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from literature and from the MARSOL DEMO sites
Summary: Managed aquifer recharge has been recognised as an alternative to meet water requirements
in water supply in a more sustainable way. In particular, the reuse of reclaimed water helps to reduce
water stresses by decreasing the use of freshwater, on the one hand. On the other hand, quality aspects of
water sources such as treated waste water and surface water are of major concern in MAR system
application. In particular, direct MAR methods comprise a high risk of contamination as water is applied
directly into the underground. The capacity to retain pollutants in indirect MAR techniques, however,
differs considerably depending on site specific hydraulic and geochemical factors.
In this study, information about the occurrence of micropollutants in water sources potentially used for
MAR schemes has been gathered and evaluated. Cited studies indicate a considerable contamination of
wastewater treatment plant effluents with respect to pharmaceuticals and industrial agents as well as food
additives. Surface water generally shows a relative smaller load of micropollutants. However, individual
studies reveal micropollutant concentrations that exceed those values found in treated wastewater. This
situation could indicate an even higher influx load from central and decentralized wastewater treatment
into surface water bodies. However, high variability among Mediterranean countries and study locations
do not allow an abstraction of individual cases. More detailed information based on a comprehensive
monitoring of a site specific inventory of micropollutants is needed to determine the occurrence and
specific load of micropollutants in water sources used for MAR schemes. Based on this, appropriate
polishing goals considering site specific factors of applied MAR schemes should be developed and applied.
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Background
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Within the last decades water scarcity has become a severe problem not only in the Mediterranean countries
but in all arid and semiarid regions. Climate change, extensive irrigation of cropland, progression of
urbanization and an increasing water demand especially at coastal sites due to touristic development are
stressors causing a degradation of groundwater resources in quantity and quality. In this context, many
communities are turning to alternative catchment and conservation systems. Managed aquifer recharge (MAR)
represents a historically widespread alternative water resource by capturing, (naturally) treating and storing
excess water in observed aquifers. Different MAR schemes have been developed in order to meet local
conditions of available space, topography and (existing) operational structures, local soil and geology including
hydraulic conditions, as well as maintenance and costs. Apart from this, purpose and final use of stored water
as well as potentially emerging adverse effects of MAR systems decisively depend on the water source applied
and therefore require a conjunctive management. In particular, variable availability and quantity of water
sources artificially introduced into the groundwater system (non‐system water), its chemical composition and
the introduction of pollutants as well as hydrochemical/hydraulic interactions with the aquifer and/or
groundwater may cause potential risks of public health and environment. As a fact, quality aspects of the
introduced water sources and the impact of MAR schemes on the chemical status of groundwater bodies have
been hardly considered so far.
Non‐system water such as reclaimed water including municipal and/or industrial wastewater, surface water or
other sources such as desalinated water are applied in most MAR schemes. Whereby, surface water from
rivers, streams or lakes may be influenced by the interacting groundwater system, and often comprises a large
percentage of storm water, urban surface water run‐off and reclaimed water. These water sources are
characterized by the occurrence and concentration of a large number of pollutants. Since the 90s especially
micropollutants are the focus of concern. Since this time a growing number of mainly synthetic micropollutants
have been emitted and retrieved into the aquatic environment which is problematic as individual active
substances show considerable environmental impact and/or effects on human health.

1.2

Objective of work

This study is focused on the compilation of a database listing the chemical inventories of potential water
sources with emphasize on synthetic micropollutants such as pharmaceuticals, industrial compounds, personal
care products and pesticides. A literature review has been conducted gathering information about occurrence
and measured environmental concentration of specific micropollutants in non‐system water potentially used
for MAR schemes in countries of the Mediterranean region. In this study particular attention has been paid to
pharmaceuticals as active substances of high ecological relevance. In addition, water sources used for
groundwater recharge at MARSOL demonstration sites has been analysed and data gathered.
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Water Sources

MAR schemes typically involve one or more of the following sources: surface water from rivers, streams or
lakes; reclaimed water that comprises treated municipal (and to a certain extent industrial) wastewater; rain
and storm water; and (less commonly) other sources such as desalinated water. These water sources are
characterized by the occurrence of a large number of organic and inorganic substances, dissolved gases and
suspended particles. The physicochemical properties represent a fingerprint of each water source’s origin,
transport processes and/or technical treatment, which is very complex as many factors affect the chemical
composition of these waters. A principle flow chart is shown in Figure 1 that includes most important impacts
on water composition of non‐system water sources used for MAR schemes. In the following a brief overview
will be given characterising influences and regulations related to water quality aspects of typical non‐system
water sources.

Figure 1: Most important impacts on water composition of sources used for MAR systems.

2.1

Reclaimed water

Reclaimed water is any water that has been adversely affected in quality by anthropogenic influence and
treated in order to meet the needs of further use. One of the most important sources for reclaimed water is
wastewater. It comprises liquid and suspended compounds discharged by domestic residences, commercial
properties, industry, and/or agriculture and therefore can contain a wide range of potential contaminants in
varying concentrations. In particular municipal wastewater composition is characterized by strong fluctuation
representing daily and seasonal variations in consumption pattern as well as storm‐/rainwater intake in
combined sewer systems.
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In Europe the collection, treatment and discharge of wastewater is regulated by the Council Directive
91/271/EEC concerning wastewater treatment. The main goal of this Directive is to protect the environment
from adverse effects of urban wastewater discharges and discharges from certain industrial sectors. Regulated
quality parameter and their influence on natural systems are listed in Table 1. The Directive prescribes a basic
level of wastewater treatment providing a) a mechanical treatment which is designed to remove gross,
suspended and floating solids, and b) a biological treatment that reduces nutrients and removes dissolved
organic matter by microbial consumption. A more stringent treatment is required in sensitive areas and their
catchments. However, for certain discharges in coastal waters treatment may be less stringent (i.e. mechanical
treatment) under certain conditions and subject to the agreement of the European Commission.

