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Introduction

1. Introduction

For more than a decade, and thanks largely to refined 
analytical methods, substances in the concentration 
ranges of micrograms down to nanograms per litre 
(µg–ng/l) have been increasingly detected in water 
courses, in groundwater and in drinking water. These 
so-called micropollutants are traces of medicinal 
products, plant protection products, biocides and 
other chemicals that can already have detrimental 
effects on the environment or human health at very 
low concentrations.

Numerous research projects (e. g. COHIBA 1, RiSKWa 2, 
OgRe 3, Strategie Mikropoll Schweiz 4) in recent years 
have addressed the “substance pollutions of waters” 
and the necessity to take reduction measures. The Ger-
man Environment Agency (Umweltbundesamt, UBA) 
has commissioned a number of research projects 5 and 
international bodies (such as the Rhine Protection 
Commission 6) have reached decisions and developed 
strategies on this subject matter. The German federal 
states (Länder), in particular North Rhine Westphalia 7 
and Baden-Württemberg 8, are working on suitable 
solutions, have established competence centres 
and have already equipped 19 sewage treatment 
plants with a fourth (quaternary) treatment stage. In 
 Switzerland, the legal bases for introducing additional 
measures into wastewater treatment (4th treatment 
stage) came into force at the beginning of 2016 9.

An essential legal obligation to reduce and prevent 
micropollutants arises from the European Water 
Framework Directive (WFD) and the environmen-
tal quality standards (EQS) for priority substances 
defined in the daughter directive of the WFD. With-
in Germany, these and other river-basin-specific 
pollutants are nationally regulated in the Surface 
Water  Ordinance (Oberflächengewässerverordnung, 
OGewV).

To aim exclusively at meeting individual environmen-
tal quality standards that already exist for priority 
substances, however, would address only a fraction of 
the problem. The UBA is therefore pursuing a holistic, 
precautionary approach. In addition to protecting the 
aquatic ecosystems and their biodiversity and ensur-
ing that drinking water can be obtained using natural 
treatment methods, this approach also helps protect 
against an enrichment of pollutants in sediments and 

oceans. The abovementioned legal provisions must 
therefore be continually verified and revised accord-
ing to the state of knowledge. It is also necessary to 
search systematically for other substances that have 
detrimental effects on the environment, and to evalu-
ate those substances.

Reducing micropollutants requires a cost-effective com-
bination of reduction measures at the source, during the 
use of substances as well as end-of-pipe measures.

With this paper, the German Environment Agency 
shows what measures for reducing the entry of micro-
pollutants are already provided for in the scope of the 
existing regulations, what approaches can improve 
the reduction of pollution, and where there is still 
need for research or action.

The selection of reduction measures presented in this 
paper takes into consideration the relevance of the 
source, the possibilities of their implementation, the 
timeframe within which the measure will become effec-
tive (time horizon) and – wherever estimable – the costs.

This position paper complements the UBA position 
paper of March 2015 “Organic micropollutants 
in waters – fourth treatment stage for less pollu-
tion” (“Organische Mikroverunreinigungen in 
Gewässern – Vierte Reinigungsstufe für weniger 
Einträge” 10), in which we presented key aspects of 
advanced wastewater treatment.

The measures presented below pick up on the recom-
mendations of the Stakeholder Dialogue on the Federal 
Government’s Strategy for Trace Substances (“Spuren-
stoffstrategie des Bundes” 11) and develop them further.
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2. Definition of micropollutants

We define micropollutants as those substances that are 
generally present in water bodies in low concentrations 
(typically in the range of ng–µg/l) but which can have 
detrimental effects on humans, the environment or 
drinking water supplies in these concentrations. This 
includes transformation and degradation products (me-
tabolites) of the original substances.

This paper focuses on organic micropollutants of 
anthropogenic origin, and specifically on the sub-
stance groups of medicinal products, plant protection 

products, biocides, chemicals (under REACH), washing 
detergents and cleaning agents. Inorganic chemicals, 
microplastics and nutrients are not dealt with in this 
paper, given that they can have greatly varying char-
acteristics and behaviours, or that other reduction 
measures may apply (e. g. Minamata Convention on Mer-
cury 12, UBA studies on microplastics 13). No comparable 
reduction measures can be developed for substances of 
geogenic origin.

3. Objective

Anthropogenically produced substances brought into 
circulation are undesirable in water bodies, even in 
the smallest concentrations. In the Federal Water Act 
(WHG), the management objectives for water bodies 
clearly reflect this in articles §§ 27, 44 and 47 of WHG, 
as do the pollution control specifications in articles 
§§ 32, 45 and 48 of WHG. These demand the avoidance 
of any deterioration of the chemical status of waters, 
and regard detrimental changes to the water composi-
tion as impermissible. Article § 57 of WHG also accounts 
for the principle of prevention and reduction, in that it 
only allows discharge of wastewater into water bodies 
if the amount and harmfulness of the wastewater can 
be kept as low as possible by applying the best availa-
ble technology. The greater the demonstrated impact 
on the protected properties “man” and “environment”, 
the greater the necessity to keep these substances away 
from all water bodies. Pollution of drinking water must 
be prevented and reduced for the sake of purity reg-
ulations and as a general precaution. Prevention and 
reduction measures must account for the substance 
properties and satisfy the regulations presented below.

Harmful substance properties
Especially relevant to the water cycle are substances 
with properties that are toxic to humans or the envi-
ronment, as well as substances that are persistent, 
bioaccumulative and toxic (PBT), very persistent and 
very bioaccumulative (vPvB) or endocrine-active. Also 
to be regarded as very critical are substances that are 
persistent or pseudo-persistent 14, mobile and toxic in 
the water cycle (PMT). Substances with these properties 
have the potential, among other things, to pollute the 

raw water used for producing drinking water. These are 
difficult to remove by technical means during drinking 
water treatment or considerably increase the effort and 
expense of treatment.

The ecotoxicological significance of certain medicinal 
products, such as pain killers, antibiotics, antide-
pressants and beta-blockers, has been determined in 
various laboratory and field studies 15. Above all active 
substances with hormonal or hormone-like effects can 
already have detrimental effects on aquatic life when 
present in very low concentrations, including effects 
such as feminization of male fish and snails.

Depending on the substance properties, effects can also 
be delayed and can appear in places far from the source 
of contamination. Even substances that are present for 
a short time or only locally in water bodies, and are 
therefore often difficult to detect, can present a high 
risk to aquatic organisms due their toxicity, which is 
highly acute in some cases, or can lead to problems in 
any further water use. Furthermore, the processes of 
degradation of certain substances can yield transforma-
tion products and metabolites that have very different 
environmental behaviour and sometimes much higher 
toxic potential than that of the original substance. 
Radiocontrast agents, for example, are commonly 
regarded as toxicologically harmless even though it is 
known that some radiocontrast agents can break down 
into transformation products of high toxic potential 
(e. g. products of iopamidol due to chlorination). This is 
above all relevant considering the detection of radiocon-
trast agents in drinking water.
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Necessity of a combined and precautionary 
approach (and legal framework)
Given the substance properties described above, there 
is a need for a precautionary approach in handling 
micropollutants to adequately protect ecology and 
health. Comprehensive water protection (including 
surface waters, oceans and groundwater) should be 
achieved by a combination of precautionary measures 
at the source and during product use, the implemen-
tation of the best available technologies for reducing 
downstream emissions, and adherence to and contin-
ual development of environmental quality objectives 
(e. g. environmental quality standards).

A particular notion of the precautionary principle 
is presented in article § 62 of the Federal Water Act 
(WHG), which imposes requirements for installa-
tions that handle substances hazardous to waters. 
As a subordinate legislation to this paragraph, the 
Ordinance on Installations for Handling Substances 
Hazardous to Water (AwSV) contributes a concept 
for preventing pollution in waters already at the 
source. The AwSV regulates the classification of 
substances and mixtures into Water Hazard Classes 
(Wassergefährdungsklassen, WGK), based on the 
intrinsic properties of the substances and mixtures. 
The WGKs are indexes by which the graded techni-
cal safety requirements for installations are defined. 
The more dangerous the substance, the stricter the 
requirements. Substances that are not classified into 
any Water Hazard Class are treated as substances of 
the highest Hazard Class WGK 3. This legal fiction 
implements the precautionary principle anchored in 
article § 62 WHG in exemplary fashion.

The EU Water Framework Directive (WFD) and Marine 
Strategy Framework Directive (MSFD) create a legally 
binding regulation framework for achieving (and 
maintaining) good ecological and/or chemical status. 
Aside from provisions for achieving the objectives, 
the WFD and the MSFD also prohibit deteriora-
tion. The daughter directive of the WFD, Directive 
2008/105/EC (on environmental quality standards, 
amended by Directive 2013/39/EU) lays down envi-
ronmental quality standards for 45 priority and prior-
ity hazardous substances of EU-wide relevance. These 
substances are evaluated for the chemical status of 
surface waters. The priority hazardous substances are 
substances to be phased out, which should no longer 
be detectable in the environment within one gener-
ation. Thirteen of the 45 substances are  persistent 

organic pollutants (POPs), whose manufacture and 
use are already banned or heavily restricted by Regu-
lation (EC) No. 805/2004.

Germany implements this nationally with its Surface 
Water Ordinance (OGewV 2016), which, in addition 
to the abovementioned 45 substances (Annex 8) 
regulates 67 so-called river-basin-specific pollutants 
(Annex 6). The latter are used for evaluating the eco-
logical condition of surface waters.

For marine protection, it was agreed in the Conven-
tion for the Protection of the Marine Environment of 
the North-East Atlantic (Oslo/Paris or OSPAR Conven-
tion) and the Baltic Marine Environment Protection 
Commission (Helsinki Commission or HELCOM), to 
end the discharge, emission and spillage of “haz-
ardous substances” into the marine environment by 
the year 2020. This applies to PBT, vPvB substances 
and substances that give rise to an equivalent level 
of concern. The intention is to achieve this goal by 
implementing relevant European laws, international 
conventions and recommendations at the level of the 
respective marine convention.

Further relevant specifications are laid down in regu-
lations specific to substance groups.
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Table 1

Legal bases for handling micropollutants 

EU Regulations 

Water Framework Directive (WFD) 
2000/60/EC

Objective to achieve/maintain good chemical and ecological status of 
waters; prohibition of deterioration; measures for reducing relevant 
pollutants/pollutant groups (Annex VIII of the WFD); demand to phase out 
priority hazardous substances 

Groundwater Directive (GWD) 
2006/118/EC 

Specifications for good groundwater chemical status; reversal of significant 
and sustained upward trends in concentrations of pollutants; environmental 
quality standards (EQS) for pesticides and parameters for threshold values

Measures for achieving/maintaining good water status and for preventing or 
limiting the input of pollutants 

Directive 2008/105/EC on Environ-
mental Quality Standards, amended by 
2013/39/EU 

Environmental quality standards (EQS) for so-called priority and priority haz-
ardous substances (Annex X of the WFD), defining “good chemical status” with 
respect to surface waters. Presently, EQSs are defined for 45 substances; 12 
of which are only included in the assessment of chemical status since 2018.

The list is revised every 6 years.

A “watch list” is being created to facilitate the future prioritisation process. 

Marine Strategy Framework Directive 
(MSFD) 2008/56/EU 

Objective to achieve/maintain good status of the marine environment; prohibi-
tion of deterioration; measures for reducing relevant pollutants/pollutant groups 

REACH Regulation (EC) 1907/2006 (Reg-
istration, Evaluation, Authorisation & 
Restriction of Chemicals) 

Registration, evaluation, authorisation and restriction of chemicals; official 
evaluation of dossiers and substances ensures sufficient information is known 
about the substances. Official instruments for risk management exist in the 
form of identification of substances of very high concern (SVHC) (from an en-
vironmental perspective these would be PBT, vPvB substances and endocrine 
disruptors (ED)), possible authorisation requirements and restrictions. 

CLP Regulation (EC) 1272/2008 (Classi-
fication, Labelling & Packaging) 

Classification and labelling inventory (approximately 114,000 substances 
classified as hazardous) 

Plant Protection Product Regulation (EC) 
No. 1107/2009 

Authorisation, placing on the market, use and control of plant protection 
products. List of active substances approved in the EU. 

Directive 2009/128/EC on the sustaina-
ble use of pesticides 

Commitment to a sustainable, permanent environmentally friendly use of 
pesticides; creation of National Action Plans for the Member States 

Regulation (EU) 528/2012 on biocidal 
products 

Authorisation of biocidal products based on an environmental risk assess-
ment of active biocidal substances and biocidal products.

List of active substances approved in the EU. 

Directive 2001/83/EC (amended by 
2004/27/EC) on the Community code 
relating to medicinal products for 
human use 

The authorisation of human medicinal products requires testing for potential 
impacts on the environment.

If a risk to the environment is identified, denial of authorisation is not pos-
sible; authorisation can be subjected to conditions for the protection of the 
environment.

Directive 2001/82/EC (amended by 
2004/28/EC and 2009/9/EC) on the 
Community code relating to veterinary 
medicinal products

The authorisation of veterinary medicines requires testing for all possible 
impacts on the environment.

If a risk to the environment is identified, authorisation can be denied or be 
subjected to conditions for the protection of the environment.
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EU Regulations 

Regulation (EC) No. 726/2004 on Commu-
nity authorisation procedures and estab-
lishing a European Medicines Agency

Additional legal requirements for the authorisation of new human and veteri-
nary medicinal products

Regulation (EC) No. 648/2004 on 
detergents

Regulates complete aerobic biodegradation of surfactants and derogations 
for placing surfactants on the market

Directive 2010/75/EU on industrial 
emissions

Sets out the requirements for the construction, operation and cessation of 
operations of industrial installations. Industrial operations may require an EU-
wide permit and must be operated according to the best available techniques

National Regulations 

Federal Water Act (Wasserhaushalts-
gesetz, WHG)

Federal objectives for managing waters (§§ 27, 44 and 47 WHG) and pol-
lution control specifications (§§ 32, 45 and 48 WHG): Specifications for 
achieving objectives and avoiding any deterioration of the chemical status of 
waters and detrimental changes to the water composition.

Allows discharge of wastewater into water bodies only if the amount and 
harmfulness of the wastewater can be kept as low as possible by applying 
the best available techniques (§ 57 WHG); Permission can also be denied 
if the management objectives cannot be achieved with the best available 
techniques (§ 12 WHG).

