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Executive Summary 
The AquaNES project will catalyze innovations in water and wastewater treatment processes and man-
agement through improved combinations of natural and engineered components. Among the demon-
strated solutions are natural treatment processes such as bank filtration (BF), managed aquifer re-
charge (MAR) and constructed wetlands (CW). The project holds 13 demonstration sites that make 
use of BF, MAR or CW among other treatment techniques. Water quality assessment is essential for 
the evaluation of water treatment. This report presents a Water Quality Assessment Framework to 
support water quality assessment of combined natural and engineered treatments by evaluation 
source, treatment steps, monitoring and use of treated water. It also contains a preliminary assessment 
of all individual demonstration sites, providing suggestions for monitoring and other forms of water 
quality assessment for demonstration sites.  
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1 Introduction 
1.1 Purpose of this document 

The purpose of this document is to provide a framework for water quality assessment for drinking 
water and wastewater treatment. The provided information conduces to support the quality assess-
ment of water treatment schemes with combined natural and engineered components. 

1.2 Structure of the deliverable 

The water quality assessment framework is presented (Chapter 2). Water quality assessment parame-
ters and conventional and innovative tools are discussed (Chapter 3) and a preliminary water quality 
assessment is described for all demonstration sites (Chapter 4). Finally, the water quality assessment 
is evaluated (Chapter 5).  

1.3 Relation to the project objectives 

The AquaNES project demonstrates of the robustness and benefits of combined engineered and natu-
ral treatment technologies at 13 demonstration sites that make use of bank filtration (BF), managed 
aquifer recharge (MAR) and constructed wetlands (CW), among other treatment techniques. Proper 
assessment of chemical and biological water quality of sources, during treatment and after treatment 
is essential to control operation and safeguard water quality for its intended use (Figure 1).  

 
Figure 1 Schematic overview of combined natural and engineered treatment technologies within AquaNES 

Legend: 1 Sources, 2 Engineered pre-treatment (Site 2, 6-13), 3/4; Managed Aquifer Recharge/Soil Aqui-
fer Treatment (Site 6-9), 5 Constructed Wetland (Site 10-13), Engineered post-treatment (all sites) 
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2 Water quality assessment framework 
2.1 Water quality assessment 

Water quality assessment is a complex task since it requires assessment of (1) potential contamination 
of sources of the water, (2) assessment of treatment efficiency for this (potential) contamination, (3) 
the assessment of treated water and (4) knowledge on system hydrology and dynamics. This should 
all be related to (5) the intended transport and use of the water. The presented water quality assess-
ment framework guides water quality assessment for water treatment schemes that hold combinations 
of natural and engineered components, as studied in the AquaNES project. Information gathered 
within this framework can be used for a water safety planning 1. 

2.2 Source assessment 

Water quality assessment starts with source characterization. The source of the treated water deter-
mines the potential pollution and undesired reactions with pipelines and other hardware and thereby 
the required monitoring to assess water quality. Below a flow scheme for source assessment is given 
(Figure 2). It provides generic information on potential contamination of different sources.  

 

Figure 2 Water quality assessment framework for source assessment 

The 13 demonstration sites studied within the AquaNES project use the following sources: 1) 
wastewater (site 7,8, 10-13) including combined sewer overflow (site 11), 2) surface water (site 1-6), 
and 3) collected rain water (site 9). The quality and characteristics of these sources differ, so therefore 
source quality monitoring will differ as well. 

Raw wastewater generally contains the highest loads of organic material, nutrients, micro-pollutants 
and pathogens. Treated wastewater differs from raw wastewater since some components are better 
removed than other components.  
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Surface water quality is influenced by emissions to its catchment area. Surface water can receive 
treated (via sewage treatment plants) and untreated wastewater (via combined sewer overflow), in-
dustrial wastewater effluents, emissions from agricultural activities (e.g. pesticides, nutrients) and ur-
ban areas, polluted groundwater and deposition of pollutants and particles via air.  

When water passes soil (groundwater and infiltrated water) many compounds and elements are re-
moved to some extent by sorption or transformation/degradation. The removal efficiency depends on 
the hydraulic retention time, the composition of the soil material, and conditions such as the redox 
state, pH, temperature, salt content etc. In some cases the soil can also be a source of contaminants 
(e.g. arsenic, heavy metals, radon, historical contaminants).  

Rainwater contains much less micro-pollutants and microorganisms, it can however contain com-
pounds that are volatile and soluble or are bound to dust and particles from (for example) combustion 
processes that form aerosols in the air. Finally, surface run-off (when rain is collection from large sur-
faces) can lead to washing off of contaminants from these surfaces such as heavy metals, coating ma-
terials and paints, precipitated soot and dust bound contaminants, microbial contaminants and or-
ganic material from feces of animals, residues of plant materials etc. 2-5. Since rain water at Site 8 is 
collected from rooftops, we defined water quality parameters relevant for rain collected from these 
surfaces in an urban of industrial environment. In Table 1 the generic relevance of parameter classes 
are given per type of source water.  

Table 1  Relevant water quality parameters for source water quality assessment 

W
at

er
 s

ou
rc

e 
fo

r t
re

at
m

en
t 

N
ut

rie
nt

s,
 E

ut
ro

ph
ic

at
io

n 
in

di
ca

to
r 

R
ed

ox
 in

di
ca

to
r 

M
et

al
 

O
rg

an
ic

 c
ar

bo
n 

co
nt

en
t i

nd
ic

at
or

 

H
um

an
 P

ha
rm

ac
eu

tic
al

s 
an

d 
pe

rs
on

al
 c

ar
e 

pr
od

uc
ts

 

Ve
te

rin
ar

y 
ph

ar
m

ac
eu

tic
al

s 

C
om

bu
st

io
n 

by
pr

od
uc

ts
  

Pe
st

ic
id

e/
bi

oc
id

e 

In
du

st
ria

l c
he

m
ic

al
s 

(p
ro

du
ct

s)
 4 

In
du

st
ria

l c
he

m
ic

al
s 

(in
te

rm
ed

ia
te

s)
 

Fe
ca

l i
nd

ic
at

or
s 

an
d 

pa
th

og
en

s 

Bi
ol

og
ic

al
 s

ta
bi

lit
y 

in
di

ca
to

rs
 

Bi
oa

ss
ay

 e
nd

oc
rin

e 
di

sr
up

tio
n 

8 

Va
rio

us
 o

rg
an

ic
 c

he
m

ic
al

s 
N

on
-

ta
rg

et
 c

he
m

ic
al

 s
cr

ee
ni

ng
 

ap
pr

oa
ch

es
 9 

An
tib

io
tic

 re
si

st
an

ce
 in

di
ca

to
rs

 
SW + - + + +1 +2 +/- + + +5 +6 - + + + 
GW +/- + + + +/- +2 - + + - - - + + +/- 
RW 
(from 
rooftops) 

- - + - - - + - + +5 +/-7 - + +/- - 

WW + - + + + -3 +/- +   + - 5 + - + + + 
TWW + - + + + -3 +/- +   + - 5 + - + + + 
CSO + - + + + -3 + + + - 5 + - + + + 

Legend: Source water: SW=surface water; GW=groundwater; WW= raw wastewater; TWW = treated wastewater; RW=rain water; CSO=com-
bined sewer overflow 
1  analysis of human pharmaceuticals is relevant when water is directly or indirectly impacted by effluent from communal waste water; 2 analysis 
of veterinary pharmaceuticals is only relevant when water is directly or indirectly impacted by fields receiving manure;  3 veterinary pharmaceuti-
cals with human applications are relevant 4  industrial products such as flame-retardants can end up in air (aerosols) or are released by coatings 
used on buildings and subsequently end up in harvested rain;  5  Industrial intermediates are used in chemical plants, they can unintentionally 
end up in effluent and the air, such parameters are relevant for rivers or wastewater treatment fed with industrial wastewater;  6 Fecal indicators 
are relevant in wastewater effluents and surface waters; 7 Harvested rainwater from rooftops can contain fecal contamination from surfaces 
contaminated with excrements of animals;  8 bioassays integrate effects of many contaminants and are therefore relevant in practically all water 
types; 9 non-target screening approaches cover chemicals of many classes and can therefore be relevant to all kinds of water types  
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2.3 Treatment assessment 

Water treatment can lead to the removal or addition/formation of chemical and microbial contamina-
tion and the transformation of chemicals into other chemicals. The removal, addition or formation of 
pollutants during treatment depends on the presence of pollutants in source waters, environmental 
conditions, the used treatment technology, the conditions during treatment, the performance of the 
treatment steps. In Table 2 the generic relevance of monitoring parameters for treatment technologies 
are indicated.  

Table 2  Relevant water quality parameters for different treatment steps / processes / technologies 
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Nitrification / 
denitrification 

+ - - + - - - - - - +/- + - + - +/- 

Coagulation & 
sedimentation 

+ - + + - - - - - - + - - + - - 

(UV) 
Disinfection 

- - - - + + + + + + + - + + - + 

Advanced 
oxidation 

- - - + + + - + + + + - + + +- + 

Soil/sediment 
passage 

+ + + + + + - + + + + + + + + + 

Sand filtration +/- - + +/- - - - - - - + + + + +/- + 
Microfiltration - - - +/- - - - - - - + - + + - - 
Nanofiltration  & 
RO 

+ - + + + + - + + + + - + + - - 

AC filtration + - + + + + - + + + + + + + +/- + 

Legend:  
1  treatment steps are clustered; 2 combustion byproducts such as PAHs are generally very hydrophobic, so they are easily removed by filtration 
techniques and soil or sediment passage, making monitoring of most of them less relevant for these treatment steps; 3 practically all treatment 
techniques affect the presence of microorganisms including pathogens; 4 biological stability indicators are mainly relevant in (filtration) techniques 
with biological activity; bioassays (for endocrine disruption) cover a wide array of bioactive chemicals, so this analysis is relevant for processes 
that potentially alter the chemical composition of the water through chemical and biological processes. Non-target approaches cover a wide array 
of chemicals, so this analysis is relevant for processes that potentially alter the chemical composition of the water through chemical and biological 
processes. 7 Antibiotic resistance indicators are of interest in treatment steps with high biological activity; 8 Transformation products can be formed 
in treatment techniques with high chemical reactivity (advanced oxidation) or biological activity (biological active filtration techniques and biore-
actors).  

