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1. Introduction
A three-day course focused on the state-of-the-art knowledge on the uptake of
contaminants of emerging concern (CECs) by crop plants, and antibiotic-resistant
bacteria and resistance genes (ARB&ARGs) testing in treated wastewater, soil and
crops samples was organized in the framework of WG2 activities on 29-31 May 2018, in
Cyprus (Nicosia and Limassol). The Training School (TS) was co-organized by the
Nireas-International Water Research Center of the University of Cyprus (Dr. Despo
Fatta-Kassinos, Chair of the Action), the Agricultural Research Institute in Cyprus (Dr.
Anastasis Christou, MC member, WG2 member) and the Cyprus University of
Technology (Dr. Vassilis Fotopoulos, WG2 member).

2. Training school objectives
The overall objective of the TS was to provide knowledge on the uptake of CECs and
their translocation in crops, as well as on their action as plant stressors. Laboratory
techniques which are commonly used to pre-concentrate and quantify selected CECs
were demonstrated through laboratory exercises. Furthermore, a battery of bioassays
for the evaluation of the effects on the environment and on human health arising from
wastewater reuse was addressed. Also, methodologies for assessing the risk to human
health from the consumption of agricultural products irrigated with treated wastewater
were discussed.
Through the course the following aspects were addressed, at both theoretical and
practical level:
▪

Introduction to wastewater reuse: Is it a source of introduction of CECs in the
environment?

▪

Multi-residue and target compound extraction methods of selected CECs from
various matrices with laboratory demonstrations and practical exercises

▪

LC-MS/MS tool demonstration for identification and quantification of CECs at ng-μg
L-1 concentrations

▪

Uptake and translocation of selected CECs by crops: factors affecting the uptake

▪

Biochar production and its use as soil amendment: Possible reduction of the
bioavailability/bioaccessibility of CECs

▪

Methodologies for screening and quantifying ARB&ARGs in wastewater, soil and
plant matrices
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▪

Recent advances in the study of pharmaceuticals as plant stressors and stressrelated physiological markers

▪

Human health risk assessment of the consumption of agricultural products irrigated
with treated wastewater

▪

Practical work on the evaluation of acute toxicity of treated wastewater

3. Announcement, applications and selection of trainees
Various dissemination channels were chosen for a greater impact on the success and
effectiveness of the TS promotion. An e-mail invitation which contained the meeting
agenda was sent out to all NEREUS members and interested parties well ahead in time,
to inform them about the TS. This has spread the word for the event to a wider audience,
which would not be possible to be reached otherwise. An attractive invitation brochure
(Annex 1) was also elaborated for the promotion of the TS through different
communication channels (social media, website of Nireas-IWRC and ARI, email). Social
network updating was done before, during and after the TS.
The visibility of the NEREUS COST Action has been guaranteed throughout all the
activities carried out for the TS. All the event items (invitation brochure, presentations)
displayed the project logo and the proper acknowledgement text for the funding
agencies.
The training school of WG2 on ″Uptake of microcontaminants by crop plants and
ARB&ARGs testing in wastewater, soil and plant samples″ received 38 applications and
so a decision was made to increase the number of places available to 32 to maximise
inclusion (20 trainees received a grant, while 13 applicants had the opportunity to attend
the training school on their own expenses; 16 Male and 17 Female; 10 PhD candidates
and 11 PhD holders; 16 countries [including Jordan]).
Statistics concerning the trainees
16 Male and 17 Female
10 PhD candidates and 11 PhD holders
16 Countries (including Jordan)
Applicants were evaluated on the basis of the specific criteria decided by the
Organising Committees which had specific weights, i.e. relevance of applicants’ studies
and research experience to the topics of the schools’ programme, the need of the
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applicants to participate in this school (i.e. how much will the training school contribute
to the future work of the applicant), gender balance, and NEREUS membership. Special
emphasis was also given to involve young researchers and candidates from ICT, as
well as to achieve a balanced distribution of nationality. The list of trainees received
a grant is presented below (the singed list of participants is provided in Annex 4).
Table 1 - Trainees of the TS.
Name

Organisation

Country

Stella Michael
Marjorie Bardiau

Nireas International Water Research
University of Cyprus
Research and Expertise Centre for Water

Anna Ofridopoulou

Aristotle University of Thessaloniki

Greece

Myrsini Papageorgiou

Aristotle University of Thessaloniki

Greece

Paweł Krzemiński

Norwegian Institute for Water Research

Norway

Iakovos Iakovides
Ravi Kumar

Nireas International Water Research
University of Cyprus
Technical University of Denmark

Srikanth Vuppala

La’ Sapienza University of Rome

Italy

Lucia Gusmaroli

ICRA - Institut Català de Recerca de l'Aigua

Spain

Lisa Jones

Dublin City University

Ireland

Elackiya Sithamparanathan

Wageningen University and Research

The Netherlands

Farah Mohammed Naoum

Jordan University of Science and Technology

Jordan

Ana Bellen Martinez Piernas

University of Almeria

Spain

Mohammad Bashabsheh

Jordan University of Science and Technology

Jordan

Pierre Oesterle

University of Umeå

Sweden

Ariadni Droumpali

Technical University of Denmark

Denmark

Ekaterini Isari

Hellenic Open University

Greece

Obed Nadari Amabogha

Middlesex University

UK

Sridhar Patra

United Nations University

Germany

Evangelos Giannakopoulos

Hellenic Open University

Greece

Center,

Cyprus
Belgium

Center,

Cyprus
Denmark
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Photo 1 - Trainees of the NEREUS Training School, 29-31 May 2018, Nicosia and
Limassol (Cyprus)

4. Triners
The topics of the TS were covered in various lectures/talks as shown in the TS agenda
(Annex 2). The presentations delivered in the framework of the TS are provided in
Annex 3 (in Microsoft PowerPoint format).
Table 2 - Trainers of the TS.
Trainers
Despo Fatta-Kassinos

Nireas International Water Research Center,
University of Cyprus, Cyprus

Ms Popi Karaolia

Nireas International Water Research Center,
University of Cyprus, Cyprus

Dr Evroula Hapeshi

Nireas International Water Research Center,
University of Cyprus, Cyprus

Dr Marinos Stylianou

Nireas International Water Research Center,
University of Cyprus, Cyprus

Dr Anastasis Christou

Agricultural Research Institute, Cyprus
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Dr Panagiotis Dalias

Agricultural Research Institute, Cyprus

Dr Sotirios Vassiliadis

University of Thessaly, Greece

Dr Vassilis Fotopoulos

Cyprus University of Technology, Cyprus

Dr Marlen I. Vasquez

Cyprus University of Technology, Cyprus

5. Evaluation
The TS was very successful and this is reflected by the positive feedback received from
the trainees*.

* Selected comments by the trainees
″The whole program was very fruitful. I gained knowledge on various aspects of CECs
uptake by crop plants, namely methods for the extraction of CECs from crops and the
following lab demonstration; I found this very useful for my project. I found the session,
hands-on experience on pharmaceuticals CECs in tomato fruits from field irrigated with
treated wastewater very interesting. I am looking forward to the real world
application of it. I also enjoyed the lab work on quantification of photosynthetic pigments
in plant tissues″ - Dr Elackiya Sithamparanathan (Researcher, Wageningen University
and Research, The Netherlands)
________________
″The course was very useful and I learned a lot of things. I learned how to work in the
laboratory since I have not worked in the laboratory before″ - Farah Naoum (Researcher,
Jordan University of Science and Technology, Jordan)
________________
″I would like to congratulate organizers for a very well organized training school. Also,
from the scientific point of view, topics and presentations were done in such manner that
they cover a very broad scope. I found very interesting the hands-on experiments since
they provided insight in how the experiments actually look like, and motivated
participants to exchange their knowledge and experiences about practical work in the
laboratories″ - Dorde Tadic (PhD Candidate, CSIC, Spain)
________________
″I really enjoyed the training school of the NEREUS COST Action ES1403, held in
Cyprus. The context of the training, helped me deepen my knowledge on the uptake of
CECs by crop plants and ARB&ARGs testing in treated wastewater, soil and plant
samples. As my PhD research is directly related with wastewater reuse applications and
include extensive experimental work on the determination of concentration of various
chemicals in treated wastewater, my training on the laboratory techniques which are
commonly used to pre-concentrate and quantify selected CECs, was indeed very useful
for me. The hands-on experience of the training, helped me enrich my laboratory
skills. Finally, the training on the evaluation of biological effects on the environment and
human health arising from treated wastewater reuse, was very helpful for me, since
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the assessment of the environmental impact of the technologies applied to treat
wastewater, is a crucial aspect of my PhD″ - Stella Michael (PhD Candidate, NireasInternational Water Research Center, University of Cyprus, Cyprus)
________________
″As a special added value of this event I found the opportunity to network with other
professionals from the world, which is an exceptional opportunity for horizontal
exchange of experience. I perceive this also as an occasion to familiarize with good
practices as a channel for my personal development″. - Mohammad Bashabsheh
(PhD Candidate, Jordan University of Science and Technology, Jordan)
________________
″The training school on the uptake of microcontaminants by crop plants and ARB&ARGs
testing in wastewater and soil and plant sample was very interesting and very well
organized. The members of the organization committee were very kind to all the
participants and always have the will to help us. The presentations were very interesting
and helped me to understand even more the different aspects which are related to
the crop uptake. In addition, the opportunity that provided to us through the
demonstration experiments, such as solid phase extraction, the photosynthetic pigments
in plant tissues and etc. was very helpful to me″. - Iakovos Iakovides (PhD Candidate,
Nireas-International Water Research Center, University of Cyprus, Cyprus)
________________
″The training programme was very good and I enjoyed each and every session. The
methods learnt with regard to the measurement of micro-contaminants will be particularly
very helpful in my future research efforts″. - Sridhar Patra (Researcher, United
Nations University, Germany)
________________
″First of all, I would like to thank you for this unique and inspiring training school in
Cyprus. It was really good time to be part of this training program and I really enjoy this
experience. The years of research, the depth of understanding of presented issues and
the ability of the trainers to present this subject in such an interesting way produced one
of the outstanding moments. I personally gained so much extensive knowledge,
the subject intrigues me, and I plan to use the knowledge in my future project. Also,
the continuous communication with the other participants enriched the scientific
discussion to an even greater level. Hope I will be able to spread the essence of your
efforts in my place too″. - Myrsini Papageorgiou (PhD Candidate, Aristotle University of
Thessaloniki, Greece)
________________
″I found it really interesting since all topics related to reuse were explained with
scientific rigor. The organization was excellent and all the talks were interesting. It
was a valuable training to complete my PhD thesis. In general, it was a great
experience″. - Ana Belen Martinez Piernas (PhD Candidate, University of Almeria,
Spain)
________________
″Attending the Training School was an extremely positive learning experience. The
lectures provided us with valuable knowledge and were suitable and interesting for
people specialized in different fields, as we actually were. The didactic visits to the
wastewater treatment plant and university facilities, as well as the hands-on experience
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in the laboratories, were interesting and complemented well the information
acquired during the lectures. The Training School was very well organized, and the
personnel involved was always available and very welcoming. I cannot but be thankful
for this valuable experience″. - Lucia Gusmaroli (PhD Candidate, ICRA - Institut Català
de Recerca de l'Aigua, Spain)
________________
″My participation at the Training School on ″Uptake of microcontaminants and
ARB&ARGs testing in wastewater and soil samples″ which held in Cyprus was a very
constructive experience. Overall the training was Excellent and the content delivered
was very Interesting. The materials used to support the training was quite Good and
the style of presentation was Excellent. One thing I saw at training school that I will begin
applying immediately is the determination of radical activity in plants. This is what I
enjoyed most was high level training and I WOULD highly recommend this training to
others scientists. Furthermore, I had the pleasure to visit the beautiful Nicosia and
Limassol, to meet PhD students and PostDocs from other countries, to exchange with
them experiences from our social and scientific life and to make useful
connections″. - Evangelos Giannakopoulos (Researcher, Hellenic Open University,
Greece)
________________
″I had the opportunity to meet and to be taught by scientists with great expertise on
the field. I attended lectures and I participated in lab exercises which gave me valuable
information as researcher. The whole programme (lectures/study tours/hands-on
experiments) was very well organized, very interesting and constructive″. - Isari
Ekavi (PhD Candidate, Hellenic Open University, Greece)
________________
″The training school was once in a life time experience. Apart from the knowledge that
I got, the communication and the interaction with people from other countries was more
than I could expect. The trainers were adequate and covered fully all the subjects.
The laboratories of University of Cyprus, the Agricultural Research Institute and the
Cyprus University of Technology were well organized and equipped by our having a
quick experience. The co-organizers were friendly and made us feel the Cypriot
hospitality. Finally, the evaluation of my short trip in Cyprus was only positive″. - Anna
Ofrydopoulou (PhD Candidate, Aristotle University of Thessaloniki, Greece)
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Photo 2 - NEREUS Training School, 29-31 May 2018, Nicosia and Limassol (Cyprus)
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Announcement of
NEREUS COST ACTION ES1403 TRAINING SCHOOL
Uptake of microcontaminants by crop plants and ARB&ARGs
testing in wastewater, soil and plant samples
Cyprus, May 29-31, 2018

Course overview and objectives
This will be an intensive three-day course focused on the state-of-the-art knowledge on the
uptake of contaminants of emerging concern (CEC) by crop plants, and ARB&ARGs testing in
treated wastewater (TWW), soil and plant samples. Knowledge will be provided on CEC uptake
and their translocation in plants, as well as on their action as plant stressors. Laboratory
techniques which are commonly used to pre-concentrate and quantify selected CEC will also be
demonstrated through laboratory exercises. Furthermore, a battery of bioassays for the
evaluation of the effects on the environment and on human health arising from TWW reuse will
be addressed. Also, methodologies for assessing the risk to human health from the consumption
of agricultural products irrigated with TWW will be discussed.
In more detail, through the course the following aspects will be addressed:
▪ Introduction to TWW reuse practice: Is it a source of introduction of CEC in the
environment?
▪ Multi-residue and target compound extraction methods of selected CEC from various
matrices with laboratory demonstrations and practical exercises
▪ LC-MS/MS tool demonstration for identification and quantification of CEC at ng-μg L-1
concentrations
▪ Uptake and translocation of selected CEC by crops: factors affecting the uptake
▪ Biochar production and its use as soil amendment: Possible reduction of the
bioavailability/bioaccessibility of CEC
▪ Methodologies for screening and quantifying ARB&ARGs in wastewater, soil and plant
matrices
▪ Recent advances in the study of pharmaceuticals as plant stressors and
stress-related physiological markers
▪ Human health risk assessment of the consumption of agricultural
products irrigated with TWW
▪ Practical work on the evaluation of acute toxicity of TWW

http://www.nereus-cost.eu
info@nereus-cost.eu

COST is supported by
the EU framework
Programme Horizon 2020

Trainers
Dr. Despo Fatta-Kassinos
Nireas International Water Research Center (Nireas-IWRC), University of
Cyprus, Cyprus
Ms. Popi Karaolia
Nireas-IWRC, University of Cyprus, Cyprus
Dr. Evroula Hapeshi
Nireas-IWRC, University of Cyprus, Cyprus
Dr. Anastasis Christou
Agricultural Research Institute, Cyprus
Dr. Marinos Stylianou
Nireas-IWRC, University of Cyprus, Cyprus
Dr. Panagiotis Dalias
Agricultural Research Institute, Cyprus
Dr. Sotirios Vassiliadis
University of Thessaly, Greece
Dr. Vassilis Fotopoulos
Cyprus University of Technology, Cyprus
Dr. Marlen I. Vasquez
Cyprus University of Technology, Cyprus

http://www.nereus-cost.eu
info@nereus-cost.eu
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▪ Young researchers focusing their research activities in the field of
CEC uptake by crops, CEC identification and quantification in
environmental matrices, ARB&ARGs identification and quantification
in environmental matrices, plant stress physiology and wastewater
reuse.

Who can attend?

▪ Researchers and/or technical/policy-making staff with a background
in agricultural sciences, crop sciences, environmental sciences,
chemistry, biology, microbiology, biochemistry, environmental
engineering, chemical engineering etc.
To apply, please provide:
▪ A cover letter with an expression of interest and a paragraph
describing the relevant scientific activities with this Training School;
▪ A Curriculum Vitae (CV).
Number of applicants to be reimbursed: Maximum of 20 applicants

Applications

All applications should be submitted to info@nereus-cost.eu no later than
20 April 2018.
Successful applicants will be contacted directly by e-mail by 30 April
2018.
Applicants eligible to be reimbursed:
1.

Applicants from all COST Countries:
a. List of COST countries:
http://www.cost.eu/about_cost/cost_countries

2.

Eligibility Criteria

Selection Criteria

http://www.nereus-cost.eu
info@nereus-cost.eu

Applicants from the following approved Near Neighbour Countries
institutions:
a. Jordan University of Science and Technology
b. Institute for Rural Engineering, Water and Forestry
c. Kiev National University of Construction and Architecture
d. G. Eliava Institute of Bacteriophage, Microbiology & Virology
(IBMV)

Applicants will be evaluated on the basis of the relevance of their studies
and research experience to the topics covered by the Training School
program

COST is supported by
the EU framework
Programme Horizon 2020

Fees: FREE
Each applicant will receive a financial support grant of 750 EUR
▪ Travel Grant: 300 EUR
▪ Accommodation and meals: 150 EUR per day (3 days covered)
The Grant will be provided after the completion of the training school
through the e-COST system https://e-services.cost.eu.