Table 1: Regulated quality parameters in treatment plant effluent and their influence on natural aquatic
systems.
Parameter

91/271/EEC

Influence

Treatment step

Settle under gravity causing clogging of
rivers and channels

Primary treatment
(mechanical)

Microbial degradation of organics causes
an oxygen depletion which may lead to a
fishkill and the forming of “dead zones”
within surface water bodies

Secondary treatment
(biological )

Can lead to an eutrophication of the
receiving water which may lead to high
loads of biodegradable organics and in
this way to a fishkill

Advanced secondary
treatment (chemical:
flocculation, degasing,
filtration )

A removal is important especially where
the receiving water is used for drinking
water or where people would otherwise
be in close contact with it

Third Treatment
(disinfection: ozonization,
chlorination, filtration)

Min. Reduction
[%]
Suspended particles

70 - 90

Biodegradable organics
BOD5 at 20°C

70 - 90

COD

75

Nutrients
P total

80

N total

70 - 80

Pathogenic bacteria and
other disease causing
organism

BOD5 biochemical oxygen consumption after 5 days, COD chemical oxygen demand

Within the last decades the introduction of new technologies into private domestic use is reflected by an
increasing number of pollutants. Thus, especially municipal wastewater comprise a vast amount of
micropollutants such as a) human pharmaceuticals, b) personal care products including washing and cleaning
products and c) consumption products e.g. sweetener, caffeine, nicotine as well as recreational drugs.
In 1976 the EU Council adopted the Directive 76/464/EEC on discharge of dangerous substances into the
aquatic environment. As the very first this Directive deals with the control of substances which are regarded
due to their toxicity, persistence and bio‐accumulation. Community controls including limit values and
environmental quality objectives are laid down in Daughter Directives listed in Table 3. As part of the ongoing
restructuring of EC water policy Directive 76/464/EEC has been integrated into the Water Framework Directive
(2000/60/EC) and has now been codified as 2006/11/EC water protection and management.
Recent studies have clearly shown that the elimination of micropollutants in current wastewater treatment
plants including primary, secondary and advanced secondary treatment is often incomplete (Carballa et al.
2004, Coetsier et al. 2009). As a consequence, the effluent of treatment plants may comprise a variety of
micropollutants with concentrations ranging from ng/L to µg/L. Therefore, additional treatment steps including
ozonation, filtration, UV disinfection, and coagulation‐flocculation are discussed.
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Figure 2: Daughter Directives of 76/464/EEC and regulated substances.
Substance and related
compounds

Council Directive

Emitter

Mercury

82/176/EEC

Chloralkali electrolysis
industry

Cadmium

83/513/EEC

Hexachlorocyclohexane

84/491/EEC

1,2-Dichloroethane

86/280/EEC

Trichloroethylene

Amended by:

Perchloroethylene

88/347/EEC

Trichlorobenzene

90/415/EEC

For artificial recharge reclaimed water is suggested to be polished complying with quality standards proposed
by Bixio and Wintgens (2006, in Kazner et al. 2012). In this study quality goals of pre‐treatment strategies are
distinguished into MAR schemes applying a) direct recharge of groundwater into the subsurface using recharge
wells, shafts or dug wells and b) indirect infiltration where groundwater is mainly augmented based on ditches,
pipes or basins. The percolation of soil in indirect infiltration schemes is applied to reduce or completely
remove dissolved and suspended contaminants as well as pathogens due to a combination of physical,
chemical, and biological processes. Thus, indirect infiltration methods are favourable to improve water quality
of water containing a considerable pollution. Limitations are given by the geochemical and geological
composition of the soil. In comparison to most indirect infiltration methods, sub‐surface methods show a high
efficiency in space, are not restricted to unconfined aquifers and show practically no losses of water due to
evaporation. However, the risk of groundwater contamination is high since the attenuation capacity within the
aquifer is very low. Thus, quality goals for direct recharge need to be revisited and given greater prominence.
Bixio and Wintgens (2006, in Kazner et al. 2012) primarily postulate higher water standards for microbiological
contamination and chemical oxygen demand in direct infiltration schemes. Concentrations of heavy metals are
oriented towards drinking water regulation. For direct infiltration even lower concentration are requested.
Concentrations of micropollutants should be smaller than 0.1 µg/L for indirect infiltration; whereas, in direct
filtration schemes concentration limits should be compound specific.
Figure 3: Polishing goals for indirect and direct infiltration of treated wastewater (Bixio and Wintgens, 2006,
in Kazner et al. 2012).
Parameter
pH
Conductivity
TSS
COD
Total N
Ammonium
Nitrate
Total P
Sulphate
Chloride
Heavy Metalls
Arsenic
Cadmium
Chromium
Mercury
Lead
Micropollutants
Microbiology
Faecal Coliforms
Faecal streptoc.
Helminth ova. Giardia

Unit
mS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

91/271/EEC
(98/15/EC)
35
125
15
<0.2

MAR scheme Polishing Goal
Indirect Infiltration
Direct Infiltration
7-9
6.5 – 9.5
700
<700
70 - 100
<25
<0.5
<25

<5
<25
<25

30
100

<30
<250

µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

5
3
25
0.5
5
<0.1

<10
<5
<50
<1
<25
depending on
compound

/100ml
/100ml
/100ml

<10,000

0
0
0

2

<1
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Surface water

Surface water in rivers, streams (and lakes) forms a separate water source although it can be contrasted by
groundwater, reclaimed water and storm water. Thus, surface water may provide a mixture of diffuse surface
run‐off intake, groundwater inflow and point sources such as the input of wastewater treatment plants
(municipal and industry). The quality of natural surface water decisively depends on a huge number of
interrelated factors. In its transport, river and stream water reacts with solid phases that occur in the rock and
sediment of the riverbed and dissolves a wide range of substances leading to a sequential alteration of water
quality depending on geological and morphological conditions. Emitted pollutants are expected to be more
rapidly diluted and decomposed due to constant mixing and oxygen supply. However, the input of pollutants
can be immense since major sources such as cities and industry have been located historically along rivers and
streams. In addition, agricultural activities are often concentrated near rivers due to fertile soils of floodplaines
and access to water.
Climate change and overexploitation leads more frequently to low water levels of surface water. As a
consequence, many rivers and streams are characterized by a high percentage of wastewater during dry
periods (Uzun et al. 2015). In particular, high concentrations of organic substances may lead to eutrophication.
On the other hand heavy rain events or snow melt may lead to high level of surface water and a rapid transport
of pollutants.
The Water Framework Directive 2000/60/EC commits EU member states to achieve good quantity and quality
status of all water bodies (surface water and groundwater) by 2015. The ecological and chemical status are
assessed according to a) biological aspects such as the abundance of fish, benthic invertebrates and aquatic
flora; b) hydromorphological conditions quantity and dynamics of water flow and the interaction between
surface and groundwater bodies; c) physicochemical quality of the water including temperature, salinity,
oxygen and nutrients concentration; as well as d) chemical status referring to all priority substances identified
being discharged into the water body. An initial characterization shall be conducted by the EU member states
to assess the degree of which water bodies are at risk and potential changes in the status. In these analyses
existing hydrogeological, geological and pedological aspects, land use, discharge including artificial discharge
via MAR schemes and abstraction shall be identified. In order to evaluate the magnitude of chemical stressors,
priority substances and other significant pollutants shall be monitored. The directive assigns the following set
of core parameter for monitoring groundwater bodies: oxygen content, pH, conductivity, nitrate and
ammonium. With the Environmental Quality Standard Directive 2008/105/EC European Parliament and Council
identifies 33 substances or groups of substances of prior concern including plant protection products, biocides,
metals and other groups such as polyaromatic hydrocarbons (PAH) and biphenylethers (PBDE) used as flame
retardant. This list has been enhanced by 12 substances (2013/39/EC) and existing standards deepened.
Environmental quality standards and maximal allowable concentrations in inland surface water are listed in
Table 2.
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Table 2: 2008/105/EC, Annex I Part A defining environmental quality standard EQS and maximal allowable
concentration MAC of inland surface water bodies.
Name of priority substances
Alachlor
Anthracene
Atrazine
Benzene
Brominated diphenylether
Cadmium and its compounds
Carbon-tetrachloride
Chloroalkanes, C10-13 iv
Chlorfenvinphos
Chlorpyrifos
(Chlorpyrifos-ethyl)
Cyclodiene pesticides (Aldrin, Dieldrin, Endrin,
Isodrin) Sum Parameter
DDT (total); para DDT
1,2-Dichloroethane
Dichloromethane
Di(2-ethylhexyl)phthalate (DEHP)
Diuron
Endosulfan
Fluoranthenevi
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclohexane
Isoproturon
Lead and its compounds
Mercury and its compounds
Naphthalene
Nickel and its compounds
Nonylphenols (4 NP)
Octylphenols ( (4-(1,1',3,3'-tetramethylbutyl)phenol)
Pentachlorobenzene
Pentachlorophenol
(Benzo(a)pyrene)
(Benzo(b)fluoranthene), (Benzo(k)fluoranthene)
sum parameter
(Benzo(g,h,i)perylene), (Indeno(1,2,3-cd) pyrene)
sum parameter
Simazine
Tetrachloro-ethylene
Trichloro-ethylen
Tributyltin compounds (Tributyltin-cation)
Trichlorobenzenes
Trichloromethane (chloroform)
Trifluralin

