reaction pathways, reactor design, application
in wastewater mixture and objectionable daughter products
still need to be investigated.

4 Conclusions and perspectives

New and existing substances threaten human health and the
environment by new forms of invisible and time-delayed
effects such as carcinogenic, mutagenic, toxic to reproduc-
tion (CMR), endocrine-disrupting effects or neurotoxicity
which are not yet considered in an adequate way through
assessment methods and regulatory standards and the
application of abatement technologies. One appropriate
tool is REACH, which helps to control the sources.
Nevertheless, to meet the goals of recreational, bathing
water and drinking water use, but also that of WFD and the
Stockholm Convention—REACH, WFD and UWWTD—
need to be harmonised and a continuous flexible revision
process should react on new developments after appropriate
assessment of the hazard or the risk and BAT need to be
developed for the application in the UWWTD. Finally, to
answer the question if the Stockholm Convention and the
WFD (2000/60/EC) could reach the target, I would state
that they provide a very valuable frame to approach the
targets, but there is still way to go to reach them on an EU
level and on a global scale, also under the aspects of the
Stockholm Convention and the Millennium Development
Goals.
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