Financial Support Travel and accommodation must be arranged by each
Accommodation participant after the receipt of the acceptance email and the
official e-COST invitation.

http://www.nereus-cost.eu
info@nereus-cost.eu

COST is supported by
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Training School Schedule
Tuesday, May 29th, 2018
Time

Description
Meeting location: University Campus, University of Cyprus (Nicosia)
Address: 1, Panepistimiou Avenue, Aglantzia, Nicosia
https://goo.gl/maps/nHN7SVW5HtN2

09:00-09:30
09:30-10:00
10:00-10:30
10:30-11:00
11:00-11:30

11:30-12:30

12:30-13:00

13:00-14:00
14:00-14:30

14:30-15:30

15:30-17:00

17:00-17:30

Registration
Welcome greetings and Introduction to the Summer School Objectives
Dr. Despo Fatta-Kassinos, Nireas-IWRC, University of Cyprus
Introduction to treated wastewater reuse
Ms. Popi Karaolia, Nireas-IWRC, University of Cyprus
Coffee Break
What do we know so far regarding CEC uptake by crops via treated wastewater
reuse for irrigation?
Dr. Despo Fatta-Kassinos, Nireas-IWRC, University of Cyprus
Methods for the extraction of CEC from wastewater, soil and crops
• General methods (Accelerated Solvent Extraction, QuEChERS)
• Methods for targeting CEC
• Clean-up of extracts using solid phase extraction (SPE)
Dr. Evroula Hapeshi, Nireas-IWRC, University of Cyprus
Liquid Chromatography tandem mass spectrometry: indispensable tool for the
measurement of CEC extracted from crops, soil matrices and wastewater
• General features of LC-MS/MS
• Identification and quantitation mass ions
Dr. Evroula Hapeshi, Nireas-IWRC, University of Cyprus
LUNCH
Transfer to UCY Main Campus (Nicosia)
Location: University Campus, University of Cyprus (Nicosia)
Address: 75 Kallipoleos, Nicosia
https://goo.gl/maps/2j1QfYbqeuQ2
Hands-on experience on the extraction, clean-up and SPE pre-concentration of
pharmaceutical CEC in tomato fruits harvested from field irrigated with treated
wastewater
Dr. Evroula Hapeshi, Nireas-IWRC, University of Cyprus
Demonstration of the LC-MS/MS analysis of extracted pharmaceutical CEC
• Basic LC-MS/MS analysis principles
• Identification and quantification of pharmaceutical CEC in crops
Dr. Evroula Hapeshi, Nireas-IWRC, University of Cyprus
Transfer to Nicosia town center
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Wednesday, May 30th, 2018
Time

08:15-09:00
09:00-10:30

Description
Meeting Location: University Campus, University of Cyprus (Nicosia)
Address: 1 Panepistimiou Avenue, Aglantzia, Nicosia
https://goo.gl/maps/nHN7SVW5HtN2
Transfer to Vathia Gonia WWTP (Nicosia)
Presentation of the treatment stages of a full-scale urban WWTP
that combines treated wastewater irrigation schemes
•
•

10:30-11:00

Tour to Vathia Gonia WWTP that uses MBR treatment
Field visit to Vathia Gonia and Potamia sites where treated wastewater is
reused for irrigation in the long-term
Dr. Anastasis Christou, Agricultural Research Institute
Transfer to Agricultural Research Institute (Nicosia)

11:00-11:30

Location: Agricultural Research Institute
Address: https://goo.gl/maps/2j1QfYbqeuQ2
Coffee Break

11:30-12:30

Uptake and bioaccumulation of pharmaceuticals by crops grown in
fields irrigated with treated wastewater: data based on field surveys
and field experiments
Dr. Anastasis Christou, Agricultural Research Institute

12:30-13:00

13:00-14:00
14:00-15:00

15:00-15:30

15:30-17:00

15:30-16:30

16:30-17:00
17:00

http://www.nereus-cost.eu
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Production and characterization of biochar from various feedstock
materials
Dr. Marinos Stylianou, Nireas-IWRC, University of Cyprus
LUNCH
The potential use of biochar for the mitigation of CEC uptake by crop
plants
Dr. Panagiotis Dalias, Agricultural Research Institute
Next generation sequencing approaches for ARB&ARGs screening in
wastewater, soil and plant environments
Dr. Sotirios Vassiliadis, University of Thessaly
Study tour to long-term (more than 7 years) treated wastewaterirrigated experimental sites and to the greenhouse of the Agricultural
Research Institute of Cyprus where plants are irrigated with treated
wastewater
• Experimental treatments and designs
• Hands on experience
Dr. Anastasis Christou, Agricultural Research Institute
Demonstration
of
the
LC-MS/MS
analysis
of
extracted
pharmaceutical CEC
• Basic LC-MS/MS analysis principles
• Identification and quantification of pharmaceutical CEC in crops
Dr. Evroula Hapeshi, Nireas-IWRC, University of Cyprus, Cyprus
Transfer to Nicosia town center
Tour in Nicosia city center

COST is supported by
the EU framework
Programme Horizon 2020

Thursday, May 31st, 2018
Time

08:15-09:30
09:30-10:00
10:00-10:30

10:30-11:00
11:00-11:30
11:30-14:00

14:00-15:30
15:30-16:00

16:00-17:00

17:00-18:30
15:30-16:30

http://www.nereus-cost.eu
info@nereus-cost.eu

Description
Meeting Location: University Campus, University of Cyprus (Nicosia)
Address: 1 Panepistimiou Avenue, Aglantzia, Nicosia
https://goo.gl/maps/nHN7SVW5HtN2
Transfer to Cyprus University of Technology (CUT) (Limassol)
Tour to CUT laboratories
Assoc. Prof. Vassilis Fotopoulos, CUT
Plant stress physiology linked to pharmaceutically active compounds
(PhACs)
Assoc. Prof. Vassilis Fotopoulos, CUT
Coffee Break
Methodologies for public health risk assessment
Dr. Anastasis Christou, Agricultural Research Institute
Hands-on experience in the evaluation of stress-related physiological
markers of plants
• Quantification of photosynthetic pigments in plant tissues
• Quantification of hydrogen peroxide (H2O2) in plant tissues
• Quantification of malondialdehyde (MDA) content in plant tissues
Assoc. Prof. Vassilis Fotopoulos, CUT
LUNCH
An overview of bioassays to monitor environmental and human
health effects of treated wastewater
Dr. Marlen I. Vasquez, CUT
Hands-on experience on acute toxicity assessment on luminescent
bacteria
• Experimental design and pre-treatment of samples
• Acute toxicity testing experimentation
• Introduction to data analysis and management
Dr. Marlen I. Vasquez, CUT
Tour in Limassol city center
Transfer to Nicosia city center

COST is supported by
the EU framework
Programme Horizon 2020

Abbreviations
ARB&ARGs: Antibiotic-Resistant Bacteria and Antibiotic Resistance Genes
CEC: Contaminants of Emerging Concern
CUT: Cyprus University of Technology
Nireas-IWRC: Nireas-International Water Research Center
LC: Liquid chromatography
MS: Mass spectrometry
PhACs: pharmaceutically Active Compounds
UCY: University of Cyprus
WWTP: WasteWater Treatment Plant
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TRAINING SCHOOL ON THE UPTAKE OF MICROCONTAMINANTS BY CROP PLANTS
AND ARB&ARGs TESTING IN WASTEWATER AND SOIL AND PLANT SAMPLES
WG2 TRAINING SCHOOL AGENDA, 29-31 May 2018, Cyprus

Co-organisers:

Nireas-International Water Research Center, University of Cyprus, Cyprus
Agricultural Research Institute, Cyprus
Cyprus University of Technology, Cyprus

Tuesday, May 29, 2018 (School welcome and introduction, methods for CEC extraction and
quantification in crops, plants and soils)
9h00 – 9h30

Meeting point: University Campus, University of Cyprus (Nicosia)
Registration

9h30 – 10h00

Welcome greetings and Introduction to the Summer School Objectives
Assoc. Prof. Despo Fatta-Kassinos, Nireas-IWRC, UCY

10h00 – 10h30

Introduction to treated wastewater reuse
Ms. Popi Karaolia, Nireas-IWRC, UCY

10h30 – 11h00

COFFEE BREAK

11h00 – 11h30

What do we know so far regarding CEC uptake by crops via treated
wastewater reuse for irrigation?
Assoc. Prof. Despo Fatta-Kassinos, Nireas-IWRC

11h30 – 12h30

Methods for the extraction of CEC from wastewater, soil and crops
• General methods (Accelerated Solvent Extraction, QuEChERS)
• Methods for targeting CEC
• Clean-up of extracts using solid phase extraction (SPE)
Dr. Evroula Hapeshi, Nireas-IWRC, UCY

12h30 – 13h00

Liquid Chromatography tandem mass spectrometry: indispensable tool for
the measurement of CEC extracted from crops, soil matrices and wastewater
• General features of LC-MS/MS
• Identification and quantitation mass ions
Dr. Evroula Hapeshi, Nireas-IWRC, UCY

13h00 – 14h00

LUNCH BREAK

http://www.nereus-cost.eu
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14h00 – 14h30

Transfer to UCY Main Campus (Nicosia)

14h30 – 15h30

Hands-on experience on the extraction, clean-up and SPE pre-concentration
of pharmaceutical CEC in tomato fruits harvested from field irrigated with
treated wastewater
Dr. Evroula Hapeshi and Ms. Popi Karaolia, Laboratories of Nireas-IWRC, UCY

15h30 – 17h00

Demonstration of the LC-MS/MS analysis of extracted pharmaceutical CEC
• Basic LC-MS/MS analysis principles
• Identification and quantification of pharmaceutical CEC in crops
Dr. Evroula Hapeshi and Ms. Popi Karaolia, Laboratories of Nireas-IWRC, UCY

END OF DAY 1

http://www.nereus-cost.eu
info@nereus-cost.eu

Wednesday, May 30, 2018 (Urban wastewater treatment, uptake of CEC by crops irrigated with
treated wastewater and alternative mitigation measures of CEC uptake by crops)
7h45 – 9h00

Transfer to Vathia Gonia WWTP (Nicosia)
Meeting points: Nicosia city center and University Campus, University of
Cyprus (Nicosia)

9h00 – 10h30

Presentation of the treatment stages of a full-scale urban WWTP that
combines treated wastewater irrigation schemes
• Tour to Vathia Gonia WWTP that uses MBR treatment
• Field visit to Vathia Gonia and Potamia sites where treated wastewater is
reused for irrigation in the long-term

10h30 –11h00

Transfer to Agricultural Research Institute (Nicosia)

11h00 – 11h30

COFFEE BREAK

11h30 – 12h30

Study tour to long-term (more than 7 years) treated wastewater-irrigated
experimental sites and to the greenhouse of the Agricultural Research
Institute of Cyprus where plants are irrigated with treated wastewater
• Experimental treatments and designs
• Hands on experience
Mr. Kyriakos Constantinou, Agricultural Research Institute

12h30 – 13h00

Production and characterization of biochar from various feedstock materials
Dr. Marinos Stylianou, Nireas-IWRC, UCY

13h00 – 14h00

LUNCH BREAK

14h00 – 15h00

The potential use of biochar for the mitigation of CEC uptake by crop plants
Dr. Panagiotis Dalias, Agricultural Research Institute

15h00 – 15h30

Next generation sequencing approaches for ARB&ARGs screening in
wastewater, soil and plant environments
Dr. Sotirios Vasileiadis, University of Thessaly

15h30 – 16h30

Uptake and bioaccumulation of pharmaceuticals by crops grown in fields
irrigated with treated wastewater: data based on field surveys and field
experiments
Dr. Anastasis Christou, Agricultural Research Institute

16h30 – 17h00

Transfer to Nicosia town center

17h00 – 19h00

Tour in Nicosia city center

END OF DAY 2

http://www.nereus-cost.eu
info@nereus-cost.eu

Thursday, May 31, 2018 (Plant stress physiology, Public health risk assessment and Toxicity
assessment)
7h45 – 9h30

Transfer to Cyprus University of Technology (CUT) (Limassol)
Meeting points: Nicosia city center and University Campus, University of
Cyprus (Nicosia)

9h30 – 10h00

Tour to CUT laboratories
Assoc. Prof. Vassilis Fotopoulos, CUT

10h00 – 10h30

Plant stress physiology linked to pharmaceutically active compounds (PhACs)
Assoc. Prof. Vassilis Fotopoulos, CUT

10h30 – 11h00

COFFEE BREAK

11h00 – 11h30

Methodologies for public health risk assessment
Dr. Anastasis Christou, Agricultural Research Institute

11h30 – 14h00

Hands-on experience in the evaluation of stress-related physiological markers
of plants
• Quantification of photosynthetic pigments in plant tissues
• Quantification of hydrogen peroxide (H2O2) in plant tissues
• Quantification of malondialdehyde (MDA) content in plant tissues
Assoc. Prof. Vassilis Fotopoulos, CUT

14h00 – 15h30

LUNCH BREAK

15h30 – 16h00

An overview of bioassays to monitor environmental and human health
effects of treated wastewater
Dr. Marlen I. Vasquez, CUT

16h00 – 17h00

Hands-on experience on acute toxicity assessment on luminescent bacteria
• Experimental design and pre-treatment of samples
• Acute toxicity testing experimentation
• Introduction to data analysis and management
Dr. Marlen I. Vasquez, CUT

17h30 – 19h30

Tour in Limassol city center

19h30 – 20h30

Transfer to Nicosia city center

END OF DAY 3

http://www.nereus-cost.eu
info@nereus-cost.eu

Abbreviations:
ARB&ARGs: Antibiotic-resistant bacteria and antibiotic resistance genes
CEC: contaminants of emerging concern
CUT: Cyprus University of Technology
IWRC: International Water Research Center
LC: Liquid chromatography
MS: Mass spectrometry
PhACs: pharmaceutically active compounds
UCY: University of Cyprus
WWTP: wastewater treatment plant

http://www.nereus-cost.eu
info@nereus-cost.eu

COST Action ES1403

New and emerging
challenges and opportunities
in wastewater reuse

Nicosia, Cyprus
29 May, 2018
COST is supported by
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Horizon 2020

University of Cyprus
Established: 1989

top 55 young universities under 50yrs
top 200 universities in Europe
COST is supported by
the EU Framework Programme
Horizon 2020

FIGURES TODAY

•
•
•
•
•
•
•

41
60
6
45
5024
1118
635

Undergraduate programs
Postgraduate programs (Masters)
Postgraduate programs in English
PhD programs
Undergraduate students
Postgraduate students
Doctoral students
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FIGURES TODAY

8 Faculties:
•
•
•
•
•
•
•
•

Faculty of Humanities
Faculty of Economics and Management
Faculty of Pure and Applied Sciences
Faculty of Social Sciences and Education
Faculty of Engineering
Faculty of Letters
Medical School (2013)
Graduate School

22 Departments
11 Research Units
COST is supported by
the EU Framework Programme
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Research Units/Centres (11)

•
•
•
•
•
•
•
•
•
•
•

Archaeological Research Unit
FOSS Research Centre for Sustainable Energy
Centre for Applied Neuroscience
Molecure Medicine Research Centre
Nanotechnology Research Centre
Nireas- International Water Research Centre
Economics Research Centre
Research Centre for Gender Studies
KIOS Research Centre for Intelligent Systems and Networks
Centre for Banking and Financial Research
Oceanography Centre

COST is supported by
the EU Framework Programme
Horizon 2020

Cyprus
•
•
•
•
•
•

East Mediterranean Basin
3rd largest island in the Mediterranean
Population: less than one million
Typical Mediterranean climate
Variation in rainfall: regional/annual
2/3 yrs consecutive droughts

COST is supported by
the EU Framework Programme
Horizon 2020

THE CYPRUS EXPERIENCE IN WATER RESOURCES
MANAGEMENT: The long past

AQUEDUCTS
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THE CYPRUS EXPERIENCE IN WATER RESOURCES
MANAGEMENT: The recent past

EARLY

BOTTLED

WATER
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THE CYPRUS EXPERIENCE IN WATER RESOURCES
MANAGEMENT: The recent past

EARLY TOWN WATER UTILITY SET UP
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THE CYPRUS EXPERIENCE IN WATER RESOURCES
MANAGEMENT: The beginning of modern times

WINDMILLS AND COMMUNITY FOUNTAINS
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THE CYPRUS EXPERIENCE IN WATER RESOURCES
MANAGEMENT: Today

DAMS – IRRIGATION PROJECTS
AND LAND CONSOLIDATION
COST is supported by
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THE CYPRUS EXPERIENCE IN WATER RESOURCES
MANAGEMENT: Today and Tomorrow

DESALINATION PLANTS
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THE CYPRUS EXPERIENCE IN WATER RESOURCES
MANAGEMENT: Today and Tomorrow

WASTEWATER
TREATMENT PLANT

REUSE OF TREATED
WASTEWATER
COST is supported by
the EU Framework Programme
Horizon 2020

Water Resources
Total Annual Supply: 2,670 MCM
14% or 370 MCM
available for development
since the remaining 86% returns to
the atmosphere through
evapotranspiration.
distributed between
surface and groundwater
in the ratio 1.75:1 respectively

COST is supported by
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Primary Objective of NEREUS
A multi-disciplinary network to
determine which of the current challenges
related to wastewater reuse are the most
concerning ones in relation to public health
and environmental protection, and how
these can be overcome.