2.3

CAS
15972-60-8
120-12-7
1912-24-9
71-43-2
32534-81-9
7440-43-9
56-23-5
85535-84-8
470-90-6
2921-88-2

Annual AverageEQS [µg/L]
0.3
0.1
0.6
10
0.0005
0.25 - < 0.08
12
0.4
0.1

MAC [µg/L]
0.7
0.4
2
50
-1.5 - 0.45
-1.4
0.3

0.03

0.1

0.01

--

0.025; 0.01
10
20
1.3
0.2
0.005
0.1
0.01
0.1
0.02
0.3
7.2
0.05
2.4
20
0.3

----1.8
0.01
1
0.05
0.6
0.04
1
-0.07
--2

140-66-9

0.1

--

608-93-5
87-86-5
50-32-8

0.007
0.4
0.05

-1
0.1

0.03

--

0.002

--

1
10
10
0.0002
0.4
2.5
0.03

4
--0.0015
----

107-06-2
75-09-2
117-81-7
330-54-1
115-29-7
206-44-0
118-74-1
87-68-3
608-73-1
34123-59-6
7439-92-1
7439-97-6
91-20-3
7440-02-0
104-40-5

122-34-9
127-18-4
79-01-6
36643-24-4
12002-48-1
67-66-3
1582-09-8

Other (Desalinated water)

Within the last decades desalination techniques has become more prominent in the Mediterranean region due
to the increasing fresh water demand combined with overexploitation and/or quality issues. In 2011 the
production rate in the Mediterranean countries was about 11.65 million m³ per day (Cuenca 2012). In the
Mediterranean countries desalination is commonly applied to produce potable water for domestic and
municipal purposes (72%). A minor amount of 12.6% serves industrial demands and about 8.89% of the
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produced water is used for irrigation and other purposes such as artificial recharge (Cuenca 2012).
One of the largest feed water sources for desalination is seawater (70.5% in the Mediterranean region) due to
its availability and geographical proximity to areas of water scarcity. One of the oldest methods is the
distillation where different techniques are applied to evaporate seawater. The condensate can be used as fresh
water as only few compounds are dissolved. During thermal desalination organic compounds within the
seawater are prevented to more than 95%. However, specific organic compounds from industrial oil and
chemical discharges or spillages (aliphatic and aromatic hydrocarbons) are volatile at low temperature and
therewith set free during evaporation process. As a consequence these substances can be found within the
condensate.
A more recent technique is the reverse osmosis using a membrane to filtrate the seawater. Reverse osmosis
desalination membrane shows a salt rejection (NaCl) of more than 99.4%. The double pass reverse osmosis
techniques is designed for drinking water production with a very low mineralization of 5 to 10 mg/l Sodium and
10 to 20 mg/l Chloride. Here, other main components are below the concentration of 0.5 mg/l. Depending on
the final use the desalinated water requires a post treatment. Thus, water used as drinking water requires a
remineralization and stabilization of the pH at 7 to 7.5. For remineralization a blend with 1% clarified seawater
and a pH neutralization using NaOH is often applied. Herein contaminants within the seawater are added in a
very low concentration.

7

MARSOL

3.

Deliverable D14.1

Water Quality Parameter

More than 91 million naturally occurring and synthetic chemicals are recently registered in the Chemical
Abstracts System CAS (www.cas.org, Jan. 2015), of which more than 100,000 are frequently used and finally
released into the aquatic environment. Depending on the emission paths of different chemical compounds,
water sources used for MAR show a specific chemical inventory. Therefore, stated purpose of MAR schemes
and subsequent applicability of stored groundwater are subject to water quality aspects and the occurrence of
(micro)pollutants in water sources applied. In this context, MAR schemes may be regarded as potential
distributor for potentially harmful a) naturally occurring chemicals as well as b) synthetic micropollutants.
There are a number of anthropogenic sources of naturally occurring chemicals containing a range of inorganic
and organic compounds. In Table 3 general physico‐chemical parameters such as pH, redoxpotential and total
dissolved solids (TDS) are listed. Potential anthropogenic sources are added that may influence these
parameters and cause a deterioration regarding the usability of water sources for drinking water, 98/83/EC.
These influences are not always clear as chemical composition may show a high variance due to geogenic
factors, though. In particular the pH of surface water or groundwater may be influenced by existing soils and
rock formations, however, often show the influence of anthropogenic activities such as agriculture or mining.
In order to systemize the vast amount of naturally occurring water constituents, selected chemical parameters
are listed in Table 4 that may be concerned by anthropogenic influences especially considering the applicability
in drinking water supply (98/83/EC). Thus, inorganic compounds such as calcium, magnesium, carbonate,
sulphate and chloride are mainly natural origin depending on the geological characteristics of the area and
prevailing dissolution processes. High concentrations of nutrients such as nitrate and organics often indicate
anthropogenic influence. One of the biggest emitter of nutrients is the agriculture due to the application of
fertilizer and manure. Agriculturally influenced groundwater bodies often show very high nitrate
concentrations exceeding the limitation for drinking water (>> 50 mg/L). High ammonia, dissolved organics and
phosphate concentration may also occur in surface water as a result of surface run‐off from agriculturally used
areas. High point loads of nutrients and microbiological pollution arise from conventional animal breeding.