Lays down safety requirements for facilities that handle substances haz-
ardous to water (§ 62 in conjunction with the Ordinance on Facilities for 
Handling Substances Hazardous to Water (AwSV)) 

Surface Water Ordinance (Ober-
flächengewässerverordnung, OGewV) 

Implementation of the EQS Regulation in national law; specification of 
 river- basin-specific pollutants 

Groundwater Ordinance (Grundwas-
serverordnung, GrwV) 

Implementation of the GWD in German law; specification of groundwater thresh-
old values (including plant protection products and active biocidal substances)

Plant Protection Act (Pflanzenschutzge-
setz, PflSchG) 

Authorisation and use of plant protection products 

Chemicals Act (Chemikaliengesetz, 
ChemG) – Section IIA (implementing 
Regulation (EU) 528/2012) 

Authorisation procedure for biocidal products. Testing and evaluating all 
impacts on human health and the environment 

Medicinal Products Act (Arzneimittel-
gesetz, AMG) of 1976, last amended 
10 Dec. 2015 

Authorisation and trade with medicinal products for human beings and animals 

Detergents and Cleaning Products Act 
(Wasch- und Reinigungsmittelgesetz, 
WRMG) 

Regulates the manufacture, labelling and sale of washing detergents and 
cleaning products in Germany; also regulates the primary biodegradability 
of surfactants and cosmetic products 

Source: German Environment Agency
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4. Presence of micropollutants in waters

The presence of micropollutants in German surface wa-
ters, in the groundwater and in the Baltic Sea has been 
proven in various studies 16. There are many assessment 
criteria available for evaluation the substance concen-
trations, ranging from legally binding quality standards 
to guideline values in non-binding memoranda.

Environmental quality standards according 
to Directive 2013/39/EU and OGewV
Environmental quality standards describe a quality 
objective for surface waters, as derived from ecotox-
icological and human-toxicological data according 
to the EU Technical Guidance for Deriving Environ-
mental Quality Standards – No. 27 (TGD-EQS). The 
EQSs are legally binding, being stipulated in the 
daughter directive of the Water Framework Directive 
(on environmental quality standards, 2008/105/
EC amended by 2013/39/EU) and nationally imple-
mented in Germany in the Surface Water Ordinance 

(Oberflächengewässerverordnung, OGewV). Targets of 
protection for maintaining “good chemical status” or 
“good ecological status” are the aquatic ecosystems, 
including protection of predators against secondary 
poisoning; human health when consuming fish from 
inland surface, coastal and ocean waters; and raw 
water obtained from surface waters for producing 
drinking water.

EQS exceedances of river-basin-specific pollutants 
in surface waters can be detected for certain pes-
ticides (plant protection products and biocides) at 
the measuring points set by the Working Group of 
the Federal States on Water Issues (Bund/Länder- 
Arbeitsgemeinschaft Wasser, LAWA). EU-wide envi-
ronmental quality standards have been exceeded by 
pesticides, PAHs and a number of persistent organic 
pollutants (POPs) 17. Metals are excluded in these 
observations.

Table 2

Exceeded EQSs measured in Germany 

Exceeding of the EU-wide EQSs for priority and other 
pollutants

PESTICIDES*

Diuron

TBT

Bifenox

Cybutryn

Dichlorvos

Isoproturon

INDUSTRIAL CHEMICALS

Polycyclic aromatic hydrocarbons (PAH)

SUBSTANCES IN THE STOCKHOLM CONVENTION (POPs)

BDE

HCB

Heptachlor

PFOS

Exceeding of EQSs for river-basin-specific pollutants

PESTICIDES*

Bentazon

Mecoprop

Chloridazon

2,4 D

Flufenacet

Imidacloprid

Nicosulfuron

Triclosan

Diflufenican

Picolinafen

Triphenyltin cation

SUBSTANCES IN THE STOCKHOLM CONVENTION (POPs)

PCBs

* Pesticides: plant protection products and biocides Source: Compiled by the German Environment Agency according to data from the Working 
Group of the Federal States on Water Issues (LAWA), 2016



14

Presence of micropollutants in waters

Proposed environmental quality standards
Human medicinal products have so far not been de-
fined as priority substances EU-wide, nor as river-ba-
sin-specific substances in the German Surface Waters 
Ordinance. For some human medicinal products, 
however, proposals for appropriate environmental 
quality standards have already been drafted at the 
European and German national level (see Table 3).

Comparing the proposed environmental quality 
standards with the average annual readings at the 
LAWA measuring points for 2013–2015 reveals that 
the analgesics/anti-inflammatory drugs diclofenac 
and ibuprofen very often exceed the limits. Isolated 
exceedances have been detected for the anti-epileptic 
carbamazepine, the antibiotic clarithromycin, the 
natural hormone 17-β-estradiol and its synthetic deri-
vate 17-α-ethinylestradiol 22.

Concentrations of the antibiotic sulfamethoxazole 
close to the proposed EQS have been detected at the 
outlets of urban wastewater treatment plants. Accord-
ingly, exceedances of the proposed EQS are possible 
in the case of low-flow conditions and high wastewa-
ter percentages in water bodies (LAWA 2016).

If no EQSs or proposed EQSs exist for given sub-
stances, then alternative references for evaluating 

maximum permissible concentrations are Predicted 
No-Effect Concentrations (PNECs) and Regulatory 
Acceptable Concentrations (RACs).

Groundwater threshold values according to 
the Groundwater Ordinance 
For the protection objective “good chemical status of 
the groundwater”, EU-wide environmental quality 
standards apply to nitrates and to active substances 
in plant protection products and biocidal products, 
including related metabolites. These are complement-
ed by nationally defined threshold values pursuant 
to the Groundwater Directive. These thresholds are 
implemented in the Groundwater Ordinance (Grund-
wasserverordnung, GrwV).

GrwV lays down a threshold for pesticides (plant pro-
tection products and biocides) of 0.1 μg/l. According 
to the most recent figures for Germany in the period 
of 2009 to 2012, this threshold is exceeded at 4.6 % 
of all groundwater measuring points investigated 
(approximately 13,000 measuring points) 23.

No corresponding threshold values have been de-
fined yet for medicinal products. Upon investigation 
of 15 German states in 2013, 16 medicinal products 
were detected in the groundwater at concentrations 
in excess of 0.1 μg/l 24.

Table 3 

Environmental quality standards proposed for the annual average of medicinal products 

Name of substance EQS [μg/l] Source 

1817-α ethinylestradiol 0.000035 Carvalho, R.N.et al. (2016)  

17-ß estradiol 0.0004 Carvalho, R.N.et al. (2016) 

19Azithromycin 0.09 Carvalho, R.N.et al. (2015) 

20Bezafibrate 2.3 Wenzel, A. et al. (2015) 

Carbamazepine 0.5 Wenzel, A. et al. (2015) 

Clarithromycin 0.13 Carvalho, R.N.et al. (2015) 

Diclofenac 0.05 Carvalho, R.N.et al. (2016) 

Erythromycin 0.2 Carvalho, R.N.et al. (2015) 

21Ibuprofen 0.01 Summary Dossier (2015) 

Metoprolol 43 Wenzel, A. et al. (2015) 

Sulfamethoxazole 0.6 Wenzel, A. et al. (2015) 

Source: German Environment Agency

http://R.N.et
http://R.N.et
http://R.N.et
http://R.N.et
http://R.N.et
http://R.N.et


15

Presence of micropollutants in waters

No extensive investigations or threshold values exist 
for industrial chemicals in groundwater.

Guiding values of European water suppliers
The European drinking water suppliers have devel-
oped guiding values in a memorandum with the aim 
of raising the quality of water in those surface water 
bodies from which drinking water is obtained to a 
level where drinking water can be produced using 
only near-natural treatment methods 25.

The target value of 0.1 μg/l is widely exceeded in 
streams by various active pharmaceutical ingre-
dients (e. g. metformin, gabapentin,  diclofenac 
and carbamazepine) and radiocontrast agents 
(e. g. iopamidol and iomeprol), including their 
metabolites (e. g. valsartan acid and DHH- 
carbamazepine) and transformation products 
 (e. g. carboxy-acyclovir). Exceedances of the guid-

ing values for benzotriazole, phosphoric acid esters 
and aromas have also been detected with high 
frequency 26.

From the group of plant protection agents and bioc-
ides, concentrations above 0.1 μg/l were measured 
at 40–60 % of the German measuring points when 
investigating selected indicator substances such as 
glyphosate, its metabolite AMPA, and the metabo-
lites of the active substances metazachlor, metol-
achlor-metazachlor sulfonic acid and metolachlor 
sulfonic acid. These results are especially relevant to 
areas where bank filtrate is used for obtaining drink-
ing water 27. For substances without drinking water 
guiding values or threshold values as defined by the 
Drinking Water Ordinance, health-based  parametric 
values (HPV) 28 provide an evaluation basis for 
“drinking water” as an object of protection.
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Watch list
In order to aid future prioritisation processes (accord-
ing to Article 16 paragraph 2 WFD), the EU is creating 
a watch list of substances for which observation data 
are being collected throughout the European Union. It 
lists those substances that were recognised as having 
a potential to exceed the proposed environmental 
quality standards, but for which there was not enough 
Europe-wide monitoring data – or only data with a 
limit of detection below the proposed environmental 
quality standards – to warrant the inclusion of these 
substances in the list of priority substances. The 
watch list 29 includes several active pharmaceutical 
ingredients (diclofenac, 17-α-ethinylestradiol (EE2), 
17-β-estradiol (E2), estrone (E1), and the macrolides 
erythromycin, clarithromycin and azithromycin).

The EU Commission will update the watch list 
every 2 years.

A German watch list has been created by LAWA for 
updating the list of river-basin-specific substances 
(OGewV 2016, Annex 6).

For groundwater, there is furthermore another watch 
list being established at the European level for mon-
itoring selected potentially problematic substances 
that could be included in the next amendment to the 
Groundwater Directive.

Lack of basis for comparison
Reliable toxicological and ecotoxicological compara-
tive values, from which it can be unequivocally deter-
mined whether a substance is harmful for man and 
water bodies, do not exist for all substances, let alone 
for their transformation/degradation products.

Even for some substances for which an environmental 
risk assessment has been performed, there is still lack 
of knowledge and uncertainty as to their short-term 
and long-term effects and interactions in mixtures. 
Although existing EQSs do account for safety factors, 
mixtures of substances and their potentially additive 
effects or interactions cannot be adequately reflected. 
Accordingly, in addition to chemical analysis, the 
possibility of using biological effect tests is currently 
being investigated for determining the effects of mix-
tures of substances.

The current derivation of EQSs according to the EU 
Technical Guidance Document 30 does not take into 
account the pathway of groundwater infiltration 
or the use of surface waters for obtaining drinking 
water. These entry pathways, however, are especially 
relevant in the case of mobile and persistent sub-
stances such as radiocontrast agents.

It would be desirable to introduce further environ-
mental quality standards, among other things for 
active pharmaceutical ingredients, since this would 
allow targeted monitoring and reduction measures 
to be initiated. EQSs have been suggested for certain 
active substances, while some substances have been 
included in the WFD watch list (see above). There are 
still no river-basin-specific or EU-wide environmen-
tal quality standards defined, or threshold values 
derived, for medicinal products in groundwater.

In order to improve the monitoring of substance 
groups, it is recommendable to specify indicator sub-
stances that can be used as references for drawing con-
clusions about the general pressure levels of micropol-
lutants for bank filtrate and ground water, for example. 
Furthermore, this can be helpful to better understand 
natural processes and the need for action with respect 
to controlling technical treatment methods.
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5. Entry pathways

The sources of micropollutants in waters are greatly 
varied and depend primarily on how the substance 
are used or, in the case of transformation products/
metabolites, where they are produced (figure 2). 
Frequently driven by rainfall, micropollutants is 
introduced into waters from point sources or from 
diffuse sources (large areas).

One significant point-source entry pathway is sewage 
disposal. In Germany, sewage is disposed of through 
separate or combined sewer systems. Separate sewer 
systems carry sewage and rainwater through separate 
pipelines while combined sewers carry them together 
through the same pipelines.

Medicinal products (excreted or improperly disposed 
of), laundry and dishwasher detergents, biocides and 
common household chemicals are transported into 
communal treatment plants with sewage. Adding to this 
are emissions from many industrial operations (e. g. car 
repair shops) and public establishments (e. g. hospitals).

Substances used outdoors (for example biocides and 
chemicals from roofing fabric, facade paint, tyre wear, 
plant protection products in gardens/allotments, 
public greenery or sports fields) are transported into 
the sewer network (combined sewer system) or directly 
into water bodies (separate sewer system) with rain-
water. Substances that are not degraded or retained in 
vegetated ground can make their way into the ground-
water by seepage through unsealed surfaces.

In heavy rain events, combined sewer systems, which 
account for about 40 % of the existing German sewer 
networks, can become overloaded and result in so-
called combined sewer overflow. When this happens, 
the combined water overflow carries a mixture of un-
treated sewage and rainwater, containing for example 
residues of biocides, chemicals and plant protection 
products, into waters.

Sewage containing pollutants from manufacture or 
processing (depending on the industry) are treated in 
industrial treatment plants (direct dischargers).

After treatment of sewage in a communal or indus-
trial treatment plant, the resulting water is typically 
drained into water bodies. Because some pollutants 
cannot be fully eliminated in the treatment plant, 
these necessarily also get into the water bodies.

Substances that are used outdoors, above all plant 
protection products, biocides or chemicals, can get 
directly into surface water by surface runoff, drainage 
or drift. Groundwater can be polluted through seepage 
or bank filtration.

Other potential entry pathways for micropollutants 
are deposition from the air (e. g. polycyclic aromatic 
hydrocarbons (PAH) or plant protection products), 
accidents in the use or transport of substances that 
are hazardous to water, improper handling during the 
manufacture, processing, transport or use of substanc-
es and products, remobilisation of substances from 
sediment following flood events or construction work, 
the emission of chemicals (e. g. paints) and biocides 
from hydraulics installations and ships (e. g. antifoul-
ing paints) and improper disposal. Substances are also 
introduced from aquaculture processes (for example 
animal feed, medicinal products, transformation prod-
ucts or metabolic products).

To quantify the entry pathways, one needs mate-
rial flow analyses. Hillenbrand et al. (2014) 31 have 
created these for selected substances using the 
modelling tool MoRE 32.

It is clear that micropollutants from many sources, 
falling under various regulatory scopes, can get into 
the environment, in particular into waters. Substances 
usually exist in environmental compartments together 
with other substances, which can interact with each 
other as “environmental mixtures” that subsequently 
present higher toxicities/risks.
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6. Measures to reduce specific substance groups 

6.1 Criteria for evaluating potential measures
In order to assess the effectiveness and efficiency of 
the many measures that could be potentially em-
ployed at the source, in use and end-of-pipe, a set of 
criteria is needed. For this assessment and prioritisa-
tion of measures, we apply the following criteria:

 ▸ Effectiveness in terms of the measure’s potential 
to reduce emissions: substance flow analyses and 
substance emission models can provide insights 
into this 33. The assessments made in the present 
document are based on expert opinions, tak-
ing the significance of each entry pathway into 
consideration. On this basis, we classify measures 
into categories of low (-), moderate (o) or high (+) 
expected effectiveness.