COST is supported by
the EU Framework Programme
Horizon 2020

Wastewater reuse applications
Urban uses

irrigation, street cleaning, fire protection systems, washing, toilet
flushing, dust control
food crops commercially processed, pasture for milking animals,
fodder, aquaculture

Agricultural
uses
Industrial
uses
Recreational
uses
Environmental
uses
Potable
uses

process water, cooling water, recirculating cooling towers,
making concrete, dust control
golf courses irrigation, recreational impoundments

aquifer recharge, stream augmentation, wildlife habitant

aquifer recharge for potable use, augmentation of surface potable
supplies, treatment until potable water quality
COST is supported by
the EU Framework Programme
Horizon 2020

Action Working Groups
Working Group

Title

Leader / Vice Leader

WG1

Microbiome and mobile antibiotic resistome in Eddie Cytryn
treated ww and in downstream environments Thomas Berendonk
Christophe Merlin

WG2

Uptake and translocation of organic
microcontaminants and ARB/ARG in crops

Josep Maria Bayona
Benny Chefetz

WG3

Effect-based bioassays required for ww reuse
schemes

Jaroslav Slobodnik
Norbert Kreuzinger

WG4

Technologies efficient/economically viable to
meet the current ww reuse challenges

Luigi Rizzo
Sixto Malato

WG5

Risk assessment and policy development

Lian Lundy
Mario Carere

COST is supported by
the EU Framework Programme
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Our Network
• 33 COST Countries
– Inclusiveness Target Countries (ITC): 16
• Romania signed the Action’s MoU on 30/11/2017

– Non-ITC: 17

• 4 Near Neighbour Countries
• 6 International Partner Countries
– Mexico (approved on 9 March 2018)

• Total Number of MC members: 62
– Number of ITC MC members: 28
– Number of non-ITC MC members: 34

• Plus 44 Substitute members
– Number of ITC Substitute members: 13
– Number of non-ITC MC Substitute members: 31
COST is supported by
the EU Framework Programme
Horizon 2020

International Partner
Countries

COST Countries

Australia

Austria

Germany

Poland

Belgium

Greece

Portugal

Bosnia &
Herzegovina

Ireland

Romania

Bulgaria

Israel

Serbia

Croatia

Italy

Slovakia

Pakistan
Singapore
South Korea
United States
of America
Mexico

Cyprus

Lithuania

Slovenia

Czech
Republic

Luxembourg

Spain

Denmark

Malta

Sweden

Georgia

Estonia

Montenegro

Switzerland

Jordan

Finland

Netherlands

Turkey

France

Norway

United
Kingdom

Near Neighbor
Countries

Tunisia
Ukraine
COST is supported by
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WGs Members (statistics)
Entire Action

205 Male

175 Female

380 Member

ECIs

91 Male

101 Female

192 Members

WG
Member

WG
Followers

Total

WG1

112

47

159

65

WG2

65

46

111

27

51

WG3

51

59

110

63

44

107

WG4

107

55

162

22

23

45

WG5

45

105

150

Male

Female

Total

WG1

56

56

112

WG2

40

25

WG3

24

WG4

WG5

COST is supported by
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Nereus Coordinators/Facilitators
• STSMs: F. Walsh, E. Heath, H. R. Andersen
• BSC: H. M. Schaar, M. Vasquez
• Dissemination & Outreach activities:
M. Suarez, M. de Kreuk

• Equal Opportunities: D. Lambropoulou, T. Kosjek
• Training events: G. Li Puma, Th. Wintgens, E. Meers
• WG secretaries
COST is supported by
the EU Framework Programme
Horizon 2020

First Meeting,

Barcelona, Spain

May 2015

COST is supported by
the EU Framework Programme
Horizon 2020

Second Meeting,

Luxembourg

October 2015

COST is supported by
the EU Framework Programme
Horizon 2020

Third Meeting,

Luqa, Malta

March 2016

COST is supported by
the EU Framework Programme
Horizon 2020

WG1 Training Event
Barcelona, June 2016
CSIC, hosted by Dr.
Josep Bayona and Dr.
Benjamin Piña

COST is supported by
the EU Framework Programme
Horizon 2020

Fourth Meeting,

Sarajevo, Bosnia & Herzegovina

September 2016

COST is supported by
the EU Framework Programme
Horizon 2020

Fifth Meeting,

Patras, Greece

March 2017

COST is supported by
the EU Framework Programme
Horizon 2020

Blue Circle Society Meeting, April 2017

Limassol, Cyprus

COST is supported by
the EU Framework Programme
Horizon 2020

Nereus Summer School
Porto, July 2017
Univ. of Porto, hosted by
Dr. Adrian M.T. Silva and Dr.
Vítor J.P. Vilar

Co-organized by NEREUS COST Action ES1403 and the “European PhD School on Advanced
Oxidation Processes”
COST is supported by
the EU Framework Programme
Horizon 2020

Sixth Meeting,

Vienna, Austria

September 2017

COST is supported by
the EU Framework Programme
Horizon 2020

Seventh Meeting,

Sofia, Bulgaria

March 2018

COST is supported by
the EU Framework Programme
Horizon 2020

Working Group 1
Microbiome and mobile antibiotic resistome in
treated wastewater and in downstream
environments
 Propose the standardization of the ARB&ARGs detection and
quantification in water and soil samples
 Identify most prevalent and/or hazardous ARB&ARGs with ability to
persist, spread and proliferate after wastewater disposal + reuse scenarios
 Assess the fate, if possible quantitatively, of ARB&ARGs discharged in
treated wastewater and released in surface water or soils
 Identify the conditions favoring ARB&ARGs persistence or proliferation

COST is supported by
the EU Framework Programme
Horizon 2020

Working Group 2
Uptake and translocation of organic
microcontaminants and ARB/ARG in crops
 Consolidate knowledge on the uptake and translocation of
microcontaminants and ARB&ARGs in crops

 Identify the main physicochemical characteristics affecting the uptake and
translocation of microcontaminants and ARB&ARGs
 Develop a set of recommendations regarding the minimisation of
biomagnification processes and environmental and human health impacts
associated with wastewater reuse

COST is supported by
the EU Framework Programme
Horizon 2020

Working Group 3
Effect-based bioassays required for wastewater
reuse schemes
 Assessment of the existing information available in the literature with
regard to biological effects and wastewater based on different tests
applied

 Identification of potential relationships between the physicochemical
characteristics of the wastewater and the biological effects derived
 Determination of the most appropriate and relevant bioassays / bioassay
battery for wastewater quality evaluation
 Propose the harmonization of the procedures used during the application
of the bioassays determined
COST is supported by
the EU Framework Programme
Horizon 2020

Working Group 4
Technologies efficient/economically viable to meet
the current wastewater reuse challenges
 Consolidate knowledge on the fate of CEC during treatment
 Assess the fate of ARB&ARGs during biological processes and
characterize removal mechanisms (in collaboration with WG1)
 Assess the effect of AOPs on ARB&ARGs and the subsequent risk for
effluent reuse related to oxidation transformation products and residual
ARB+ARG release (in collaboration with WG2)
 Assess the economical feasibility of AOPs compared to more conventional
advanced treatment processes/technologies in wastewater reuse
 Identify the combinations (and economical feasibility) between biological,
advanced treatment and required reuse infrastructure in terms of global
efficiency/compliance with standard parameters (e.g., BOD, COD, N, P
etc.) and microcontaminants including ARB&ARGs
COST is supported by
the EU Framework Programme
Horizon 2020

Working Group 4
Technologies efficient/economically viable to meet
the current wastewater reuse challenges

 Some WG4 were assigned to another WG.
 WG4 Leaders together with other members are already preparing some
papers. This extra work will complement the existing deliverables of the
WG.

COST is supported by
the EU Framework Programme
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Working Group 5
Risk assessment and policy development
 Develop quality criteria for selected contaminants of emerging concern
and ARB&ARGs for wastewater reuse
 Propose a battery of assays for wastewater evaluation for reuse purposes
 Develop a risk assessment framework for wastewater reuse
 Propose guidelines/suggestions on possible technologies and systems
able to produce wastewater of quality in compliance to the quality criteria
to be set (with respect to ARB&ARGs, biological risks, etc).

 Overcome existing barriers in the field of wastewater reuse and valorize
wastewater as a non-conventional water resource
COST is supported by
the EU Framework Programme
Horizon 2020

STSMs during GP4 – 2nd Call
Name

Topic

From

To

Host

Days

Mr. João Gomes

Scale-up studies for Water
Recovery Strategies involving
Solar Photocatalytic Ozonation

University of Coimbra,
Portugal

Plataforma Solar de AlmeríaCIEMAT, Spain

Dr. Isabel Oller

13/2-2/3
18 days

Modelling peroxone (O3/H2O2)
process efficiency: effect of
wastewater components

Universidade do Porto,
Portugal

Loughborough University,
United Kingdom

Prof. Gianluca Li
Puma

5/2-10/3
34 days

Determining the taxonomic
assignement to SXT bearing
bacteria in aquatics environments

University of Lorraine,
France

University of Helsinki,
Finland

Prof. Marko Virta

21/1-18/2
29 days

Quantification of sulfonamides
resistance genes and
Silesian University of
sulfamethoxazole concentration in
Technology, Gliwice, Poland
the filling material from verticalflow

University of Porto, Portugal

Dr. Adrian Silva

1/2-30/4
89 days

Evaluation of hybrid LED - based
advanced oxidation processes for
the synergistic degradation of
antibiotics

The University of Edinburgh,
United Kingdom

Dr. Efthalia
Chatzisymeon

19/12-17/1
30 days

Dr. Ana Rita
Ribeiro

Ms. Veronica
Roman

Ms. Monika
Nowrotek

Dr. Zacharias
Frontistis

University of Patras,
Greece

COST is supported by
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Blue Circle Society
The Blue Circle is expected to:
•

•
•
•
•
•
•

participate in training schools and STSMs in order to transfer knowledge among
participating institutions
actively participate in all WGs and fulfil specific tasks
establish links between the Blue Circle and other relevant ECI-networks
identify the on-going relevant research projects and any other similar activities
regarding the Action
implement continuous dissemination activities (information, methodologies and
results through conventional and social media)
organize activities of science communication in various countries
present its work and outcomes during STSMs and also present how the
participation in the Action helped and/or enhanced the professional maturity of the
ECIs, during a special session in the final conference.
COST is supported by
the EU Framework Programme
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Blue Circle Society
The scientific network of ESRs and PhD students
The Blue Circle is able to meet separately during the WGs meetings and
come up with suggestions and ideas that will be relayed to the WGs
leaders and participants, the steering group and the management
committee.

COST is supported by
the EU Framework Programme
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Blue Circle Society Coordinators

Dr. Marlen Vasquez

Dr. Heidemarie Schaar

COST is supported by
the EU Framework Programme
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Dissemination Activities
• Organization of three “Café Scientifique” events in
Germany, Portugal and Cyprus

COST is supported by
the EU Framework Programme
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Workshop
• Organization of the workshop "From Black... to Blue..."
during the Young Water Professionals day of the 10th
Micropol & Ecohazard Conference 2017 that took place
in Vienna, 17 September 2017.

COST is supported by
the EU Framework Programme
Horizon 2020

Recent accomplishments
•

Organisation of a workshop at the 10th
Eastern European YWPs Conference,
University of Zagreb, Croatia, 9th May 2018.

•

Creation of a 3-5 min video to disseminate
the NEREUS COST Action activities and to
promote
the
specific
scientific
and
technological
topic
primarily
among
stakeholders,
students
and our
final
conference

•

A very productive meeting of the Blue Circle
Society of the NEREUS COST Action has
been completed. The meeting was held on
23-24 of April in Belgrade (Serbia) at the
Faculty of Technology and Metallurgy,
University of Belgrade.
COST is supported by
the EU Framework Programme
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Pending Activities – BCS
• ‘Non-scientific’
reports
(in
layman form)
• Printed
synoptic
material
informing on specific topics
related
to
the
Action's
methodology and findings
• Glossary (Wikipedia !)
• Science Slam at the XENOWAC
conference
COST is supported by
the EU Framework Programme
Horizon 2020

Dissemination
Communication
Outreach Activities
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Social Media

@NEREUS_WWreuse

COST Action ES1403 - Nereus

COST is supported by
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News to all members
Blue Circle Society Bulletin

COST is supported by
the EU Framework Programme
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COST Action ES 1403 - NEREUS
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News to all members
(55) (Announcements on scientific news, publications,

conferences, workshops, vacancies, etc.)

COST is supported by
the EU Framework Programme
Horizon 2020

http://www.nereus-cost.eu
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Ongoing / forthcoming
activities

COST is supported by
the EU Framework Programme
Horizon 2020

WG2 - Training School
Agricultural
Research
Institute of
Cyprus

Date
CUT

Nireas International
Water
Research
Center,
University of
Cyprus

ARI

Nireas-IWRC, UCY

Organizers
Cyprus
University of
Technology

29-31 May 2018

COST is supported by
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 Wastewater treatment and reuse schemes
 Study tour to long-term (more than 10 years) treated wastewater
irrigated site (Potamia) and collection of samples of soil and fodder
plants
 Study tour to long-term (more than 7 years) treated wastewaterirrigated experimental sites and to the greenhouse of the Agricultural
Research Institute where control experiments are taking place to
evaluate the uptake and metabolism of PhACs by crop plants
 Uptake, translocation and bioaccumulation of PhACs by crop plants
 Solid phase extraction of PhACs from wastewater, soil, and plant tissue
samples
 Chromatographic analysis of micropollutants in extracts from
wastewater, soil, and plant tissue samples – Identification and
quantification of PhACs
COST is supported by
the EU Framework Programme
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Experimental designs and treatments applied to studies
evaluating the uptake of PhACs by crop plants

Plant stress physiology linked to PhACs (stress-related
physiological, biochemical and molecular markers/real
time-qPCR, phasmatophotometric methods, enzymatic
activity assays)
Next generation sequencing approaches for ARB&ARGs
screening in RWW, soil and plants environments
Methodologies for public health risk assessment

COST is supported by
the EU Framework Programme
Horizon 2020

Vathia Gonia Urban Wastewater Treatment Plant in Nicosia

Vathia Gonia WWTP
RWW storage dam
Industrial WW treatment plant
RWW storage dam

Long-term RWW-irrigated fields

COST is supported by
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Potamia RWW-irrigated site

COST is supported by
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Real field experiments

Greenhouse control experiments

COST is supported by
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Extraction, clean-up and SPE pre-concentration of PhACs
followed by LC-MS/MS analysis (hands-on experience) at the
laboratories of Nireas-IWRC of UCY

COST is supported by
the EU Framework Programme
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Cyprus University of Technology
Department of Agricultural Sciences, Biotechnology and Food
Science
Plant stress physiology lab- Assoc. Prof. Vassilis Fotopoulos

COST is supported by
the EU Framework Programme
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Cultural Event
Tour in
Limassol

COST is supported by
the EU Framework Programme
Horizon 2020

Cultural Event
Tour in
Nicosia

COST is supported by
the EU Framework Programme
Horizon 2020

Challenges and open questions
 Which CEC and ARB&ARGs should be monitored during
wastewater treatment and why?

 Which methodological procedures should be used for
ARB&ARGs detection and quantification in environmental
samples?
 Which CEC and ARB&ARGs have the highest risk of
transfer from wastewater to downstream environments and
crops – how to decide?
 Which crops have the highest and lowest potential for
contaminants uptake?

COST is supported by
the EU Framework Programme
Horizon 2020

Challenges and open questions
 Which endpoints and bioassays should be considered more
appropriate and relevant to be applied for wastewater quality
evaluation when wastewater is intended for reuse?
 To secure the safety of both humans and the environment

 What should the basis of a harmonized methodological
framework be when assessing the efficiency of wastewater
treatment technologies as to the inactivation of ARB, the
removal of ARGs, CEC?
 Which parameters should be considered for a risk
assessment?

COST is supported by
the EU Framework Programme
Horizon 2020

Very very important
Sign every day !!!

COST is supported by
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• Total amount of water in dams (2018): 66 MCM
• Amount of water produced by desalination plants (2017): 67.6 MCM
• Four desalination plants: Dhekelia, Larnaca, Episkopi and
Vasiliko

• Total amount of groundwater used (2017): 11.6 ΜCM
• for irrigation: 6.5 MCM
• for domestic use: 5.1 MCM
• Treated urban wastewater being reused (2016): 18 MCM
• Cyprus water demand (2017): 149 MCM
• Domestic and Industrial use: 94.1 MCM
• Irrigation: 54.9 MCM

COST is supported by
the EU Framework Programme
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Introduction to treated
wastewater reuse
Popi Karaolia
Nireas-International Water Research Center
University of Cyprus

May 29th, NEREUS WG2 Training Event
Nicosia, Cyprus

2

Treated Wastewater
Reuse

3

Water scarcity

 Physical water scarcity
 Economic water scarcity

Around 2 billion people, or
almost 1/5 of the world’s
population live in areas of
physical water scarcity.
Water use has been growing
at more than twice the rate of
population increase in the last
century.

More than 1.8 billion
people in 43 countries
will face water stress
or scarcity conditions
by 2025.
www.un.org
With the existing climate
change scenarios, almost
half the world's population
will be living in areas of high
water stress or scarcity by
2030.

4

Water stress index
water withdrawals
x100
Water Stress Index= TotalTotal
renewable water resources

Water Stress Index for European Countries
(Water abstraction/water resources available*100)
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Wastewater reuse

“Using wastewater or reclaimed water from one application for another application. The deliberate
use of reclaimed water or wastewater must be in compliance with applicable rules for a beneficial
purpose.’’
-U.S. EPA, 2012 Four fundamental objectives:

→ Environmental sustainability (reduction of emission of pollutants and their
discharge)

→ Economic efficiency (Alleviated scarcity by increasing water efficiency)

→ Contribution to food security (growing more food and reducing need for
chemical fertilisers through treated wastewater reuse)

→ Consideration of public health perspectives of wastewater reuse
(Final Report on Water reuse in European Union, 2013)
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BENEFITS OF WASTEWATER REUSE
enhanced environmental protection by restoration of
streams, wetlands and ponds
reduced industrial costs by using high-quality water
reduction of fertilizers application

increased agricultural production
reduced energy consumption compared to deep
groundwater, water importation or desalination
reduced over-abstraction of surface/groundwater
potable water substitution

Main reuses of wastewater
7


Irrigation in agriculture



Irrigation in landscapes



Public park and golf course irrigation



Processing water for mills, plants



Toilet flushing



Construction activities



Artificial lakes



Aquifer recharge for restoration of existing or creating new aquatic ecosystems as well as
for saline intrusion control
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Issues related to treated
wastewater reuse…

Conventional urban wastewater treatment
9

Pretreatment

Primary
Conventional activated
sedimentation sludge treatment

Secondary
sedimentation

Sand
filtration

Disinfection

http://www.hach.com/wastewater

The European Council Directive 91/271/EEC
concerning urban wastewater treatment in Article 12 states that …
″Treated wastewater shall be reused whenever appropriate″.

To date, countries with organized wastewater reuse schemes
have developed national or regional regulations/guidelines
based on conventional chemical and microbiological
parameters.

Parameter

Chemical Oxygen Demand (COD)
Biochemical Oxygen Demand (BOD)
Suspended Solids (SS)
Heavy metals
Faecal coliforms
Intestinal worms
Basic toxicity testing (if any)
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Incoming legislation regarding
water reuse

The Commission has compiled a Technical Report as an input to the
design of a Legal Instrument in Europe, regarding the minimum quality
requirements for water reuse in two specific water reuse areas:
agricultural irrigation (crop irrigation) and aquifer recharge.

This document includes:

✓ Specifications of the categories according to the type of water use:
•

Categories of use for agricultural irrigation

▪

Categories of use for aquifer recharge

and according to the type of crop that can be irrigated.