Table 3: Physico‐chemical parameters.

Parameter

pH

Electrical Conductivity
(20°C)

Unit

--

mS/m

EU drinking
water
standard
98/83/EC
6.5-9.5

2500

Potential Sources of Influence
Anthropogenic

Geogenic

Chemical industry, Mining,
Agriculture (fertilizer)

Peatland, hydrogeochemical
processes such as pyrite/calcite
weathering

Discharge of wastewater
(municipal/industry),

Saline water (Ascending deep
water, sea water intrusion)

Mining
Turbidity

NTU

Redox potential
TDS/TSS

1

Discharge of wastewater
(municipal/industry)

Humic acids from peatland

mV

Discharge of wastewater
(municipal), eutrophication

Pyrite/Corg weathering

mg/L

Discharge of wastewater
(municipal)

(TDS total dissolved solids, TSS total suspended solids)
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Table 4: Selected chemical parameter, its anthropogenic sources and regulation in drinking water supply (EU
drinking water standard).
Potential
source

Indicator substance /
Substance category

Point /
diffuse
source

Water source affected

Diffuse

Groundwater

Direct

Indirect

EU drinking
water standard
(98/83/EC, 3. Nov.
1998)

Agriculture
Crop cultivation
Nutrients
Ammonium

Surface water via surface run-off and
groundwater inflow
0.5

Calcium

--

Chloride

250

Magnesium

--

Nitrate

50

mg/L

mg/L

mg/L

Nitrite

0.5

mg/L

Phosphor (tot)

6.7

mg/L

Potassium

--

Sodium

200

mg/L

Sulphate

250

mg/L

Pesticides
Animal breeding

Diffuse

Groundwater

Point

Wastewater

0.1
µg/L
0.5 (tot)
µg/L
Surface water via surface run-off and
groundwater inflow
Surface water via treated wastewater intake
Surface water via treated wastewater intake

Nutrients (see crop cultivation)
TOC/DOC (BOD5, COD)
TOT N/ TOT P
Microbiology (indicators)
Colony count (22/ 37°C)

100 / 20

/ml

Escherichia coli (E. coli)

0

/250ml

Coliforme bacteria

0

/100ml

Enterococci

0

/250ml

Pseudomonas aeroginosa

0

/250ml

Antibiotics

Private Households

Diffuse

Groundwater

Point

Wastewater

Point

Wastewater

Surface water via surface run-off and
groundwater inflow
Surface water via treated wastewater intake
Surface water via treated wastewater intake

Surface water via treated wastewater intake

Nutrients (see crop cultivation)
TOC/DOC (BOD5, COD)
Tot N/ Tot P
Microbiology (indicators see animal
breeding)
Personal Care Products
Washing and cleaning products
Consum Products (Sweetener, Caffeine, Nicotin etc.)
Pharamceuticals
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Indicator substance /
Substance category
Heavy Metals

Point /
diffuse
source

Water source affected

Point

Wastewater

Direct

EU drinking
water standard
Indirect
(98/83/EC, 3. Nov.
1998)
Surface water via treated wastewater intake

Aluminium

0.2

µg/L

Arsenic

10

µg/L

Cadmium

5

µg/L

Chromium

50

µg/L

Copper

2

µg/L

Iron

200

µg/L

Lead

10

µg/L

Manganese

50

µg/L

Mercury

1

µg/L

Nickel

20

µg/L

Silver

µg/L

Zinc

µg/L

Industrial Agents (regulated by EU drinking water standard)
Acrylamide

0.1

µg/L

Benzole

1

µg/L

Benzolpyrene

0.01

µg/L

1,2-Dichlorethan

3

µg/L

Epichlorhydrin

0.1

µg/L

PAH

0.1

µg/L

Tetrachlorethene, Trichlorethene

10

µgLl

Total Trihalomethane

100

µg/L

Vinylchloride

0.5

µg/L

Domestic wastewater excretions are the main source for carbon, nitrogen, sulphur and phosphate. However,
depending on the treatment process of wastewater the biological and chemical oxygen demand (BOD and
COD) as well as microbiological contamination is reduced in reclaimed water. Heavy metals and metal oxides in
surface water are often linked to industrial wastewater intake. However, high concentration of iron and
manganese may also occur in groundwater as a result of lithotrophic nitrate reduction and the dissolution of
pyrite. This process is often the result of an extensive agricultural land use and the input of nitrate into the
groundwater. Within the last decades, metal oxides applied in nanotechnologies have been found more often
in treated wastewater.
In recent years there has been an increasing concern about the occurrence, fate and environmental impact of
synthetic micropollutants such as pharmaceuticals, industrial agents, personal care products and pesticides in
the aquatic environment. Highest concentrations are usually associated with municipal and industrial
wastewater. Although wastewater is treated using highly efficient processes, residues of synthetic
micropollutants and their transformation products may be locally disposed into the environment. In contrast,
conventional crop cultivation may lead to an area‐wide emission of pesticides into the groundwater as well as
surface water via surface run‐off. In addition, manure and agricultural process water may contain veterinary
pharmaceuticals, generally antibiotics.
Even if most of these compounds are present at low concentration ranging from ng/L to µg/L, many of them
show considerable environmental concerns due to its persistency, bioaccumulation and toxicity. The increasing
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awareness of the wide ranged presence of anthropogenic micropollutants in water and new information on
varying toxicity has led to the implementation of regulations protecting the aquatic environment (see chapter
2.2). In particular, the occurrence of harmful compounds in water sources used for drinking water supply has
led to an intensification of regulations in drinking water quality including pesticides and industrial agents such
as polycyclic aromatic hydrocarbons (PAH), benzole or vinylchloride. In this context, public authorities promote
an extension of monitoring of micropollutants.

4.

General literature review on micropollutants

An increasing number of studies demonstrate the local occurrence of micropollutants in the aquatic
environment (surface water and groundwater). Although the study of micropollutants is considered as a new
topic, a vast amount of literature has been published since 2000. Figure 1 demonstrates the increase of
publications related to the occurrence of a) pharmaceuticals, b) personal care products, c) pesticides and d)
industrial chemicals. This literature analysis is based on advanced research in http://www.sciencedirect.com
(Jan. 2015) using the keywords: occurrence/waste water – surface water – groundwater / pharmaceuticals –
personal care products – pesticides. Industrial chemicals have been reviewed using the keywords: flame
retardant or EDTA or solvent or tenside or anticorrosiva or complexing agent or plasticizer. Due to focused
search this analysis does not represent a complete list of all related publications available; however, indicate
the growing relevance of this topic. Thus, since 2000 the number of publications related to pharmaceuticals has
been increased by more than twelve times, whereby most publications have been cited related to surface
water. Analogue to pharmaceuticals, the interest in pesticides within the aquatic environment has been
growing rapidly. The number of publications studying the occurrence of personal care products as well as
industrial chemicals is slightly lower, however shows an equally increasing relevance.