 ▸ Specificity: does a measure address only one sin-
gle substance, i. e. is it substance-specific, or will 
it address a wide range of substances?

 ▸ Effectiveness horizon: when can the first posi-
tive effects, i. e. reduced pollution, be expected? 
We distinguish between short-term < 5 years, 
 medium-term < 10 years, and long-term > 10 years.

 ▸ Costs (cost-effectiveness): what are the costs for 
the expected effectiveness? Factors to include are, 
wherever calculable, investment, operating and 
transaction costs. A positive (+) assessment is giv-
en for low costs (or high cost-effectiveness), while 
a negative (-) assessment is given for high costs (or 
low-cost-effectiveness). 

 ▸ Feasibility: this refers as much to the technical 
feasibility – e. g. the degree of maturity, reliability 
or adaptability of the measure to the various given 
conditions, or in other words the ability to imple-
ment the (technical) approach – as to the corre-
sponding target group’s acceptance of implement-
ing the planned measure. We distinguish between 
immediately feasible measures (+), not yet imme-
diately feasible measures (o), and measures that 
still clearly need action in terms of technological 
development, acceptance or funding (-).

6.2 Human medicinal products
The annual consumption of human medicinal prod-
ucts in Germany is estimated at 30,000 t, at a total 
of 2,300 active substances (reference year 2012). 
Around 1,100 of these active substances are not 
considered environmentally relevant per se because 
they are counted among the electrolytes, peptides, 
vitamins etc. and are excluded from environmen-
tal assessment. Accordingly, in Germany, there are 
currently 1,200 potentially environmentally relevant 
active substances from human medicinal products, at 
an annual consumption of around 8,100 t 34.

Active substances from human medicinal products 
are emitted from hospitals, health care facilities and 
private households along with human excretions into 
the municipal sewer system (Figure 3). When used as 
directed, unmodified active substances are excreted 
along with the metabolites formed from them in the 
body into the wastewater. Smaller amounts are also 
introduced into the sewer system from manufacturing 
processes and from improper disposal down sinks 
and toilets. Depending on the design of a treatment 
plant and the nature of an active substance, the sub-
stance can make its way into surface waters. Active 
substances can therefore get into the drinking water 
through bank filtration or from surface waters. Ac-
cording to estimates by pharmaceutical companies 35, 
the main sources of human medicinal products in 
surface waters are patient excretions (88 %), improper 
disposal down sinks or toilets (10 %) and manufac-
turing processes (2 %). Regarding improper disposal, 
other sources claim that up to 47 % of consumers 
always or occasionally dispose of unused medicinal 
products improperly 36.

In the authorisation process for human medicinal 
products, risk assessments are typically based on 
an estimate of exposure and effect put forth in the 
guideline of the European Medicines Agency EMA 37. 
Even if a risk to the environment is identified, it cannot 
be used as grounds for denying authorisation because 
environmental risks are not a component of the final 
risk-benefit assessment. The only current option for 
protecting the environment is to stipulate conditions 
of use, labelling and disposal. The EMA guideline 
addresses the properties of an active substance, for 
example PBT (persistent, bioaccumulative and toxic) or 
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ED (endocrine disruptive), using specifically developed 
test systems to detect these effects. However, an en-
vironmental risk or hazard posed by these properties 
does not automatically result in non-authorisation.

The greatest potential for reducing the environmental 
risk of human medicinal products lies in implement-
ing measures to minimise their entry via wastewater. 
The authorisation process for medicinal products, 
by contrast, only offers very limited possibilities. 
Environmental risk assessments deliver valuable 
information about substances, which could be used 
to derive EQSs, for example, provided the information 
is made publicly available. In most cases, however, 
the environmental data are still treated confidential-
ly – a situation that needs to be redressed (see below). 
Consequently, specific reduction measures also have 
to be developed and implemented outside the medici-
nal product authorisation process. Generally, achiev-
ing a given reduction target requires a combination of 

measures at different levels. Various initiatives and 
projects have therefore been initiated, among others 
by the UBA, with the aim of not only taking direct re-
duction measures, but also of increasing communica-
tion and education on a more environmentally friend-
ly handling of medicinal products, and measuring the 
environmental impact of medicinal products 38.

6.1.1  Creating and improving evaluation bases  
and criteria

The following measures are necessary for environ-
mental concerns to be included more strongly in fu-
ture in the process of medicinal product authorisation:

 ▸ Introducing a monograph/master file system 
for active pharmaceutical ingredients
This means departing from the existing practice 
of evaluating a formulated product, in favour of 
evaluating the active substances and keeping 
these evaluations in so-called “active substance 
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 monographs/master files”. The collective data in 
this system should be applied at the European level 
for “new” active substances as well as for “old” 
active substances that have not (yet) been environ-
mentally assessed, and promises more consistent, 
up-to-date assessments as well as resource savings, 
greater animal protection and better availability of 
environmental data from each substance evalua-
tion. At present, in most cases, the environmental 
data from substance evaluations are not publicly 
available. Publication in a central database would 
help to increase transparency and make it easier for 
other stakeholders such as water providers, water 
disposers and the water authorities of the Länder to 
manage problematic substances.

 ▸ Considering widening the requirement for a 
prescription in the human medicinal prod-
ucts sector
Compulsory prescription is an effective way to 
control the use of medicinal products at a national 
level in the interests of health. It is known that the 
percentage of non-prescription medicines, espe-
cially analgesics, is steadily increasing in the total 
consumption of medicinal products in Germany, 
and has already reached an order of magnitude 
similar to that of prescription medicines 39. It is 
therefore worth investigating whether the pre-
scription requirement can be widened to account 
for the environmental risk aspects of highly 
problematic medicinal products (for example 
those of high relevance to drinking water). Further 
research and discussion are still needed to assess 
the legal enforceability and risk reduction poten-
tial of this measure.

6.1.2 Measures at the source
 ▸ Developing and harmonising effective reduc-

tion measures within the authorisation process
Risk reduction measures for environmental pro-
tection can be made mandatory by law within the 
medicinal product authorisation process; in other 
words, if a risk is identified in an environmental 
assessment, then practicable reduction measures 
would have to be formulated and implemented. 
Currently, however, there are only very few appro-
priate and effective obligations to minimise the 
risk of human medicinal products. This demands 
further research.

The inclusion of environmental risks in the final 
risk-benefit assessment of the human medicinal 
product authorisation process also needs to be 
discussed further, so that more options for action 
can be introduced into legislation, such as post- 
authorisation measures in the interest of environ-
mental pharmacovigilance.

Outside the authorisation process, the following 
measures are worthwhile:

 ▸ Boosting research into environmentally 
friendlier active pharmaceutical ingredients 
and dosage forms – “green pharmacy”
Currently there are only isolated projects, e. g. by 
the German Federal Environmental Foundation 
(Deutsche Bundesstiftung Umwelt), promoting the 
trend towards “green” pharmaceuticals or dosage 
forms, which are easier to filter out in treatment 
plants, for example, and will therefore not enter the 
waters. The same goes for finding alternatives to 
those active substances that persist in the envi-
ronment and can cause long-term problems with 
the drinking water. Clearly far more incentive and 
funding needs to be created for the pharmaceutical 
industry and research institutions to show more 
commitment. One option could be to set a special 
research priority of “green pharmacy”, for example, 
at the Federal Ministry of Education and Research 
(Bundesministerium für Bildung und Forschung, 
BMBF). There is also discussion about promoting 
environmentally friendly alternatives by granting 
longer patent protection.

6.1.3 Measures in use
The most important post-authorisation risk-reduction 
possibilities are:

 ▸ Educating and informing specific target 
groups on the environmentally friendly use of 
medicinal products
Wherever possible, the use of medicinal products 
should be complemented and supplemented by 
other measures for maintaining health, such as 
exercise and healthy nutrition. Physicians, phar-
macists, health insurance companies, and even 
patients and consumers must be informed of how 
the use of medicinal products can be optimised 
in the interests of the environment. A discussion 
process regarding this extensive topic needs to be 
struck up with all members of society. The UBA 
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published conceptual considerations and recom-
mendations for targeted education and informa-
tion in 2017 40. The factors behind the increasing 
use of pharmaceuticals should also be analysed 
in this context. This measure can be implemented 
nationally in the medium to long term.

 ▸ Education about proper disposal: “No pharma-
ceuticals down the toilet or sink!”
According to estimates, 10 % of pollution in the 
form of medicinal product residues is created by 
improper disposal down sinks or toilets. Edu-
cation about the proper disposal is therefore a 
necessary, yet relatively low cost and effective 
reduction measure. Nationwide campaigns should 
be held, including the involvement of the phar-
maceutical industry, to provide comprehensive 
information addressed to specific target groups 41. 
It would appear beneficial to include a specific 
notice of proper disposal on the outer packaging 

of pharmaceuticals, in addition to the standard 
disposal notice on the package insert, however, 
this is currently rejected at the European level. A 
common explanation for this rejection is the fear 
that such a notice could have a negative effect on 
the medicine intake.

6.3 Veterinary medicinal products 
There are around 430 active substances authorised 
in Germany as veterinary medicinal products, some 
270 of which can be classified as environmentally 
relevant in that they do not count among the sub-
stances excluded from environmental assessment, 
such as electrolytes, peptides, vitamins etc. Some of 
the authorised veterinary medicinal products are also 
authorised as human medicinal products, therefore 
the source cannot always be clearly discerned when 
found in waters. The amount of antibiotics dispensed 
to veterinarians in 2016 was 742 t 42. No reliable data 
exists for the other active substance groups.
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Depending on the nature of the soil, veterinary 
medicinal products from manure and fermentation 
residues applied to agricultural land can seep into the 
groundwater or enter the surface waters via run-off 
during heavy rainfall events.

Veterinary medicinal products are largely used in 
agriculture to treat animals such as cattle, pigs, 
chickens, turkeys, sheep, goats and horses. The large 
share of the active substances are excreted from the 
animals in unmodified form.

The main entry pathway of veterinary medicinal prod-
ucts is from farm manure on agricultural land (Figure 
4) 43. From there, the residues of the active substances 
of veterinary medicinal products and their metabo-
lites formed in the animals’ bodies and present in the 
animal excrements can make their way directly or 
via runoff into adjacent surface waters. If they are not 
retained by the soil components, they can get into the 
groundwater and, very rarely, even into the raw water 
from which we obtain our drinking water. With regard 
to food-providing animals in Germany, the relevance 
of pollution sources in terms of the amount contribut-
ed by each form of livestock farming is, in descending 
order: Indoor systems (82 % – cattle, pigs, poultry) > 
Pasture-raised (18 % – cattle, sheep, goats, horses) > 
Aquaculture (< 0.5 %) 44.

The environmental risk assessment of veterinary 
medicinal products for livestock also follows harmo-
nised guidelines 45. Denial of authorisation of vet-
erinary medicinal products is possible since envi-
ronmental aspects are included in their risk-benefit 
assessment. In this case, the benefits are weighed 
up against the risks. Usually, veterinary medicinal 
products are authorised even if environmental risks 
have been identified because the benefit is believed 
to outweigh the risk to the environment or because 
no alternative active substances exist. Generally, the 
environmental risk assessments performed in the 
authorisation process for veterinary medicinal prod-
ucts are the same as for human medicinal products. 
Veterinary medicines with specific effects, e. g. en-
docrine effects, are tested according to a tailored 
risk assessment. In 2016, a guideline was passed 
at the European level for the hazard-based assess-
ment of persistent, bioaccumulative and toxic (PBT) 
or very persistent and very bioaccumulative (vPvB) 
 substances in veterinary medicinal products 46.

While many reduction measures, such as communi-
cation and education, apply equally to human and 
veterinary medicinal products, some measures are 
aimed specifically at reducing environmental pollu-
tion by veterinary medicinal products. In the case of 
veterinary medicinal products, the greatest reduction 
potential lies in applying regulatory and technical 
measures to limit the entry of residues into the envi-
ronment from farm manure. Overall consumption of 
veterinary medicinal products can also be reduced 
by optimising various framework conditions in, for 
example, preventive health management or in animal 
raising, feeding and hygiene 47.

6.3.1  Creating and improving evaluation bases  
and criteria

 ▸ Introducing a monograph/master file system 
for active pharmaceutical ingredients
See the measures for human medicinal products.

6.3.2 Measures at the source
 ▸ Developing and harmonising effective reduc-

tion measures within the authorisation process
Risk reduction measures for the protection of the 
environment can also be made mandatory for au-
thorisation. Certain Europe-wide harmonised risk 
reduction measures for animal medicinal products 
(e. g. temporarily limiting treated pasture animals’ 
access to waterbodies) are summarised in a “Re-
flection Paper” from the EMA 48. However, there is 
still need for further individual measures.

Measures for the veterinarian profession and 
agriculture to reduce veterinary medicinal prod-
uct pollution encompass several areas of activity: 
minimising the use of veterinary medicinal prod-
ucts, preventive measures for improving animal 
health, measures in the storage, preparation and 
application of manure, and good agricultural 
practice. In a research project, UBA has identi-
fied more than 40 measures we recommend to be 
implemented 49.

 ▸ Banning veterinary medicinal products with 
PBT/vPvB properties
Veterinary medicinal products containing active 
substances with PBT or vPvB properties should 
not make their way into the environment, and 
should generally not be authorised or even re-
moved from the market in Germany or EU-wide, 
given that there are no effective risk reduction 
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measures for these problematic substances. A 
proposed provision to this effect is currently being 
discussed for the European Regulation on Veteri-
narian Medicinal Products. UBA already present-
ed its opinion on the most important demands for 
the Veterinarian Medicinal Products Regulation in 
its 2015 position paper 50.

 ▸ Researching on changing the right to dispense
Veterinarians are currently entitled to produce, 
mix, store and sell pharmacy-only and pre-
scription medicines (as their right to dispense). 
It should be investigated whether, and to what 
extent, a change to the right to dispense presents a 
possibility to limit the use of veterinary medicinal 
products at the national level. This still requires 
further discussion.

 ▸ Boosting research into environmentally 
friendlier active pharmaceutical ingredients 
and dosage forms – “green pharmacy”
See the measures for human medicinal products.

6.3.3 Measures in use
 ▸ Educating and informing specific target 

groups on the environmentally friendly use of 
medicinal products
Those working in agriculture and veterinary 
medicine should receive specific education and 
further information on the topic of veterinary 
medicinal products and the environment. For 
the purpose of awareness-raising, at the end of 
2017, UBA presented material for the education 
and further training of veterinarians and appren-
tices in the field of agriculture, and also created 
brochures and an internet portal 51. Environmental 
aspects should also be given greater considera-
tion in future in umbrella initiatives such as the 
German Antibiotic Resistance Strategy (Deutsche 
Antibiotika- Resistenzstrategie, DART) 52.