✓ The water quality parameters to be monitored and the quality limits
✓ The preventive measures for minimizing health and environmental risks
and the monitoring requirements
DOI: 10.2760/804116
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The EU Legislative Instrument is considering the following
parameters for monitoring, depending on the water reuse area,
i.e. agricultural irrigation or aquifer recharge:

Microbiological parameters
✓ Bacterial pathogens (e.g. Legionella spp., E. coli, Campylobacter spp.)
✓ Viruses (Total coliphages, F-specific coliphages/somatic coliphages, Rotavirus)
✓ Protozoa (Clostridium perfringens spores/spore-forming sulfate-reducing bacteria,
Cryptosporidium spp.)
✓ Nematodes (helminth eggs)

Physicochemical monitoring parameters
✓ Turbidity
✓ TSS
✓ BOD5

11

Issues related to wastewater reuse…
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Contaminants of
emerging concern (CEC)

EDCs

Millions of
pharmaceuticals
and personal care
products
prescribed daily

Unable to remove
them, conventional
WWTPs discharge
treated wastewater
into the environment

Transport of
these residues
(ng to μg L-1) into
environmental
compartments

Parent
compound

Personal
care
products

Pharmaceutical
residues
Bacteria

pesticides

Transformation
products

Viruses

PCPs

Antibiotics
Erythromycin
Clarithromycin
Azithromycin
Insecticides

Pesticides
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Impact of CEC found in treated wastewater
◆ Endocrine-related effects
◆ Carcinogenic effects
◆ Cell damage and failure
◆ Drivers of the spread of antibiotic resistance among bacteria

Diclofenac

Estrogen hormones

15

Antibiotic resistance in the environment

Biological effects of CEC
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► Risks for environmentally-relevant organisms
▪ Continuous exposure
▪ Possible low dose effects
o
o
o
o

Reproductive effects and anomalies
Neurobehavioral changes
Nest guarding
Homing during migration

Chronic
toxicity

► Real-world exposure includes additive and synergistic
effects of multiple stressors
► Substances - ‘elicit’ toxicity without being inherently toxic acting as vectors to ferry other toxicants or as indirect
stressors (e.g. antibiotics, parabens, antibacterial –
antimicrobial resistance)
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BUT … in most of the studies

► Not environmentally relevant concentrations
► Various model water matrices
► Different selection of combinations of substances per
study
► Varying concentrations of substances when in mixture
► Variety of organisms according to the testing lab

18

Wastewater treatment

Removal of CEC during CAS treatment
The removal is highly variable for many compounds (from
incomplete to sufficient) → This poses a major challenge for
the comparison/discussion of results.

Range of studies/compound: 5-30

Antibiotics
100%

80-100%

(%) Removal

100

40-50%

80
60

10-20%

40
20

<5%

0

0-91%

13-100%
Macrolides

37-100%

60-70%

Membrane Bioreactors (MBR) vs CAS

Michael et al., 2013, Water Res, 47, 957-995.
Clara et al., 2005, Water Res, 39, 4797-4807.

Removal(%)
CAS

Radjenović et al., 2009, Water Res, 43, 831-842.

MBR

Forrez et al., 2011, Water Res, 45, 1763-1773.

94.4
80.5

83.6 79.7

75

75

86

78

75

90

95

63
51
40
23.5

18

50

45
32

26 25
13

7

38

37

29
1413

12
2

52

46.2

0.5

3

MBR: higher SRT + higher sludge density > CAS
For compounds that are difficult to biodegrade, MBR is
usually not successful

1

14.5

14.7
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Advanced oxidation processes (AOPs)
Homogeneous
solar PhotoFenton oxidation

WHY AOPs?
In-situ production of hydroxyl
radicals (HO·)

Heterogeneous TiO2
Photocatalysis

AOPs

One
unpaired
electron

-Highly reactive
-Non-selective
-E=2.8 V
-Lifetime = 10-9 seconds

H2O2/UV

H2O2/O3
O3/UV
Sonication
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Homogeneous Photo-Fenton oxidation

Photo-Fenton encompasses the reaction of hydrogen peroxide (H2O2) with
dissolved iron (Fe3+) in acidic medium (optimum pH=2.8) to form hydroxyl
radicals (HO·), in the presence of UV-Vis sunlight (natural or artificial)
(Eq. 1 and 2):
✓ H2O2 acts as the oxidant
✓ Fe acts as the catalyst
✓ UV light enhances the production of
hydroxyl radicals and recycles Fe ions

MINERALIZATION OF
ORGANIC
COMPOUNDS

Fe2+ + H2O2 → Fe3+ + HO- + HO.

(1)

hv < 450 nm

Fe3+ + H2O + hv → Fe2+ + H+ + HO.

(2)

Pilot-scale Homogeneous Solar-photo Fenton
Degradation of CEC in real wastewater at low concentrations
(pilot-scale, natural solar irradiation)

Complete degradation of 15 CEC at μg/L concentration by mild solar
photo-Fenton (pH 7-8) in urban wastewater effluents
(catalyst: 5 mg/L, oxidant: 50 mg/L)
Klamerth et al., 2010, Water Res, 44, 545-554

> 95% removal of 22 CEC (ng/L) from urban wastewater at neutral pH
(catalyst: 5 mg/L, oxidant: 50 mg/L)
Klamerth et al., 2013, Water Res, 47, 833-840

Complete removal of CEC (μg/L) with solar photo-Fenton
(catalyst: 10 mg/L, oxidant: 70 mg/L)
Prieto-Rodríguez et al., 2013, Catal Today, 209, 188-194

pharmaceuticals / personal care compounds,
biocides, hormones, herbicides.

Advanced oxidation processes (AOPs)

Oxidation products (toxic, carcinogenic,
mutagenic, neurotoxic) should not be
neglected !!
Richardson and Ternes, 2005, Anal. Chem, 77, 3807-3838.
Petala et al., 2008, Water Res, 42, 4929-4940.
Vasquez et al., 2012, Sci Total Environ, 450-451, 356-365.
Magdeburg et al., 2014, Water Res, 50, 35-47.

Luo et al., 2014, STOTEN, 473-474, 619-641.

Removal efficiencies - the current consensus

The removal by Conventional Activated Sludge (CAS) is highly variable
for many compounds (from incomplete to sufficient)

Membrane Bioreactor (MBR) > CAS:
better efficiency but... for compounds that are difficult to
biodegrade, MBR treatment is not successful
AOPs are highly capable of removing a large variety of
compounds in real wastewater, however they may be highly
potent in the creation of oxidation products, which may be
mutagenic, carcinogenic, toxic, neurotoxic.
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Considering the precautionary principle…

A multi-technological barrier that
can allow biological, physicochemical
and
physical
processes
and
mechanisms to work against CEC
should be considered
Reach a reclaimed water quality that would be fit for
purpose considering also other barriers, e.g. drip
irrigation

27

Challenges and open questions

28

Challenges and open questions

Chemicals are unlimited in number and most often
as soon as you know something on one, another
comes up. Which are the most relevant?
Improving analytical methods only makes it worse

Are there best wastewater treatment technologies?
Is WW reuse practice causing accumulation/other
negative impacts?
Long-term effects of complex mixtures of CEC on
human and environmental health

NEREUS COST Action (ES1403)
29

The COST Action “New and emerging challenges and opportunities in
wastewater reuse (NEREUS ES1403)” aims at achieving:
(i) Identification of the microbiome and mobile antibiotic resistome in treated
wastewater,
(ii) Assessment of the potential for uptake/transmission of microcontaminants
and ARB&ARGs in crops,
(iii) Determination of effect-based bioassays required for wastewater reuse,
(iv) Identification of efficient/economically viable technologies able to meet
the current challenges, and
(v) Development of a relevant risk assessment and policy framework.

http://www.nereus-cost.eu/
http://www.cost.eu/COST_Actions/essem/Actions/ES1403
More than 336 members
from 40 countries

31 COST countries

30

ANSWER Project (H2020-MSCA-ITN-2015/675530)

The Marie Skłodowska-Curie ITN project “Antibiotics and mobile resistance
elements in wastewater reuse applications: risks and innovative solutions
(ANSWER)”, aims at training 15 ESRs to address the risks associated with Antibiotics,
Antibiotic-Resistant Bacteria and Antibiotic Resistance Genes (A&ARB&ARGs)
and wastewater reuse.
http://www.answer-itn.eu/

Project Budget: 3.708.689,76 €
Project Network: 10 beneficiaries and 8 partners, from 9 countries:
Austria, Cyprus, Germany, Israel, Italy, Portugal, Slovakia, Spain, the Netherlands

Project Duration: 2015-2019
STRONG NETWORKING of the consortium with the scientific and regulatory community:
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The NORMAN Network

Network of reference laboratories, research centers and related organizations for
monitoring of emerging environmental substances. Aims at:

✓ Enhancing the exchange of information and collection of data on
contaminants of emerging concern;
✓ Encouraging the validation and harmonization of common measurement
methods and monitoring tools so that the demands of risk assessors can
be better met;
✓ Ensuring that knowledge of contaminants of emerging concern is
maintained and developed by stimulating coordinated, interdisciplinary
projects on problem-oriented research and knowledge transfer to address
identified needs
❖

WG1: Prioritization of emerging substances

❖

WG2: Bioassays and biomarkers in water quality monitoring

❖

WG3: Effect-directed analysis for hazardous pollutants identification

❖

WG4: Engineered nanomaterials

❖

WG5: Wastewater reuse and contaminants of emerging concern

❖

WG6: Emerging substances in the indoor environment
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Thank you for your attention!

What do we know so far regarding CEC
uptake by crops via treated wastewater
reuse for irrigation?

COST is supported by
the EU Framework
Programme Horizon 2020

Training
School
29 May 2018
Nicosia, Cyprus

Dr. Despo Fatta-Kassinos
Associate Professor

The evolution of wastewater management
Sir E. Chadwick raised the first question
of the need to purify wastewater in a
report in 1842 in England.

The germ theory by Koch and Pasteur
in the 1880s heralded a period
of scientific enlightenment.
Since the 1980s, giant strides have been made in the
physical, biological, and chemical sciences with
respect to the fundamentals involved.

Nutrients
Heavy metals
Bacteria
Organic load
(<TOC=20 mg/L)

/www.hach.com/wastewater

Effluent organic matter
(EfOM)

Treated wastewater effluent load
according to current knowledge
Contaminants of
Emerging Concern

Heavy metals
Micronutrients

ARB&ARG

Endocrine Disrupting
Compounds, Carcinogens
Pharmaceuticals and Personal Care
Products (including metabolites)
Other Currently Non-Specified Chemicals
(including Disinfection By-products and
Transformation Products)

Potential load of wastewater
intended for reuse applications

ARB&ARG ► antibiotic-resistant bacteria
and antibiotic resistance genes

Wastewater reuse
The presence of dEfOM affects the current discharge
standards of the treated wastewater effluents and also becomes
a primary constraint to safe wastewater reuse.
125

Screening Grit removal
Primary
sedimentation
Biological
treatment
Sand filtration Disinfection

MBR

CAS
sand filtration
chlorination

Treated urban wastewater

dEfOM (mg/L)

Wastewater treatment processes

Urban wastewater

WW discharge*
WW reuse**

70

*91/271/EE
**national regulations
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COD

10

BOD5

Uptake by Crops

Crops’ uptake - pharmaceuticals
An increasing number of reports on plant/crop uptake of
various pharmaceuticals have been recently published, raising
concerns related to human exposure through dietary intake.

Crops’ uptake - pharmaceuticals
Compound

Plant/Crop

Hormones (estrone, testosterone)

lettuce (leaves)

Antidiabetic drugs (metformin)

rape (seeds)
wheat, barley, oat (seeds)
tomato (fruits)
bean (fruits)
carrot (roots)
potatoes (roots)

Antibiotics (sulfapyridine, sulfamethoxazole)

carrot (roots, leaves)
sweet potato (roots, leaves)

Anticonvulsant drugs (lamotrigine,
carbamazepine, bezafibrate)
caffeine

Antibiotics (sulfapyridine, sulfamethoxazole)
Anticonvulsant drugs (carbamazepine,
bezafibrate, gemfibrozil)
Non-steroidal anti-inflammatory drugs
(naproxen, ibuprofen, ketoprofen, metoprolol)

tomato (leaves, fruits)
cucumber (leaves, fruits)

Variety of
plants/crops

Crops’ uptake - pharmaceuticals
 Nonionic compounds were found to accumulate at higher
concentrations in the leaves, indicating that these are transported
predominantly in the direction of the transpiration stream and
accumulating in the leaves.
 Ionic compounds may be trapped in the phloem, resulting in lower
concentrations in the leaves and potentially higher accumulation in
the fruit.

<<

This is related to differences in fruit physiology. The
better the fruit’s ability to transpire water, the higher the
risk of accumulation within the fruit.

Goldstein et al., 2014, Environ Sci Technol, 48, 5593-5600

Crops’ uptake - pharmaceuticals
Carbamazepine

Metabolites
10,11-epoxy-carbamazepine (EP-CBZ)
10,11-dihydrocarbamazepine (DiOH-CBZ)

Goldstein et al., 2014, Environ Sci Technol, 48, 5593-5600

Crops’ uptake - pharmaceuticals
Hurtado et al., 2016, Long-term wastewater irrigation
of vegetables in real agricultural systems:
Concentration of pharmaceuticals in soil, uptake
and bioaccumulation in tomato fruits and human
health risk assessment, J Hazard Mater 305, 139-148.

• PhACs (spiked in nutrient solution at 4, 10, 20 and 40 μg/L):
bisphenol A, caffeine, carbamazepine, ibuprofen, propranolol,
sulfamethazine, tonalide, triclosan
• WW irrigation (10 weeks) of a lettuce crop (Lactuca sativa) under
greenhouse conditions (drip irrigation)
• evaluation of the translocation of the target PhACs in the soil close
to the roots, in the roots and in the leaves.

Crops’ uptake - pharmaceuticals
Hurtado et al., 2016, J Hazard Mater, 305, 139-148.

• Linear relationships observed between the
root concentration and the application dose.
• The results of this study underscore the
importance of the relative persistence of
PhACs in the rhizosphere as a key primary
parameter for assessing plants exposure to
them.

R-Ibuprofen
50%

S-Ibuprofen
50%

• Enantiomeric fractionation of racemic
ibuprofen from the initial spiking mixture
suggests that biodegradation mainly
occurs in the rhizosphere.

Crops’ uptake - pharmaceuticals
In a randomized controlled trial it was demonstrated that healthy
individuals consuming reclaimed wastewater-irrigated produce excreted
carbamazepine and its metabolites in their urine.
Group I received reclaimed wastewater-irrigated
produce for 7 days, followed by fresh waterirrigated produce.
Group II received fresh water-irrigated produce
for 7 days followed by produce bought from the
supermarket.

Paltiel et al., 2016, Environ Sci Technol, 50, 4476-4482

Threshold of Toxicological Concern (TTC)

Used for concentrations in food for chemicals that lack
toxicity data
Based on chemical structure and the known toxicity of
chemicals that share similar structural characteristics

Used by:

► EMEA (European Medicines Evaluation Agency) to assess
genotoxic impurities in pharmaceutical preparations (EMEA,
2004)
The threshold of toxicological concern (TTC) level of
► WHO
international
program for
on an
Chemical
Safety
for consuming
the risk
lamotrigine
is surpassed
adult (70
kg) by
assessment
1998) and for a child (25 kg) by
two carrotsofa chemicals
day (180 (IPCS,
g carrot/day)
► EU
Scientifichalf
Committee
Toxicology,
Ecotoxicology and the
consuming
a carroton
a day
(60 g carrot/day).
Environment (Bridges, 2003)
Malchi et al., 2014, Environ Sci Technol, 48, 9325-9333

Crops’ uptake - pharmaceuticals
Christou et al., 2016, Long-term wastewater
irrigation of vegetables in real agricultural systems:
Concentration of pharmaceuticals in soil, uptake
and bioaccumulation in tomato fruits and human
health risk assessment, Water Res, 109, 24-34.

• PhACs: diclofenac (25.8-49.6 ng/L), sulfamethoxazole (24.8-55.2
ng/L), trimethoprim (22.2-73.2 ng/L).
• long-term WW irrigation (3 consecutive years) of a tomato crop
(Lycopersicon esculentum M.) under real agricultural conditions
(drip irrigation)

• two types of wastewater (slow sand filtration/chlorination,
MBR/UV treatment)
• evaluation of the accumulation of the target PhACs in soil, tomato
fruits and the human risks associated with the consumption of
WW-irrigated fruits (in terms of TTC).

Crops’ uptake - pharmaceuticals
Christou et al., 2016, Water Res, 109, 24-34.

• The concentration of the studied PhACs in soil and fruits varied, depending
on the duration of irrigation and the origin of the WW applied, as well as
the physicochemical properties of PhACs.
• The long-term WW irrigation facilitated the uptake of acidic PhACs (SMX,
DCF).
•

The concentration of the studied PhACs in tomato fruits varied both inter-

annually and seasonally, and increased with increased duration of WW
irrigation, reaching maximum concentration during the last year of study.
• The estimated TTC values demonstrate that the daily consumption of
tomatoes irrigated for a long term with the tertiary treated WW used in this
study does not pose a health threat, as the weight of tomato consumption for
an adult or a toddler in order to reach the TTC for any of the studied PhACs
is 9.04 and 1.55 kg/day, respectively.

Crops’ uptake - pharmaceuticals
Christou et al., 2016, Stress-related phenomena and
detoxification mechanisms induced by common
pharmaceuticals in alfalfa (Medicago sativa L.) plants,
Sci Total Environ 557-558, 652-664.

• PhACs (spiked in nutrient solution at 10 μg/L):
diclofenac, sulfamethoxazole, trimethoprim, 17aethinylestradiol
• WW irrigation (10 weeks) of alfalfa plants (Medicago
sativa L.) under greenhouse conditions (drip irrigation)

• evaluation of the uptake, systemic translocation, and
abiotic
stress
responses
and
detoxification
mechanisms.
Stress physiology markers (lipid peroxidation, proline, H2O2
and NO content, antioxidant activity assays)
Gene expression levels of key plant detoxification components
(glutathione S-transferases, GST7, GST17; superoxide
dismutases, CuZnSOD, FeSOD; protonpump, H+-ATP, and
cytochromec oxidase, CytcOx)

Crops’ uptake - pharmaceuticals
Christou et al., 2016, Sci Total Environ 557-558, 652-664.

• The PhACs were detected in significantly higher concentrations in
roots compared with leaves.

• Stress-related effects, manifested via membrane lipid peroxidation
and oxidative burst, were local (roots) rather than systemic (leaves),
and exacerbated when the tested PhACs were applied in mixture.
• Systemic accumulation of H2O2 in leaves suggests its involvement in
signal transduction and detoxification responses.

• The PhACs (either applied individually or as a mixture) exerted
notable effects in the mRNA expression levels of all examined genes.

Crops’ uptake - pharmaceuticals
Main parameters affecting the accumulation of pharmaceuticals in soil
and their uptake by crops:


Compounds’ physicochemical properties (e.g. ionization constants [pKa],
octanol−water partition coefficient [Kow])



Soil physicochemical and microbial properties (e.g. pH, organic matter,

salinity)


Physiological nature of the plant



Effluent organic matter in the irrigated wastewater

In general, it is difficult to draw concrete conclusions on the effects of soil and
wastewater properties on uptake, translocation, and bioaccumulation of
pharmaceuticals:
−Data in the literature are available for different plant-growth methods
(hydroponic, pot, culture media, field)
−Different plants and pharmaceuticals in each study
−Different experimental conditions and equipment in each study

Crops’ uptake - pharmaceuticals
The uptake of pharmaceuticals by crops may be influenced
by a variety of factors, both biotic and abiotic.