Figure 4: Worldwide publications since 2000 (Source: Advanced Research in Science Direct
(http://www.sciencedirect.com; 2015).
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Using a more focused research the number of publications referring to study locations in the Mediterranean
countries has been evaluated (keywords: Portugal or Spain or France or Monaco or Italy or Malta or Slovenia or
Croatia or Bosnia or Montenegro or Albania or Greece or Turkey or Cyprus or Syria or Lebanon or Israel or
Palestine or Egypt or Malta or Tunesia or Algeria or Morocco). As shown in Figure 5 more than 50% of the
conducted studies are related to locations within the Mediterranean countries.

Figure 5: Percentage of publications containing datasets from Mediterranean Countries (see Figure 4).

5.

Development of the catalogue for potential water sources applied in
MAR schemes

The underlying database set‐up in MS EXCEL is presented in Table 5. In this study a list of synthetic
micropollutants has been gathered from literature including a description of specific compound properties such
as formula, average mass and CAS number (www.spiderchem.com; Nov. 2014). Compound information
comprises the scope of potential application including sector of application, category and target. However,
individual industrial agents are multifunctional which cannot be fully reproduced in this database. The database
comprises parental compounds as well as transformation products and intermediates used for production
processes in industry.
Cited studies are evaluated to collect information about the specific water source (matrix), sampling location
and period. A specification of the water matrix including main components is not part of this database as most
cited research articles do not provide any information. However, it is emphasised that matrix composition is an
important factor for evaluation of substance speciation, transport and degradation processes of
micropollutants within the aquatic environment.
Main focus of this study lies on data defining measured environmental concentrations MEC and its observed
ranges. In addition, this database includes information about negative detections and detection limits of
applied measuring method. Units of MEC and detection limits are standardised [µg/L] in order to compare cited
data.
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Table 5: Database structure.
Substance (Name, Short Term)

Properties
Formula
Average Mass
CAS Number


[g/mol]

Application
Sector of Application
Category of active
Substance/ Specific
Application
Target
Type of Substance

Pharmaceutics/Industrial Agent/Pesticide etc.
Analgesics/Antibiotics/Flame Retardant etc.

Industry/Human/Veterinary/Agriculture
Parent/Transformation Product/Intermediate

Water source


Matrix



Sampling Location

Treated Wastewater/Surface
Water/Groundwater/Tab Water etc.
Country
Province
Location
Specific Description



Sampling Period

Start/End








Statistics
Number of Samples analysed
Detection
Measured environmental Concentration MEC
Limit Standard
Conversion in µg/L

Max/Min/Mean/Smaller than etc.

Measurement

Source of Pollution
Literature

Industry/Agriculture etc.






6.

Positive/Negative

Literature Citation
Full Citation
Language
Type
Availability

English/French
University Research/EU Project
Copyright/Public

Results and discussion

In this study, 152 publications are evaluated to gather information about the occurrence and environmental
concentrations of synthetic micropollutants such as pharmaceuticals, personal care products, pesticides and
industrial chemicals in different water sources. The list of literature citations is attached in the Annex. A
comprehensive review is given for pharmaceuticals comprising 58 sub categories with 292 active substances
(Table 6). In addition, the database lists about 38 sub categories (fields of application) of industrial chemicals
and 9 sub categories of personal care products including 87 and 32 active substances, respectively. Only a brief
overview is provided for pesticides.
Table 6: Categories and number of substances available in database.
Category

Number of Sub
Categories

Number of
Substances

Source/Indicator for

Pharmaceutics

58

292

Domestic, Hospital

Industrial Chemicals

38

87

Industry

Personal Care Products

9

32

Domestic

360

Pesticides

5

40

Agriculture

598

Food Additives

1

3

Domestic

143

Others

1

2

Domestic

6

112

456

Total

Number of data
10,003
1,296

12,406
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The database comprises a large number of studies performed in Spain, France, Italy and Portugal; whereas, for
most other Mediterranean countries none or only few studies had been accessible in literature (Figure 6). This
is also reflected by the total number of data and number of positive detected micropollutants listed in Table 6.
Thus, a comprehensive inventory of micropollutants is given for sampling locations in Spain and France. In
contrast, the number of analysed micropollutants is relatively small for sites in Jordan, Israel, Croatia, Malta
and Turkey.

Figure 6: Number of studies evaluated for different Mediterranean countries.

Table 7: Number of positive detected micropollutants and total number of
data available in different countries.

∑

Country

Number of detected
micropollutants

Croatia

37

207

Cyprus

114

240

France

194

1,334

Greece

131

597

Israel

24

119

Italy

186

1,403

Jordan

8

30

Malta

27

81

Portugal

152

496

Spain

393

6,706

Turkey

44

243

11

8 - 393

Number of Data

11,456
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The majority of cited studies investigate the occurrence of micropollutants in municipal treatment plant
effluent and surface water (Figure 7). Only a small percentage of data is included for other water sources such
as tab/drinking water or rainwater. Gathered data had been sampled and analysed in the time period between
1998 and 2012.

Figure 7: Number of data of specific water sources cited in database.

Gathered data are evaluated with respect to specific micropollutant categories and active substances. Main
results are listed in Table 6. Most data included within the database are given for pharmaceuticals (8996
entries), and in particular specific substance categories: analgesics, antibiotics and beta blocker (Figure 8). As
shown in Figure 8 most often cited pharmaceuticals are Carbamazepine (antiepileptic drug) and analgesics:
Diclofenac and Naproxen comprising 490 to 390 entries. The distribution of measured maximum
concentrations among Mediterranean countries for active substances Carbamazepine, Diclofenac and
Naproxen is shown in Figure 9. Highest (maximum) concentrations have been found in wastewater treatment
plant effluents in Spain for Carbamazepine and Diclofenac with 67.7 µg/L and 97 µg/L, respectively. Effluent
water in Portugal also shows high concentrations of 24.3 µg/L for Diclofenac. Measured concentrations in other
Mediterranean countries are below 10 µg/L. In surface water of sampling locations in Cyprus and France high
concentrations of Carbamazepine has been observed. Highest measured environmental concentrations of
Diclofenac and Naproxen have been found in surface water bodies of Spain and Turkey.