The new EU Veterinary Medicinal Products Regulation 
is currently in development. Germany has already 
contributed various points for strengthening envi-
ronmental concerns, such as taking environmental 
aspects into consideration in the reclassification of 
veterinary medicinal products especially from terres-
trial animals to aquaculture, banning PBT/vPvB sub-
stances, and improving the environmental assessment 
and data availability by introducing a monograph/
master file system. These measures will also help at 
the national level to minimise the entry of problematic 
substances into the environment.

An integrative pharmaceuticals strategy is also cur-
rently being developed at the EU level. This is fun-
damentally the correct level of regulation for certain 
measures since the prerequisites for authorising the 
marketing of human and veterinarian medicinal prod-
ucts are defined here. By 2018, the European Commis-
sion wants to present a strategy with concrete meas-
ures that concern both legislative and non-legislative 
spheres. We recommend the measures presented in 
Table 4 be addressed in this context.
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The assessment in Table 4 shows that the selected 
measures are expected to become effective only 
in the medium to long term. With the exception of 
information/ communication measures, the other 
measures are substance-specific. For substance-spe-
cific measures, the expected entry reductions and 
costs depend on the substances and therefore no 
blanket cost estimates can be made. As with regard to 
the suggested research projects on possible reduction 
approaches, any statements on the effectiveness, costs 
and time horizon of their implementation can only be 
concretised once the respective research results are in.

Limitations for immediate implementation are anticipat-
ed, among other things, in the form of resistance (e. g. to 
the ban on medicinal products with PBT properties) and 
lack of incentive for funding (especially for research).

6.4 Plant protection products 
The residues of plant protection products (PPP) and 
their metabolites can be found in many waters. Mon-
itoring programmes by the Federal states (Länder), 
water utilities and research projects repeatedly reveal 
exceedances of quality objectives 53, 54, 55. Small water 
bodies in the agricultural landscape, in particular, 
are exposed to PPP pollution, given that they are used 
openly in the environment over large areas and in 
considerable quantities. The domestic sales in 2015 
amounted to 34,238 t of active substances for pro-
fessional use and 514 t for non-professional use such 
as in gardens, allotments and in public greenery 56. 
Based on political commitment to sustainable, or in 
other words permanently environmentally friend-
ly, plant protection though the EU Sustainable Use 
Directive (2009/128/EC), the German government has 
announced further measures in its National Action 
Plan (NAP 57) for preventing or minimising the entry 
of PPPs into groundwaters and surface waters.

Table 4

Assessment matrix of selected measures for medicinal products for human and 
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Source: German Environment Agency (expert assessment) 
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The German Environment Agency believes the envi-
ronmental and nature protection objectives stated in 
the NAP are, however, too unambitious to bring about 
a substantial improvement. Furthermore, the meas-
ures associated with the objectives are not binding or 
specific enough, and are only poorly implemented in 
some areas. In its 5-point programme 58, the German 
Environment Agency presents the basic principles 
for sustainable plant protection, and these principles 
simultaneously serve as a guideline for the measures 
suggested below.

Given their open use in the environment, plant protec-
tion products make their way into the waters via many 
different pathways (Figure 5). The essential pathways 
include diffuse entry in the form of spray and dust drift 
during application, surface runoff, direct seepage, 
drainage systems, bank filtration and volatilisation with 
subsequent deposition, and point sources such as farm 
runoff due to improper cleaning of spray equipment.

In order to prevent unacceptable effects of PPPs, a 
strict testing and approval procedure according to 
the European Regulation (EC) No. 1107/2009 exists 
in conjunction with the German Plant Protection Act 
(Pflanzenschutzgesetz, PflSchG). However, this un-
wanted entry and the effects of PPPs in waters cannot 
be entirely prevented. Reasons for this include, among 
others, potential evaluation gaps in the procedures, 
not fully estimable residual risks, considering indi-
vidual applications only in isolation (authorisation 
for indicated use only) rather than the total load of 
PPPs, or improper use of PPPs or non-compliance with 
specified risk reduction measures such as distance 
requirements.
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Working from the basic principles of the 5-point 
programme for sustainable, environmentally friendly 
plant protection, we have selected measures for water 
protection that

 ▸ significantly reduce the dependency on chemical- 
synthetic plant protection and thus reduce the 
total load of PPPs on the environment,

 ▸ better identify and communicate the risks and 
effects on human health and the environment,

 ▸ address the identified risks with improved stand-
ards and risk management, and

 ▸ make it verifiable whether the protection of waters 
strived for in the authorisation process is in fact 
reached in reality.

6.4.1  Creating and improving evaluation bases  
and criteria

 ▸ Combining prospective risk assessment and 
monitoring data in the authorisation process
If one is to verify whether the protection level 
for waters striven for in the environmental risk 
assessment is in fact reached in reality, monitoring 
data that allow a comparison with the prospec-
tive risk assessment (including risk management 
measures) in the PPP authorisation process are 
indispensable. Determining the pollution status 
involves both chemical monitoring (monitoring 
the temporal and spatial occurrence of substance 
concentrations) and biological monitoring, so that 
it is also possible to detect effects that have only 
been poorly estimated in the risk assessment so far 
(e. g. indirect effects, effects of the consequences of 
spraying and combination effects). This could lead 
to adaptations in the risk assessment of PPPs.

As of 2018, the National Action Plan (NAP) pro-
vides for Germany-wide representative random 
sampling of the pollution of small water bodies in 
the agricultural landscape. A concept for event-
based small waters monitoring is currently 
being agreed upon. This will also address those 
recommendations of the German Advisory Coun-
cil on the Environment (Sachverständigenrat für 
Umweltfragen SRU) 59, which asserts that substance 
monitoring of surface waters should be more event-
based than has been the case so far, and that sam-

ple should be taken in particular when and where 
pollutant entries are expected.

An implementation in 2018–2020 as planned 
in the NAP, however, is not assured given the 
amount of funding and personnel available at 
the state (Länder) authorities responsible for 
the monitoring. At the same time, the Länder 
have called for the polluter pays principle to 
be enforced in the scope of funding. In order to 
achieve the quality objectives for all waters in the 
long term, however, it must be regularly verified 
whether the applicable Regulatory Acceptable 
Concentrations (RACs) for active PPP substances 
and their degradation products are in fact being 
adhered to in the approval process. Accordingly, 
for the planned small waters monitoring, the 
budgetary conditions must be created and open 
questions rapidly clarified between the Federal 
and Länder governments (in the areas of environ-
ment and agriculture).

 ▸ Identifying risks and making information usable
In order to be able to better describe and as-
sess the PPP-associated risks and effects on the 
organisms living in the waters, it is necessary to 
identify knowledge gaps regarding substances, 
their potential to spread and the potential to have 
side effects on the environment, and to act on new 
insights and take these into consideration in the 
approval process for plant protection products. It 
is essential to continue consistently implementing 
the strict approval process, with its precautionary 
principle, and to continually adapt the risk assess-
ment methods.

Data on the use of PPPs are especially important 
in the assessment of environmental risks. The 
problem at present, however, is that there is great 
difficulty in accessing this use data. The Federal 
Ministry of Food and Agriculture (BMEL), as the 
ministry responsible for plant protection, should 
ensure there is free access to existing use data and 
create a suitable framework – taking privacy into 
consideration – in order to make those records 
created as part of the compulsory documentation 
available to all stakeholders, including research, 
in the appropriate extent and timeframe.
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6.4.2 Measures at the source and in use 
 ▸ Creating permanently green riparian  

buffer strips
Riparian buffer strips permanently covered with 
vegetation are a known measure for reducing the 
(diffuse) entry of pollutants into waters. Green 
buffer strips directly affect those small waters in 
the agricultural landscape that are especially im-
portant to the natural balance and which are most 
strongly affected by PPP pollution due to their 
proximity to the areas treated with PPPs and their 
low water volume. The NAP therefore already pro-
vides for 80 % of surface waters immediately ad-
jacent to agriculturally used areas to be endowed 
with permanently green buffer strips by 2018, 
and 100 % by 2023. As a long-term Länder-specif-
ic goal, buffer strips without PPP usage shall be 
established along all surface waters of the agricul-
tural landscape. A study on the status quo in 2010 
revealed that, so far for the abovementioned sur-
face waters, the average buffer strip width is only 
1.9 m and that only 38 % of these water stretches 
had permanently green buffer strips of the 5-m 
target width provided for in the NAP.

When creating new riparian buffer strips or ex-
panding existing buffer strips, it is unavoidable 
that some arable land will have to be used. There 
are several conceivable ways to implement this. A 
binding nationwide regulation in the Federal Wa-
ter Act (WHG) would be direct and comprehensive-
ly effective. Länder could also immediately enact 
stricter regulations in their water laws  already us-
ing the escape clause to amend §38 WHG. Further-
more, farmers have the option to declare riparian 
buffer strips as “ecological focus areas”, funded 
through the Common Agricultural Policy (CAP) – 
Pillar I. A much stronger controlling effect could 

be achieved by ranking buffer strips higher as 
ecological focus areas (awarded more points than 
less effective measures for protecting the environ-
ment). Furthermore, creation of riparian buffer 
strips can be funded as an agri- environmental 
measure (CAP – Pillar II), for which the Länder 
would set corresponding funding focuses and the 
federal government should shift a larger portion 
of the funds from the first to the second pillar. 
This would require the reallocation share to be 
increased to the EU legal 15 %. The continued ex-
istence of this form of buffer strips on arable land 
is, however, only assured by permanently contin-
ued funding, public purchasing of land areas or 
expropriation. As a last resort, the plant health 
law could be applied to attach the use of PPPs to 
the condition of the presence of adequate riparian 
buffer strips.

The implementation possibilities each include a 
synergistic effect on the entry of nutrients and 
suspended solids. In light of the options for action, 
there is above all a need for ample willingness on 
the part of politicians and the respective players.

 ▸ Reducing the use of plant protection products
PPP pollution of waters depends greatly on the 
overall intensity of the chemical plant protection 
practiced in the real world. We need measures that 
reduce the use of plant protection products overall. 
The constantly rising figures for PPP sales empha-
sise this need for action. A successful recourse 
would be to abstain from using synthetic chemical 
plant protection products in favour of greater fund-
ing and propagation of organic agriculture and 
the (further) development of non-chemical control 
methods. The fact that, even four years after the 
NAP was introduced in 2013, only 6.5 % of arable 
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land is organically farmed is unacceptable. The 
federal and Länder governments are called upon 
to present adequate funding programmes and to 
eliminate the obstacles to their implementation.

Additionally, bans or tighter restrictions of use 
in certain areas such as gardens and allot-
ments, in public greenery, in nature preserves or 
in water protection areas should be imposed, and 
voluntary abstinence at the local level (pesticide- 
free municipalities) should be supported and 
promoted. The players at the federal, Länder and 
local level have the power to act through authori-
sations in the Plant Protection Act; however, their 
action so far still lags behind their potential.

 ▸ Setting and enforcing better standards
The better (technical) pollution reduction meas-
ures are established and implemented in stand-
ardised form, the more effectively water pollution 
will be reduced. Better landscape structures and 
erosion-minimising cultivation techniques, 
for example, could counteract any existing surface 
runoff on the arable land. The abovementioned 

permanently green riparian buffer strips have a 
complementary effect on this. Aside from these, we 
need to develop new, smart solutions in the scope 
of application technology dedicated to the mini-
misation of environmental exposure. However, we 
could already achieve a significant reduction of the 
total load in waters using the existing technology 
we have now, in particular by applying the best 
available techniques, e. g. by defining a mini-
mum standard for drift-reducing application 
techniques. The Netherlands and Denmark are 
providing an example for us. 

Inconsistencies between water and plant protec-
tion regulations, for example in the handling of 
non-relevant metabolites that are increasingly 
proving to be problem substances in waters, must 
be eliminated. Denmark is also a forerunner in the 
definition of threshold values. Following the 
precautionary principle, the German federal and 
Länder governments should, together with the 
water suppliers, agree upon uniform guidelines for 
those substances as well that have (so far) not been 
ascribed any known (eco)toxicological potential.

Table 5 
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Source: German Environment Agency (expert assessment) 
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Nearly all of the selected measures stand out for a 
high expected effectiveness over a broad spectrum 
of substances, which can be expected in mostly the 
short to medium term at low to moderate cost (Table 
5). Nevertheless, there is still great resistance from 
most of the stakeholders of conventional agriculture 
that is largely oriented along chemical plant protec-
tion. Obstacles in the implementation of the measures 
are thus less due to the feasibility and more due to a 
lack of willingness within agricultural policies and 
among the respective players.

6.5 Biocides
Biocides include pest control products (e. g. insecticides 
or rodenticides), disinfectants and material preserv-
atives. Many products are used in the direct vicinity 
of humans, e. g. in the household. Due to the many 
applications, biocides get into the environmental media 
via many different entry pathways (Figure 6). However, 
because many active biocidal substances are also used 

in plant protection products, their presence in waters 
cannot be clearly attributed to any specific use.

A prominent example of biocides directly entering into 
surface waters is the release of active antifouling agents 
from ship paints. These substances can be highly toxic 
and thus harm aquatic ecosystems. Another special ap-
plication of biocides that also results in direct entry into 
surface waters is extensive combatting of mosquitos on 
waters. Biocides are sometimes applied over wide areas 
for this purpose, often from helicopters.

In urban areas with a separate sewer system, various 
preservative substances are washed out from structures 
like building facades with rainwater and then washed 
directly into the connected waters, where treatment is 
typically limited to retention before the inlet into the 
sewer (e. g. trough-trench systems) or sedimentation in 
retention basins within the sewer system.
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A large percentage of the biocides, however, makes it 
into the environment via indirect pathways. Indirect 
simply means these substances only reach waters or 
soil after going through an intermediate step. Most 
entry into water bodies is from treatment plants. It 
is known that very many biocides of various product 
types make enter treatment plants, especially dis-
infectants. If rainwater is collected in the combined 
sewer system of the urban area in question, then 
preservatives such as those used on building facades 
and roofs will also be introduced into the municipal 
wastewater. In heavy rainfall events resulting in over-
flowing rainwater, biocides can also be introduced 
into the surface waters directly with the wastewater. 

Indirect entry of biocides into agriculturally used soil 
from manure occurs for disinfectants used for veteri-
nary hygiene and for pest control products used in ani-
mal barns. After manure has been applied, the biocides 
or related transformation products it contains can be 
washed into surface waters with rain, or transported 
into deeper soil layers until they reach the groundwater.