Crops’ uptake

Plant characteristics &
Physiology
e.g. root system, shape and
size of leaves, lipid content

Physicochemical properties
of organic compounds

e.g. water solubility, vapour
pressure, molecular weight,
octanol-water partition
coefficient, etc.

Environmental characteristics
& Growth conditions
e.g. temperature, soil type,
water content in soil, agricultural
practices

Crops’ uptake - pharmaceuticals

Experimental results revealed that the
potential for CEC uptake by crop plants
decrease in the order of
leafy vegetables > root vegetables >
cereals and fodder crops > fruit
vegetables

Crops’ uptake - pharmaceuticals
The uptake of CECs by fruit trees is not yet evaluated.
Fruit trees, such as citrus, bananas, apple, have high net irrigation
requirements and evapotranspiration rates, which may render them as
plants with moderate to high potential for CEC uptake (similar to that of
fruit vegetables).

Field studies (fruit trees included), must be performed in order to shed
light on the uptake of CEC by crops under realistic agricultural
conditions.

The quantification of the examined CEC in both the edible parts of the
examined plants and in the growing medium (WW-irrigated or biosolids- or
manure-amended soil, substrates, etc.) is of high importance, as it will allow for
the better understanding of crop plants’ potential for CEC uptake.

Thank you for your attention

https://www.nireas-iwrc.org
https://www.facebook.com/nireasiwrc/

https://twitter.com/NireasIWRC

Crops’ uptake - pharmaceuticals
Priority list of CEC (as proposed by NEREUS)
Compound

CAS Nr

Carbamazepine
(CBZ)

298-46-4

Anticonvulsant

----

2.23

DT50
(d)
60-693

Diclofenac**
(DCF)

15307-86-5

NSAID

4.15

4.51

0.5

Enrofloxacin
(ENR)
Sulfamethoxazole
(SMZ)

93106-60-6

Quinolone
antibiotic
Sulfonamide
antibiotic

6.17; 8.8

0.7

>152

+/0: 1.6
0/-: 6.2

0.7

2-33

17a-ethinyl
estradiol**
(EE2)
Lamotrigine
(LMG)

57-63-6

Contraceptive

---

3.67

NA

84057-84-1

5.7

0.99

NA

Trimethoprim
(TMP)

738-70-5

Epileptic seizure
and bipolar
disorders
inhibitor of
dihydrofolate
reductase

7.2

0.91

>152

723-46-6

Class

pKa values*

log KOW

*(0) depicts the neutral chemical species, (-) anionic and (+) cationic forms
**Included in the EU Watch List 2008/105/EC.

Relevant
metabolites
10,11epoxide,
10,11-diol
dihydro
Glycoside and
glutathione
conjugates
Ciprofloxacin

Toxicity effects &
related genes
Genotoxic
metabolites

5methylhydrox
y;
N4-acetyl-5methylhydroxy-;
sulfamethoxaz
ole-N1
glucuronide
Conjugates

ARG: sul1

N2
glucuronide
Conjugates
hydroxy;
4-desmethyl-

Genotoxicity

Renal failure
vulture
ARG: qnrS

Estrogenicty

ARGs: tetM, tetW

+
Methods for the
extraction of CEC from
wastewater, soil and
crops
Dr. E. Hapeshi,
Nireas, International Water Research Center,
University of Cyprus, Nicosia, Cyprus

Nicosia, 29 May 2018
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UWTPs

Conventional parameters
• COD
• BOD
• Heavy metals
• Total suspended
solid (TSS)
• Bacteria….

Dissolved organic
matter

LC-MS/MS
Liquid
Chromatography

Sample

Ionization

Mass Analyzer

SPE
Data

Conventional treatment
process

Contaminants
of emerging
concern

O

O

F
OH

N
N
H3C

May 29, 2018, Nicosia

N
O
CH3

Detector/
Data
Collection

+

•

… concentrations
ranging between µg/L
and ng/L levels

•

… persistent against
biological degradation

Antiinflammatory
drugs/
Analgesics

Steroid
Estrogens

Antibiotics

diclofenac,
ibuprofen,

ofloxacin
trimethoprime
sulfamethoxazole, etc

etc

Most common drugs
in the environment

New analytical methods
based on LC-MS/MS

ILLICIT
DRUGS
Cocaine, BE

Lipidregulator
antiepileptics
Diuretic
Cancer
therapeutics

May 29, 2018, Nicosia

β-blockers
sotalolol,
atenolol, etc

+

Agricultural reuse of wastewater
Fresh
Energy
water Nutrients

Households

Urine

Industry

Kitchen
Toilet Laundry
Showers

Faeces

Brown
water

Greywater

Agriculture

Organic
waste

Black
water

Wastewater
May 29, 2018, Nicosia

Agricultural reuse of wastewater

Stormwater

+
Agricultural reuse of wastewater
5.04

9.16
11.88

71.1

Percentages of treated effluent disposed (2011)
Total quantity of treated effluent discharge to polemidia dam
Total quantity of treated effluent discharge to the sea
Total quantity of treated effluent used for aquifer rescharge
Total quantity of treated effluent used for irrigation purposes

+

dust

Air
contaminants

Contaminants, upon contact
with leaves, are accumulated
or transported through phloem

Contaminants
from air

Contaminants
from soil

A
A

B

Contaminants from
irrigation water
A: Drip
B: Sprinklers

+
Wastewater reuse in Cyprus-examples
Environment and the public health
Clover irrigationPyrgos

Football field in
Pareklissia

Beans in

Clover irrigation –Agios Georgios

Olive orchard- Agios Georgios

Pei-Ying Hong, Nada Al-Jassim, Mohd Ikram Ansari, Roderick I. Environmental and Public Health Implications
of Water Reuse: Antibiotics, Antibiotic Resistant Bacteria, and Antibiotic Resistance Genes. Antibiotics 2013,
Amenities- Limassol
greenhouse-Pyrgos
2, 367--399; doi:10.3390/antibiotics2030367.

Citrus orchards-Potamia

+

Wastewater

Analytical Methods
for the extraction of
CEC from wastewater,
soil and crops

Plants

Material

Analysis

Extraction method
& clean-up

Material

EXTRACTION
METHOD

(Reclaimed water,
soil, sludge,
sediment, plant)
STEP1

STEP2

STEP3

Measure of drugs

(e.g. LC, GC, GC-MS
LC-MS, LC-MS/MS etc.)
STEPn

Chemical & physical manipulations

+
Analytical methodology
1

Wastewater

Sampling

Plants
Pretreatment

2

Method of extraction
pharmaceuticals

3

Filtration

LC-MS/MS
Liquid
Chromatography

4

Ionization

Mass Analyzer

Solid phase extraction (SPE)/
preconcentration

Detector/
Data
Collection

Data

5

Analysis- Liquid chromatography
tandem mass spectrometry (LC-MS/
MS)

Cl

Contaminants
of emerging
concern

NH
O

Cl

O

OH

F
OH

N
N
H3C

N
O
CH3

O

+
Analytical methodology
Sampling
• Duration of the growing period: 4
months (120 days)
• Irrigation of crops: with drips
• 105 tones of wastewater from each
UWTP were used to irrigate 100
plants

Completely randomized block design
3 treatments (irrigation water source)

Anthoupoli UWTP treated effluent
(Membrane Bioreactor, MBR
treatment process)

Lemesos UWTP treated effluent
(Activated sludge treatment process
+chlorination)

Anthoupoli WW

Lemesos WW

Control (Tubewellwater)

Control TW
5 replicates (20 plants in each
replication): Total of 300
tomato plants
May 2 9, 2018, Nicosia
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Analytical methodology
1

Wastewater

Sampling

Plants
Pretreatment

2

Method of extraction
pharmaceuticals

3

Filtration

LC-MS/MS
Liquid
Chromatography

4

Ionization

Mass Analyzer

Solid phase extraction (SPE)/
preconcentration

Detector/
Data
Collection

Data

5

Analysis- Liquid chromatography
tandem mass spectrometry (LC-MS/
MS)

Cl

Contaminants
of emerging
concern

NH
O

Cl

O

OH

F
OH

N
N
H3C

N
O
CH3

O
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Quick Easy Cheap Effective Rugged Safe
Originally developed by Anastassiades et al (AOAC Intern. 86, 2003,
412-431) for the extraction of pesticide residues from fruits & vegetables

Since then a number of variations of the original method were developed
addressing particular matrices and/or groups of analytes such as mycotoxins,
acrylamide, Bisphenol A, PAHs etc.

+
Homogenize sample
Transfer sample to 50
mL tube

a

b

Add acetonitrile and internal
standard-shake vigorously for 1 min

d

c

Add buffering salts (QuECheRS
sample) and centrifuge
e

f

g

h

i

LC-MS/MS analysis
(Dilute the extract with mobile
phase)

Transfer supernatant to d-SPE
cleanup tube
Shake and centrifuge

GC-MS analysis

+
Sample preparation

Martinez-Piernas et al, J. Chromat. A (2018)

Clean-up
Extraction
of pharmaceuticals

Blender

Plant
material

10mL 1% HAc
in CH3CN

750 mg
MgSO4

C18: Removes
lipids, non
polar
interferences

6g MgSO4 anh.
1.5g NaAc anh.

1 g sample

125 mg
C18

Shake
vigorously

125 mg
PSA
PSA: Primary and
secondary amine
exchange material.
Removes sugars, fatty
acids, organic acids,
pigments

5mL supernatant
Centrifuge

Shake vigorously

Homogeniser

Analysis of pharmaceuticals
Maceration in liquid
N2

UPLC-MS/MS

Reconstitution in 1mL
10% v/v CH3CN in H2O

Centrifuge

Supernatant
evaporation to dryness

+
Pressurized Fluid Extraction or
Accelerated Solvent Extraction
Cell loaded into
oven

1 min

Fill, heat, equilibrate

Overview of ASE

5-9 min
Extraction

3-5 min

Extraction cycle

Rinse with fresh
solvent

0.5 min
Purge with nitrogen

1.2 min
Filtered Extract
(extract ready)

Total Time: 15-20 min

+
Pressurized Fluid Extraction or
Accelerated Solvent Extraction
Solvents
Freeze-dried
sample
- Soil
- Sludge
- Sediments
- Plant
material
Dispersive agent
e.g. hydromatrix

For example
CH3CN/H2O 70:30 v/v
CH3OH/H2O 1:2 v/v
Pressure 10MPa
( ̴100 atm)

Glass
filter

Extrac'on cell
Oven

Glass
filter
Stainless
steel cell
Adsorbent to retain
interferences e.g. florisil

Temperature
40-200oC

+
Sample preparation
(Extraction method)
SPE

Slurry of the crops
10 g sample of a slurry, S1

Dilution with H2O

(final % organic solvent in the extracted
liquid should be less than 5%).

Filtration through a 0.22 μm
glass fiber filter

10 g sample of a slurry, S2
Spiked blank,

pH=3-4

BS1

pH=6-7
Addition MeOH
or EtOH (1:1)

Addition MeOH or
EtOH (1:1

Sonication for 1h
Supernatant 1

Supernatant 2

Centrifugation for 10 min

residue

MeOH or
EtOHl (1:1)

Sonication for 30 min

+
Analytical concept for Tomato material
4. Determination of humidity
Three 10 g samples in pre-weighted petri
dishes (in an oven at 110 oC)

1. Wash

a. Tap water
b. Dist. water

B

Tomato
slurry

2. Dry

5. Determination of pharmaceuticals
Six 10 g samples each in tubes

With filter paper

A

3. Blending

Effect of the pH
5a. Determination of SMX
Leave the pH (pH= ̴ 3.5) as it is.
Add 10 mL MeOH

D

SMX, TMP, DCF in
tomato fruits

E

G
Combined
extracts

(supernatants)
5b. Determination of TMP and DCF
Add solid NaHCO3 to pH= ̴ 6-7
Add 10 mL MeOH

C

6. 1h sonication

F

A. Christou et. al. Water research 109(2017)24-34

+

7. Centrifugation,
3900 rpm, 10 min
Re-suspend residue in
10 mL MeOH:H2O 1:1

Sonication for 30 min

SPE

H
8. Filter through
0.22μm glass filter

Dilution with H2O to
400 mL
(final %MeOH in the
extracted liquid should
be less than 5%).

+
Analytical methodology

Solid-phase Extraction (SPE)
Conditioning

Loading

Washing

OASIS HLB or MCX
(60mg, 3mL)

Eluting

(A)

(C)

SPE cartridge

Loading sample

CH3OH+H2O

Analyte

Interferences

(B)
Conditioning step

May 29, 2018, Nicosia

Sample

CH3OH

(D)
Elution Step

+
Solid-phase extraction (SPE)
Optimization of SPE process

Development of the optimized SPE protocol
SPE 1

SPE 2

SPE 3

SPE 4

Study of different SPE parameters
1. Cartridges
2. Solvents for conditioning the cartridges
3. Solvents for the elution

SPE 5

SPE 6

SPE 7

+
Solid-phase extraction (SPE)
Optimization of SPE process
Protocol 1

Protocol 2

Protocol 3

Acidification of a sample (pH=2)and
addition 500 mg Na2EDTA

Acidification of a sample (pH=3)and
addition 500 mg Na2EDTA

Sample

Oasis MCX

Oasis HLB

Oasis HLB

Condition: 2 mL CH3OH+2 mL

Condition: 6 mL CH3OH+3 mL
0.1%FA/H2O+2x6 mL H2O

Condition: 10 mL CH3OH+
3x5 mL H2O

Loading sample

Loading sample

Loading sample

Washing: 2x6 mL H2O

Dried under
vaccuum for 30 min

2%FA/H2O

Washing: 2 mL 2%FA/
H2O

Elution: 2 mL CH3OH+2
mL 5% NH4OH/CH3OH

Elution: 4x2 mL
0.1%FA/ CH3OH

Elution: 10 mL CH3OH

+
Solid-phase extraction (SPE)
Optimization of SPE process
Protocol 4

Protocol 5

Protocol 6

Sample

Acidification of a
sample (pH=3)

Sample

Oasis HLB

Oasis HLB

Oasis HLB

Condition: 5 mL CH3OH+2

Condition: 5 mL

Condition: 5 mL CH3OH

Loading sample

Loading sample

Loading sample

Dried under vacuum
for 30 min

Dried under vacuum
for 30 min

Washing: 5 mL
5%CH3OH/H2O

Elution: 2 mL CH3OH+2 mL 0.1%

Elution: 6 mL CH3OH

Elution:2x5 mL CH3OH

mL H2O

NH4OH/CH3OH (pH=9)

CH3OH+2 mL H2O

+5 mL H2O (pH=3)

+
1b. Use if SPE cartridge (OASIS HLB)
1a. Conditioning with
(a) 5 mL MeOH
(b) (b) 5 mL H2O

6. The residue is
dissolved in 1 mL 5%
v/v MeOH/H2O

3. Washing step
a) Wash with water
b) Vacuum dry

2. Sample (diluted
sample with water)
percolation through
the SPE cartridge

5. The eluate is
evaporated to
dryness with N2
stream

4. Elute with 8 mL MeOH

7. 10 μL are
injected in the
UPLC-MS/MS
system

+
Analytical concept for Alfalfa
1. Wash
a. Tap water
b. Dist. water
2. Dry
- filter paper
Medicago
sativa (alfalfa)
plant

3. Material
a) Leaves
b) Stems
c) Roots

Determination of water content

5. Three 5 g samples from
leaves, stems and roots
(oven at 110oC)
6a. Weigh 5 g sample in a preweighted centrifuge tube.
6b. Add 5 mL of H2O

4. Macerate in
liquid N2

10. Centrifugation, 3500
rpm, 15 min

8a. Weigh again and record
t h e n e t we i g h t o f t h e
contents.
8b. Add 5 mL of EtOH.

SMX, TMP,
DCF, EE2
Re-suspend residue
in 5 mL EtOH:H2O 1:2

9. Sonication for 1h

7. Homogenise
for 1 min
11. Filter through
0.22μm glass filter

Sonication for 30 min
Combined
extracts

+

SPE

Dilution with H2O to
200 mL
(final %EtOH in the
extracted liquid should
be less than 5%).

+
1b. Use if SPE cartridge (OASIS HLB)
1a. Conditioning with
(a) 5 mL MeOH
(b) (b) 5 mL H2O

6. The residue is
dissolved in 1 mL 5%
v/v MeOH/H2O

3. Washing step
a) Wash with water
b) Vacuum dry

2. Sample (diluted
sample with water)
percolation through
the SPE cartridge

5. The eluate is
evaporated to
dryness with N2
stream

4. Elute with 8 mL MeOH

7. 10 μL are
injected in the
UPLC-MS/MS
system

+
Analytical concept for soil

A. Christou et. al. Water research 109(2017)24-34

10 mL 1:1 MeOH:
6.25 M NaOH
Weigh of 5g
soil material

20 min sonication

Centrifugation,
3500 rpm, 30 min

+
Combined
extracts

Soil sample dried at
room temperature for
24h

Vortex 1min

1h on rotary shaker

Residue + 5mL 1:1 v/v MeOH:
6.25 M NaOH

SMX, TMP,
DCF in soil
SPE

Filter through
0.22μm glass filter

Dilute filtrate with
H2O to 300 mL

+
1b. Use if SPE cartridge (OASIS HLB)
1a. Conditioning with
(a) 5 mL MeOH
(b) (b) 5 mL H2O

6. The residue is
dissolved in 1 mL 5%
v/v MeOH/H2O

3. Washing step
a) Wash with water
b) Vacuum dry

2. Sample (diluted
sample with water)
percolation through
the SPE cartridge

5. The eluate is
evaporated to
dryness with N2
stream

4. Elute with 8 mL MeOH

7. 10 μL are
injected in the
UPLC-MS/MS
system

+Liquid Chromatography
tandem mass spectrometry:
indispensable tool for the
measurement of CEC
extracted from crops, soil
matrices and wastewater.
Dr. E. Hapeshi,
Nireas, International Water Research Center,
University of Cyprus, Nicosia, Cyprus

Nicosia, 29 May 2018
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Targeted Analytical Methodology
LC –ESI (+/-) - MS/MS (QqQ)

Optimization
of MS/MS

Optimization LC
üComparison of
stationary phase
üMobile phase

Optimization
of SPE

Validation

+
LC/MS(/MS) is a Marriage of Liquid Chromatography
and Mass Spectrometry
o Marriage

(like any other close rela4onship) requires:
COMPROMISE!

o LC

Person: “MS is just another detector”

o MS

Person: “LC is just an inlet”

ü What’s

good for LC may not be good for MS and vice versa.
ü LC was around a long 4me before they ﬁgured out how to
interface it to an MS.