Treatment steps can have multiple purposes. We can distinguish storage of water, removal of (organic) 
solids, removal of nutrients, removal of (dissolved) organic material, removal of microbial contamina-
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tion, changing pH, salt concentration, or ion composition or the removal of micro pollutants. Treat-
ment performance can depend on selection, combination, dimensioning of applied treatment tech-
niques, environmental conditions (e.g. temperature), properties of the raw or pre-treated water (e.g. 
TOC, DOC, pH, conductivity, BOD, COD) dynamics of the load of treated water, and the condition of 
the treatment techniques itself (e.g. treatment performance of especially filtration techniques change 
during use (with number of bed volumes) 6). 

A single treatment technique serves multiple purposes. Hence, the effect of a treatment technique is 
relevant for multiple classes of parameters. Especially “natural” treatment steps (e.g. bank filtration, 
constructed wetlands) or treatment techniques that involve natural processes such as biodegradation 
(e.g. sand filtration, active carbon filtration) cover many removal mechanisms and can therefore be 
relevant for many parameter classes.  

Water is generally treated by a combination of treatment techniques in a specific order. This is done 
because (1) a combination of mechanisms can improve water quality in different ways, (2) treatment 
steps can improve treatment performance of successive steps 7 or (3) scavenge unwanted contamina-
tion from previous steps 8. Furthermore, storage of water within treatment schemes can be very valu-
able in (1) balancing input and demands, (2) mute dynamics in water quality and (3) dodge contami-
nation peaks in time. Storage of water is often not considered an active treatment step. However, a 
detailed analysis of micro-pollutants before 5 month storage in a reservoir, after storage and after full 
treatment illustrated that generic removal during storage was similar to removal during advanced 
treatment technologies 9. This results illustrates the power of natural attenuation to remove (or trans-
form) micro-pollutants. River bank filtration or managed aquifer recharge also improve water quality 
in many ways, but the quantification is often complex. It requires advanced knowledge on hydrology 
because of mixed residence times, and additional mixing with groundwater from other sources with 
different water quality than infiltrated water. Grischek et al. (2002) highlighted groundwater flow be-
neath the river towards RBF wells in the Elbe river valley at Meissen, Germany, where that groundwa-
ter portion was polluted with nitrate of >100 mg/L. At the RBF site in Mockritz, Germany, high sulfate 
concentration in landside groundwater affected the pumped water quality and had to be controlled by 
specific mixing ratios of groundwater and bank filtrate (Grischek et al. 2000).  

The performance of a treatment scheme including natural and engineered components is defined by 
the combination, order and dimensions of treatment steps, in relation to quality and dynamics of the 
source water and environmental conditions.  

The separation of engineered and natural treatment is rather arbitrary. Some “natural” treatment such 
as constructed wetlands have a natural appearance and an engineered design. Furthermore, similar 
processes such as sorption and (bio)degradation occur in both “engineered” and the “natural” systems. 
There is an overarching difference between most natural and engineered treatment steps. Most engi-
neered steps focus on a single treatment process that is well defined, controllable and usually per-
formed in a rather short treatment time. Most natural processes include multiple treatment processes 
that are more difficult to control and have (much) longer treatment times. The benefit of combining 
natural and engineered techniques lie in these differences. Combining a diverse set of treatment steps 
of different nature enables to cover a broader spectrum of contaminants. Furthermore, engineered 
techniques with short residence times are less suitable to treat water with highly variable quality and 
properties. Proper treatment of water with high variation in quality requires online monitoring to 
timely adjust operation or over-dimensioning treatment systems to fulfill treatment requirements un-
der all water quality conditions. Since most natural treatment techniques have longer residence times, 
they are able to reduce water quality variation when they are applied as pre-treatment or primary 
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treatment, thereby enabling further (engineered) treatment to be more stable, easier to control and 
more effective. Bank filtration and (sub)surface storage of water fulfills this requirement. This is done 
at demonstration sites 1-9. Furthermore, natural systems are also applied as post-treatment, as a pol-
ishing step. Examples of such approaches are shown at demonstration sites 10-13.  

So theoretically, the combined techniques applied at the different demonstration sites enable more 
robust and effective treatment of water for its use. But how can the treatment performance and water 
quality be assessed? Figure 3 illustrates a water quality assessment framework for water treatment. It 
structures relevant information on treatment techniques, treatment conditions and associated water 
quality parameters in order to evaluate treatment efficiency, robustness and data processing for oper-
ation and performance assessment. 

 
Figure 3 Water quality assessment framework for treatment assessment 

2.4 Treated water assessment 

Water treatment can lead to the removal or addition/formation of chemical and microbial contamina-
tion and the transformation of chemicals into other chemicals. The removal, addition or formation of 
contaminants during treatment depends on presence of contaminants in source water, environmental 
conditions, the design and operation of the treatment technologies. This requires the integration of 
the source assessment and the treatment assessment. The final goal of water treatment is its safe use.  

The application of the treated water determines what parameters are of relevance since they can pose 
risks or affect receiving systems. The AquaNES project distinguishes (1) waste water treatment and 
combined sewer overflow for emission to surface water, (2) wastewater treatment for irrigation, (3) 
rain water treatment and storage for irrigation, (4) surface water for the production of drinking water, 
(5) bank filtrate (and groundwater) for drinking water. Table 3 indicates the relevant classes of param-
eters per use category.  
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Table 3  Relevance of water quality parameters per use category of treated water 
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WW and 
CSO 
effluent to 
SW 

+ - + + + +/
- 

+/- + + + + +/- + + + + 

WW 
effluent for 
irrigation 

+ - + + +/- +/
- 

+/- + + + + +/- - + + + 

RW for 
irrigation 

- - + + - - + + +/- - +/- - - + - - 

SW for 
DW  

- - + + + +/
- 

- + + + + + + + + + 

BF & GW 
for DW 

- + + + + + - + + + +/- +/- + + + + 

This overview is defined by the potential presence of certain parameters in water and the relevance for 
its use and not (necessarily) by regulatory frameworks. The table illustrates that practically all param-
eters are of relevance for wastewater since (municipal) wastewater contains many contaminants, and 
its emission to surface water or use for irrigation requires a certain water quality. The paragraph below 
discusses how all these water quality parameters before (Table 1) during (Table 2) and after treatment 
(Table 3) can be assessed and evaluated.  

2.5 Information requirements for a water quality assessment 

Proper water quality assessment and assessment of risks associated with the use of the water requires 
various activities that stretch further than monitoring only.  

1. Selection of relevant parameters  

Environmental waters can contain numerous pollutants, many of these chemicals. The large number 
of chemical pollutants challenges monitoring, water quality assessment and risk assessment 10. Vari-
ous approaches are available to track and prioritize emerging pollutants in certain compartments of 
the water cycle 9, 11-15. Source assessment (paragraph >>) can provide relevant contamination sources 
and classes of contaminants associated with the type of source at a given location and under given 
conditions. Treatment assessment (paragraph>>) can indicate the suitability of a treatment to cope 
with pollutants that are expected in the used source of water. 

2. Definition of relevant water quality criteria 
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The European Union has a defined set of water quality standards for various water types listed in the 
European Drinking Water Directive, the European Wastewater Directive, the Groundwater Directive 
etc (European Commission, 1991 #3144;European Commission, 1998 #1955;European Commission, 
2000 #1312;European Commission, 2003 #2495;European Commission, 2003 #2608;European 
Commission, 2006 #2250;European Commission, 2006 #2607;Union, 2006 #3185;Union, 2006 
#3186;European Commission, 2008 #2000;European Commission, 2010 #3143;Commision, 2015 
#3193). Also outside the European Union governmental organizations set water quality standards (see 
for example https://www.epa.gov/wqc). Non-governmental organizations such as the WHO set (non-
regulatory) water quality criteria 16-18. These quality standards enable water quality assessment for 
drinking water, irrigation water or effluents emitted to surface water 19, 20. However, many contami-
nants lack quality criteria, and not all criteria are health or risk based. For example, there are no reg-
ulatory criteria set for pharmaceuticals in the European drinking water Directive nor in the Water 
Framework Directive 16. This means that not all parameters that are considered relevant for a specific 
site, treatment or intended use can be properly evaluated. For chemicals lacking criteria, a generic 
threshold of toxicological concern (TTC) is developed for human health risks. This threshold is based 
on a statistical approach where the distribution of effect based water quality criteria of a large training 
set is used to define the 5th percentile of distribution of safe exposure levels, assuming the same dis-
tribution for chemicals with and without a criteria 21-23. The TTC can distinguish chemicals with endo-
crine effects and mutagenic or genotoxic effects (threshold 0.01 µg/L) from all “other” chemicals (0,1 
µg/L) 23. The exceedance of this TTC does mean that a human health effects cannot be excluded and 
additional information is required.  

3. Methods to analyze or estimate these parameters / conditions 

Not all relevant chemical and microbial parameters can be monitored at required frequencies for tech-
nical and practical reasons. Consequently, monitoring the treated water in order to assess water qual-
ity and potential risks is not always feasible. 

Chemical water quality can be assessed by: 

– Evaluation of sources, hydrology, properties and associated environmental fate of chemicals 
of interest in sources and treatment 5, 24 25, 26-30 31. 