At present, we can make no assertions regarding 
biocide loads in waters and the degree of environ-
mental pollution. On the one hand, data regarding 
the sale and use of biocidal products in Germany and 
the EU are lacking, and on the other hand, there is 
no systematic monitoring practice for biocides in the 
environment. In the regime of the Water Framework 
Directive on the selection, analysis and monitoring 
of substances, biocides are included along with other 
substance groups. As a contribution to reducing mi-
cropollutant entry into waters, the overarching goal 
is to limit the use of biocides to the minimum that is 
strictly necessary and to reduce unnecessary envi-
ronmental pollution by making the use of biocides 
as targeted as possible. Furthermore, biocide-free 
alternatives should also be promoted. Measures 
enforced by the European Biocidal Products Regu-
lation (EU) No. 528/2012 are helping to achieve this 
goal (e. g. exclusion or substitution of substances of 
concern, risk-mitigation measures, restrictions on 
use and conditions for the authorisation of biocides). 
However, these measures do not, by a long way, 
exhaust all possibilities for reducing the entry of 
active substances into the environment. Accordingly, 
further measures must be developed, addressed and 
implemented that go beyond the existing regulations.

6.5.1  Creating and improving evaluation bases  
and criteria

 ▸ Systematically recording and monitoring 
 environmental pollution caused by biocides
Creating a broad knowledge base about emissions 
of biocides into the environment is indispensable 
for identifying reduction potentials and defin-
ing measures. The environmental pollution by 
biocides in Germany first has to be systematically 
recorded in various environmental media. This 
recording of the pollution situation can reveal 
the efficiency of existing measures or any further 
need for action, e. g. the specification of EQSs 
for biocides. Building upon a research project 
concluded in 2016 (“Development of cornerstones 
for a monitoring programme for the assessment 
of biocide emissions into the environment” 60), 
a corresponding suggestion for a Germany-wide 
monitoring programme, including the prioritisa-
tion of relevant active biocidal substances, has 
already been developed by the UBA 61. It is the 
responsibility of the federal states (Länder) to 
implement this measure (e. g. implementing in 
existing monitoring programmes or conducting 
monitoring campaigns). A regulation framework 
for Germany-wide monitoring would lead to the 
perpetuation and unification of monitoring.

6.5.2 Measures at the source
 ▸ Establishing subordinate legislation

Prior experience in the approval of biocidal prod-
ucts shows there is a need for further regulation. 
It is necessary to define, in a body of subordinate 
legislation, legal specifications for expert apprais-
al, dispensation, good practices, the collection of 
sales and use data, requirements for equipment 
for biocide application, the protection of sensitive 
areas, and the prohibition of aerial application of 
biocides. This body of legislation is urgently need-
ed in order to close existing regulation gaps and 
to be able to impose and implement risk reduction 
measures legally bindingly. The introduction of 
regulations on the dispensation of biocidal prod-
ucts would ensure that biocidal products that, for 
example, have only been authorised for expert us-
ers, as a way to ensure proper use, are in fact only 
dispensed to such experts. The first concepts for 
how this may be structured in content and form 
have already been developed; however, these have 
not yet been implemented by the legislators.
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Legal specifications for expertise pose a similar 
opportunity. These would allow necessary expert 
appraisals to be defined for the use of certain 
biocidal products. This would clarify the con-
ditions for restricting the user categories in the 
authorisations. At the same time, it would ensure 
that experts are in a position to use biocidal 
products as effectively as possible in a proper 
and environmentally friendly manner.

Collecting sales and use data (sales data) on active 
biocidal substances and biocidal products would 
allow a better estimation of the anticipated emis-
sions and environmental pollution, the prioriti-
sation of applications and active substances, and 
the derivation of targeted measures for reducing 
emissions. The legal bases for a regulation on data 
collection already exist (§12h (2) No. 2 of the Ger-
man Chemicals Act (Chemikaliengesetz)). There is 
now an urgent need to implement this provision.

 ▸ Abstaining from using antifouling products in 
sensitive areas
Another effective measure is to introduce a ban on 
antifouling products on boats in sensitive areas 
or nature preserves. The active substances from 
biocide-containing antifouling coatings on boats 
are directly emitted into the surrounding water. 
Therefore, in sensitive ecosystems or in protected 
areas, biocide-free alternatives ought to be used. 
The abstinence from using biocide-containing boat 
paints should be included in the protection provi-
sions of the respective protected areas. The direct 
entry of biocides into waters in specially protected 
areas can thus be effectively prevented.

6.5.3 Measures in use
 ▸ Education and communication

Biocidal products are often used by non-expert 
persons in private households. For this reason, 
educating the population is an important measure 
for ensuring responsible use of biocidal products. 
Apart from explaining the proper use of these prod-
ucts, this measure includes in particular educating 
the public about the unnecessary use of products 
and about possible biocide-free alternatives and/or 
preventive measures. This information is provided 
through the biocide portal www.biozid.info, among 
other places. It is necessary to continue expanding, 
updating, improving and conducting information 
campaigns in order to maintain the effectiveness of 
this measure and to reach new target groups.

 ▸ Regulating requirements for equipment for 
applying biocides
Another example of a measure in use is to define 
specific requirements for the equipment used to 
apply biocides. For large-area spray application, 
in particular, low-drift equipment or optimised ap-
plication practices can be used in order to reduce 
emissions into the environment.

Many of the suggested measures for biocides relate 
to creating national subordinate legislation (Table 
6). The costs for manufacturers, distributors or users 
resulting from the specified requirements and the 
abstinence from using antifouling products in certain 
areas are difficult to estimate, but are gauged to be 
low to moderate. At this juncture, we cannot make 
any assertions as to the costs for surveys, since 
this depends on the extent to which they are per-
formed. All measures relate to a broad spectrum of 
 substances. The anticipated entry reductions by most 
of the measures can be achieved in the medium to 
long term. Measures for education and communica-
tion, however, promise earlier effectiveness.

6.6  Chemicals in the regulatory  
scope of REACH

The EU REACH regulation 62 applies to most techni-
cally produced substances whose use is not already 
covered by other legal regulations. This could be 
manufactured or imported ingredients or additives 
that are used in technical mixtures or products for 
professional users or consumers, such as in paints or 
adhesives, or in many other everyday products such 
as tyres, shoes, clothing or toys. These chemicals 
must be registered by the companies when used in 
quantities from 1 tonne per annum. Currently, these 
amount to 40,000 substances. For registration, data 
on the use patterns for these substances, as well as 
important properties and effects on humans and 
the environment, must be presented. In addition to 
REACH, those substances classified as hazardous 
are still listed independently of tonnages in the 
classification and labelling inventory (according to 
the CLP Regulation 63). Currently, these amount to 
114,000 substances.

http://www.biozid.info
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The objective of REACH is to achieve a high level of 
protection for man and the environment by applying 
the precautionary principle. Those companies that 
produce, import or otherwise use chemicals must 
guarantee safe use of those chemicals over their 
entire lifecycle. For hazardous substances from a 
tonnage of 10 tonnes per annum, registering com-
panies must create a chemical safety report with an 
exposure assessment and, for this purpose, derive 
PNEC values 64 and the predicted environmental 
concentration (PEC) 51. The most important informa-
tion regarding the chemical must be communicated 
along the entire supply chain in the form of a material 
safety data sheet. All downstream users are obliged 
to manage all possible risks in the continued use 
of these chemicals. The authorities 65, in their turn, 
perform dossier and chemical evaluations as tools to 
ensure the necessary information on these chemicals 

does in fact exist. Substances that pose certain risks 
can be targetedly regulated, in particular, by limiting 
certain concentration ranges or uses, or by identi-
fying substances of very high concern (SVHC) and 
potentially mandating subsequent authorisation to 
encourage substitution.

So far, some thousands of substances are subject to 
restrictions according to Annex XVII to the REACH 
regulation 66. Currently, there are 173 entries 67 in the 
Candidate List of “substances of very high concern”, 
and 33 substances listed in the Authorisation List 
(Annex XIV). Europe-wide and river-basin-specific 
environmental quality standards for chemicals have 
been included in the list of priority substances of the 
Water Framework Directive (WFD) and its daughter 
directive 2008/105/EC, as well as the German imple-
mentation of the Surface Water Ordinance.

Table 6

Assessment matrix of selected measures for biocides
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Expected effectiveness: (+ high), (o moderate), (spec.: measure is substance-specific), (br.: measure has a broad spectrum effect)
Effectiveness horizon: (1 = short term < 5 years), (2 = medium term < 10 years), (3 = long term > 10 years)
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Feasibility: (+ immediately feasible), (o not yet immediately feasible), (- still clear deficits/need for action (need for research, funding or acceptance))

Source: German Environment Agency (expert assessment)
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Given the large number of substances and their differ-
ent uses, the possible exposure pathways for surface 
waters are extremely varied (Figure 7). Exact loads 
cannot be stated. Chemicals can enter into water, soil 
and air during their manufacture, their processing or 
the rest of their product lifecycle, for example, either 
directly or indirectly via industrial and communal 
treatment plants or other routes of disposal. Besides 
emission from industrial and commercial applica-
tions (e. g. car workshops and building cleaning), 
chemicals from products (e. g. detergents, wall paints, 
textiles, toilet paper or packaging) used by consum-
ers in the household can typically also make their 
way with the wastewater into the urban wastewater 
treatment plants and sewage sludge. These are point 
sources. In addition to these, there are many potential 
diffuse sources. In urban settlement areas, chemi-
cals used professionally (e. g. aeroplane de-icers or 
extinguishing agents), released from buildings and 

building materials (e. g. insulators, insulating paints, 
roofs or artificial lawns), running off roads, airports 
or railways (e. g. tyre wear or anti-corrosion agents), 
from dumps or recycling processes (e. g. printer inks, 
colour developer or packaging), and from leisure ac-
tivities (e. g. sunscreen UV filters or sports boats) can 
make enter into waters – also indirectly via rainfall. 
Chemicals also directly enter waters from use in the 
waterways (e. g. bulkheads, sheet piling and ships). 

6.6.1 Improving evaluation bases and criteria
 ▸ Improving data availability and communication

A study on behalf of UBA has shown that many of 
the registration dossiers submitted have deficien-
cies in the data 68. Even if it is not clarified to what 
extent this has an actual influence on the safe use 
of substances, an improvement in data availability 
and forwarding along the supply chain is impor-
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tant. This lies within the company’s responsibility, 
and is followed up by the authorities.

 ▸ Extending the REACH regulation instruments 
to imported products
The regulatory instruments for substances in 
products have serious deficiencies and allow only 
limited measures to be taken for imported prod-
ucts (restriction upon risk; if necessary a compul-
sory registration according to Art. 6 (5) REACH 
regulation). This should be improved during the 
upcoming revision of the REACH regulation.

6.6.2 Measures at the source
The possible regulations under REACH generally apply 
“at the source” and can only reduce substance pollu-
tion with the aim of avoiding risks.

 ▸ Using the REACH instruments of 
 authorisation/restriction to reduce emissions
The existing REACH instruments can be used to 
targetedly regulate substances that occur in wa-
ters as micropollutants.

In the scope of authorisation and restriction, 
substances with properties of very high concern 
(SVHC) 69 can be identified in a special process 
(which takes 1–2 years) and then can be further 
regulated through an authorisation process or by 
restriction (see below) (which takes 4–7 years). 
When granting authorisation for substances sub-
ject to authorisation 70, there are conditions that 
can also apply explicitly to water pollution.

Substances without SVHC properties that can be 
expected to pose risks due to the predicted concen-
tration in the environment (PEC/PNEC > 1) can be 
regulated by restrictions 71 according to Annex XVII 
REACH (which takes 3–6 years). Restriction would 
also be possible for substances that exceed the EQSs 
in waters: In this way, binding threshold values 
could be defined for entry pathways into waters.

There is a need for action to gain information on 
relevant micropollutants that could be used for 
substance-based legal processes. In the scope of 
substance evaluations under REACH, lacking in-
formation can be demanded from the companies.

In this way, REACH can help to generate infor-
mation on “unknown” substances for which we 

currently know nothing about their effects or 
use but which are found in water monitoring, or 
to learn of substances whose presence in waters 
should be analysed.

A further improved interconnection of the REACH 
regulation with water legislation is important, 
even if certain parts of the REACH regulation 
already reference the Water Framework Directive 
and corresponding coordination mandates relat-
ing to the REACH regulation can already be found 
in the Environmental Quality Standards Directive 
(among others Article 7a).

 ▸ Considering PMT substances as substances of 
very high concern
Substances critical to raw water that are simulta-
neously persistent, mobile in the water cycle and 
toxic (PMT) should be considered substances of 
very high concern in accordance with Art. 57 (f) 
REACH and, consequently, identified as SVHC. 
For this purpose, the UBA has had criteria and 
an evaluation concept developed in a study for 
better protection of drinking water, which can be 
used by companies and authorities 72. The neces-
sary information on use and substance properties 
already exists in the REACH registration dossier, 
and requires further evaluation. Possible repre-
sentatives of PMT substances are, for example, 
per- and polyfluorinated chemicals, alkylphenols 
and benzotriazoles.

 ▸ Using a realistic dilution factor for treatment 
plants in the exposure assessment
A current study 73 has shown that the dilution 
factor of 10 used as the standard for the exposure 
assessment for urban wastewater treatment plants 
is often too high, especially in low-water condi-
tions. An adaptation of this treatment plant dilu-
tion factor (to preferably 1 to 2) would make the 
exposure assessment of the responsible regulatory 
authorities more realistic. As a result, the environ-
mental risks of these substances would no longer 
be systematically underestimated, and potentially 
problematic applications could be identified. This 
can be used for monitoring conditions, for exam-
ple, or for lowering the acceptable emission levels 
in chemical laws.

The above measures each need to be agreed upon with 
other member states or the European Commission. 
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Assuming a strong acceptance by the other Member 
States, the first two measures named above could be 
implemented in the short to medium term and become 
highly effective at low costs. The last named measure 
has a strong need for agreement at the EU level.

6.6.3 Measures in use
The risk reduction measures in production plants 
and processing operations are part of the safe use 
of chemicals throughout their lifecycle, and are 
therefore covered by “measures at the source” as a 
precaution. All downstream users must adhere to 
these bindingly. One further possible measure would 
therefore be better controls within operations or 
control of products, or stricter controlling of imported 
products for SVHC, which are also performed by the 
Länder authorities.

Currently, the REACH regulation includes neither a 
general mandate to minimise the entry of substances 
into the environment (beyond managing the risk), nor 
any requirements for implementing the principles of 
sustainable chemistry. These, too, are topics that the 
UBA will be promoting for the upcoming revision of 
the REACH regulation.