Figure 8: Number of cited data for pharmaceutical categories and active substances.
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Figure 9: Maximum concentrations of active substances Carbamazepine, Diclofenac and Naproxen in
Mediterranean countries measured in wastewater treatment plant effluent and surface water.
Figure 10 demonstrates the number of data included for industrial chemicals. Most reported industrial
micropollutants are 1H‐Benzotriazole used as an anticorrosive agent and perflourinated compounds applied in
production processes of polymers. In particular, 1H‐Benzotriazole has been observed in treatment plant
effluents in Spain with a high concentration of 14.3 µg/L. In Turkey, surface water contains even higher
concentrations of about 19.4 µg/L. In other countries reported environmental concentrations are smaller than
6 µg/L. In contrast, Nonylphenole has been positive detected in only few countries, mainly in surface water
with very small concentrations (<<1 µg/L). Highest concentration of about 433 µg/L has been observed for
Nonylphenole in the effluent of a treatment plant processing industrial water in Greece.

Figure 10: Number of cited data for categories of industrial chemicals and active substances.

Figure 11: Maximum concentrations of active substances 1H‐benzotriazole and Nonylphenole in
Mediterranean countries measured in wastewater treatment plant effluent and surface water.
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In Table 8 most cited anthropogenic micropollutants are summarized for each substance category including
observed minima and maxima. Similar to pharmaceuticals and industrial chemicals, food additives such as
sweetener and caffeine show very high concentration exceeding 180 µg/L and 17 µg/L, respectively. Although,
highest values of anthropogenic micropollutants are expected to occur in treatment plant effluents, typical
pharmaceuticals such as Carbamezapine, Diclofenac, Ibuprofen and Triclosan are only slightly lower
concentrated in surface water. Even higher concentrations have been found in surface water for Ciprofloxacin,
Clarithromycin, Clofibric acid and Naproxen indicating a very high influx load from central or decentralized
wastewater treatment.

Table 8: Observed concentration range of selected micropollutants in urban wastewater
effluent and surface water.
Treated waste water (municipal)
[µg/L]
Min
Max

Comparison
Max

Surface water [µg/L]
Min
Max

Pharmaceuticals
Carbamazepine

0.0020

67.7150

>

0.0001

11.5612

Ciprofloxacin

0.0030

5.6920

<

0.0010

13.5670

Clarithromycin

0.0040

1.7270

<

0.0008

2.3300

Clofibric acid

0.0020

1.8000

<

0.0002

7.9100

Diclofenac

0.0017

97.0000

>

0.0002

18.7400

Erythromycin

0.0009

3.8470

>

0.0007

0.3625

Estrone

0.0020

4.4000

>

0.0001

0.0701

Furosemide

0.0020

3.2280

>

0.0006

0.6050

Gemfibrozil

0.0010

28.5710

>

0.0000

7.7800

Ibuprofen

0.0012

95.0000

>

0.0010

31.3230

Ketoprofen

0.0035

2.9500

<

0.0007

6.0500

Metoprolol

0.0010

4.7000

<

0.0001

8.0411

Naproxen

0.0012

6.3400

<

0.0010

12.3000

Ofloxacin

0.0030

31.7000

>

0.0008

8.7700

Paracetamol

0.0090

201.0000

<

0.0009

230.0000

Propranolol

0.0020

1.1300

>

0.0004

0.5610

Ranitidine

0.0020

2.7220

>

0.0008

0.5700

Salicylic acid

0.0040

236.1000

>

0.0020

8.3000

Sotalol

0.0020

0.8700

<

0.0001

3.5526

Triclosan

0.0050

37.8000

>

0.0002

35.7000

Trimethoprim

0.0004

5.6000

>

0.0001

0.4700

Pesticides
2,4-D

0.0018

0.1025

<

0.0020

1.2210

Atrazine

0.0020

0.3050

>

0.0003

0.0100

Diuron

0.0020

1.0810

>

0.0009

0.2780

Mecoprop

0.0150

<

0.0060

0.0750

Simazine

0.0030

0.7040

>

0.0040

0.0610

DEET

0.0120

9.6580

Galaxolide

0.0110

17.3490

>

0.0750

0.2630

Oxybenzone

0.0170

0.2460

>

0.0280

0.0790

Personal Care Products
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Treated waste water
(municipal) [µg/L]
Min

Max

Comparison
Max

Surface water [µg/L]
Min

Max

Industrial Chemicals
1H-Benzotriazole

0.0400

14.3100

<

0.0030

19.3960

Nonylphenol

0.1800

433.0000

>

0.0880

1.4830

PFDA

0.0011

0.0158

>

0.0001

0.0108

PFHpA

0.0021

0.0376

>

0.0001

0.0170

PFNA

0.0009

0.0098

<

0.0002

0.0162

PFOA

0.0020

0.4680

>

0.0006

0.1160

PFOS

0.0014

0.5277

<

0.0003

0.5290

Acesulfame K

1.8900

184.7000

Caffeine

0.0100

17.1750

<

0.0006

39.8130

Sucralose

0.9300

74.1700

Other (Food Additives)

7.

MARSOL DEMO sites

In this study chemical data and information about MAR schemes applied at DEMO sites have been gathered
from MARSOL project partners and implemented into the database. Reported data have been evaluated
indicating a considerable differentiation in data situation among DEMO sites. Datasets are very inhomogeneous
and fragmentary with respect to micropollutants; they therefore do not allow for drawing conclusions about
the overall chemical status of water sources applied at DEMO sites. In order to create a homogeneous dataset,
a sampling campaign has been initiated analysing water matrix and relevant micropollutants. Sampling
campaign started in September 2014. Due to heavy rain, sampling of surface water in Spain and Italy were
postponed several times. Overall, 84 organic micropollutants were analysed including 52 human pharmaceu‐
ticals, pesticides, 24 industrial chemicals and 5 food additives. Analysed micropollutants are listed in Table 9.
As listed in Table 10, samples from seven DEMO sites in five countries were analysed. DEMO sites represent
different MAR schemes and water sources used. At the Llobregat River, different MAR systems are applied and
described in detail by Sanchez‐Vila et al. (2012). At the Vincenҫ del Horst DEMO site, lower Llobregat river,
Barcelona (Spain), river water is used as a water source to feed infiltration ponds in the direct vicinity of the
river. A sample of surface water was taken at the water extraction point.
A bank filtration MAR scheme is applied at the Serchio river DEMO site, Lucca (Italy). Abstraction wells used for
drinking water production are located along the Serchio River. Samples of the river water were taken at two
locations upstream and downstream of a weir, ca. 1000 m upstream of the bank filtration scheme. Here the
influence of oxygen enrichment and intermixing after a zone of stagnation was analysed. Additional samples
were taken from a small channel in the north of the abstraction wells which is fed by surface run‐off and
untreated wastewater as well as a stream that flows into the Serchio River 500 m upstream of the weir.
Within the Castilla y Leon region, Spain, different MAR schemes have been established to increase the water
availability for agricultural use. At the Alcazarén DEMO site, water supply comes from a wastewater treatment
plant and the Almar stream that collects excess sanitation in the city Pedrajas. The Santiuste aquifer is rechar‐
ged using treated wastewater after a biological filter (Santiuste canal). First investigations have been conducted
at DEMO sites in Malta and Portugal to establish MAR schemes using treated wastewater to reduce saltwater
intrusion or to increase the water table, respectively.
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In Portugal and Greece, infiltration ponds are planned to infiltrate treated wastewater, whereas injection wells
will be used in South Malta. At the Greece DEMO site, the treatment plant has been out of operation due to
reconstruction. Samples were taken from untreated water and analysed for selected parameters. Treated
wastewater at the DEMO site in Malta will be polished before infiltration using ultrafiltration. Samples of inflow
(SSTP‐UFin) and outflow water (SSTP‐UFout) of the ultrafiltration plant were analysed. Water samples and
sampling locations are listed in Table 10.