– prioritization of relevant / indicator parameters to optimize output of monitoring (11, 32) 
– Using reference data / literature data from demonstration sites 7, 33 
– Use innovative integrative monitoring approaches such as effect based monitoring and non-

target screening 34-37. (see section “innovative techniques for water quality assessment” for 
more detail) 

Microbial water quality is often assessed by: 

– evaluation of detectable concentrations in sources and estimations of removal rates  
– estimation of concentrations or removal based on literature data on concentrations and or 

removal efficiencies 17, 38-44 (Quantitative Microbial Risk Assessment17, 40, 43). 
– innovative monitoring approaches such as the analysis of specific DNA fragments or proteins 

to determine the presence of pathogens or indicate for their potential presence, or specific 
genes, for example, antibiotic resistance, that is considered to pose a human health threat 45. 

The general concept of the “Water quality assessment framework” derived from the principles de-
scribed above is shown in Figure 4. 
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Figure 4 Water Quality Assessment Framework 

2.6 Innovative techniques for water quality assessment  

Chemical and microbial water quality assessment tools are developed at a high pace. While the ad-
vantages of innovative techniques are evident, water quality is generally assessed for a limited set of 
individual parameters using classic tools and methods. Innovative techniques can cover a wider array 
of contaminants, can be more sensitive, can enable faster detection and can integrate contamination 
and effects of complex mixtures. The limited set of individual regulated chemical water quality param-
eters might draw an incomplete picture of water quality and treatment performance. For example, 
most micro-pollutants under regulatory frameworks are parent compounds, when these parent com-
pounds are transformed to other compounds, they are out of sight and control of regulatory frame-
works, while persistent transformation products can be relevant in both in amount and potential effect 
46. Furthermore, persistent mobile (very polar) organic chemicals (PMOC) 47 are often ignored in mon-
itoring and regulation, as these compounds are not well covered by current preparation and separation 
techniques, while their mobile and persistent nature makes them very hard to remove from water 48. 
Additionally, environmental and human health effects and risks are not caused by individual chemi-
cals but by the composition of the complex mixture. Bioassays allow to study toxic effects of complex 
mixtures for specific endpoints. Microorganism loads in water sources can have a very dynamic char-
acter, as some emissions are erratic and can be associated with rain events or local contamination. 
This requires frequent and event specific monitoring and fast detection. Classic plating techniques 
require days to obtain results and are labor intensive. They might not provide the speed and efficiency 
needed. Innovative microbial sensors can provide the required speed and efficiency and can be used 
as a first tier microbial water quality assessment tool. 

Standard water quality parameters also might not sufficiently fulfill water quality monitoring with 
complex treatment systems and trains that hold combined natural and engineered treatment steps. 
For example, natural open systems risk microbial contamination, and therefore require robust micro-
bial monitoring. Some examples of innovative water quality assessment tools, that might enable better 
water quality assessment in treatment with combined natural and engineered treatment steps are de-
scribed below. 
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Integrated approaches – non target and suspect screening: Non-targeted chemical approaches ana-
lyze integrate responses of complex mixtures by scanning for all chemicals that can be isolated, sepa-
rated and detected by available techniques. Such approach covers a far wider array of chemicals com-
pared to targeted approaches. Starting from a suspect list of chemicals is also used more and more. 
Ongoing and future work on targeted databases and standardizations is expected to improve the use 
and implementation of these techniques 36, 49-51. Non target approaches are most relevant for screening 
purposes in a research setting allowing substances to emerge, while suspect screening methods can be 
applied as a monitoring setting for water quality control.  

Integrated approaches - Effect based monitoring: Biological effects of environmental complex mix-
tures can be monitored by a suite of bioassays such as isolated receptors, cells, biological tissues, whole 
organisms or ecosystems for very specific to very generic effect endpoints. The advantage is that such 
approaches cover a wider array of chemicals and outputs can be linked to biological effects 52. However, 
the selection of (various) bioassays is crucial to cover relevant endpoints, and trigger values of such 
bioassays are still often lacking 14, 53, 54. 

Microbial sensors – Microbial contamination can be detected by several sensors based on the detec-
tion of unique DNA fragments or proteins of for example fecal bacteria such as E. coli 
(http://www.microlan.nl/). This enables continuous online or at line detection of microbial contam-
ination and can function as an early warning system.  

qPCR techniques – qPCR techniques enable to copy and identify specific DNA or RNA fragments of 
interest. This can be the presence of certain species for ecological profiling or the presence of antimi-
crobial resistance genes within and (environmental) microbial community. Such indicators enable to 
assess the ecological water quality and the effects of antimicrobial pressure on the water system, re-
spectively. Antimicrobial resistance is a human health threat, and risks are clear in medical and veter-
inary settings 55. However, the health risk of anti-microbial resistance in the water cycle is still unclear, 
as transfer of these genes from environmental microorganisms to pathogens and the exposure of hu-
mans via this route is largely unknown. Therefore the WHO advices to keep the number of ARGs in 
the environment as low as reasonably achievable. A further increase of resistance genes in the urban 
water cycle is therefore unwanted 56 57, 58 55. 

Room is now given in the European Drinking Water Directive to develop a risk based monitoring pro-
gram 59. Customizing monitoring gives the freedom to exclude irrelevant parameters and apply alter-
native tools, but requires an evaluation of the output of these tools 60.  

Requirements for acceptance and application are (1) the definition of health/risk based trigger values 
in order to evaluate samples and (2) collection of reference data on water types. Furthermore, and 
removal efficiencies of treatment systems enable comparison and prediction of treatment efficiencies 
61. 
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3 Preliminary implementation of the WQAF 
3.1 Water quality assessment framework 

Technical and financial limitations normally prevent monitoring all (relevant) parameters with suffi-
cient sensitivity at relevant frequencies. The current monitoring activities at the 13 demonstration sites 
are described in the AquaNES milestone report MS10. In short, this report and related data-file the 
treatment systems are summarized and the parameters that are monitored are given. The monitoring 
programs for the sites are rather diverse. 

Efficient water quality assessment requires optimization of monitoring and application of other forms 
of information such as characterization of potential contamination in source water and evaluation of 
treatment robustness. The water quality assessment framework presented provides the ingredients to 
optimize and customize water quality assessment of treatment schemes. The paragraphs below de-
scribe some of the challenges of monitoring (data collection) and prerequisites to use this information 
for water quality assessment. 

Selection of relevant emerging (chemical) contaminants. Both the number and volumes of synthetic 
chemicals that are globally produced and in use increase quickly, which during the production, use 
and waste phase can find their way to the aqueous environment 62. Worldwide over 348.000 organic 
chemicals are produced 63, approximately 70.000 are registered for commercial application in Europe 
64 and around 11.000 are produced or used in volumes over 100 tons per annum (TPA) in the European 
Union 65. Most of these chemicals are not (regularly) monitored while they can potentially enter the 
water cycle during their production use and waste stage. Furthermore many of these chemicals can be 
transformed during use or after emission 46, 66. Chemicals legislation such as REACH (Registration, 
Evaluation, Authorization and restriction of Chemicals) 67, the Authorization of Plant Protection Prod-
ucts Regulation (1107/2009/EC), the Cosmetics Regulation (1223/2009/EC), the Chemicals Agents 
Directive (98/24/EC), the Biocidal Product Regulation (528/2012/EC), and the Pharmaceutical Di-
rective (2001/83/EC) are instrumental in safeguarding, production, formulation, use, service life and 
disposal of chemicals in the European Union. Information on production, use and properties of chem-
icals registered under various regulations can guide selection of relevant chemical contaminants for 
monitoring in specific sources and for specific uses.  

3.2 Regulatory water quality criteria 

Table 4 to Table 9 list water quality criteria and monitoring requirements for wastewater effluent, 
water for reuse as irrigation and groundwater recharge and drinking water. Since the different regula-
tory frameworks are define criteria for its use, this does not enable the evaluation of the treatment 
efficiency of and robustness of the applied treatment techniques. For further water quality assessment 
and assessment of treatment efficiency or risk assessment, other parameter classes are proposed along 
the treatment train in section 4.4. 

The application of the treated water determines what parameters are of relevance since they can pose 
risks or affect receiving systems. The AquaNES project distinguishes: 

– wastewater treatment and combined sewer overflow for emission to surface water  
– wastewater treatment for irrigation 
– rain water treatment and storage for irrigation 
– surface water for the production of drinking water 
– bank filtrate (and groundwater) for the production of drinking water 
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In order to determine relevant parameters for assessment of water quality, an overview was made on 
European guidelines and/or regulations that are available and may apply. In the following, infor-
mation available from guidelines and regulations are organized according to the following themes: 

– Wastewater treatment for emission to surface water 
– Wastewater treatment (including run-off rain water) for irrigation 
– Surface water and bank filtrate (and groundwater) for the production of drinking water 

3.2.1 Wastewater treatment for emission to surface water 

For wastewater treatment the source of wastewater considered here is the wastewater covered by the 
Urban Waste Water Treatment Directive (UWWTD; 91/271/EEC). Urban wastewater is defined as do-
mestic wastewater or the mixture of domestic wastewater with industrial wastewater and/or run-off 
rain water.  

Requirements for discharges from urban waste water treatment plants to surface water have been de-
fined for Biochemical Oxygen Demand (BOD5), Chemical Oxygen Demand (COD) and total suspended 
solids. For discharges to sensitive areas which are subject to eutrophication requirements for dis-
charges have been defined for phosphorus and nitrogen. These requirements are presented in Table 
4. The UWWTD does not include requirements for microbiological parameters and other chemical 
parameters. 