The first two of the suggested measures, which apply 
within the scope of REACH, are substance-specific 
(Table 7). The assessment of feasibility, costs and 

effectiveness therefore cannot be applied as blanket 
assessments; rather, they differ for each substance. 
A reduction of pollution can be expected within the 
medium to long term. Risk assessment measures and 
resulting reduction measures taken by companies, 
by contrast, can already become effective in the short 
to medium term. The measure regarding the dilution 
factor is not substance specific, and results in a gener-
al reduction of pollution due to the resulting reduc-
tion measures taken by the companies, depending 
however on the leeway (granted on the basis of the 
estimation model) in the risk or exposure assessment. 
All measures depend on agreement processes and 
acceptance at the EU level.

6.7  Detergents, cleaning products and 
cosmetics

The product group of washing detergents and 
cleaning products (detergents) and cosmetics are 
not subject to any particular authorisation. The 
European Regulation on Detergents (EC 648/2004) 
only regulates the ultimate aerobic biodegradation 
of surfactants that are used in private and commer-
cial washing and cleaning detergents. The initially 
proposed regulation for anaerobic biodegradabili-
ty of surfactants and for limiting the use of poorly 
 degradable substances, however, has been struck. 
Furthermore, the German Detergent and Cleaning 
Products Act (Wasch- und Reinigungsmittelgesetz, 
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WRMG) also regulates the primary degradability of 
surfactants from cosmetic products. When used as in-
tended, detergents and cosmetics mainly make their 
way into treatment plants via the sewers (Figure 8). 
Nevertheless, direct entry into the waters as a result 
of overflowing combined sewers in heavy rainfall 
events is not to be neglected.

According to the German Cosmetic, Toiletry, Per-
fumery and Detergent Association (IKW), the an-
nual entry of chemicals into wastewater resulting 
from private household detergents is approximately 
530,470 tonnes (2015) 74. These include:

▸  Surfactants (including soap): 184,419 tonnes
▸  Phosphates/phosphonates: 19,444/4,673 tonnes
▸  Perfumes: 9,027 tonnes
▸  Enzymes: 5,513 tonnes
▸  Optical lighteners: 434 tonnes
▸  Dyes and pigments: 109 tonnes

Adding to the previously mentioned entry of chemi-
cals from private households are entries from in-
dustrial and business applications, for which less is 
known about their ingredients and quantities used, 
given that there is no systematic monitoring of this. 
Due to the large quantities that enter the wastewater, 
it must be assumed that surfactants also contribute to 
micropollutants, even though the Detergents Regula-
tion prescribes their ultimate biological degradability. 

One research project showed, for example, that linear 
alkylbenzene sulphonates (LAS) are found in Great 
Britain’s waters at concentrations of up to 100 μg/l 75. 
No data exists for Germany at present; however, one 
can assume the concentrations will be similarly high.

The recommended measures for reducing the entry of 
problematic detergent ingredients include conducting 
research projects on the presence of poorly degrada-
ble substances in the environment, creating an infor-
mation system for problematic ingredients, running 
informative campaigns to educate the public on the 
sustainable handling of detergents, and the develop-
ment of criteria for the eco-labels of detergents.

6.7.1  Creating and improving evaluation bases 
and criteria

▸ Researching the entry of poorly biodegradable
substances from detergents into waters
There is a need for discussion on the restriction
of poorly degradable substances and the develop-
ment of analytical methods as prerequisite for a
targeted monitoring. In the scope of one research
project 76 performed by the UBA, various relevant
substance groups have already been identified
(e. g. fragrances and phosphonates).

For the group of organophosphonates found in de-
tergents in particular, the development of targeted 
analytical methods should provide insights into 

Table 7

Assessment matrix of selected measures for chemicals under REACH
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their persistence in the environment. Also problem-
atic are the very large diversity of ingredients and 
the continuous new developments, at unknown 
tonnages and environmental behaviours. The sub-
stance group of optical brighteners, for example, 
accounts for various complex substances for which 
analytical methods are in part unavailable or ex-
pensive in their development and implementation.

 ▸ Creating an information system for the 
 ingredients of detergents
While a large proportion of the substances used 
in detergents are subject to compulsory registra-
tion under REACH, there is still often too little or 
nothing known about their environmental proper-
ties. In only very isolated cases are they included 
in water monitoring programmes (e. g. benzotri-
azole). Accordingly, further investigations on the 
presence of ingredients from detergents in waters 

are needed. First, the problematic ingredients 
from detergents that are relevant for monitoring 
must be identified. This requires, among other 
things, information on their toxicological rele-
vance. In order to prioritise substances in future in 
terms of monitoring and possible restrictions, the 
UBA is currently building up its own public infor-
mation system, which shall provide the necessary 
information about detergent ingredients by the 
end of 2018 at the latest.
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 ▸ Enhancing the criteria for eco-labels for 
detergents
Products carrying eco-labels, e. g. “Blue Angel” 
(Blauer Engel) and “EU Ecolabel” are estimated to 
have a 10 to 15 percent market share. The respec-
tive eco-labels include provisions for limiting 
substance emissions from detergents during their 
use as well as for the biodegradability and classifi-
cation of the ingredients. The authorities responsi-
ble for the eco-labels should, with the involvement 
of the product manufacturers, revise and tighten 
these criteria, in order to reduce the entry of harm-
ful ingredients.

6.7.2 Measures at the source
Detergent manufacturers are legally obliged to only 
report the full formula, but without indication of 
quantities, to poison information centres and to the 
Federal Institute for Risk Assessment (BfR). This 
makes a systematic recording and analysis of sub-
stance emissions from detergents extremely difficult. 
Adding to this is a wide range of chemicals that are 
used in detergents, which is continuously widening 
due to new product developments. Nevertheless, ac-
cording to REACH Annex XVII, certain substances, 
such as nonylphenols and nonylphenol ethoxylates, 
are forbidden or restricted for use in detergents. The 
German Environment Agency is continually verify-
ing whether further ingredients could be concerned.

6.7.3 Measures in use
 ▸ Information campaigns for sustainable 

 handling of detergents
The existing PR work (e. g. flyers or interviews) 
on the sustainable procurement and use of 
detergents is continuously pursued. Joint initia-
tives with stakeholders from industry, science, 
authorities and consumer associations (e. g. FO-
RUM WASCHEN and the Alliance for Sustainable 
Procurement) can provide additional information 
on more environmentally friendly alternatives of 
detergents. Furthermore, the German Environ-
ment Agency is continually updating its online 
material on sustainable washing and cleaning.

 ▸ Information campaigns on the correct dosing 
of detergents
Greater efforts must also be made to reduce the un-
necessary use of washing and cleaning detergents in 
the household area (e. g. from using too large doses). 
According to the UBA’s estimates, washing deter-
gents are used in excessive doses by the majority 
of consumers. If dosed properly, it is estimated, the 
amount of washing detergent could be reduced by 
approximately 20 %. The work done by a project 
group in the scope of the FORUM WASCHEN 77 for 
improving/simplifying the dosage of detergents 
must be continued, in the form of flyers and suitable 
dosing aids, in order to sensitise the population on 
correct dosage of detergents.

Aside from research into poorly biodegradable sub-
stances from detergents, which is hampered by high 
costs and low incentive, the measures are already 
being planned or implemented. The anticipated entry 
reductions resulting from these measures are mostly 
expected in the medium to long term.
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7. End-of-pipe/overarching reduction measures

7.1 Fourth treatment stage
Relevance of municipal wastewater as an  
entry pathway
Municipal wastewater refers to household wastewater 
(wastewater from residential areas and correspond-
ing services, predominantly of human origin) or a 
mixture of household and commercial wastewater 
including rainwater.

In Germany, around 10 billion cubic metres of munic-
ipal wastewater are produced per year, which must be 
treated in municipal treatment plants, after which it 
is released into surface waters. Of this, around 50 % is 
household and commercial wastewater, around 25 % 
rainwater and around 25 % infiltration water (e. g. infil-
tration into leaky sewers) 78. Nearly 96 % of households 
in Germany are connected to sewer systems and thus to 
wastewater treatment plants. There are a total of around 
9,600 public wastewater treatment plants in Germany.

More than 97 % of municipal wastewater is treated 
in a three-stage wastewater treatment process, in-
volving mechanical, biological and chemical treat-
ment 79. The majority (around 90 %) of the municipal 
wastewater generated in Germany is treated in some 

2,100  treatment plants of size categories (Größen-
klassen, GK) 4 and 5 with a capacity of greater than 
10,000 PE (population equivalent) 80.

Municipal wastewater is a reservoir for many sub-
stances and, accordingly, also for micropollutants 
(Figure 9). The wastewater treated in municipal 
treatment plants is therefore the main entry pathway 
for many micropollutants into the waters. These sub-
stances and products originate, as mentioned above, 
from various different sources and applications, 
including among others: directly from households 
and businesses, indirectly via depositions from the 
air and traffic onto sealed surfaces, and as substances 
leached from buildings and washed into the sewer 
systems in rainfall events.

As water studies in Baden-Württemberg show, the 
average concentration of micropollutants often corre-
lates with the proportion of wastewater in the water-
body 81. A Germany-wide wastewater treatment plant 
monitoring effort will deliver further insights into the 
entry of priority substances from treatment plants 82.

Table 8

Assessment matrix of selected measures for detergents
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42

End-of-pipe/overarching reduction measures

The technologies used in municipal treatment plants 
are generally not designed for eliminating poorly 
biodegradable compounds (including micropollutants). 
Annex 1 “Household and municipal wastewater” of the 
Wastewater Ordinance (Abwasserverordnung, AbwV) so 
far includes no legal requirements for micropollutants.

Recommended measure
Only with the help of a suitable advanced (fourth or 
“quaternary”) treatment stage can a broad spectrum 
of anthropogenic micropollutants be removed 83. 
A number of treatment plants, above all in North 
Rhine-Westphalia and in Baden-Württemberg, have 
already been outfitted with a fourth treatment stage. 
Other federal states (e. g. Berlin, Bavaria and Hesse) 
have plans for upgrading their treatment plants.

So far, in practice, two methods for advanced waste-
water treatment have proven technically feasible on a 
large scale: oxidation with ozone and adsorption onto 
activated carbon (powdered or granulated activated 
carbon), or a combination of the two methods.

In an appropriately equipped treatment plant, a re-
duction by 80 % is possible for many micropollutants, 
where the degree of elimination is substance-specific 
and depends on the technology.

Both ozone and activated carbon require a post-treat-
ment stage. Many of the reaction products resulting 
from ozonation can be reduced in a downstream 
biological stage, such as sand filters or biofilters, or 
in an adsorptive stage. In activated carbon treatment, 
downstream filtration, such as with a sand filter, 
largely ensures particle retention.
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Both methods can achieve additional purification ef-
fects. These include, for example, reducing the content 
of organic substances or of phosphorus, or improving 
the hygienic quality of the effluent wastewater.

By expanding the 230 treatment plants of size cate-
gory GK 5, 50 % of the total amount of wastewater in 
Germany could be treated and the total load of micro-
pollutants that get into the surface water and oceans 
significantly reduced.

Compared to normal operation, operating advanced 
wastewater treatment leads to a 5–30 % higher energy 
consumption on average 84. Depending on the size of the 
plant, the wastewater quality and the methods used, 
the energy requirement could also be higher. This must 
be taken into account in the assessment of the positive 
results of separating micropollutants and other sub-
stances out of wastewater. It must be pointed out, how-
ever, that many treatment plants still have considerable 
potential for energy savings or production.

In summary, the stepwise introduction of the fourth 
(“quaternary”) treatment stage, starting with GK 
5 scale plants and plants that discharge into sensitive 
waters and waters for drinking water usage, offers 
the possibility to remove a great number of micro-
pollutants from the wastewater and to do justice to 
the protection requirements of sensitive waters and 
waters used to obtain drinking water. The expansion 
of municipal treatment plants would result in a con-
siderable disburdening of waters.

If the mandatory introduction of advanced wastewa-
ter treatment for certain plants is to happen, the legal 
conditions must be created, such as changing Annex 
1 to the Wastewater Ordinance (Abwasserverordnung, 
AbwV), specifying requirements for micropollutants 
and, if necessary, changing the Wastewater Charge 
Act (Abwasserabgabengesetz, AbwAG), or establish-
ing other instruments by which the fourth treatment 
stage could be financed (see Chapter 8).

Based on experience with the introduction of nu-
trient elimination in the 1990s, implementing the 
fourth treatment stage within 10–15 years appears 
realistic – taking into account the funding issues to 
be clarified. In the interests of planning security for 
plant operators, however, the necessary fundamental 
decisions should be made as soon as possible.

7.2  Centralised and decentralised rainwater 
treatment

Relevance of entry pathways
The wastewater flowing from urban areas is largely 
transported though the sewer systems for treatment in 
the treatment plant and then discharged into surface 
waters. In addition to this, depending on the type of 
sewer system, there are other entry pathways in the 
case of rainfall:

 ▸ In combined sewer systems, untreated raw waste-
water diluted by rainwater is washed out (i. e. 
discharged directly into the waters without any 
treatment, by-passing the treatment plant).

 ▸ In separate sewer systems, rainwater is discharged 
separately into the waters.

So far, no reliable information exists on how relevant 
combined sewer overflow is for the entry of micropol-
lutants in terms of load. Compared to the much high-
er volumetric flow of regular wastewater discharges 
of conventional treatment plants, this entry pathway 
is estimated to be relatively low. It could become 
relevant, however, once the GK 5 category treatment 
plants have been upgraded with advanced wastewa-
ter treatment and the degree to which the substances 
of interest are eliminated is high. For certain sub-
stances, however, Hillenbrand et al. (2016) assert a 
high entry relevance from combined sewer overflows. 
PAH and nonylphenol, for example, enter the waters 
to a large extent via this pathway (32 % and 28 % of 
total entries, respectively) 85. Currently underway are 
“Qualitative studies on combined sewer overflows in 
Bavaria” 86, in which the pollution levels of, among 
other things, PAH, plant protection products, bioc-
ides and medicinal products from combined sewer 
overflow discharges are being determined.

Studies on the pollution levels of rainwater in Berlin 87 
have identified rainwater discharges from the separate 
sewer system as a significant entry pathway for micro-
pollutants in addition to treatment plant discharges. 
In Berlin, according to the study, organic micropol-
lutants are introduced with rainwater discharge in an 
order of 1 tonne per year. For most of the substances 
investigated in this project, their loads are similar in 
rainwater and wastewater. For PAHs and biocides, 
rainwater discharge was the main entry pathway.
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Recommended measures
In order to reduce the entry of substances into waters, 
different technical measures according to the state of 
the art can be considered depending on the type of 
sewer system. It can be assumed that micropollutants 
can be retained. However, the respective effectiveness 
of the measures needs to be investigated more closely.

In some cases technical bodies of legislation for 
implementing the examples of measures listed below 
are available; however, no binding legal regulations 
are in place at present.