Table 9: Analysed micropollutants.
Pharmaceuticals
Antibiotics

Industrial Agents
Antiepileptic drugs

Chloramphenicol

Carbamazepine

Chlortetracyclin

Psychic medications

Clarithromycine
Dehydrato‐Erythromycin

Diazepam
Lipid‐lowering drugs

Flame retardants
2‐Bromobipehyl
Hexabromobiphenyl
Tetrabromobiphenyl
Pentabromobiphenyl

Doxicycline

Etofibrate

Tribromobiphenyl

Erythromycin

Fenofibrate

Dibromobiphenyl

Oxytetracycline
Roxithromycine
Sulfadiazine
Sulfadimidine

Anti‐inflammatory drugs
Pentoxifylline
Phenacetin
Estrogens

BDE (28, 47, 77, 99, 100, 153, 154, 183, SUM)
TCEP, TCPP, TDCPP, TMDD
Complexing agents
EDTA
Plasticizers

Sulfamethoxazole

Estradiol

Tetracycline

Estriol

Bisphenol A

Trimethoprim

Estrone

Industrial agents

Beta Blockers

Mestranol

4‐Nonylphenol. Isomer mixture

Atenolol

16a‐Hydroxyestrone

4‐tert.‐Octylphenol

Betaxolol

17a‐Ethinylestradiol

Bisoprolol

Amidotrizoic acid

Metoprolol

Radiocontrast agents

Solvents
Hexachlorbutadiene (HCBd)
Pesticides

Pindolol

Iodipamide

Atrazine

Propanolol

Iohexol

Parathion‐methyl

Sotalol

Iomeprol

Analgesics

Iopamidol

Acetylsalicyl acid

Iopromide

Insect repellents
DEET
Food additives

Bezafibrate

Iothalamic acid

Caffeine

Clofibric acid

Ioxaglinic acid

Acesulfame

Diclofenac

Ioxithalamic acid

Cyclamate

Fenoprofen

Saccharine

Gemfibrozil

beta‐Sitosterol

Ibuprofen
Indometacine
Ketoprofen
Naproxen
Phenazone
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Table 10: List of water samples from the DEMO sites.

DEMO site

MAR system

water source

sampling point

Llobregat
River; Spain

infiltration
ponds/wetland

surface water

Llobregat river

Messines,
Portugal

Serchio
River; Italy

South Malta

Lavrion,
Greece

infiltration ponds

bank filtration

infiltration well

infiltration basin

Alcazarén,
Spain

infiltration
channels, ditches

Santiuste
basin, Spain

artificial wetland –
MAR canal

7.1

date of
sampling
LLR

20.10.2014

Me-UTTP

26.09.2014

Me-TTP

26.09.2014

Serchio river, upstream weir

SR-UW

27.10.2014

Serchio river, downstream weir

SR-DW

27.10.2014

stream FOF

SR-FOF

27.10.2014

drain channel

SR-DC

27.10.2014

South STP (morning sample)

SSTP-am

30.01.2015

South STP (afternoon sample)

SSTP-pm

30.01.2015

Feed Ultrafiltration

SSTP-UFin

30.01.2015

Outlet Ultrafiltration

SSTP-UFout

30.01.2015

untreated
wastewater

treatment plant

La-TTP

12.2015

grey water,

inflow MAR system

Al-TTP

27.01.2015

urban surface
run-off

urban run-off channel

Al-URC

27.01.2015

treated
wastewater

inflow MAR system

Sa-TTP

17.02.2015

untreated
wastewater
treated
wastewater

surface water

treated
wastewater

treatment plant

Analytical methods

In order to characterize water sources used for MAR systems at DEMO sites, water was analysed for chemical
composition using ICP‐MS, ICP‐OES, ionchromatography and photometric methods according to EN ISO.
Parameters and analytical methods used are listed in Table 11. Additionally, temperature, pH and conductivity
were measured on‐site by project partners.
Water samples have been stabilized by cooling at 7°C and were shipped overnight to IWW Water Centre.
Except for untreated water from the Lavrion DEMO site, Greece, sample filtration (glass fiber filters, Sartorius)
and processing were carried out in the lab.
For most analyses of organic micropollutants samples were prepared using solid‐phase extraction (SPE).
Sample processing was done by a manually operated SPE vacuum device “BAKER spe‐10” (Mallinckrodt Baker,
Griesheim, Germany) using 3‐ml SPE‐cartridges. The cartridges were activated and conditioned with 2 × 3 ml
methanol/acetonitrile (50/50) and 2 × 3 ml blank water ensuring that the adsorbent does not run dry. Water
samples were passed through the wet cartridges, thereafter the columns were rinsed with 2 × 3 ml water
(pH 7), and the cartridges dried for 60 min under reduced pressure using an air stream. Elution was performed
with 5 × 2 ml methanol/acetonitrile (50/50). Prior to extraction, samples were spiked with labelled internal
standard substances. Some acidic compounds require a low pH for being extracted from the water sample. In
these cases, a sample volume was acidified to pH 2 ± 0.2 with hydrochloric acid prior to extraction.
Concentration of extract was performed with a TurboVap® LV Evaporation System from Caliper Life Sciences
(Hopkinton, MA, USA) using a gentle stream of nitrogen. An aliquot was used for the LC‐MS determination.
Waters Acquity ultraperformance liquid chromatography (UPLC‐TQD/PDA and UPLC‐TQS) coupled with an
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electrospray ionization tandem mass spectrometric system (Milford) was used to carry out HPLC‐MS and HPLC‐
PDA analyses. For GC‐MS analyses, an Agilent GC‐MS system (6890 GC and 5973 MSD single quadrupole mass
analyzer) equipped with an automatic sampler (MPS 2) and Cooled Injection System (CIS 4, Gerstel) was used.
Data acquisition, processing, and evaluation were carried out using the AgilentChemStation software combined
with the Gerstel Maestro software package.