Table 4  Requirements for discharges from urban waste water treatment plants as described in UWWTD. 
Tables modified from Table 1 and Table 2 as presented in Annex I of the UWWTD. Requirements regarding 
total phosphorus and total nitrogen only apply to discharges to sensitive areas which are subject to eu-
trophication. For more details, see UWWTD (91/271/EEC) 

Parameter Concentration Minimum percentage of reduction 

Biochemical Oxygen Demand (BOD5 
at 20 °C) without nitrification 

≤ 25 mg O2/L  70-90 

Chemical Oxygen Demand (COD) ≤ 125 mg O2/L  75 
Total suspended solids ≤ 35 mg/L 90 
Total phosphorus ≤ 1 mg/L 80 
Total nitrogen ≤ 10 mg/L 70-80 

 

3.2.2 Wastewater treatment (including run-off rain water) for irrigation 

For wastewater treatment the only source of wastewater considered here is the wastewater covered by 
the UWWTD (91/271/EEC). Urban wastewater is defined as domestic wastewater or the mixture of 
domestic wastewater with industrial wastewater and/or run-off rain water. 

There are no guidelines or regulations at the European Union (EU) level regarding (waste)water reuse, 
such as for irrigation. Recently, the Joint Research Centre (JRC) has published a report with proposed 
minimum quality requirements for water reuse in agricultural irrigation. This includes parameter val-
ues for microbiological parameters and parameters for Biochemical Oxygen Demand (BOD5), Chem-
ical Oxygen Demand (COD) and total suspended solids, but lacks chemical parameters for single com-
pounds. 

Four quality water classes (A, B, C and D) have been defined for which criteria for reclaimed water for 
agricultural irrigation were proposed. For different crop categories the JRC proposed which water 
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classes can be used in combination with which irrigation methods (JRC, 2017). This information is 
summarized in Table 5. 

Table 5 Classes of reclaimed water quality with the associated agricultural use and irrigation methods ap-
plied. Table modified from JRC (2017) 

Crop category Minimum reclaimed 
water quality class 

Irrigation method 

All food crops, including root crops consumed raw and 
food crops where the edible portion is in direct contact 
with reclaimed water. 

Class A All irrigation 
methods allowed 

Food crops consumed raw where the edible portion is 
produced above ground and is not in direct contact 
with reclaimed water. 
Processed food crops. 
Non-food crops including crops to feed milk-or meat-
producing animals. 

Class B 
 
 

All irrigation 
methods allowed 

Class C 
 
 

Drip irrigation only 

Industrial, energy, and seeded crops. Class D All irrigation 
methods allowed 

The proposed quality criteria for these 4 reclaimed water classes for agricultural irrigation are pre-
sented in Table 6 (JRC, 2017).  

Table 6 Reclaimed water quality criteria for agricultural monitoring as proposed by JRC (2017).  
Table modified from JRC (2017). Table A mentions refer to Table 5 of this document 

Reclaimed 
water quality 
class 

E. coli 
(cfu/100 mL) 

BOD5 
(mg/L) 

TSS  
(mg/L) 

Turbidity 
(NTU) 

Additional criteria 

Class A ≤ 10  
or below 
detection limit 

≤ 10 ≤ 10 ≤ 5 Legionella spp.:  
≤ 1 000 cfu/L when 
there is risk to 
aerosolization. 
 
Intestinal 
nematodes 
(helminth eggs):  
≤ 1 egg/L when 
irrigation of 
pastures or fodder 
for livestock. 

Class B ≤ 100 According to 
UWWTD 
(see Table A) 

According to 
UWWTD (see 
Table A) 

- 

Class C ≤ 1 000 According to 
UWWTD 
(see Table A) 

According to 
UWWTD (see 
Table A) 

- 

Class D ≤ 10 000 According to 
UWWTD 
(see Table A) 

According to 
UWWTD (see 
Table A) 

- 

Regarding chemical parameters, the JRC suggests that maximum concentrations in soils for a set of 
organic and inorganic chemicals as set by the WHO for soils (WHO, 2006) may be taken as a guidance 
if no updated scientific data are available. The JRC report indicates that the use of reclaimed water for 
irrigation may introduce toxic chemical compounds into soils, and pollutants accumulated in the soils 
may subsequently be taken up by crops and pose health risks to humans and animals. It indicates that 
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especially heavy metals may require specific attention, but also that comtaminats of emerging concern 
(CECs) should get attention.  

3.2.3 Surface water and bank filtrate (and groundwater) for the production of drinking water 

The Drinking Water Directive (98/83/EC) concerns the quality of water intended for human con-
sumption. Requirements for a series of microbiological, chemical and indicator parameters have been 
defined (Table 7, Table 8, Table 9). Member States of the European Union can include additional sub-
stances, or set higher standards, when translating the Drinking Water Directive into own national leg-
islation. 

Table 7 Microbiological parameters as defined in the European Drink Water Directive (98/83/EC) 

Parameter Parametric value 
Escherichia coli (E. coli) 0/100 mL 
Enterococci 0/100 mL 
For water for sale in bottles or containers 
Parameter Parametric value 
Escherichia coli (E. coli) 0/250 mL 
Enterococci 0/250 mL 
Pseudomonas aeruginosa 0/250 mL 
Colony count 22 °C ≤ 100/mL 
Colony count 37 °C ≤ 20/mL 

 

Table 8 Chemical parameters as defined in the European Drink Water Directive (98/83/EC) 

Parameter Parametric value 
Acrylamide ≤ 0.10 µg/L 
Antomony ≤ 5.0 µg/L 
Arsenic ≤ 10 µg/L 
Benzene ≤ 1.0 µg/L 
Benzo(a)pyrene ≤ 0.010 µg/L 
Boron ≤ 1.0 mg/L 
Bromate ≤ 10 µg/L 
Cadmium ≤ 5.0 µg/L 
Chromium ≤ 50 µg/L 
Copper ≤ 2.0 mg/L 
Cyanide ≤ 50 µg/L 
1,2-dichloroethane ≤ 3.0 µg/L 
Epichlorohydrin ≤ 0.10 µg/L 
Fluoride ≤ 1.5 mg/L 
Lead ≤ 10 µg/L 
Mercury ≤ 1.0 µg/L 
Nickel ≤ 20 µg/L 
Nitrate ≤ 50 mg/L 
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Nitrite ≤ 0.50 mg/L 
Pesticides ≤0.10 µg/L 
Pecticides - Total ≤ 0.50 µg/L 
Polycyclic aromatic hydrocarbons ≤ 0.10 µg/L 
Selenium ≤ 10 µg/L 
Tetrachloroethene and trichlororethene ≤ 10 µg/L 
Trihalomethanes - Total ≤ 100 µg/L 
Vinyl chloride ≤ 0.50 µg/L 

 

Table 9 Indicator parameters as defined in the European Drink Water Directive (98/83/EC) 

Parameter Parametric value 
Aluminium ≤ 200 µg/L 
Ammonium ≤ 0.50 mg/L 
Chloride ≤ 250 mg/L 
Clostridium perfringens (including spores) 0/100 mL 
Colour Acceptable to consumers and no abnormal change 
Conductivity ≤ 2500 µS/cm at 20 °C 
Hydrogen ion concentration pH between 6.5 and 9.5 
Iron ≤ 200 µg/L 
Manganese ≤ 50  µg/L 
Odour Acceptable to consumers and no abnormal change 
Oxidisability ≤ 5.0 mg/L O2 
Sulphate ≤ 250 mg/L 
Sodium ≤ 200 mg/L 
Taste Acceptable to consumers and no abnormal change 
Colony count 22 °C No abnormal change 
Coliform bacteria ≤ 0/100 mL 
Total organic carbon (TOC) No abnormal change 
Turbidity Acceptable to consumers and no abnormal change 

 

3.2.4 Evaluation of regulatory water quality criteria  

It is obvious that the requirements for wastewater treatment for emission to surface water and the 
requirements that have been proposed for wastewater treatment for irrigation largely differ from the 
requirements that have been defined for drinking water. Further, it is interesting to note that the re-
quirements for wastewater treatment for emission to surface water and the proposed requirements for 
wastewater treatment for irrigation, include values for a minimum percentage of reduction of the 
BOD5, COD and total suspended solids (and total phosphorus and total nitrogen for discharges to 
sensitive areas which are subject to eutrophication). This indicates that besides measurements of the 
effluent of the waste water treatment plant, time-matched measurements of the influent are needed 
in order to determine this percentage of reduction. For drinking water, the European Drink Water 
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Directive’s drinking water quality requirements only apply to the final product (drinking water). How-
ever, individual member states may have their own legislation with specific requirements for the water 
source that is used for the production of drinking water. 

3.3 Optimizing quality of monitoring and data interpretation 

3.3.1 Optimization of monitoring  

Parameters can be selected based on known emissions, hydrology (origin of water, volumes, dilution, 
dynamics), system characteristics, parameter characteristics (mobility, persistence, volatility), availa-
ble water quality data of system or similar systems from literature 11, 15, 47, 68 and legal requirements. 
The advantage of such parameters is their known source and emission and expected relevance. How-
ever, this approach is likely biased towards parameters that already have a large knowledge base, while 
other relevant but hardly studied or regulated parameters are omitted 69. Information on production 
use and properties, as described above, can support the emergence of relevant contaminants. Further-
more, innovative techniques described in section 3.2 enable new chemicals and microbial contamina-
tion to emerge. Health/risk based guideline values or trigger values are required to evaluate whether 
these emerging chemicals and microbes pose a risk. 

One should be aware of difficulties in monitoring specific parameters. For example, volatile or light 
sensitive parameters require specific sampling and storage procedures. While the use of specific ma-
terials and solvents should be avoided specific parameters as they might lead to losses or contamina-
tions (e.g. metal equipment, plastic equipment and tubing, detergents used for cleaning equipment, 
extraction materials, solvents and salts added for storage and analysis, etc.). One should always be 
aware of materials and procedures that can compromise samples and sampling. 