+
Why Liquid Chromatography?

Analysis of
labile analytes

Analysis of
signiﬁcantly
higher masses

Why MS/MS?

Analysis of
more polar
compounds
without
deriva'za'on.

Reduc'on of
lengthy cleanup

Addi4onal
structural
elucida4on

Speciﬁcity
Further
reduc4on
of clean-up
(?)

Useful MS
modes

+
A

C

Electrospray
Ionization (ESI)

B

Collision Induced
Dissociation
(CID)

MH+

UPLC

MH+

MH
+

MH

Sample

+

ionization

M
H+

m/z

MH
+

M
H+

M
H+

M
M
H+
H+ MH+ Fragments

Data
acquisition
UPLC-Quadrupole
Mass Analyser

m
3

m/z

MS1
Precursor ion

m
1

m
2

MS2
Product ions

Detector

+
Mass Spectrometry:“A Universal Technique”

Advantages of MS
o

Analysis by MS does not require:
ü Chemical modification of the analyte
ü Any unique or specific chemical properties
ü In theory, MS is capable of measuring any
gas-phase molecule that carries a charge

o

Analyzed molecules range in size from H+ to
mega-Dalton DNA and intact viruses

o

As a result, the technique has found
widespread use

o

Organic, Elemental, Environmental, Forensic,
Biological, Reaction dynamics

Sample

Ionization
source

Mass analyzer

Detector

All experiments have this basic backbone, but PC (Acquisition/
Analysis)
range of applications implies a diversity of
experimental approaches.

+

Liquid
Chromatography

Op4miza4on of the
method

(very important, many
columns, many solvent
systems)

Ionization

Diﬀerent type
of ioniza4on
source
-

ESI
APCI
APPI

Mass Analyzer

Diﬀerent type of
mass analyzer
-

Detector/
Data
Collection

Triple Quadrapoles
Ion-Traps
Hybrids

+

Liquid
Chromatography

Types of Ionization

Electrospray
(ESI)

Atmospheric
Pressure
PhotoIonization
(APPI)

Ionization

Mass Analyzer

Detector/
Data
Collection

Several common modes diﬀering by method of ion forma4on

Atmospheric
Pressure Chemical
Ionization (APCI)

New dual sources
(ESI/APCI) or (APCI/
APPI)

Which is Best?

It depends on the exact
applica'on.

Increasing polarity and molecular
weight and thermal instability favors
electrospray.

Lower polarity and
molecular weight
favors APCI or APPI.
- Lower background,
but compounds must
be more thermally
stable.

-

Most drugs of abuse are highly polar
and are easily analyzed using
electrospray.
High molecular weight proteins also
require electrospray

+

Liquid
Chromatography

Types of Ionization

Electrospray

Ionization

Mass Analyzer

Detector/
Data
Collection

Several common modes diﬀering by method of ion forma4on

is a method of producing of the solu'on phase ions into the gas phase so
that they can be moved to the mass analyzer.

Three Fundamental Processes

Production of
charged droplets.

Droplet size
reduction,
and fission.

Gas phase
ion
formation.

+
ESI: Types of Ions Formed
Electrospray can operate in either posi've or nega've mode.
Negative mode
Positive mode
Best suited to basic drugs that form
a stable HCl salt.
ü [M+H]+ is the primary ion
formed
ü [M+nH]n+ and [M+Na+]+ can also
be formed.

Best suited to acidic drugs that
form stable Na salts.
ü [M-H]-, [M-nH]n- and [M+I-]-

Keys to Remember

o

Electrospray is a so` ioniza4on technique generally producing [M+H]+ ions in posi4ve mode.

o

Most drugs that form an HCl salt will be analyzable by posi4ve mode electrospray.

o

Vola'le buﬀers and mobile phases will increase generally ioniza'on eﬃciency.

o

Good chromatography producing concentrated bands of analyte at the nebulizer 'p will
increase ioniza'on eﬃciency.

o

Poor clean-up can lead to signiﬁcant ion suppression usually at the beginning of the LC run.

+
Electrospray
Take home message
Ease of use and higher
LC ﬂow compa'bility
drove source
development.

LC Person: “Use lower
ﬂows and narrower
column”.

Electrospray is concentra'on
dependent technique.
Started out as very low ﬂow
technique, which wasn’t very
compa'ble with LC.

MS Person: “Buy ESI probe
that has higher gas ﬂows
and desolvates be^er”.

+

Liquid
Chromatography

n
n
n
n
n
n

Ionization

Mass Analyzer

Sectors – magnetic or electric
Quadrupole
Ion Trap
Time of flight (TOF)
Ion Cyclotron Resonance (FT-MS)
Tandem system (MS-MS, MS-MS-MS, etc)

Detector/
Data
Collection

+
What does the mass filter do?

A mass spectrometer determines the mass-to-charge ratio (m/z) of gas-phase
ions by subjecting them to known electric or magnetic fields and analyzing
their resultant motion.
MASS ANALYZER
n
n
n
n
n
n

Sectors – magnetic or electric
Quadrupole
Ion Trap
Time of flight (TOF)
Ion Cyclotron Resonance (FT-MS)
Tandem system (MS-MS, MS-MS-MS, etc)

Quadrupole

Advantages

- Cheap and small
- Little downtime, workhorses
- The choice of two characteristic ions is very
selective
- Selectivity lowers background noise (game of S:N)
- Very good sensitivity!
- Some structural information

Disadvantages
- Limited analyte information,
usually only nominal mass
analysis
- Can have some
interferences and ‘false
detections

+
Triple Quadrupole MS
Q0

RF only

Q1

Scanning
RF/DC

Q2

RF only
Collision Cell

Q3

Scanning
RF/DC

o

Q1 and Q3 are standard mass filter quadrupoles.
ü The can scan masses sequentially (e.g. 50 to 500 amu)
ü The can be used to select a single mass.

o

Q2 is an RF only quadrupole that is in a gas filled chamber.
ü Q2 is the“collision cell” where mass fragmentation occurs.
ü Q2 does not filter ions. It accepts all ion sent to it by Q1 and
passes all ions formed by collision to Q3 to be sorted.

Triple Quadrupole MS
Ion
source

Det.

Mass analyzer
Q1
Parent ion
selection

+

Collision Cell
Q2

Mass analyzer
Q3

Collisionally-induced
dissociation

Product ion
selection

+

N2

+

- +
+

+

Triple Quadrupole MS
Positive ion in the collision cell
- No mass analysis, all masses are
allowed to pass

+

+

-

- Analyte is accelerated through
the collision cell

Collision Cell
Q2

+

+

N2

- +
+

Collision

Product ions

5-50 eV

Parent ion

- Collision cell is filled with an
inert gas: Ar, He or N2.

- Analyte collides with the inert
gas
- The faster this acceleration the
more energetic the collision,
and the more fragmentation
- Process is called collisionallyinduced dissociation

Triple Quadrupole MS
Ion
source

Det.

Mass analyzer
Q1
Parent ion
selection

SMX, 254m/z

Collision Cell
Q2

Mass analyzer
Q3

Collisionally-induced
dissociation

Product ion
selection

Fragmentation
pattern
Fragments

Q
Product, 107.93 m/z

+
LC/MS/MS Scan Modes
Triple Quadrupole Analyzer

H
Y

n Precursor

Scan (PS)

B

n Product

Ion Scan (PI)

R

n Mul'ple

Reac'on Mode (MRM)

n Neutral

Loss Scan (NL)

I
D
S

+
Triple Quad Scanning Modes

MS/MS - Product Ion Scan

Common MS/MS mode

A_er iden'ﬁca'on, the precursor ion is sent into the collision cell and fragmented
üQ1 is ﬁxed, Q3 sweeps a given mass range
üUsed for structural informa'on gathering and iden'ﬁca'on of product ions
üFirst step to developing quan4ta4ve method
o

Product Ion Scan

+

m1 set!
m2

+!

Product ion spectrum of a
par4cular compound
m2+!
m2+!

m2+ scan!

m1+!

+
Triple Quadrupole MS
Product Ions

Precursor Ions

Q1

*

*
Q2 *
* * * *
*
**
** * * *
*
* *
* *

Q3

CAD GAS

Product Ion Scan (PI)

DETECTOR
(CEM)

+
Triple Quad Scanning Modes
MS/MS - Precursor Ion Scan
o
o
o

Q1 sweeps a given mass range, Q3 is ﬁxed
Used to determine the “origin” of par4cular product ion(s) created in the collision cell
Frequently used for drug metabolite iden'ﬁca'on (common product ion observed in the
metabolites)

Precursor Ion Scan

m1+ scan!
m2+!

A set of compounds with a
common product ion

m1+!

m2+ set!

m1+!

m1+!

+
Triple Quad Scanning Modes
MS/MS - Constant Neutral Loss
o

Q1 & Q3 both scan a given mass range but with a constant diﬀerence between ranges
scanned

o
o

Spectrum indicates which ions lose a neutral species equal to Q1 - Q3 diﬀerence
Complement to Precursor Ion Scan

o

Neutral “gain” indicates a mul'ply charged precursor ion was fragmented

m1+ scan!

Constant Neutral Loss Scan
m2+!

A set of compounds with a
common neutral fragment
-δm!

δm!

m2+ scan!

m2+!

-δm!

m1+!

m1+!

Feb.
1,
200
7
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Triple Quad Scanning Modes
MS/MS - Multiple reaction Monitoring (MRM)
o

If Q1 and Q3 width=0, then MRM

o

Many precursor to product ion pairs can be monitored (A-B, A’-B’, A”-B”, etc.)

o

MRM analysis is the best way to maximize signal intensity of product ions

Precursor ion set

Fragmenta4on (CAD)

MRM used
primarily for
quan'ta'on
studies

Product ion set

+
Triple Quadrupole MS
CAD

Precursor Ion
Q1

* Q2* *
* * * *
*
**
** * * *
*
* *
* *

Product Ion
Q3

DETECTOR
(CEM)

CAD GAS

Q1 scan
-

For ﬁxed mass
However more
than one molecule
may have the same
mass

Q3 scan
Q2 Collision

- For another ﬁxed
mass as a component
of the desired
molecule

Mul'ple Reac'on Monitoring (MRM)

+
LC-MS/MS conditions
Recommended procedure: SPE
SAMPLE

Ultra-performance liquid chromatography

+ internal
standards

Time (min)

Eluent A (%)

Eluent B (%)

0

90

10

ELUTION:

3

10

90

8 mL CH3OH

3.5

10

90

3.6

10

90

6

90

10

SPE
Oasis HLB, 30 mg cartridges
CONDITIONING:

5 mL CH3OH
5 mL Milli-Q water

Evaporation
Reconstitution,

Elution gradient

At 35 0C under
nitrogen

1 mL 10% CH3OH(aq)
or 5% CH3OH

LC analysis conditions

Extract
10 μL

UPLC-MS/MS

Eluent A: water+0.1% HCOOH
Eluent B: CH3OH
Column: BEH Shield RP18 (50x2.1 mm i.d., 1.7
μm particle size)
Flow rate: 0.3 mL/min

+
Solid-phase extraction (SPE)
Optimization of SPE process
SPE 3

SPE 2

SPE 1

SPE 5

SPE 4

SPE 6

SPE 77
SPE

% RECOVERY
SPE 1

SPE 2

SPE 3

SPE 4

SPE 5

SPE 6

SPE 7

SMX

49

65

69

64

65

68

88

TMP

64

73

72

67

66

68

92

DCF

90

61

83

83

69

89

99

May 29, 2018, Nicosia

Optimized SPE for the
extraction of the drugs

+

UPLC–MS/M calibration curve corresponding to
the positive finding of sulfamethoxazole (SMX)

UPLC–MS/MS calibration curve corresponding
to the positive finding of trimethoprim (TMP)

TMP

80000

SMX

60000

70000
50000

y = 542.52x
R² = 0.99993

50000

Area

Area

40000

y = 726.64x
R² = 0.99851

60000

30000

40000
30000

20000

20000
10000

10000

0
0

20

40

60

80

Concentration (µg/L)
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0
0
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Study of the recoveries on the spiked blank samples
Effect of pH on the sample preparation
1.6
1.4

Concentration (µg/Kg)

1.2

TMP
1.346

Theoritical value
1.231

SMX

1.299

DCF
1.311

1
0.8
0.6

% Recovery
Samples

TMP

SMX

DCF

SB1a

60

73

14

SB1b

55

72

16

SB2a

80

2

85

SB2b

88

3

71

0.4

Main Findings:

0.2
0
1
SB1a

2

SB1b

3
SB2a

Spiked blank samples

SB1: Spiked blank sample (pH=3-4)
SB2: Spiked blank sample (pH=6-7)

4
SB2b

" The pH of the sample affect the
preparation method
" Drugs are extracted from the
samples in different pH

+
Study of the recoveries on the spiked blank samples
Effect of pH on the sample preparation

DCF

TMP

SMX

Theoritical values

1.8

TMP

SMX

SB1a

pH=3-4
70

SB1b

pH=3-4
75

DCF

SB2a

pH=6-7
76

pH=6-7
63

SB2b

pH=6-7
81

pH=6-7
73

SC1a

pH=3-4
86

SC1b

pH=3-4
90

SC2a
SC2b

pH=6-7
75

pH=6-7
64

pH=6-7
88

pH=6-7
77

SB1: Spiked blank sample (pH=3-4)
SB2: Spiked blank sample (pH=6-7)
SC1: Spiked blank sample (pH=3-4)
SC2: Spiked blank sample (pH=6-7)

Concentration (µg/Kg)

Samples

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2

Main findings:
1
2
3
4
5
6
DCF:>63% (pH=6-7)
4.5
Theoritical
values
TMP
TMP:>75%
(pH=6-7)
4
SMX:>
70% (pH=3-4)
3.5

Theoritical values
SMX
TMP
DCF

0

Concentration (µg/Kg)

% Recovery

7

SMX

1.501

1.6217 1.5321

3

8

DCF

1.5371

2.5
2

1.689

1.65

1.515

1.482

1.233

1.241

1.234

1.023

1.119

1.3

1.33

2
SB1b

3
SB2a

4
SB2b

5
SC1a

6
SC1b

1.5

1.157

1.322

1
0.5

1.198

0.98

1.159

7
SC2a

8
SC2b

0
1
SB1a

Spiked blank samples

+

Assessing the presence of pharmaceutical residues in irrigated crops
by liquid chromatography tandem mass spectrometry

Main Objectives of the study
The general goal of this work was to identify pharmaceuticals that have
a comparatively
high
potential for
uptake the occurrence of three
to develop validated
methodologies
forplant
the investigation
Cl
pharmaceuticalsN at Othe irrigated crops of tomato
with treated wastewater from two
O

O

O

O

O

urban wastewater
treatment plants in Cyprus, which apply activated sludge and
S
NH

N
H

membrane bioreactor treatment, respectively
Cl
H2N

SMX

TMP

NH2

OH
N

DCF

O
H2N

N

+
Uptake of pharmaceuticals by plants
Fate of pharmaceuticals in crops
Occurrence of drugs in soil samples

Occurrence of drugs in urban wastewater
DCF

0.6

Concentration (ng/L)

Concentration (µg/Kg dry weight)

61.78
MWTPI WW
0.5

MWTPII WW

0.4
0.3
0.2

SMX
70

TMP
41.34

60
50

25.98

40.57

40

35.7

30.62

30
20
10
0

0.1

1

MWTPI WW

0
DCF

SMX

MWTPII WW
2

TMP

kg-1

Pharmaceuticals concentration (µg
dry
weight) in soil samples collected at the last
harvest of each of the three growing
periods (2011-2013)

TMP

SMX

DCF

MWTPI WW

~2 µg/Kg

0.6µg/Kg

~12µg/Kg

MWTPII WW

~3.5µg/Kg

~5 µg/Kg

~12 µg/Kg

CONTROL

<DL

<DL

bld
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Application to real sample
MWTP I WW

MWTP II WW

Year

Harvest

DCF

SMX

TMP

DCF

SMX

TMP

1st

last

<DL

0.263±0.018

0.109±0.006

<DL

0.547±0.01

0.416±0.04

4

0

2nd

3rd

Main Findings:

No11.637±0.400
values for0.397±0.012
the tomato1.239±0.018
samples (Control
<DL samples)
1.014±0.032
" TMP~ 4 µg/Kg, DCF~11 µg/Kg and SMX~5.5 µg/Kg
" The
uptake of TMP, DCF and SMX was<DL
demonstrated.
1st
1.344±0.112 0.405±0.011 2.001±0.082
0.528±0.04
" Further studies are needed to determine the uptake4 of
other pharmaceuticals from various crop plants

"
last

mid

Last

2.728±0.038
3.863±0.109

0.639±0.010
0.406±0.015

<DL: Below the detection limit

0.347±0.028
0.572±0.032

1.277±0.155

0.390±0.06
7
0.155±0.01
8

1.603±0.05

0.425±0.04

2

9

11.615±0.43

5.255±0.62

3.399±0.21

0

7

0

Pharmaceuticals concentration (µg kg-1 fresh weight) in
tomato fruits following three years of drip irrigation with
wastewater from two WWTPs (I and II)
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Main Conclusions

The optimized
analytical method
used in the present
study, based on offline SPE followed
by LC-MS/MS,
proved to be a
concrete method
for the
determination and
quantification of
the drugs in crops.

Results from this
study clearly
showed that
vegetables were
capable of taking
up many drugs
when exposed to
these chemicals,
but different drugs
displayed
significant
disparities in their
potential for crop
uptake.

Their behavior and
fate constitute
nowadays a quite
intense research
field since the
analytical methods
that are needed for
their quantification
are far from been
standardized and,
the potential
effects that may
have on the
environment are
not determined.

Future work: to understand the translocation in plant, the
roots, leaves and stems will be individually analyzed

+
Main Conclusions
Fate of the studied PhACs in
real agricultural systems
and their uptake and fruit
bioaccumulation by a widely
consumed vegetable crop,
such as tomato, by
incorporating two
distinguished treated flows
for irrigation under field
conditions for a prolonged
period (three years), as well
as by analyzing the
concentration of PhACs in
allinvolved matrices (WW,
soil, tomato fruits).