1.  Intermediate storage and treatment of 
 combined sewer discharges/overflows

 ▸ In storm overflow tanks, storage sewers and 
 rainwater retention basis;

 ▸ By enabling sewer volumes above the “static” 
discharge limit;

 ▸ By sewer management measures for targeted ena-
bling of storage volumes (e. g. in stormwater tanks, 
storage sewers and canals);

 ▸ With retention soil filters;

 ▸ By increasing combined sewer treatment in 
 treatment plants.

2. Centralised treatment of rainwater

 ▸ Rainwater retention basins and retention soil filters

 ▸ Sedimentation in rainwater sedimentation tanks 
and inclined treatment plants

3.  Decentralised treatment of rainwater

 ▸ Avoiding rain discharges by unsealing, seepage 
and evaporation

 ▸ Choice of treatment depending on degree of pollu-
tion, e. g. seepage through the inhabited soil zone 
if the degree of pollution is low

Pollution of rainwater should be avoided in the forma-
tion of runoff and by reducing possible sources of mi-
cropollutants (see Chapter 6). Also the construction of 
further facilities for seepage or storage and treatment 
of rainwater can contribute to reduce pollutant loads.

According to the Federal Water Act (Wasserhaushalts-
gesetz, WHG), rainwater should be directed into a 
nearby water body by seepage, trickling off or mixing 
with wastewater (§ 55 par. 2). This concept has so 
far not been concretised by specific regulations in 
the Wastewater Ordinance (AbwV). National-level 
requirements for discharge of rainwater (in combined 
and separate sewer systems) are currently being dis-
cussed in a German Federal/Länder Workgroup.
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7.3  decentralised wastewater treatment 
from health care facilities

Relevance of entry pathways
Nearly 20 % of the active pharmaceutical ingredi-
ents contained in municipal wastewater originate 
from health care facilities 88, 89 and around 80 % from 
households. The proportion of radiocontrast agents, 
certain antibiotics and cytostatics introduced from 
hospitals is higher.

Radiocontrast agents strictly should not enter the 
sewer system or wastewater, rather they should be 
removed separately, because only few compounds 
are eliminated even in the fourth treatment stage 90. 
Radiocontrast agents are used roughly equally in hos-
pitals and X-ray practices, which is why both health 
care facilities must be accounted for. In pilot projects, 
collection systems for direct use at the patient (urine 
bags) have been successfully tried and tested.

As comparative studies on the centralised and de-
centralised98 treatment of wastewater from health 
care facilities to eliminate micropollutants such as 
human medicinal products show, separate wastewater 
treatment only reasonable in isolated cases, i. e. at 
selected “hotspots” 91. The research projects noPILLS 92 
and Sauber+ 93 came to similar conclusions. No greater 
entry of medicinal product residues, toxic substances, 
antibiotic-resistant bacteria or genes from the health 
care facilities investigated were detected; although, 
this cannot be generalised. Each entry pathway must 
therefore be analysed separately, in order to derive the 
necessary measures.

Recommended measures
The entry of radiocontrast agents, certain antibiotics 
and cytostatics can be reduced by

1. Separate collection of urine in hospitals (and X-ray 
practices as necessary) using special sanitary 
technology (e. g. installing separation toilets),

2. Collection at the hospital bed (special collection 
containers), in X-ray practices and in the household 
area after medical application (urine bags) and

3. Disposal of unused radiocontrast agents from 
hospitals and X-ray practices via special collec-
tion systems.

Irrespective of the methods employed, the collected 
urine must be taken to a regulated disposal site – 
typically an incinerator. In the process, once spe-
cial disposal logistics have been developed, iodine 
can also be recovered from the urine.

The measures for separate collection and disposal of 
radiocontrast agents should be performed as a routine 
in hospitals and X-ray practices. Ideally, the manu-
facturers of the radiocontrast agents should provide 
suitable urine bags together with their product.

The introduction of a 4th treatment stage stands 
out for high cost efficiency, due to the broad spec-
trum of micropollutants (Table 9) that could be 
reduced by this measure at reasonable cost (see 
Chapter 8). Its practical feasibility has been demon-
strated by the upgrading of treatment plants, for 
example, in North Rhine-Westphalia and Baden- 
Württemberg 94. The debate about implementing the 
“polluter pays” principle, i. e. about who shall bear 
the costs (financing), is proving a hindrance.

Measures for treating rainwater and combined sew-
er discharges are technically feasible. No concrete 
studies have been developed yet to investigate their 
effectiveness at retaining micropollutants. While 
the costs can be moderate for certain plants, de-
pending on the technology, an estimate of the total 
cost for all of Germany requires further knowledge 
about the number of plants and financing models. 
The abovementioned projects have already deliv-
ered positive experience in the separate collection 
of radiocontrast agents but, ultimately, patients’ 
acceptance will be an essential criterion for its 
implementation.

7.4 Industrial wastewater
Relevance of entry pathways
Micropollutants can also get into the waters out of 
emissions from industrial processes. A distinction 
must be made here between the manufacture and 
processing of chemical substances, e. g. in plants of 
the chemicals industry, and their use as chemical 
adjuvants in commercial and industrial operations. 
Both of these factors are relevant to our context. 
Operations that use chemical adjuvants include, 
for example, textile finishing companies, tanneries, 
electroplaters, paper factories and chip produc-
ers. Chemical adjuvants range from complexing 
agents, surfactants, preservatives, flame retardants, 
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 anticorrosives, conditioners, solvents, wet strength 
agents and biocides to optical lighteners and dyes. 
Most of these substances are only used in commer-
cial and industrial operations and not in private 
households.

Our knowledge regarding the type, number and 
quantity of active substances, their eliminability and 
importance as processing and production adjuvants 
in the respective industries is incomplete. The same 
applies to the type and quantity of industrial chemi-
cals that get into the waters either directly or indirectly 
(“indirectly” means the industry does not discharge 
its wastewater directly into the waters, but into the 
sewer system, which then flows to a treatment plant 
with a biological treatment stage). Typically, from the 
multitude of possible pollutants or pollutant groups, 
assessments of micropollutants from industrial sectors 
only look at a few exemplary adjuvants in the form of 
preparations (formulations such as EDTA, PFOS, PFOA 
or nonylphenol) and estimate emission loads or sub-
stance entries into waters for those substances.

Existing measures
Micropollutants in industrial wastewater are regulat-
ed neither at the EU level nor at the national level un-
der this term. They are, however, partially addressed 
indirectly by requirements for individual substances 

according to the best available techniques (BAT) in 
the EU, and the state of the art in Germany.

At the EU level, the Industrial Emissions Directive 
(IED) regulates the requirements for the construction, 
operation, and cessation of operations of industrial 
plants. Relatively large industrial operations require 
an EU-wide permit and must be operated according to 
BAT. BAT includes measures for reducing emissions 
in waters and, specifically, the use of less harmful 
feedstocks. As such, micropollutants are addressed 
under BAT. So far, however, the European BAT only 
address select measures that touch upon the topic 
of micropollutants (e. g. PFOS in the BAT Guidance 
Note on the Surface Treatment of Metals and Plastic 
Materials). In order to reduce micropollutants from 
wastewater discharges, one needs to actively use the 
information exchange on BAT at the EU level. BAT 
conclusions should also include requirements that 
lead to a reduction of emission of micropollutants. If 
this succeeds, then this will lead to emissions reduc-
tions in all EU Member States.

In Germany, minimum requirements for the intro-
duction of wastewater into waters are specified in 
the Wastewater Ordinance (AbwV). Wastewater, the 
Ordinance decrees, may only be introduced into wa-
ters if the pollutant load is kept as low as is possible 
according to the state of the art. This includes the use 

Table 9

Assessment matrix of selected measures for wastewater 
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Costs: (+ low), (o moderate), (- high) or cost effectiveness: (+ high), (o moderate), (- low)
Feasibility: (+ immediately feasible), (o not yet immediately feasible), (- still clear deficits/need for action (need for research, funding or acceptance)) 

 Source: German Environment Agency (expert assessment)
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of low-emission operating materials and adjuvants, as 
well as process-integrated recirculation and retention 
of substances. For every industry, minimum require-
ments for wastewater introductions are defined in a 
separate annex of the AbwV; it is through these that 
the wastewater-related BAT implications are enforced 
in Germany (see above). A number of these annexes to 
the AbwV already contain substance-specific require-
ments, such as prohibiting the drainage of certain un-
desirable substances with wastewater (zero emissions), 
or requirements for the substance properties (e. g. bio-
degradability or AOX content) of chemicals used. Pol-
lutants that are not removable by conventional biolog-
ical treatment plants must be removed already during 
operation by substitution or by suitable pretreatment 
(which also applies to operations that discharge into 
the sewer system). This leads to a reduction of the con-
tent of micropollutants in the discharged wastewater. 
Examples of substance-specific requirements in the 
annexes to AbwV are those used as finishing agents 
for textile finishing, organic complexing agents in the 
paper industry, or per- and polyfluorinated chemicals 
from the electroplating operations.

Emissions into soil and groundwater from industrial 
operations have been regulated by the provisions in 
the Ordinance on Facilities for Handling Substances 
Hazardous to Water (AwSV) since August 2017. The 
AwSV addresses substances that are hazardous to 
water generally without direct reference to potential 
micropollutants. It pursues the goal of zero emissions 
by applying multi-stage safety standards on the han-
dling of substances hazardous to water. Based on Wa-
ter Hazard Classes (Wassergefährdungsklassen, WGK) 
and substance quantities employed, technical and 
organisational requirements are defined that equate 
to a multi-barrier system (liquid-impervious storage 
containers and floors, detection systems, collection 
trays and, where applicable, proper disposal).

Recommended measures
In order to reduce the emission of micropollutants 
from industry and business, the UBA suggests the 
following measures:

 ▸ Using potential synergies between EU direc-
tives that provide for measures to reduce the 
emission of micropollutants (HazBREF 95)
The aim must be to develop suitable BATs within 
the European process for determining emission-re-
duction measures for industrial emissions by 

targeted information management of substance 
data on industrial chemicals. These would then 
be implemented bindingly in the entire EU. The 
enforcement of measures to reduce the release of 
micropollutants in operations could be improved 
by reinforcing the interfaces between REACH, the 
Water Framework Directive and the Industrial 
Emissions Directive. For this purpose, the UBA 
initiated a project with 4 EU partner countries 
in the scope of the INTERREG Baltic Sea Region 
Programme 2017. This project (HazBREF) pursues 
the goal of deriving binding BAT conclusions also 
on substances whose use is regulated under REACH 
or which have been proposed for risk reduction 
measures (and for priority substances or substances 
on the WFD Watch List). The use of substance data 
and recommendations for risk management in the 
BAT process are being tested in example indus-
tries. At the same time, the results are being used 
to improve the regulation processes under REACH 
(registration, restriction and authorisation) using 
information from installation related legislation.

 ▸ Initiating voluntary initiatives and stakeholder 
dialogues on the use of critical chemicals along 
the value chain in relevant industries
For the textile industry, a stakeholder dialogue is 
already ongoing in the zero discharge of hazardous 
chemicals initiative (ZDHC). This has set itself the 
goal to discontinue the use of certain chemicals 
in the entire production process. These include 
substances such as micropollutants, e. g. APOEs, 
flame retardants and per-/polyfluorinated com-
pounds. The German “Partnership for Sustainable 
Textiles” also aims to avoid hazardous chemicals 
in the supply chain, and also follows the ZDHC. 
From these initiatives, a certain pressure to act is 
building up, above all, on international produc-
tion plants. In the long term, this should allow 
micropollutant emissions to be prevented from the 
products as well. Further relevant manufacturer 
groups should initiate similar concrete, voluntary 
networks that act at the practical level, and thus 
promote the topic of “reducing micropollutants” in 
other industries as well. 
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 ▸ Initiating projects in the departmental research 
plan (Ressortforschungsplan) for analysing the 
entry of micropollutants into the environ-
ment from industry and business and possible 
 measures at the source
The first steps for developing and implementing 
targeted reduction measures are to compile and 
expand the existing knowledge on the sources, 
entry pathways and relevance of micropollutants 
from industry and business. Industries in which 
emissions of micropollutants can be expected 
should be systematically investigated by a project 
by the federal government in cooperation with 
the states (Länder) to determine what problematic 
substances are used, what emission loads are to 
be expected, and how these can be prevented or 
reduced. To this end, all available data and infor-
mation sources should be used, including meas-
urements in the wastewater of the operations, 
and if necessary in the drainage from municipal 
treatment plants and in the waters. Such a de-
partmental research project allows the entry and 
importance of residual emissions from industry 
and business to be better categorised and knowl-
edge gaps to be closed regarding the emitted sub-
stances and loads, as well as the techno- economic 
availability of the measures 96.

The recommended measures stand out for a high 
expected effectiveness over a broad spectrum at low 
cost (Table 10). HazBREF is a project for the analysis of 
interfaces. With regard to this project, as with the study 
on the enhancement of requirements in the Wastewater 
Directive (AbwV), the feasibility of reduction measures 
can only be assessed once the project is concluded. 
Efforts to phase out certain chemicals can be expected 
to meet with resistance from the manufacturers.

7.5 Overarching measures in agriculture
In agriculture, aside from the measures named in 
Chapter 6.4, there are overarching approaches that 
can reduce the entry of pollutants and thus reduce 
 micropollutants in waters.

Expanding organic farming
Organic farming helps to achieve these goals by ab-
staining from use of synthetic chemical plant protection 
products and severe restrictions on the use of veterinary 
medicinal products 97. Due to this and other positive 
environmental benefits of organic farming, its further 
expansion should be consistently supported and pro-
moted. At a good six percent of the agricultural land in 
Germany used as organic farming land, Germany is still 
far from achieving the goal of 20 percent organic farm-
ing land in Germany as set by the federal government‘s 
national sustainability strategy 98.

Erosion-reduction measures
Generally, measures to reduce wind and water erosion 
can help to reduce the entry of pollutants into waters 
due to soil erosion from agricultural land. In addition to 
planting catch crops and undersown crops, these meas-
ures include soil-conserving farming practices, such as 
mulch and direct sowing or strip-till practice.

Creating riparian buffer strips where PPPs and 
 fertilisers are excluded
In order to prevent plant protection products and 
fertilisers from getting into the waters, the worked land 
and adjacent environment should be kept separate 
from each other (see also 6.4.2). An effective measure 
to achieve this is to create permanently green riparian 
buffer strips (e. g. hedges, riparian buffer strips with 
shrubs and trees). For effective delineation, the use of 
PPPs on riparian buffer strips should be prohibited.
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Phasing out the agricultural use of sewage sludge
In 2015 in Germany, 24 % of the sewage sludge from 
municipal treatment plants was used agriculturally. 
Through this use, the substances – including micro-
pollutants – adsorbed in the sludge are spread out 
into the environment.