3.3.2 Evaluation of treatment robustness 

One can experimentally determine water quality of raw and treated water by monitoring parameters 
of interest, experimentally determine operational parameters that indicate treatment performance, 
and/or theoretically assess the robustness of a treatment train by using removal rates of treatment 
steps from literature (see https://www.watershare.eu/tool/abates/ 40). In all cases, the treated water 
quality or values of (indicative) parameters are compared to regulatory water quality criteria 17, 19, 20, 

70-74 or provisional guideline values 16, 23, 75-78. A recent inventory illustrated that removal rates lack 
standardization in experimental conditions resulting in a large variation of experimental removal rates 
and thereby lack large margins of uncertainty 61. Furthermore, parameters derived in batch lab exper-
iments are not always representative of long-term continuous operation of wastewater and drinking 
water treatment plants, and treatment assessment often focuses on the reduction of (chemical) pollu-
tants without distinguishing between removal and transformation. Transformation products of sub-
stances that occur in sources are of special relevance when disinfection and oxidative techniques such 
as ozone treatment UV, UV-H2O2 and chlorination are applied in the treatment train. Also treatment 
techniques with high biological activity such as conventional activated sludge treatment and natural 
treatment steps such as constructed wetlands and passage of soil can lead to the formation of trans-
formation products. The assessment of transformation product is challenging, since the transfor-
mation products formed are diverse and information is scarce. However, examples can be found in 
literature. Appendix 1 gives an overview of relevant transformation products of various classes of or-
ganic substances from literature.  
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3.3.3 Data quality and representativeness 

Analysis of water quality parameters can be compromised by sampling, sample treatment and analy-
sis. Variable concentrations of parameters due to dynamic concentrations in sources or treatment per-
formance (e.g. microorganism blooms, seasonal or event specific emissions) require frequent or time 
integrated sampling, and knowledge on emission patterns and hydrology 79, 80. Sample treatment and 
analysis should also be sufficiently sensitive to determine the parameters of interest at relevant levels. 
Sample treatment and analysis should not introduce contamination (by contaminated solvents, equip-
ment, or accidental contamination) or lead to the loss of parameters of interest (by evaporation, poor 
extraction recovery of analytical issues). Blanks, correct sample handling and multiple analysis pre-
vent misinterpretation of results of analysis.  

3.3.4 Components of water quality assessment 

Water quality assessment at a specific site consists of system analysis, determining potential pollu-
tants, evaluating reference sites and data, design monitoring program (what to monitor when and 
where), and evaluating results. In the following paragraphs, a preliminary assessment of a selection of 
demonstration sites is presented. Whether the required data can be obtained, will in the end be a mat-
ter of available resources.  

 

3.4 Water quality assessment framework applied to selected demonstration sites 

Demonstration sites have a suite of sources, treatment technologies and uses (see MS 10). Three sites 
were selected for a preliminary assessment. The sites represent treatment schemes from work package 
1, 2 and 3, being riverbank filtration (Site 1), managed aquifer recharge for drinking water production 
(Site 6) and a constructed wetland concept for raw wastewater (Site 10a) treatment. 

3.4.1 Preliminary assessment of AquaNES Demonstration Site 1  

At Site 1 (Berlin) drinking water is produced from bank filtrate and (recharged) groundwater. The 
treatment scheme for the demonstration site is depicted Figure 5. 

  

Figure 5 Simplified treatment scheme of site 1 - Water quality can be assessed after each step 

3.4.1.1 Source assessment 

Site 1 is a low land area that consist of rivers and lakes. The catchment of the Havel river catchment, 
with the Spree as a main contributory, holds a population of 4-5 million people and contains agricul-
tural land and industrial activities and many lakes. The average discharge of the river is rather low for 
the size of its catchment (average 38 m3 from the Havel and 15 m2 from the Spree at the point in Berlin 
where the two rivers merge) because of the rather low annual precipitation in this region (500-600 
mm/y). The contribution of the Spree is reduced during the last decades. This is a result of the aban-
doning of lignite mining upstream of Berlin leading to a reduction of so-called “sump water” extracted 
from the mining areas. The low discharge provides limited dilution for wastewater streams from the 
population of Berlin and surroundings. The water collected for drinking water production mainly con-
sist of bank filtrate. The residence time of the bank filtrate varies from a month to years. The bank 

Source: 
Surface water

Treatment step 1: 
bank filtration

Treatment step 2: 
nanofiltration

Use: 
Drinking water



 

  18 

filtrate that is extracted is generally a mixture of water with different residence times in the under-
ground. 

Water quality parameters for surface water and bank filtrate are separated since the first can provide 
relevant information on pollutants that might reach latter in due time, and enable to determine treat-
ment efficiency of bank filtration.   

3.4.1.2 Treatment assessment 

At demonstration site 1 pilot plant, drinking water is produced from bank filtrate that is further puri-
fied by nanofiltration. The treatment efficiency of bank filtration for microorganisms and micro pol-
lutants is dependent on the soil material, the conditions and the residence time of the water in the 
riverbank. Characterization of the hydrology is relevant for the assessment of relevant parameters. 
Extracted bank filtrate from a single site is composed of water with different ages (i.e. residence times 
in the bank). The water with the shortest retention time largely determines the load of microorgan-
isms. Micro pollutants can be retarded by sorption to the soil, or transformed into other substances 81, 

82. As a consequence the composition of the micro pollutants in extracted river bank filtrate are a mix-
ture of substances that were emitted recently and substances that were emitted years or decades ago. 
Typically, polar persistent neutral and negatively charged molecules (e.g. carbamazepine, sulfameth-
oxazole, diatrizoic acid, EDTA), pass a riverbank while more hydrophobic substances and positively 
charged substances (the latter depending on cation exchange capacity, pH and presence of other cati-
ons) are retained (e.g. PAHs, metformin, (heavy) metals 83). Hydrology and retardation can lead to the 
observation of obsolete substances that are hardly found in surface waters any more (e.g. phenazone 
and its transformation products 84 85). Banning or changing use of substances will therefore have a 
delayed effect on the composition of river bank filtrate. Nanofiltration separates water from larger 
molecules and charged molecules. Consequently, substances that are small and polar and are not elec-
trostatically rejected by the membrane are most likely to pass nanofiltration membranes 86. 

3.4.1.3 Monitoring parameters 

Water quality standards for drinking water are listed in Paragraph 4.2. However, monitoring micro-
organisms is most relevant in sources, as limits of quantification are generally insufficient for analysis 
meeting water quality standards in produced drinking water.  

Considering treatment and source characteristics, chemical monitoring should be directed towards 
polar neutral and negative substances that are rather persistent, and able to pass the treatment barri-
ers 47, 48. This can be both substances that are commonly found in wastewater effluents such as phar-
maceuticals, personal care products that are used in households as well as a selection of industrial 
chemicals and pesticides that are related to industrial activities and agriculture in the region, respec-
tively. For example, parameters associated with lignite mining including indirect effects such as metal 
mobilization due to acidification as a result of pyrite oxidation might be relevant. Monitoring efforts 
can be reduced by finding indicator parameters for specific sources and emission routes (e.g. an indi-
cator pharmaceutical or artificial sweetener for municipal wastewater, a pesticide for agricultural ac-
tivities, and a microbial indicator for fecal contamination). Indicator parameters need to be validated 
from time to time since emission patterns and routes can change with time. When parameters are 
specifically selected to study treatment performance, one should design the sampling scheme in such 
a way that samples before and after treatment can be related. Furthermore, relevant (environmental) 
conditions should be covered in order to assess the robustness of the treatment performance.  
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The water quality of river surface water is dynamic, however the long residence in the riverbank allows 
mixing. Monitoring frequency of bank filtrate can be adapted to the hydraulic retention time of the 
bank filtration system. 

Table 10 Relevant water quality parameters for monitoring besides legal monitoring requirements 
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Legend: 1 for regrowth potential, 2 for relevant transformation and speciation processes in the underground, 4 for assessing treatment efficiency, 
5 bank filtrate is known to hold environmental transformation products of (sometimes obsolete) substances, 6 chlorination can lead to disinfection 
byproducts, 7 not a specific interest for this demonstration site. 8 macro parameters indication age and source of bank filtrate can affect extraction 
and mixing of water from different wells in well fields (temperature, macro chemical composition), 9 parameters indication membrane integrity 
and performance (e.g. Pressure), 10 parameters indication flow and demand. 

 

3.4.2 Preliminary assessment of AquaNES Demonstration Site 6  

At Site 6 (Basel) drinking water is produced from surface water that is pretreated with UV &H2O2 and 
subsequently filtered by the ground (MAR/SAT). The treatment scheme for the demonstration site is 
depicted in Figure 6. 
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Figure 6 Simplified treatment scheme of site 6 - water quality can be assessed after each step 

3.4.2.1 Source assessment 

Site 6 is situated at the foothills of the Alps in the catchment of the Rhine river. This catchment up-
stream of Basel holds over 5 million people, mostly from Switzerland. The average discharge of the 
river Rhine at Basel is around 900 m3/s. therefore the percentage of treated wastewater from indus-
tries and municipal wastewater effluent is lower than in the lower stretches of the river Rhine 87 and 
many low land rain fed rivers in Europe. The relatively high discharge provides dilution for wastewater 
upstream from Basel. However, the mountain landscape can lead to surface run off that can lead to 
high turbidity, organics during heavy rain events or snow melt.  

Table 11 shows relevant water quality parameters for the surface water that provides can provide rele-
vant information on pollutants and materials that can affect treatment performance. 

Table 11 Relevant water quality parameters for monitoring besides legal requirements 
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Legend: 1 for regrowth potential, 2 for relevant transformation and speciation processes in the underground, 3  UV-H2O2 can lead to transformation 
products, 4 for assessing treatment efficiency, 5 soil passage is known to hold environmental transformation products of (sometimes obsolete) 
substances, 6 chlorination can lead to disinfection byproducts, 7 not a specific interest for this demonstration site. 8 parameters indicating perfor-
mance (oxidation potential, free radicals, turbidity) 9 parameters indication soil condition (pH, conductivity, temperature), 10 parameters indication 
flow and demand. 