The present study sheds light to the :
The concentration of
the studied PhACs in
tomato fruits varied
both inter-annually
and seasonally, and
increased with
increased duration of
WW irrigation,
reaching maximum
concentration during
the last year of study,
highlighting the need
for longterm studies
utilizing WW
irrigation under field
conditions.

The concentration of the studied PhACs in soil and
fruits varied, depending on the duration of irrigation
and the origin of the WW applied, as well as the
physicochemical properties of PhACs.

Although the estimated
TTC and HQ values
revealed that the
consumption of fruits
harvested from tomato
plants irrigated for long
per iod with the WW
applied for irrigation
under field conditions in
this study represent a de
minimis risk to human
health with regard to the
studied PhACs, more
studies need to be
performed for the
definite answer on the
safety of WW reuse for
irrigation.

Public health
implications/risk
assessment
TTC: Threshold of Toxicological Concern
HQ: Hazard Quotients

+

Assessing the presence of
pharmaceutical residues in irrigated
crops by liquid chromatography
tandem mass spectrometry
Nicosia, May 29, 2018
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The potential use of biochar for the mitigation of CEC uptake by crop
plants

Panagiotis Dalias

Agricultural Research Institute

Contaminants of
Emerging Concern
(CEC)
Emerging Organic
Contaminants
(EOCs)



Endocrine Disrupting Compounds



Pharmaceuticals and Personal Care ProductsPPCPs (including metabolites)



Other
currently
non-specified
chemicals
(including
disinfection
by-products
and
transformation products)



Antibiotic-Resistant Bacteria and
Resistance Genes (ARB & ARGs)

Role of biochar in reducing
uptake by (irrigated) crops
and, therefore, in restricting
entry into the food chain

Antibiotic

 What are the different uses of biochar
 What are the properties of biochar that make it such a valuable
material
 How these properties justify current applications and research
 Get familiar with processes related with the uptake by crops of other
substances in the presence of biochar as soil amendment

 Existing results on the relationship between biochar and CEC
uptake

There are already many uses of biochar
Use of biochar in animal farming

Use as a soil conditioner

Silage agent

Carbon fertilizer

Feed additive / supplement

Compost additive

Litter additive

Substitute for peat in potting soil

Slurry treatment

Plant protection

Manure composting

Compensatory fertilizer for trace elements

Water treatment in fish farming
The treatment of wastewater

Medicines

Active carbon filter,

detoxification,

Pre-rinsing additive,

carrier for active pharmaceutical ingredients,

Soil substrate for organic plant beds,

Cataplasm

Composting toilets

eczema…)

Decontamination

Various industrial uses

Soil additive for soil remediation

Exhaust filters (controlling emissions, room air

Soil substrates

filters)

A barrier preventing pesticides getting into surface

plastics)

water

batteries)

Treating pond and lake water – biochar is good for

Metallurgy (metal reduction) Cosmetics (soaps,

adsorbing pesticides and fertilizers, as well as for

skin-cream, therapeutic bath additives)

improving water aeration

Paints and coloring (food colorants, industrial

for

Industrial

insect

bites,

materials

Electronics

abscesses,

(carbon

fibers,

(semiconductors,

paints) Energy production (pellets, substitute
for lignite)

Use in the building sector
Textiles

Insulation

Fabric additive for functional underwear,

Air decontamination

Thermal insulation for functional clothing,

Decontamination of earth foundations

Deodorant for shoe soles

Humidity regulation
Protection against electromagnetic radiation
(“electrosmog”)

Biogas production

The treatment of drinking water

Biomass additive

Micro-filters

Biogas slurry treatment

Macro-filters in developing countries

Food Conservation

Wellness

absorbing bad odours and Ethylen

Filling for mattresses,
filling for pillows

High adsorption capacity
Stability
(resistant to degradation and insoluble)

The cost of biochar production is high, but it can still be considered as
soil amendment after it has been devalued by its use elsewhere

Absorption

Assimilation of molecular species
Definition throughout the bulk of the solid or
liquid is termed as absorption.

Phenomenon It is a bulk phenomenon
Heat exchange Endothermic process
Temperature It is not affected by temperature
Rate of reaction It occurs at a uniform rate.

Concentration It is same throughout the material.

Adsorption

Accumulation of the molecular species at
the surface rather than in the bulk of the
solid or liquid is termed as adsorption.

It is a surface phenomenon.
Exothermic process
It is favoured by low temperature
It steadily increases and reaches equilibrium

Concentration on the surface of adsorbent is
different from that in the bulk

High surface area

Scanning electron microscope images

Controls of surface area

The adsorption properties of the chars typically depend on the porous
structure and surface chemical properties which are, in turn, a function of
the feedstock and pyrolysis conditions.

Pyrolysis temperature
Although biochar properties vary considerably with feedstock material,
in general, biochar yield and contents of N, hydrogen and oxygen
decrease as pyrolysis temperature increase (e.g. from 400°C to 700°C) as
well as acidic functional groups (e.g. carboxylic, phenol, lactonic) due to
higher degree of carbonization, whereas contents of ash, pH, carbon,
surface area, porosity, pH, and mineral contents increase with greater
pyrolysis temperature.

Pyrolysis temperature

Devi and Saroha, 2015

The pore structure parameters of some biochars. It can be seen that
biomass pyrolyzed at high temperature increases the surface area,
the total pore volume and the micropore volume, and decreases the
average pore width, which indicate high pyrolysis temperature is
helpful to form the developed pore structures.

Pyrolysis temperature
High pyrolysis temperature leads to higher surface area, providing
more sites for metal sorption. However, at higher temperatures we
get less material and high temperature reduce the amounts of
functional groups, which may lead to lower metal sorption via
complexation between metals and functional groups. In addition,
the impacts of biochar properties on metal sorption is metal
dependent as different metals are sorbed via different mechanisms.

Li et al., 2017

The effect of feedstock
Biochars contain KCl, CaCO3, MgCl2 and other substances.
The quantity of elements such as K, Ca and Mg promotes ion exchange or
precipitation, and leads to strong adsorption ability on heavy metals in
soil.

Total concentrations of K, Ca, Mg, and P increase with increasing
pyrolysis temperature for biochar from many feedstock.

But, the abilities and pyrolysis temperature dependence of a substance’s
adsorption by biochar can differ for each feedstock.
(Kameyama et al., 2016)

The surface coverage of biochar
Whenever a gas is in contact with a solid there will be an equilibrium
established between the molecules in the gas phase and the corresponding
adsorbed species (molecules or atoms) which are bound to the surface of the
solid.
As with all chemical equilibria, the position of equilibrium will depend upon a
number of factors :
• The relative stabilities of the adsorbed and gas phase species involved
• The temperature of the system
• The pressure of the gas above the surface

In general, temperature and pressure exert opposite effects on the
concentration of adsorbed species – i.e. the surface coverage may be increased
by raising the gas pressure but will be reduced if the surface temperature is
raised.

Freundlich Adsorption Isotherm
In 1909, Freundlich gave an empirical expression representing the
isothermal variation of adsorption of a quantity of gas adsorbed by
unit mass of solid adsorbent with pressure. This equation is known as
Freundlich Adsorption Isotherm or Freundlich Adsorption equation
or simply Freundlich Isotherm.

Where x is the mass of the gas adsorbed on mass m of the adsorbent at
pressure p and k, n are constants whose values depend upon
adsorbent and gas at particular temperature. Though Freundlich
Isotherm correctly established the relationship of adsorption with
pressure at lower values, it failed to predict value of adsorption at
higher pressure.

Langmuir Adsorption Isotherm
In 1916 Langmuir proposed another adsorption isotherm known as Langmuir
adsorption isotherm. This isotherm was based on different assumptions one of which
is that dynamic equilibrium exists between adsorbed gaseous molecules and the free
gaseous molecules.

Where A(g) is unadsorbed gaseous molecule, B(s) is unoccupied metal surface and
AB is adsorbed gaseous molecule.
Based on his theory, he derived
Langmuir equation which
depicted a relationship between
the number of active sites of the
surface undergoing adsorption and pressure.
Where θ the number of sites of the surface which are covered with gaseous molecule,
P represents pressure and K is the equilibrium constant for distribution of adsorbate
between the surface and the gas phase. The basic limitation of Langmuir adsorption
equation is that it is valid at low pressure only.
At lower pressure, KP is so small, that factor (1+KP) in denominator can
almost be ignored. So Langmuir equation reduces to θ = KP
At high pressure KP is so large, that factor (1+KP) in denominator is nearly
equal to KP. So Langmuir equation reduces to

Biochar has a strong capacity to adsorb:

 Heavy metal ions, such as Cd(II), Pb(II), Cu(II) etc., and reduce the
effectiveness and migration of heavy metal ions in the wastewater or
the uptake by plants
 Organic pollutants (e.g. polycyclic aromatic hydrocarbons (PAHs),
furans, pesticides, and dioxins)
 Plant nutrients (Ammonium, nitrates, phosphates)

Biochar can stabilize heavy metals in the contaminated soils, leading
to a significant reduction in crop uptake of heavy metals (by
reducing their bioavailability, but also their phytotoxicity).

I has been demonstrated that the main mechanism responsible for the
stabilization of heavy metal was the exchange with Ca2+, Mg2+, and
other cations (Na+ and K+) associated with biochar (in the case of Pb,
precipitation of insoluble phosphates has also been proposed);
however, contribution of monovalent (Na+ and K+) cations for heavy
metal exchange was found to be negligible. Therefore, under field
situations, sorption mechanisms for metal contaminated soils by
biochar could be dependent on the type of soils and the cations
present in both soils and biochar, and thus implications for metal
remediation in contaminated soils could vary (Lu et al., 2012).

The presence of biochar in soils can enhance the sequestration of
organic contaminants. It may regulate the concentration of organic
pollutants in contaminated soils and consequently may affect other
processes

such

as

bioavailability,

degradation,

leaching,

and

volatilization of contaminants.

A lot of work on the appropriate feedstock and temperature of
production for maximizing adsorption.

For example, a remarkable enhancement in the sulfamethazine retention
was observed by the addition of 2 wt.% burcucumber‐derived biochars
produced at high temperature pyrolysis, especially under acidic
environmental conditions.

But, contrary to heavy metals organic substances can, to a greater or
lesser extent, be degraded by microorganisms.

While biochar application can increase sorption of organic contaminants
by reducing their bioavailability and leachability, at the same time,
biological degradation of organic pollutants in soil can be also
substantially slowed down because of reduced microbial accessibility to
the organic pollutants.

Immobilized Microorganism Technique (IMT)

Much less information is available about the release or retention of the
sorbed nutrient ions, which would determine their availability to crops.
There has been extensive research on the fertilizer value of biochar in
terms of nutrients present within its structure, but what about the
bioavailability of nutrients adsorbed on the biochar after its production?

Biochar and uptake of CECs by plants

Sulfonamide (SA) antimicrobials,
considered one of the most commonly
used antibiotics in human therapy,
livestock production, and aquaculture.
Sulfamethazine (SMT), one of the most
commonly used SAs

Invasive plant‐derived biochar
inhibits sulfamethazine uptake by
lettuce in soil
(Rajapaksha et al., 2014)

Oxytetracycline (OTC) is employed frequently in livestock production
as a typical antibiotic.
In a lettuce pot experiment by Duan et al. (2017)…
Biochar application accelerated
the degradation of OTC, and thus
BO300 significantly reduced the
OTC content by 10.66% compared
with O300 (P < 0.05).
Biochar amendment significantly
reduced the OTC concentration in
lettuce leaves and roots, where
the concentrations of OTC
residues in BO300 were 39.0% and
30.1% lower in leaves and roots,
respectively, compared with O300.

Biochar is an effective farmland amendment for reducing the abundances
of antibiotics, ARGs, and human pathogenic bacteria in order to ensure
the safety of vegetables and protect human health.

The dissipation rates of sulfonamides (SA) among different treatments
were, from high to low: Biochar Lettuce > Lettuce > Biochar > Control soil.
The combined treatment with biochar amendment and lettuce cultivation
resulted in the greatest dissipation rate (93.9%) of soil SAs.
For the lettuce cultivation without biochar amendment (treatment Lettuce),
a significant enhancement in the soil SA dissipation can be also detected.
Two main factors can be found to contribute to the promotion of soil SA
dissipation—the uptake of SAs from the soil to accumulate in the lettuce
tissues, and the possible promotion of the activities of soil indigenous
microorganisms by the root exudates of lettuce, thus further biodegrading
soil SAs.
Isolate counts for SA‐resistant bacterial endophytes in old leaves and
ARGs abundances in roots and old leaves also decreased significantly
after biochar application.
The abundance and diversity of bacterial communities were higher in the
vicinity of biochar amendment. The great specific surface area, strong
adsorption property for antibiotics, and rich nutrient elements for bacterial
growth, reproduction, and biofilm formation all prompted the biochar
materials impede SA‐resistant bacteria from transferring and colonizing in
the edible parts of lettuce (Ye et al., 2016).

Hurtado et al., 2017

Work by Hurtado et al., 2017 investigated the capacity of Biochar (BC) in
soils to mitigate the uptake and translocation by lettuce of 10 EOCs
commonly found in reclaimed irrigation water. The study consists of using
EOCs with different physical‐chemical properties in a soil amended with
two rates of Biochar, 2.5 and 5% (w/w).
The decrease in the relative RCF (root concentration factor) was lowest with
neutral compounds while the EOCs that responded to the higher rate of BC
were ionizable hydrophobic compounds with some hydroxyl and carboxylic
groups and some conjugated aromatic (TCS, BPA, CFA and IBU). Hence,
differences in the interactions between EOCs and BC can be explained by the
structure and properties of the EOCs and surface properties of the BC.
Ionizable compounds with benzene rings interact more strongly with the
aromatic surface of BC (e.g. hydrophobic interactions and π‐π interactions)
than neutral compounds.

Differences in the calculated Unrecovered Fraction (UF) can occur
through a number of possible pathways, including biodegradation,
volatilization, photodegradation or leaching. The addition of BC to the soil
increased the fraction recovered in soil. Therefore, BC sorption of the EOCs
reduced in the short‐term plant availability for uptake, which is the most
important, but reduced also these loss pathways.
Biochar amendments to soil were shown to be an effective sorbent
for most of the EOCs evaluated in their study. In soil, BC amendment
decreased the biodegradation of EOCs as supported by the reduced
enantiomeric fraction for ibuprofen (anti‐inflammatory drug) in the presence
of BC. Interestingly, this decrease in biodegradation of the EOCs did not lead
to higher concentrations in lettuce roots or leaves. In fact, concentrations in
roots and leaves were also reduced when BC was amended to soil (averaging
34–48% in roots and 23–55% in leaves at 2.5 and 5% of biochar amendments).
Therefore, bioavailabilities of these EOCS through BC amendments were
reduced for both microbial and plant access.

Comments
 Although the adsorption capability of biochar is considered to be a key
factor that affects the environmental behavior of EOCs, desorption or
the release behavior of pesticides adsorbed onto biochar should be also
carefully investigated due to its association with the long‐term
bioavailability. For pesticides for example, several studies have reported
their reversible adsorption on biochar in amended soil samples.
Reversible adsorption can occur through different mechanisms: (1) the
swelling of a sorbent during adsorption process, which results in
macro‐pore network deformation, and (2) weak binding between the
tested pesticides and biochar components.
 Interactions could be very simple for single substances but are certainly
very complex for a mixture of contaminants.
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Microbial resistance drivers

Singer, A.C., et al. (2016). Front Microbiol 7, 1728, doi: 10.3389/fmicb.2016.01728

Microbial resistance
• Energetically costly
• Horizontal transfer is a major dissemination mode
• The presence of selective pressure increases its prevalence
• Selection modes
• Selection of specific resistance
• Co-selection
• E.g. multiple resistances by a single stressor
• Single resistance gene for multiple stressor types
Berendonk, T.U., et al. (2015). Nat Rev Micro 13, 310-317, doi: 10.1038/nrmicro3439
Nesme, J. and Simonet, P. (2015). Environ Microbiol 17, 913-930, doi: doi:10.1111/1462-2920.12631
Singer, A.C., et al. (2016). Front Microbiol 7, 1728, doi: 10.3389/fmicb.2016.01728

Microbial resistance: pathways

Singer, A.C., et al. (2016). Front Microbiol 7, 1728, doi: 10.3389/fmicb.2016.01728

WWTP sludge, effluents
• Nutrient rich… and metal rich
Sludge, 1 gram
• 103 -104 species
• 109 - 1011 cells
Influents, 1 ml
• 108-109 cells
Effluents, 1 ml
• 105-106 cells
Saunders, A.M., et al. (2016). ISME J 10, 11-20, doi: 10.1038/ismej.2015.117
Ma, L., et al. (2013). Water Sci Technol 68, 1763-1769, doi: 10.2166/wst.2013.426

Manure, manure tea
1 gram of manure
• 103 -104 species
• 109 - 1011 cells
Antibiotic use in livestock
• therapeutic treatment
• As growth promotors...
Illegally in EU
• Prophylactic use… legally in
EU
Brüssow, H. (2015). Environ Microbiol 17, 2216-2227, doi: 10.1111/1462-2920.12786
Islas-Espinoza, M., et al. (2012). Microb Ecol 64, 140-151, doi: 10.1007/s00248-012-0010-5

Soil
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In 1 gram:
• 106–109 bacterial cells
• 103–106 different bacterial
species
MOST DIVERSE
• ARGs 30 % of all habitats
Fig. 3. Schematic representation of the soil ecosystem. Soil is a complex and heterogeneous matrix with varying physicochemical conditions.
From high to low nutrient or oxygen concentrations, soil is structured in macro- and micro-aggregate structured by biotic and abiotic factors at
different scale, forming a complex trophic network. While varying between soils, atmospheric gases are generally forming a diffusion gradient
with highest concentrations found in topsoil, whereas water is drained quickly and leaches soluble nutrients in a vertical gradient from top to
bottom. Plants roots and fungi mycelium are colonizing spaces between mineral particles of varying size (from clay ≤ 4 μm to coarse pebbles
< 16 mm), giving soil its structuration. Rhizosphere is defined as a soil under influence of plants roots exudates. This is in soil where the
highest concentration of bacteria and organic nutrients are found. Soil is a rather patchy ecosystem in terms of bacteria population with large
areas of low bacterial cell density of and local hotspots of high cell density and high metabolic activity often associated with higher nutrient