Table 11: Analytical methods.
Parameter
El. conductivity
Turbidity
Heavy metals (Pb)
Nutrients (chloride, nitrate, sulphate)
Nutrients (ammonia, nitrite)
Nutrients (Na, K, Mg, Ca)
Heavy Metals (Al, Cu, Fe, Mn, Zn, Cd)

7.2

Methods

ICP‐MS
Ionchromatography
Photometry
ICP‐OES

EN ISO (DIN)
EN 27888 (1993)
EN ISO 7027 (2000)
EN ISO 17294‐2 (2005)
EN ISO 10304‐1 (2009)
DIN 38406‐5 (1983)
EN 26777 (1993)
EN ISO 11885 (2009)

Results and discussion

In Italy and Spain sampling of surface water was influenced by an unusual long rain period including heavy rain
events in autumn 2014 and spring 2015. Llobregat river shows high turbidity and electrical conductivity which
may be the result of intense surface run‐off. In urban run‐off channel at DEMO site Alcazarén, electrical
conductivity is comparably high. In addition, turbidity in urban streams and channels is between 11.5 NTU
(urban run‐off channel, DEMO site Alcazarén) and 2.11 NTU (drain channel, DEMO site Serchio river), whereas
Serchio river shows a turbidity smaller than 1.
Surface water compositions at DEMO sites differ strongly indicating various sources of contamination. Thus,
concentration of nitrogen as well as distribution of nitrogen species reflects urban and agricultural influences.
In urban run‐off and discharge channels such as SR‐FOF and Al‐URC nitrogen occurs as ammonia. These water
samples also show high DOC concentrations as a potential source for denitrification processes. In contrast,
Serchio river water does not show ammonia, but contains low DOC and nitrate concentrations. Highest nitrate
and nitrite concentrations were measured in water sample from Llobregat river.
Figure 12 demonstrates the number of positive detected micropollutans in analysed surface water samples.
The number of positively detected micropollutants is generally higher in surface water influenced by urban
discharge. Thus, the highest number of positive detections and total concentration of micropollutants were
found in urban run‐off channels at the Alcazarén and Serchio demonstration sites. Llobregat river also shows a
high number of positive detections but a relative low total concentration.
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Figure 12: Number of detected microcompounds in surface water and treated wastewater at MARSOL
demonstration sites.

All surface waters contain traces of food additives: Caffeine, Acesulfam, Saccharin and beta Sitosterol; human
pharmaceuticals: Iomeprol (radiocontrast agent); as well as industrial chemicals: flame retardants (TCEP, TCPP,
TMDD), EDTA and Bisphenol A. Urban run‐off (Al‐URC and SR‐FOF) also contains traces of human
pharmaceuticals such as antibiotics (Clarithromycin), beta blocker (Atenolol, Betaxolol, Bisoprolol, Propanolol)
and analgesics (Diclofenac, Ibuprofen, Naproxen).
Electrical conductivity of treated wastewater ranges between ca. 12,200 µS/cm and 734 µS/cm. According to
this, concentrations of nitrogen species vary between ca. 150 mg/L and 16.7 mg/L, respectively. Species
distribution of nitrogen indicates reducing conditions in treated wastewater at the Messines DEMO site,
whereas nitrogen species in water from South Malta are shifted towards nitrate. Water samples from Malta
also show exceptional high NaCl concentrations before ultrafiltration.
The number of positively detected micropollutants in treated wastewater ranges between 17 and 34 at the
Messines and South Malta DEMO sites (Figure 12). Highest total concentration of micropollutants was found in
treated wastewater at the South Malta DEMO site. After ultrafiltration, micropollutant concentration is below
1.5 µg/L, though. Compared to surface water samples, the measured inventory of micropollutants in treated
wastewater clearly shows a broader range of human pharmaceuticals; however, concentration of specific
micropollutants such as Bisphenol A, Caffeine and beta‐Sitosterol are lower in treated wastewater due to
effective treatment processes.

8.

Summary

Managed aquifer recharge schemes have the potential to reduce economic and ecologic stresses by increasing
water availability for later abstraction or to achieve environmental benefits. On the other hand, the infiltration
of non‐system water affects the groundwater body concerning hydraulic and chemical status. In particular,
quality aspects of water sources such as treated wastewater and surface water may create a yet unforeseeable
risk for environment and human health. In this context, synthetic micropollutants such as pharmaceuticals,
industrial agents, personal care products and pesticides are in the focus of attention. In recent years, more
information on micropollutants has become available, but a concise picture on overall inventory and
environmental concentrations is still elusive.
This study presents a literature review of recent monitoring data reporting the occurring environmental
concentration of synthetic micropollutants in water sources potentially used for MAR schemes in
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Mediterranean countries. Results of various monitoring campaigns extracted from 152 publications have been
gathered in a database. This study clearly shows that a vast amount of synthetic compounds are used for
domestic and industrial purpose; pharmaceuticals alone comprise several thousand active compounds and the
numbers are continuously increasing. Thus, an important component assessing potentially posed risks of
applied MAR schemes is the determination of overall chemical inventory as well as specific occurrence of
compounds and compound mixtures in different water sources. In this study information about 458 different
micropollutants have been gathered in total (301 in surface water and 455 in treated wastewater).
Urban and industrial emissions are the major driver for the distribution of micropollutants. In this context,
advanced treatment is still needed to remove potentially harmful substances such as micropollutants and
reduce the release into the aquatic environment. However, regulations of allowable concentrations and
acceptable risk levels are currently not available but are needed to push treatment technologies for effective
removal from wastewater. In contrast, chemical status of receiving surface water and groundwater bodies is
regulated based on Directive 2008/105/EC comprising 45 micropollutants (heavy metals, industrial chemicals
and pesticides). The discussions in this regard are being conducted in the EU to also include relevant
pharmaceuticals.
In literature quality goals/polishing goals have been defined depending on MAR schemes applied.
Micropollutants in general are included for indirect infiltration schemes with a value smaller than 0.1 µg/L. In
direct infiltration compound specific concentrations limits are suggested. Gathered data show that in
treatment plant effluent more than 34% of the analyzed compounds exceed the suggested quality standard
(0.1 µg/L). In surface water even 80% of the analyzed compounds exceed the quality standard, indicating an
even higher influx load from central and decentralized wastewater treatment into surface water bodies.
This study clearly indicates a considerable contamination with respect to pharmaceuticals and industrial agents
as well as food additives in wastewater treatment plant effluents and as a consequence, in receiving surface
water too. Based on information about the occurrence and observed concentrations within the water sources,
appropriate polishing goals considering site specific factors of applied MAR schemes should be developed and
applied.
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