Source: 
Surface water

Treatment step 1: 
UV-H2O2

Treatment step 2: 
MAR/SAT

Use: 
Drinking water
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3.4.2.2 Treatment assessment 

At demonstration site 6, drinking water is produced from surface water that is pre-treated sand filtra-
tion and then with UV-H2O2 for disinfection and break down of micro-contaminants. The formation 
of transformation products is largely dependent by the dosage of light and H2O2 in relation to the 
properties of the source water. When turbidity and suspended solids and dissolved organic materials 
rise, more light and H2O2 is needed to obtain the same performance.  

The treated water is subsequently infiltrated in the soil and extracted after an average residence time 
of several months (in the full scale system, residence time in the pilot set-up is shorter). The UV- H2O2 
leads to microorganism removal and transformation of micro contaminants and organic matter. The 
MAR/SAT enables to dilute peak emissions (due to accidents, spills or heavy rain events), remove 
microorganisms and either sorb or transform micro-contaminants. Substances that are difficult to ox-
idize and insensitive to UV light pass UV-H2O2 treatment 88, furthermore this treatment step gener-
ates transformation products from micro contaminants as well as organic matter present in the source 
water 89. Polar persistent neutral and negatively charged molecules potentially pass the soil while pos-
itively charged substances (the latter depending on cation exchange capacity, pH and presence of other 
cations) can be retained.  

3.4.2.3 Monitoring parameters 

Water quality standards for drinking water are listed in Paragraph 4.2. Monitoring microorganisms is 
most relevant in sources, as limits of quantification are generally insufficient for analysis of water 
quality standards in produced drinking water, there are however legal requirements to monitor (indi-
cator) microorganisms in drinking water.  

Considering treatment and source characteristics, chemical monitoring should be directed towards 
transformation products of UV-H2O2 treatment and polar neutral and negative substances that are 
rather persistent, and able to pass soil 47, 48. This can be substances that are commonly found in 
wastewater effluents such as pharmaceuticals, personal care products that are used in households as 
well as a selection of industrial chemicals and pesticides that are related to industrial activities and 
agriculture in the region. Since the site is situated at the foothills of the Alps, one should perform event 
specific monitoring on source quality and treatment performance associated with heavy rain event 
(surface run off, and snow melt, as this can both lead to large emissions of certain pollutants (pesti-
cides, and fecal microbes and can compromise the UV-H2O2 treatment by light and radical scavenging 
of DOC/turbidity. 

3.4.3 Preliminary assessment of AquaNES Demonstration Site 10a 

At Site 10a (Thirasia) raw wastewater is treated by photocatalytic treatment using natural light, a con-
structed wetland and chlorination for disinfection. The treated water is intended to be used for irriga-
tion of public space/ groundwater recharge. The treatment scheme for the demonstration site is de-
picted in Figure 7. 

  
Figure 7 Simplified treatment scheme of site 10A - Water quality can be assessed after each step 

Source: 
raw wastewater

Treatment step 
0: 

sedimentation

Treatment step 
1: 

photocatalysis 

Treatment step 
2: 

CW

Treatment step  
3: 

Chlorine

Use: 
irrigation / GW 

recharge
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3.4.3.1 Source assessment 

Site 10a is situated at Thirasia Island (Greece) in the Aegean Sea. The treatment is fed with raw 
wastewater from inhabitants and tourists. The population on the island is very small ~200, but in 
tourist season the number of inhabitants increase almost tenfold. Currently, only a small part of the 
island population and tourist venues bring their wastewater to the treatment plant, but it is intended 
that these numbers increase. The transport by trucks and the seasonal differences in volumes of 
wastewater is a challenge for the treatment system and require specific wastewater and treatment 
management. 

Table 12 shows relevant water quality parameters for the surface water and relevant information on 
pollutants and materials that can affect treatment performance.   

Table 12 Relevant water quality parameters for monitoring besides legal requirements 
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Legend: 1 for regrowth potential, 2 for relevant transformation and speciation processes in the underground, 3  Photocatalysis can lead to trans-
formation products, 4 for assessing treatment efficiency, 5 Constructed wetlands can lead to environmental transformation products, 6 chlorination 
can lead to disinfection byproducts, 7 not a specific interest for this demonstration site. 8 parameters indicating performance (oxidation potential, 
natural illumination, temperature) 9 parameters indication CW condition (pH, conductivity, temperature), 10 chlorine levels, 11 parameters indication 
flow and demand. 12 dynamic flows and conditions make continuous monitoring valuable. 

3.4.3.2 Treatment assessment 

At demonstration site 10a, wastewater is collected, and after sedimentation, photocatalytic reactors 
with natural sunlight and TiO2 surfaces provide oxidation of organic material micro contaminants and 
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removal of microbes. Subsequently, the water is lead over an horizontal constructed wetland in order 
to remove nutrients before it is collected and chlorinated for further disinfection. Since fresh water is 
scarce on these islands, the intended use of the water is irrigation and groundwater recharge. The main 
purpose of the treatment is to remove microbial contamination for reuse.  

The catalytic oxidation leads to disinfection and can also lead to transformation of micro contaminants 
and organic matter. Further treatment in constructed wetlands enable to remove nutrients and trans-
form or assimilate organic matter. Finally, chlorination disinfects the water further and can also lead 
to disinfection by-products.  

3.4.3.3 Monitoring parameters 

Suggested European minimum water quality standards for irrigation and groundwater recharge water 
are listed in Table 5 and Table 6. The actual Greek limit values are summarized in a paper by 
Paranychianakis et al.1. Monitoring microorganisms (or its indicators) is very relevant as reuse for 
irrigation or groundwater recharge indirectly can lead to exposure of humans.  

Considering treatment and source characteristics and intended use, monitoring should be directed 
towards microbial water quality parameters, besides legal requirements set for the treated water, it is 
relevant to monitor treatment efficiencies in order to provide valuable information on treatment effi-
ciency of the different components and the total treatment scheme of this demonstration site. Specific 
attention should be drawn towards dynamics in flow over the seasons and the batch wise loading (by 
trucks), as well as the seasonal and diurnal treatment efficiencies of especially the photo catalysis 
driven by natural light and seasonal effects on the constructed wetland. Chemicals such as pharma-
ceuticals and household products are of special interest since the wastewater is largely from domestic 
origin. The treatment steps can lead to the transformation of organic micro pollutants, so evaluation 
of transformation products might also be of interest. 

Raw wastewater influent collected from a small touristic island by trucks is very variable in composi-
tion and its load. Monitoring should take into account these dynamics. This strongly advocates for 
(near) continuous monitoring of the most relevant microbial parameters. Alternatively, or for other 
parameters event specific monitoring can be applied to define various influent quality and quantity 
conditions under various environmental (temperature, sun light intensity) conditions to define the 
treatment efficiency under all relevant conditions.    

3.5 The water quality assessment framework and its use for Water Safety Planning 

The water quality assessment framework guides the user towards the collection of relevant infor-
mation to assess the water quality. This stretches further than water quality criteria set by legal frame-
works. It consist of data from monitoring, but also relevant reference data from other (similar systems) 
and non-regulatory water quality criteria or guidelines. It covers information on sources, treatment 
and produced water as well as relevant quality criteria to interpret these data. This information enables 
to perform a risk assessment of the treatment system and product that is produced for its intended 
use. Furthermore, the reference data on treatment systems and system dynamics can be used to man-
age risks and define relevant measures to monitor and control these risks. The system evaluation, risk 
assessment and risk management is the knowledge base on a system level to perform water safety 

 
1 N. V. Paranychianakis, M. Salgot, S. A. Snyder & A. N. Angelakis (2015) Water Reuse in EU States: Necessity for Uniform Criteria to 
Mitigate Human and Environmental Risks, Critical Reviews in Environmental Science and Technology, 45:13, 1409-1468, DOI: 
10.1080/10643389.2014.955629 
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planning (WSP) for effluent 90, reuse and irrigation water and drinking water 1. It can help to evaluate 
essential water treatment steps. Additionally these data and their relationship with sources hydrology 
as well as the robustness of treatment (steps) also can be applied for scenario studies and evaluating 
the resilience of existing treatments and (conceptual) alternative treatment schemes. This enables 
tools for planning investments.  
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4 Discussion and concluding remarks 
There is no one size fits all solution for water quality assessment since source quality and quantity, 
treatment technology as well as intended use of water differs and available resources for water quality 
assessment differ. Regulatory frameworks provide a basic set of water quality parameters and criteria 
to monitor or assess the treated water. Water quality assessment within the AquaNES project has also 
other purposes such as the illustration and evaluation of pilot treatment plants and evaluation of the 
treatment robustness and safety. Furthermore, the most relevant and critical steps in water treatment 
train that can be obtained with water safety planning, differ per (combination of) source water treat-
ment train and intended use of the water. Similarly, the most relevant steps within the demonstration 
sites for the AquaNES project differ per site. Therefore, a customized water quality assessment ap-
proach, consisting of evaluation of contamination sources, monitoring, treatment and evaluation of 
results with reference data or risk based water quality criteria is necessary. Multiple forms and sources 
of information can (and need to be) used to enable efficient effective and robust water quality assess-
ment, in order to perform risk assessment and management provide water quality that fits its intended 
use under all circumstances. 