Given the problematic entry of pollutants into the 
environment, the revision of the Sewage Sludge 
Ordinance (Klärschlammverordnung, AbfKlärV) 99 
provides for a partial phasing out of the agricultural 
use of sewage sludge. Within a transitional period 
until 2027, sewage sludge from treatment plants 
< 100,000 EP may be used agriculturally, after 
which only sewage sludge from treatment plants < 
50,000 EP may be used.

Until the use of sewage sludge on soils has been com-
pletely phased out, the pollutant limits should still be 
adapted in the Sewage Sludge Ordinance (AbfKlärV) 
and Fertiliser Ordinance (Düngemittelverordnung, 
DüMV). No substance-specific requirements relating to 
micropollutants have been formulated so far in the ex-
isting legislation (Sewage Sludge Ordinance or Fertiliser 
Ordinance). Furthermore, it must be verified whether 
micropollutants that have never been monitored, such 
as certain active pharmaceutical ingredients, need to be 
regulated by limits in the medium term.

7.6 Waste/medicinal product disposal
Improper disposal of waste can present a potential entry 
pathway for micropollutants into waters. In Germany, 
the responsibility for waste disposal lies with the mu-
nicipalities and administrative districts. The recom-
mendations for disposal routes differ according to the 
regionally established disposal structures.

Problematic waste from the household, which contains 
harmful substances and could contribute to the entry of 
micropollutants (e. g. plant protection products, chem-
ical residues, solvents etc.) may not be disposed of in 
the ordinary household waste. This is indicated by the 
symbol of a crossed-out rubbish bin. Depending on the 
disposal structure, waste of this kind is either collected 
by mobile hazardous waste collectors (Schadstoff mobile) 
or is to be brought to collection sites for hazardous 
wastes or recycling centres 100.

The possible routes for disposing of unused medi-
cines are household waste, mobile collectors, phar-
macies or recycling centres. The various different reg-
ulations sometimes cause ignorance and uncertainty 
in the population and accordingly to improper dispos-
al down the sink or toilet. In the scope of the support 
initiative Risk Management of Emerging Compounds 
and Pathogens in the Water Cycle (RiSKWa), a map of 
Germany 101 has been developed to inform the popu-
lation of the existing recommendations at the city or 
county level. Overall, education regarding the dispos-
al of hazardous wastes ought to be increased (see also 
6.2 on medicinal products).

Table 10

Assessment matrix of selected measures for industrial wastewater 
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Expected effectiveness: (+ high), (o moderate), (spec. measure is substance-specific), (br. measure has a broad spectrum effect)
Effectiveness horizon: (1 = short term < 5 years), (2 = medium term < 10 years), (3 = long term > 10 years)
Costs: (+ low), (o moderate), (- high)
Feasibility: (+ immediately feasible), (o not yet immediately feasible), (- still clear deficits/need for action (need for research, funding or acceptance)) 

 Source: German Environment Agency (expert assessment) 
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8. Financing 

Measures for reducing micropollutants (for example pro-
vision of data, informational measures and campaigns, 
technical measures in the use of products, or advanced 
water treatment) cost money. Accordingly, discussions 
about the effectiveness of a measure are often overshad-
owed by the question of who shall bear the costs. It is 
the duty of foresighted, socially responsible environ-
mental politics to distribute the financial burden, on 
the one hand, on a polluter-pays basis and, on the other 
hand, fairly between the producers, the water industry 
and the citizens. The decision of who shall bear the 
costs not only determines who has to contribute to a 
measure and how much, but also has steering effects 
and – especially when combined with informational 
measures – incentives that could lead directly and indi-
rectly to further reductions of pollution. 

First of all, the costs of the measures must be laid bare. 
For example, the costs of upgrading 230 large munic-
ipal treatment plants throughout Germany (size cate-
gory 5 at approximately 50 percent of the nationwide 
annual amount of wastewater) over a period of 25 years 
are estimated at 10.4 to 10.9 billion Euro in total, which 
would equate to 415 to 435 million Euro in annual 
costs for the elimination of micropollutants, including 
post-treatment 102. For other measures, such as sub-
stituting certain substances for others, the costs have 
so far been unquantifiable, and surely vary from one 
substance to another. In any case, each cost comparison 
must take into account how much the substance load 
can be effectively reduced by a given measure. Only 
then can a cost-benefit ratio be calculated. 

The benefits of improving the condition of waters by 
reducing micropollutants cannot be directly quan-
tified. Studies on the public benefits of micropollut-
ants reduction measures show that beneficial effects 
are to be expected for bathing waters, aquatic organ-
isms, food production, rainwater use and drinking 
water supply, while the state of knowledge on these 
effects, however, varies 103. 

For individual measures within the manufactur-
ers’ sphere of responsibility during production and 
marketing – such as environmental risk assessments, 
increased research, labelling, data provision and 
industrial wastewater treatment – it is generally the 
manufacturers who carry the costs. Only for “ex-
tra-mandatory” measures taken by the manufacturers 
and distributors, such as large-scale informational 
and awareness-raising campaigns or educational in-
itiatives, would one contemplate whether additional 
means from other sources could be made available for 
those measures. 

Unlike regulatory law, with its mandates and pro-
hibitions, the targeted use of financing instruments 
offers leeway on the part of the players involved. 
Incentives of this kind could have both short-term 
effects (such as substitution of micropollutants or 
relevant products with already available alternatives) 
and medium to long-term effects (such as research 
and development of new environmentally friendly 
approaches or substitutes). Accordingly, it would be 
advisable to develop suitably adapted levy models for 
the various pollution sources and applications of mi-
cropollutants (plant protection products, prescription 
or non- prescription medicines, biocides, detergents or 
hotspots at health establishments). 

The concept of the “polluter” paying for the costs of 
reducing pollution is also advocated in the political 
arena, as for example in the Environment Ministers’ 
Conference (Umweltministerkonferenz 104) and the 
German Bundesrat 105: both urge the federal govern-
ment to ensure that manufacturers and marketers of 
medicinal products and active pharmaceutical ingre-
dients contribute adequately to the costs of pollution 
reduction measures, and/or that they be included in 
the financial responsibility of removing micropollut-
ants from the aquatic environment. 
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Studies on a potential framework for a levy for plant 
protection products 106 and medicinal products 107 as 
well as on adaptations of the Wastewater Charge 108 
and its incentives for funding advanced purification 
technologies 109 have already laid important founda-
tions for further discussion in expert circles.

Overall, it appears suitable to use the existing Waste-
water Charge from the German Wastewater Charges 
Act (Abwasserabgabengesetz, AbwAG) to fund meas-
ures that will improve the wastewater infrastructure 
for better elimination of micropollutants. In § 13, the 
Wastewater Charges Act already stipulates that the rev-
enues are to be used “for measures that serve to main-
tain or improve the quality of waters”. As one example, 
the plants built with a fourth treatment stage in North 
Rhine-Westphalia and in Baden-Württemberg so far 
have all used funds from the Wastewater Charges Act. 

While it would generally be desirable to make legal 
regulations in the scope of the Wastewater Ordinance 
(Abwasserverordnung, AbwV) concurrently to updat-
ing the Wastewater Charges Act (AbwAG), this is not 
absolutely necessary. If an incentive system uses the 
Wastewater Charge – for example by levying a flat 
wastewater charge for discharing micropollutants 
but offering the possibility of exemption/reduction if 
certain efficiencies are reached as well as options for 
offsetting investment costs – this could greatly im-
prove the precautionary protection of waters and our 
empirical experience with technologies for eliminat-
ing micropollutants, and thus promote the develop-
ment towards a new state of the art.
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9. Conclusion/Outlook

Dealing with water pollution is currently experiencing 
a revival. As our analytical methods improve, we are 
increasingly able to detect even the tiniest concentra-
tions in water at increasingly early stages. Substances 
that could already have adverse effects on humans and 
the environment at such low concentrations are re-
ferred to as micropollutants. Many of these are already 
long-known, but we are also continually finding new 
ones. Early discovery of problematic substances has the 
advantage of allowing us to counteract them before it 
is too late. Even better, would be to prevent any micro-
pollutants from getting into the environment in the 
first place, especially into the water cycle. This requires 
precautionary water protection policies that recognise 
and identify the problematic substance properties and 
subsequently implement a combination of measures 
at the source, in use and downstream (i. e. in sewage 
treatment). Micropollutants originate from a variety of 
sources. As such, there are many different approaches 
for taking precautionary prevention and reduction 
measures. Merely applying the “polluter pays” princi-
ple cannot substitute for searching for the most efficient 
combination of measures. Accordingly, there is no one 
single solution to the problem. Rather, all known meas-
ures must be evaluated in terms of their effectiveness, 
the targeted substance spectrum, the timeframe until 
effectiveness, costs, and feasibility in the real world. 

These criteria cannot be estimated in advance for all 
measures: costs and effectiveness differ depending on 
the scope or level of their implementation; measures 
that address specific substances can differ depending 
on the substance properties; and measures that serve 
research and data collection often only yield the neces-
sary insights once they have been completed. 

The presented recommendations illustrate what we 
believe are the next steps to be taken, in line with the 
above stated criteria for measures to prevent and reduce 
pollution caused by medicinal products, plant pro-
tection products, biocides, chemicals (under REACH), 
detergents and cosmetics. The recommended measures 
are the already implementable components of a strate-
gy that needs to be continuously developed further. A 
key success factor for such a strategy is the availability 
of data regarding the properties of substances and 
their effects on the environment as well as the meth-
ods for their detection. It requires a great deal more 

information than available so far, as well as more data 
transparency. We also need further efforts to monitor 
environmental pollution by the abovementioned sub-
stance groups on the basis of uniform criteria. 

Many of the measures we have named will require 
lengthy preparation, while others can be implemented 
in the short term. As different substances flows assem-
ble in the municipal wastewater, we still maintain that 
improving the state of the art and upgrading municipal 
treatment plants is a vital part of the whole strategy. Dif-
ferent is the question as to who will carry the costs for 
the measures, in particular for upgrading the treatment 
plants. The cost issue requires social discussion, to 
decide whether costs should be covered by those paying 
wastewater charges or whether, and if so how, other 
groups (like manufacturers of medicinal products and 
other branches) should make their contributions. First 
proposals for a solution to this have already been made. 

Water pollution in the form of micropollutants with 
potentially adverse effects will not diminish over time. 
This can be attributed to certain demographic chang-
es (an aging society consumes more medicine) and 
economic trends (industrial agriculture still uses large 
quantities of plant protection products). Therefore, 
the necessary measures should be taken as soon as 
possible if we are to avoid future damage and costly 
remedial measures. The aim is to underpin this strategy 
with a broad consensus among the stakeholders, so 
that everyone becomes committed within their scope 
of responsibility to take reduction measures and bear 
the costs. Wherever this does not happen voluntarily, 
it is the task of politics to exert the appropriate control 
using regulatory law or financial instruments. In order 
to increase acceptance, the problem and the possible 
solutions must be communicated to a wide audience. 
This paper seeks to contribute towards this.
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10. Appendix – Overview of the selected measures 

Substance-specific reduction measures for creating and improving evaluation bases and 
criteria, at the source and in use 

Human medicinal products ▸ see 6.2 

 ▸ Developing and harmonising risk-reduction measures within the authorisation process 
 ▸ Researching environmentally friendlier active ingredients / dosage forms 
 ▸ Communicating with and educating specific target groups 
 ▸ Running information campaigns on the proper disposal of unused pharmaceuticals 
 ▸ Monograph system for active pharmaceutical ingredients 
 ▸ Considering widening the requirement for a prescription based on environmental concerns 

Veterinary medicinal products ▸ see 6.3 

 ▸ Developing and harmonising risk-reduction measures within the authorisation process 
 ▸ Banning PBT/vPvB substances in veterinary medicinal products 
 ▸ Researching environmentally friendlier active ingredients / dosage forms 
 ▸ Communicating with and educating specific target groups 
 ▸ Monograph system for active pharmaceutical ingredients 
 ▸ Researching how modifying the right to dispense may potentially affect the use of veterinary 

medicinal products 

Plant protection products ▸ see 6.4 

 ▸ Creating permanently green riparian buffer strips 
 ▸ Increasing the percentage of organically farmed areas 
 ▸ Further limiting or preventing the use of PPPs in certain areas 
 ▸ Setting and enforcing better standards 
 ▸ Combining prospective risk assessment and monitoring 
 ▸ Making spatially and temporally resolved data on the use of PPPs available 
 ▸ Eliminating deficits and assessment gaps in the approval and authorisation processes for plant 

protection products 

Biocides ▸ see 6.5 

 ▸ Creating subordinate legislation on:
 ▸  Dispensation 
 ▸ Expert appraisal 
 ▸ Good practices 
 ▸ Regulating requirements for equipment for applying biocides 
 ▸ Prohibiting aerial spraying of biocidal products 
 ▸ Collecting sales and use data on active biocidal substances/biocidal products 

 ▸ Introducing a ban on using antifouling products in sensitive areas 
 ▸ Systematically recording and monitoring environmental pollution caused by biocides 
 ▸ Educating and communicating: actively sensitising the population with regard to proper and 

sustainable use of biocidal products
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Appendix – Overview of the selected measures

Chemicals in the regulatory scope of REACH ▸ see 6.6 

 ▸ Using the REACH instruments of authorisation/restriction to reduce emissions of individual 
substances that occur as micropollutants 

 ▸ Avoiding the entry of substances critical to raw water into the environment in the regulatory 
scope of EU regulation REACH 

 ▸ Using a realistic dilution factor for treatment plants in the exposure assessment of industrial 
chemicals 

Detergents and cleaning products ▸ see 6.7 

 ▸ Researching the entry of poorly biodegradable substances from detergents into the waters 
 ▸ Creating an information system for the ingredients of detergents 
 ▸ Information campaigns for sustainable handling of detergents 
 ▸ Information campaigns on the correct dosing of detergents 
 ▸ Developing the criteria for eco-labels for detergents 

End-of-pipe measures 

Municipal wastewater and rainwater ▸ see 7.1–7.3 

 ▸ Fourth treatment stage 
 ▸ Advanced centralised treatment of rainwater 
 ▸ Advanced decentralised treatment of rainwater 
 ▸ Advanced centralised treatment of combined sewer discharges 
 ▸ Separate collection/disposal of radiocontrast agents 

Industrial wastewater ▸ see 7.4 

 ▸ HazBREF 
 ▸ Voluntary initiatives for phasing out certain chemicals 
 ▸ Research projects for systematically investigating relevant industries with regard to chemical 

additives for enhancing requirements in the Wastewater Ordinance (AbwV)
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