The following issues and activities are relevant: 

– Evaluate systems / contamination sources and potential threats and customize monitoring and 
other forms of water quality assessment accordingly 

– look beyond regulatory frameworks and its water quality criteria, as risks are not solely 
determined by regulated parameters, and emerging issues of today might be regulated 
tomorrow and various non-governmental water quality criteria are available 17, 21  

– Use reference data of similar systems and situations (e.g. demonstration sites, data on 
treatment techniques or source contamination). Build a community with parties using similar 
techniques to enable first hand data and knowledge transfer (https://www.watershare.eu/) 

– Define key treatment processes and evaluate its robustness under various conditions with 
information from previous activities 

– Use innovative tools if they provide additional and relevant information or have advantages in 
efficiency or speed  

– Use tiered approaches and event specific monitoring in order to use funds and capacity more 
efficiently for water quality assessment  

– Develop and use data processing tools that enable better monitoring and interpretation of 
changing (environmental) conditions and treatment performance and the relation of those 
aspects to product quality 

– Apply gathered information for Water Safety Planning or scenario studies to test system 
resilience 
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6 Appendix 1 
Overview of transformation products, based on report 91: 

6.1 TPs of pesticides in the environment 

Around 10 to 20% of pesticides detected in the environment are transformed92 according to currently 
available analytical techniques. Transformation of pesticides is affected by physicochemical (hydrol-
yis, oxidation, reduction), biological, and to a lesser extent photochemical processes. Microbial trans-
formation is the most important process in soil and groundwater, due to the long residence times that 
enable microbial degradation.  

Transformation of (chloro)acetanilide herbicides (e.g. acetochlor, metolachlor, alachlor and 
propachlor) produce numerous TPs. Microbially transformed ethanesulfonic acids are the most im-
portant products. Triazine herbicides transformation is studied intensively (atrazine, simazine, cy-
anazine, terbutylazine, propazine, sebuthylazine, terbutryn). They hydrolyze rapidly under acidic con-
ditions. Besides hydroxylation, dealkylation, dehalogenation and deamination occur by biotransfor-
mation. Phenylurea herbicides (monuron, chlorotoluron, fluometuron, diuron, monolinuron, linuron, 
neburon) are dealylated at the amide group or the amide group, leaving an aniline. Amide insecticides 
(amitraz and chlordimeform) are transformed to anilines (see reference 46, 92 and references therein).  

Table 13 gives an overview of TPs of pesticides. 

Table 13 Examples of pesticides and their TPs 

Parent compound Class Transformation product(s) Transformation process Occurence 
Acetochlor  
93-95 

Herbicide Acetochlor ethane sulfonic acid 
Acetochlor oxanilic acid 
Acetochlor sulfinylacetic acid 
 

Biotransformation (microbial)  Surface water, 
Groundwater 

Glyphosate  
93, 96, 97 

Herbicide Aminomethylphophonic acid 
(AMPA) 

Biotransformation (microbial) Surface water, 
Sediment 

Metolachlor  
93, 94, 98 

Herbicide 2-ethyl-6-methylanliline 
2-ethyl-6-methyl chloroacetani-
lide 
Metholachlor ethane sulfonic acid 
Metholachlor oxalinic acid 

Biotransformation (microbial) Groundwater 
Surface water 

DDT  
99, 100 

Insecticide DCB 
DDD 
DCB 
DDE 

Photolysis and  
Biotransformation (microbial) 

Surface water 

Diazinon  
101-103 

Insecticide 3,5,6-trichloro-2-pyridinol  
2-isopropyl-6methyl-4-pyrimidinol 

Biotransformation (human) Surface water  

Atrazine  
104 

Herbicide Desethylatrzine 
Deisopropylatrazine 
Hydroxyatrazine 
Didealkylatrazine 
Hydroxydeethylatrazine 
Hydroxydeisopropylatrazine 
Ammeline 
Cyanuric acid 

Biotransformation (microbial) Groundwater 

Cyanazine  Herbicide Cyanazine acid Biotransformation (microbial) Groundwater 
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Parent compound Class Transformation product(s) Transformation process Occurence 
104 Cyanazine amide 

Deethylcyanazine 
Deethylcyanazine acid 
Deethylcyanazine amide 

Aldicarb  
93, 105, 106 

Insecticide  Aldicarb sulfone 
Aldicarb sulfoxide 

(chemical) oxidation drainflow 

Chlorpyrifos  
107 

Insecticide Chloropyrisfos oxam 
Diethyl thiophosphate 
Trichloro pyridinol 
Diethyl phosphate 
Trichloro methoxypyridine 

Biotransformation (microbial) in 
sludge and water 

Water, 
sediment 

2,4-Dichlorophenoxya-
cetic acid (2,4-D) 108-110 

Herbicide 4-chlorophenol 
 
 

Photolysis (direct / indirect) Surface water 

Chloridazon 111, 112 Herbicide Desphenyl chloridazon  
Methyl-desphenyl chloridazon 

Biotransformation (microbial) Groundwater 
Surface water 

Linuron 113, 114 Herbicide 1-(3,4 dichlorophenyl) urea 
1-(3,4 dichlorophenyl 3-
methylurea 
3,4 dichloroaniline 

Photolysis and  
Biotransformation (microbial) 

 

Bentazone 115-117 Herbicide Bentazone methyl 
8-hydroxybentazone 

Photolysis 
Biotransformation (microbial)  

Surface water 
Soil 
Groundwater 

 

6.2 TPs of pharmaceuticals in the environment 

Pharmaceuticals can be transformed after consumption by the user (human or animal), as well as in 
the environment. There is a large knowledge base on transformation in users from pharmacological 
and medical research, while relatively little is known on further transformation of pharmaceuticals 
(and TPs) in the environment. Some pharmaceutically active compounds are biodegradable, while 
others are more persistent in the aquatic environment 118. Conjugated drug metabolites formed by 
phase II metabolism (see paragraph 3.3.3), especially glucoronide and sulphate conjugates, have the 
potential to deconjugate back to the parent compound in the environment or during water treatment 
119, 120. Phase I metabolites can be detected widely in the environment. Examples are hydroxyl-ibu-
profen that exceeds its parent pharmaceutical, various hydroxilated forms of carbamazepine 121 or de-
methylated TPs such as desmethyl tramadol and desmethyl venlafaxine 85. Conjugated substances can 
also produce reactive metabolites 119. 

Furthermore, guanyl urea (a TP of  metformine) 29, 122, salisylic acid  (formed from acetylsalicylic acid 
123), and some pharmaceuticals (diclofenac, amoxicillin, cephalexin FQs, and cimetidine) are photore-
active 118, 124. Many environmental TPs of pharmaceuticals are known, as they are considered during 
the authorization process. Most TPs mentioned in Table 6-2 are transformed within the (human or 
animal) user. The transformation processes during (drinking)water treatment such as advanced oxi-
dation processes (ozonation, UV/H2O2 treatment) often focus on the dissipation of parent compounds 
125, while TPs that are potentially formed are only studied sparsely 89. 

Table 14 lists some pharmaceuticals and environmentally relevant TPs. 
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Table 14 Examples of pharmaceutics, their TPs (TPs) and their occurrence 

Parent com-
pound 

Class TP Transformation process Occurrence 

Phenazone 84  Analgesic 
 

AMDOPH 
AMPH 
DMOAS 

Biotransformation (human) Ground-water  
River bank filtration 84, 85 

Methamizole 84  Analgesic 
 

AMPH 
AAA 
FAA 

Biotransformation (human) Ground-water  
River bank filtration 84, 85 

Diclofenac 126, 127 Analgesic 
 

numerous  
 

Photolysis (catalytic oxida-
tion) 

Surface water 
Wastewater effluent 

Ibuprofen 126 Analgesic 
 

numerous, most common: hy-
droxy ibuprofen 
 

Biotransformation Photoly-
sis (catalytic oxidation) 

Ground-water 
Surface water 

Metformine 128 Anti- 
diabetic 

Guanylurea Biotransformation (Micro-
bial, in wastewater treat-
ment) 

Wastewater effluent  
Surface water 29, 121, 129, 130 
Ground-water 131 

Paracetamol 132 Analgesic 4-acetaminophen sulfate 
1,4 benzoquinone 

Photolysis Surface water 121, 133 

Carbamazepine 
134 

Anti-epileptic 10, most common: 
10-11 trans diol carbamaze-
pine 
Hydroxy carbamazepine 
Epoxy carbamazepine 121 

Biotransformation (human) 
Photolysis (catalytic oxida-
tion) 

Surface water 121  
 

Tramadol Analgesic O-desmethyl tramadol Biotransformation (human) Surface water 121  
Ciprofloxacin Antibiotic Piperazine 135 Biotransformation (human) 

 
Wastewater influents and ef-
fluents 136 

Sulfamethoxazole 
136, 137 

Antibiotic N-4 acetyl-sulfamethoxazole Biotransformation (human) Wastewater influent and ef-
fluent 
Surface water 
Groundwater 136 

Sulfamethazine Antibiotic N-4 acetyl-sulfamethazine 
N-4 acetyl-sulfonamide 
Desaminosulfamethazine 
N-4 glucose conjugate of sul-
famethazine 

Biotransformation (human) Wastewater influent and ef-
fluent  
Groundwater  
Surface water, Bottled water 
136-139 

Sulfadimethoxine Antibiotic N-4 acetyl-sulfadimethoxine 
140 

Biotransformation (human) Surface water 139 

Sulfamerazine Antibiotic 4 acetyl-sulfadimerazine  
4-methyl-2-aminopyrimidine 

Biotransformation (human) Surface water 139 

Tetracycline Antibiotic 5 among which: Iso-tera-
cyclines 
4-epi-tetracyclines 
141, 142  

Biotransformation (human/ 
veterinary) 
Photolysis 

Wastewater influent and ef-
fluent  
Surface water 139 

Chlorotetracycline Antibiotic Iso-chloroteracyclines 
4-epi-chlorotetracyclines 
Etc. 142 

Biotransformation (human/ 
veterinary) 
Photolysis 

Surface water 139 

Oxytetracycline Antibiotic Iso oxyteracyclines 
4-epi-oxytetracyclines 
Etc. 142, 143 

Biotransformation (human/ 
veterinary) 
Photolysis 

Surface water 139 

Erythromycine Antibiotic Dehydro erytromycine  Oxidation in wastewater 
treatment 

Wastewater influent and ef-
fluent 136 
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Parent com-
pound 

Class TP Transformation process Occurrence 

n-desmethyl erythromycin 144, 

145 
Biotransformation (human) Surface water 137 

Roxithromycin Antibiotic N-monodemethyl-roxithromy-
cin 146 

Biotransformation (human) Surface water 139 

Trimethoprim Antibiotic TMP oxides and hydroxy TMP 
147 

Biotransformation (human) Wastewater influent and ef-
fluent 136 

Monesin Antibiotic Various among which O-
desmethyl monesin 148 

Biotransformation (human) Surface water 149 

Lincomycin Antibiotic Lincomycin sulfoxide, N-oxide 
sulfones, 
N-desmethy-lincomycin sul-
foxide 150 

Biotransformation (human) Ground-water, surface water, 
Wastewater effluent 151, 152 

Ranitidine Antacid desmethylranitidine, 
ranitidine-oxides 153 

Biotransformation (human) Wastewater effluent, Surface 
water 154 

Fluoxetine Anti- 
depressant 

Norfluoxetine 
 

Biotransformation (human) Wastewater influent and ef-
fluent, surface water 155 

Diltiazem Anti- 
hypertensive 

Deacetyldiltiazem 
N-demethyldiltiazem 156 

Biotransformation (human) Surface water 152  

Salbutamol Anti- 
asthmatic 

4’-- sulfate ester Biotransformation (human) Wastewater influent and ef-
fluent, surface water 157 

Gemfibrozil Anti- 
hyper-
lipidemic 

various Biotransformation (human / 
wastewater treatment) 

Wastewater influent and ef-
fluent, surface water 
123, 158 

Cannabinoids Illicit drug 11-OH-THC and THC-COOH Biotransformation (human) Wastewater influent and ef-
fluents 

Cocaine Illicit drug Benzoylecgonine Biotransformation (human) Wastewater influent and ef-
fluents 159  

Estradiol hormone Estrone, Estirol Biotransformation Surface water Drinking water 
160-162 

TPs of other pharmaceuticals appear in relevant fractions compared to their parents 85, 121. These ex-
amples stress the importance to monitor TPs and not merely parent compounds.  

6.3 TPs of industrial chemicals in the environment 

Industrial chemicals are a large and diverse group of chemicals with numerous applications that de-
termine their potential emission routes into the environment and sources of drinking water. These 
routes influence the transformation processes that can occur. To organize this group, we distinguish 
(1) consumer chemicals that are emitted via wastewater (personal care products, household chemicals, 
food additives) for which many transformation processes take place in the wastewater treatment plant. 
(2) Industrial products applied in consumer goods (e.g. flame retardants, dirt repellants) are likely 
emitted via solid waste or by wear and tear and (3) chemicals used in industrial processes, examples 
are intermediates such as monomers used to produce polymers, reagents, solvents and catalysts 64. 
These chemicals are potentially emitted via industrial effluent, fume or industrial solid waste. Some 
chemicals have multiple applications and emission routes 67. 

Table 15 lists some industrial chemicals and their TPs. 
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Table 15 Examples of industrial products/chemicals and their TPs (TPs). 

Parent compound Class TP Transformation 
process 

Occurrence 

Plastic mm scale Packaging material microplastics and 
nanoplastics 

Abrasion during use and 
in the environment 163 

surface water 

wastewater 

sea water 

Fluorotelomer alcohols 
164-166 

PFC precursor  Ketones and 
perflorinated carboxylic 
acids 

Biotransformation 
167  

waste water influent and 
effluent 

surface water 

rainwater 

Tris(2-chloroethyl) 
(TCEP) 

Flame retardant Bis(2-chloroethyl) 
hydrohen Phosphate 
168  

Biotransformation 
(human) 

surface water 
169 

Tris(1,3-
dichloroisopropyl)phosp
hate (TDCPP) 

Flame retardant 1,3 dichloropropene 

1,2,3-trichloropropane 
acrolein 

Biotransformation wastewater influent and 
effluent, surface water, 
drinking water 170-172 

Ethanol-2-
buthoxyphosphate 
(TBEP) 

plasticizer Hydrolysis products Probably 
biotransformation 

surface water 173 

Triphenylphosphate 
(TPP) 

Plasticizer Diphenylphosphoric 
acid 

 surface water drinking 
water 174 

Benzotriazoles Corrosion inhibitor Phthalic acid, 1-methyl 
benzotriazole, 
dimethylbenzylamine, 
1H-benzotriazole 4 and 
5 methoxy, dimethyl 
benzylamine, 
carbazole 

Biotransformation 

(microbial, human) 175-177 

surface water, 
wastewater effluent 

Alkylphenols (e.g. 
Bisphenol A) 

Plasticizer /surfactant Shortening of the alkyl 
chain 178, 179 

Biotransformation 
(microbial) 

groundwater 

surface water 

Aminopolycarboxylic 
acids (APCAs) (e.g. 
EDTA) 

Chelating agent  Photolysis 

Biotransformation 
(microbial) 

surface waters 

Brominated flame 
retardant 

Flame retardant Very resistant against 
transformation, but can 
lose bromine atoms 

photolysis soil, sediment (due to 
their hydrophobicity) 
66 

 

6.4 Environmental TPs in drinking water 

TPs may end up in drinking water either if they are not removed during drinking water treatment or 
when they are introduced as, for example disinfection byproducts during drinking water treatment. 
Examples of both are addressed below. 

TPs which are not removed from source water during drinking water treatment are listed inTable 16
 . 



 

  41 

Table 16 Examples of TPs that (can) end up in drinking water including concentration ranges. 

Parent compound Compound class Transformation product(s) Measured concentration 
range in drinking water 
(ng/L) 

refer-
ence 

Metformin  Pharmaceutical 
(antidiabetic) 

guanylurea 2-61 180 

Acesulfame Artificial sweetener hydroxylated acesulfame and iso-acesulfame Not reported 181 
various Industrial contami-

nant 
Bisphenol-A (BPA) Up to 10,000 182 

Iomeprol  iodinated X-ray 
contrast media 
(persistent class of 
compounds) 

 Up to 500 183 

Phenazone Pharmaceuticals 1,5-dimethyl-1,2-dehydro-3-pyrazolone (DP) 1500 (95 percentile) 184 
propyphenazone Pharmaceuticals 4-(2-methylethyl)-1,5-dimethyl-1,2-dehydro-3-

pyrazolone (PDP) 
280 (95 percentile) 184 

dimethylaminophen
azone (DMAA) 

Pharmaceuticals 1-acetyl-1-methyl-2-phenylhydrazide (AMPH), 
acetoaminoantipyrine (AAA), 
formylaminoantipyrine (FAA), and 1-acetyl-1-
methyl-2-dimethyloxamoyl-2-phenylhydrazide 
(AMDOPH) 

AMPH: 190 (95 percentile) 
AAA, and FAA: <loq 
AMDOPH: 990 (95 percen-
tile) 

184 

carbamazepine Pharmaceuticals 10,11- trans diol carbamazepine; 
3-hydroxy carbamazepine 
2 hydroxy carbamazepine  
carbamazepine 10,11-epoxide 

TDC-CBZ 160-1110 (aver-
ages) 
3H-CBZ 10-90 (averages) 
2H-CBZ 
10-70 
(averages) 
CBZ 10,1- E 
10-50 
(averages) 

185 

 

6.5 TPs formed by drinking water treatment 

TPs which are introduced by drinking water treatment are listed in Table 17. More information on 
disinfection byproducts formed by drinking water treatment techniques applied in the Netherlands 
can be found in Baken, 2013 186.  

Table 17 Examples of TPs formed during drinking water treatment (MDA : 3,4-methylenedioxyamphetamine;  
MDEA: 3,4-methylenedioxyethylamphetamine;  MDMA: 3,4-methylenedioxymethamphetamine.) 

Parent compound Compound Class Treatment 
process 

Transformation product(s) Measured con-
centration range 
in drinking water 
(ng/L) 

reference 

dichloramine & di-
methylamine 
diclofluanide 
tolylfluanide 

Industrial com-
pounds / biocide 

chloramina-
tion & 
Ozonation 

NDMA 1-66 ng/L 187 

halobenzoquinones 
(HBQs) 

Industrial com-
pounds 

UV 3-hydroxyl-2,6-dichloro-1,4-
benzoquinone;  

Not reported 188 
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Parent compound Compound Class Treatment 
process 

Transformation product(s) Measured con-
centration range 
in drinking water 
(ng/L) 

reference 

5-hydroxyl-2,6-dichloro-3-
methyl-1,4-benzoquinone; 
5-hydroxyl-2,3,6-trichloro-
1,4-benzoquinone; 
3-hydroxyl-2,6-dibromo-1,4-
benzoquinone 

Amphetamine and 
analogs 

Illicit drugs chlorination (3-chlorobenzo)-1,3-dioxole 
from MDA and MDEA; 
3-chlorocatechol from 
MDMA* 

0,5-5.8 189 

Phenazone and 
propyphenazone 

analgesics and an-
tipyretics 

chlorination chloro-hydroxy-phenazone; 
and N-demethyl-chloro-hy-
droxy-phenazone; 
N-demethyl-hydroxy-propy-
phenazone and N-demethyl-
chloro-hydroxy-propyphena-
zone 

n.r. 190 

Phenylurea herbi-
cides 

 chlorination different n.r. 191 

diclofluanide   NDMa n.r. 191 
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