Nesme, J. and Simonet, P. (2015). Environ Microbiol 17, 913-930, doi:10.1111/1462-2920.12631
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Phyllosphere

Trichome
Cuticle
Upper epidermis
Chloroplast
Palisade
mesophyll cell

100 μm

b

• Harsh habitat for
microbes (UV, drought)
REVIEWS
• 106-107 cells per cm2
• E.g. 102-103 “species”
richness in Lettuce
• Seasonal/growth-stage
variation
• Pathogen infection relation to fresh produce
consumption, but, at low % compared with food
poisoning outbreaks

Spongy
mesophyll cell
Xylem
Phloem

5 μm

Guard cell
Stoma
Lower epidermis
Cuticle

c

10 μm

Bacteria

Antibiotics

Figure 1 | The phyllosphere environment. The phyllosphere comprises the aerial parts of Biosurfactants
plants and is dominated by
Nutrient uptake
the leaves. The middle panel shows a soybean plant, and the right panel shows a magnified schematic cross-section of
a metabolic
and
leaf. Various microorganisms, and in particular bacteria (shown) and fungi (not shown), can colonize the surface of theadaptation
leaf
ux are oftenNature
Reviews
| Microbiology
and the apoplast. Most of the leaf inhabitants are non-pathogenic bacteria,Ewhich
referred
to as commensals.
pump
a | Scanning electron micrograph showing the edge of an Arabidopsis thaliana leaf with trichomes visible on the upper
EPS
side. b | Scanning electron micrograph of epiphytic Sphingomonas sp. Fr 1 on the surface of a leaf. The bacterial cells are
located in the grooves formed by the junctions of the epidermal plant cells. c | Epifluorescence image of Pantoea
agglomerans str. 299R constitutively expressing cfp, and Pseudomonas syringae pv. tomato str. DC3000 producing
mCherry, on an A. thaliana leaf. Parts a,b images courtesy of G. Innerebner, ETH Zurich; part c image courtesy of
M. Remus-Emsermann, ETH Zurich.
Flagellum
Protective
protein
cultivation-independent and cultivation-dependent stud-Bacterium
these depressions they are generally embedded within

ies which have surveyed the microbial inhabitants of the
phyllosphere and indicate that there are conserved mechanisms by which predominating groups cope with the
challenges of life on the leaf surfaces of terrestrial plants.

extracellular polymeric substances (EPS) 3,4. The EPS
Auxin surface around
Pigments
help maintain a hydrated
the bacteria
and eventually also to concentrate detoxifying enzymes
(see below). Experimental
inoculations with a model
Quorum sensing
bacterial strain and observations
by epifluorescence
signalling molecules
Microbial phyllosphere communities
microscopy
suggest
that
most
bacteria
are located in
Figure 4 | Proposed bacterial traits involved in adaptation to the phyllosphere.
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Several different epiphytic-fitness traits have been proposedNature
to allow
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Vorholt, J.A. (2012). Nat Rev Microbiol 10, 828, doi: 10.1038/nrmicro2910
Dees, M.W., et al. (2015). Appl Environ Microbiol 81, 1530-1539, doi: 10.1128/aem.03470-14
Whipps, J.M., et al. (2008). In Advances in Applied Microbiology. isbn: 0065-2164

Strategies in environmental microbiology
studies
• Culture-based

Characterization

• Metagenomic
• Functional

The functional and sequence based analysis of
collective microbial genomes found in
environmental samples

• Sequence-based screening

Handelsman, J., et al. (1998). Chem Biol 5, R245-249, doi: S1074-5521(98)90108-9 [pii]

Sequence-based metagenomics
• PCR -> PCR product fingerprinting or sequencing (diversity)
• qPCR and variants (qPCR, open-arrays qPCR, ddPCR; quantification)
• Fluorescent probes combined with microscopy and/or flow cytometry
(diversity; quantification)
• Microarrays (diversity and quantification)
• Shotgun sequencing (diversity and quantification)

Sequence-based approaches
Total DNA
extraction

PCR

Prior
Knowledge
required
naive

Nucleic acids extraction strategies
• The importance of the environment (organic matter, humic acids)
• Cells (etching, sonicating, filtering, centrifuging) vs direct nucleic acids
extraction as initial step
• Filtering: 0.2 µm or 0.1 µm pores?
• The importance of the extraction approach (vigorous and “dirty” vs mild
and “clean”… DNA fragment length)
Suda, W., et al. (2008). Microbes Environ 23, 248-252, doi: 10.1264/jsme2.23.248
Reisberg, E.E., et al. (2013). PLoS ONE 8, e78613, doi: 10.1371/journal.pone.0078613
Portillo, M.C., et al. (2013). Appl Environ Microbiol 79, 7610-7617, doi: 10.1128/AEM.02710-13
Luef, B., et al. (2015). Nat Commun 6, 6372, doi: 10.1038/ncomms7372
Griffiths, R.I., et al. (2000). Appl Environ Microbiol 66, 5488-5491, doi: 10.1128/AEM.66.12.5488-5491.2000

The soil example: direct vs cell extraction
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T.O. Delmont et al. / Journal of Microbiological Methods 86 (2011) 397–400

Indirect dominates

Direct dominates

A) Domains

B) Classes

Delmont, T.O., et al. (2011).
J Microbiol
C) General
functionalMethods
subsystems 86, 397-400, doi: 10.1016/j.mimet.2011.06.013

ARG screening: The naïve way (shotgun
sequencing)
• Exploratory screening of the total metagenome

• Sequencing strategy selection (2nd and 3rd generations)
• Quality control of sequences
• Assessment of sequencing depth sufficiency

• Coverage assessment of the total microbiome estimation with Nonpareil
• Good’s coverage estimator for ARG coverage estimation

• Reference databases
• Selection of search algorithms

Shotgun Sequencing/Assembly pictographic
summary

Database comparison

Database comparison

reads
https://commons.wikimedia.org/wiki/File:Shotgun_sequencing_lg.jpg

Shotgun sequencing
(primary step, generation of right-sized DNA
fragments)

DNA shearing via:
• Ultrasonicator
• Nebulizer
• Enzymes

http://covaris.com/pre-analytical/how-it-works/
http://covaris.com/applications/dnarna-shearing-for-ngs/
https://www.activemotif.com/catalog/719/epishear-probe-sonicator

a Roche/454, Life/APG, Polonator

Emulsion PCR
One DNA molecule per bead. Clonal amplification to thousands of copies occurs in microreactors in an emulsion
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https://www.youtube.com/watch?v=fCd6B5HRaZ8
Figure 1 | Template immobilization strategies. In emulsion PCR (emPCR) (a), a reaction mixture consisting of
Nature Reviews | Genetics
an oil–aqueous emulsion is created to encapsulate bead–DNA complexes into single aqueous droplets. PCR
https://www.neb.com/applications/library-preparation-for-next-generation-sequencing/illumina-library-preparation
C
A
amplification is performed within these droplets to create beads containing several thousand copies
of the Top:
sameCATCGT
Kawashima, E., et al. (1998). Method of nucleic acid amplification, Google Patents
T intoGPicoTiterPlate
template sequence. EmPCR beads can be chemically attached to a glass slide or deposited
Bottom: CCCCCC
wells (FIG. 3c). Solid-phase amplification (b) is composed of two basic steps: initial priming and extending of the
Metzker, M.L. (2009). Sequencing technologies — the next generation. Nat Rev Genet 11, 31 (modified)
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Illumina read error-prone ends

Phred Q values

When cluster clones phase out…
intensified at high cycle numbers

Cycles (read base position)
https://www.ecseq.com/support/ngs/why-does-the-sequence-quality-decrease-over-the-read-in-illumina

Phred Q values

Illumina read start slightly reduced qualities

First bases quality pattern is usually
quality modelling artifact

Cycles (read base position)
https://www.ecseq.com/support/ngs/why-does-the-sequence-quality-decrease-over-the-read-in-illumina

Possibly attributed to
• overclustering (extra bridge
amplification for second strand)
• DNA and/or reagent wear-out

Forward reads
Per tile sequence quality

Reverse reads

Besides their similar per-base error
patterns, forward reads tend to
have slightly higher per base
quality score statistics than the
reverse reads.

Phred Q values

Illumina read errors (forward vs reverse)

Per tile sequence quality

Cycles (read base position)

3rd generation: PacBio (single molecule realtime – SMRT – sequencing)
280

Genomics Proteomics Bioinformatics 13 (2015) 278–289

280

A Review of PacBio Sequencing

Genomics Proteomics Bioinformatics 13 (2015) 278–289
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Circular consensus sequencing (CCS)
+ overlapping-based correction

Fichot and Norman Microbiome 2013, 1:10
http://www.microbiomejournal.com/content/1/1/10

DNA fragment

1. generate amplicon

Figure 2 A single SMRT cell
Each SMRT cell contains 150,000 ZMWs. Approximately 35,000–
75,000 of these wells produce a read in a run lasting 0.5–4 h,
resulting in 0.5–1 Gb of sequence. The image is adapted with
permission from Pacific Biosciences [3]. ZMW, zero-mode
waveguide.

5‘ forward strand 3‘

Figure 3 Sequencing via light pulses
3‘ reverse strand 5‘
A. A SMRTbell (gray) diffuses into a ZMW, and the adaptor binds to a polymerase immobilized at the bottom. B. Each of the four
nucleotides is labeled with a different fluorescent dye (indicated in red, yellow, green, and blue, respectively for G, C, T, and A) so that
2. ligate adaptors
SMRTbell a light pulse is produced that
they have distinct emission spectrums. As a nucleotide is held in the detection volume by the polymerase,
identifies the base. (1) A fluorescently-labeled nucleotide associates with the template in the active site of the polymerase. (2) The
fluorescence output of the color corresponding to the incorporated base (yellow for base C as an example here) is elevated. (3) The dyelinker-pyrophosphate product is cleaved from the nucleotide and diffuses out of the ZMW, ending the fluorescence pulse. (4) The
template
3.associates
sequence
polymerase translocates to the next position. (5) The next nucleotide
with the template in the active site of the polymerase,
DNA
Sequencing
via
light pulses
initiating the next
fluorescence
pulse, which corresponds to base A here. The figure is adapted from [4] with permission
from The American
polymerase
Association for the Advancement of Science.

Zero-Mode Waveguide (ZMW)

1o analysis

Figure 3
Very long reads (currently of mean
length
of > (gray)
10 kbp)
A. A
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diffuses into a ZMW, and the adaptor binds to a polymerase immobilized at
Solution
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in the
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processed
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associates fragments
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and Adaptors
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theligated
ZMW,
Itslinker-pyrophosphate
Applications. Genomics, Proteomics
& Bioinformatics
13,from
278-289
Figure
1 Illustration
of PacBio
sequence generation.
(SMRTbells)
are first
to each ending
amplicon

he
e,
A
a
1)
a
target dsDNA, it can continue incorporating bases of the
cadapter and then the other strand. If the lifetime of the polyes
merase is long enough, both strands can be sequenced multiple
h
times (called ‘‘passes”) in a single CLR. In this scenario, the
m, https://www.youtube.com/watch?v=v8p4ph2MAvI
CLR can be split to multiple reads (called subreads) by recogll
nizing and cutting out the adaptor sequences. The consensus
A. and Au, K.F. (2015). PacBio Sequencing and
t- Rhoads,
sequence of multiple subreads in a single ZMW yields a circu-

A. A SMRTbell (gray) diffuses into a ZMW, and the adaptor binds to a polymerase immobilized at the bottom. B. Each of the
nucleotides is labeled with a different fluorescent dye (indicated in red, yellow, green, and blue, respectively for G, C, T, and A) so
they have distinct emission spectrums. As a nucleotide is held in the detection volume by the polymerase, a light pulse is produced
identifies the base. (1) A fluorescently-labeled nucleotide associates with the template in the active site of the polymerase. (2)
fluorescence output of the color corresponding to the incorporated base (yellow for base C as an example here) is elevated. (3) The
linker-pyrophosphate product is cleaved from the nucleotide and diffuses out of the ZMW, ending the fluorescence pulse. (4)
polymerase translocates to the next position. (5) The next nucleotide associates with the template in the active site of the polyme
initiating the next fluorescence pulse, which corresponds to base A here. The figure is adapted from [4] with permission from The Ame
Association for the Advancement of Science.

3rd generation: PacBio (throughput and read
lengths)

Mean of above 10 kb read
lengths
• Started with 150 k ZMW and the ability to use half
(75k reads of ~ 4 kb length)

Half of data reads > 20kb

• Proceeded with exploiting all 150 k ZMW (150 k
reads)
• In the latest instrument version (Sequel) 1 m ZMW
and ~350 k reads

Top 5% of reads > 40kb

Longest reads > 60kb

Figure 4 PacBio RS II read length distribution using P6-C4 chemistry
Data are based on a 20 kb size-selected E. coli library using a 4-h movie. Each SMRT cell produces 0.5–1 billion bases. The P
chemistry is currently the most advanced sequencing chemistry offered by PacBio. The figure is adapted with permission from P
Biosciences [8].

Rhoads, A. and Au, K.F. (2015). PacBio Sequencing and Its Applications. Genomics, Proteomics
& Bioinformatics
278-289 there exist a few
regions within
a single read.13,Although

However, compared to SGS, the throughput of Pa

rd
3

generation Nanopore
• Higher error rates than PacBio (10-40%)
• Error types are usually InDels
• Minimal sample prep and benchtop convenience

https://nanoporetech.com/products/minion
Lu, H., et al. (2016). Oxford Nanopore MinION Sequencing and Genome Assembly. Genomics, Proteomics & Bioinformatics 14, 265-279
O'Donnell, C.R., et al. (2013). Error analysis of idealized nanopore sequencing. Electrophoresis 34, 2137-2144

Latest commercial: synthetic long reads
Marriage of the advances of
2nd and 3rd generation
Sequencing
10X and moleculo

ARG screening: how many seqs are enough?
Key parameters for metagenomics
• Sequencing depth

• Coverage of total metagenome (relevant to assembly and binning – aka grouping of assembled
contiguous sequences in an attempt to reconstruct genomes)
• Coverage of the ARGs

• Read length (large enough for a positive id)

ARG screening: how many seqs are enough?

ARG screening: how many seqs are enough?

ded
ata
and
mes
and
ates

the Lander–Waterman model. We limited our evaluation to
COVER because alternative methods for coverage estimation
ARG
howHooper
manyet seqs
areStanhope,
enough?
(Daleyscreening:
and Smith, 2013;
al., 2010;
2010;
Wendl et al., 2012) were either not available for online or
Key parameters for metagenomics
standalone computation, do not scale with large metagenomic
• Sequencing depth

• Coverage of total metagenome (relevant to assembly and binning)

Estimated average coverage
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Rodriguez-R, L.M. and Konstantinidis, K.T. (2014). Bioinformatics 30, 629-635, doi: 10.1093/bioinformatics/btt584
Rodriguez-R,
L.M. and Konstantinidis,
K.T. (2014). ISME
J 8, 2349-2351,
10.1038/ismej.2014.76
Fig.
2. Comparison
of Nonpareil
curves
for the doi:
metagenomes
of HMP,

ARG screening: how many seqs are enough?
Key parameters for metagenomics
• Sequencing depth

• Coverage of total metagenome (relevant to assembly and binning)
• Coverage of the ARGs

MBR and WWTP influents:
5-10M reads suffice for
reaching the plateau

ARG screening: databases and search
algorithms?
Dedicated databases of interest:
ARDB (last update 2009)
CARD (up-to-date)
MEGARes (up-to-date), coupled with the AmrPlusPlus pipeline
Other resistance types or mobile elements? (BacMet, up-to-date; ALCAME, outdated;
ISfinder, in updating process, download requires permission and no re-destribution is
allowed)
Search algorithms:
BLAST/BLAT/RAPSEARCH2
Mapping algorithms (BWA, Bowtie2)
The ROCKer

Databases:
Liu, B. and Pop, M. (2009). Nucleic Acids Res 37, D443-D447, doi: 10.1093/nar/gkn656
Jia, B., et al. (2017). Nucleic Acids Res 45, D566-D573, doi: 10.1093/nar/gkw1004
Lakin, S.M., et al. (2017). Nucleic Acids Res 45, D574-D580, doi: 10.1093/nar/gkw1009
Pal, C., et al. (2014). Nucleic Acids Res 42, D737-D743, doi: 10.1093/nar/gkt1252
Leplae, R., et al. (2010). Nucleic Acids Res 38, D57-D61, doi: 10.1093/nar/gkp938
Siguier, P., et al. (2006). Nucleic Acids Res 34, D32-D36, doi: 10.1093/nar/gkj014
Search tools:
Zhao, Y., et al. (2012). Bioinformatics 28, 125-126, doi: 10.1093/bioinformatics/btr595
Orellana, L.H., et al. (2017). Nucleic Acids Res 45, e14-e14, doi: 10.1093/nar/gkw900

ARG screening: ROCker example with amoA
instead of ARGs
Bacterial AmoA

Microbial population screening
Shotgun screening:
• May be based on characterized phylogenetic and functional markers
• Reduced wet-lab bias (no PCR/primer selection)
• Reduced sensitivity (sensitivity heavily affected by diversity)
• Reduced ability to direct screening towards target groups

PCR-based screening:
• Phylogenetic markers
• PCR/primer bias
• Increased sensitivity
• Suitable for surveying target populations

Sequence-based approaches
Total DNA
extraction

PCR

Prior
Knowledge
required
naive

PCR - based marker gene diversity
PCR amplicon
variant 1
variant 2

Taxon/isoform A

variant 1
variant 2
Variant
owners
conserved

Variable site

variant
“Signature”

Taxon/isoform B

Discovering ARBs in microbiomes
ARGs are mostly found in mobile elements -> difficult to use sequence
signatures to link to OTUs/taxa

E.g. contig grouping (binning) strategies:
•
•
•
•
•

GC content
differential coverage among multiple sequenced samples
tetranucleotide frequencies
codon usage
phylogenetic marker presence

Not sufficient evidence for binning mobile elements
Nesme, J. and Simonet, P. (2015). Environ Microbiol 17, 913-930, doi: doi:10.1111/1462-2920.12631

www.nature.com/scientificreports/
Discovering ARBs
in the microbiome (linking
ARGs with OTUs/taxa)

• Statistical approaches like network analysis
may provide hints
• Links between OTUs and other parameters
(e.g. ARG)
• Substructures can help link ARGs with
specific taxa
•

Mandakovic, D., et al. (2018). Scientific Reports 8, 5875, doi: 10.1038/s41598-018-23931-0
Figure
3. Section 1 and 2 subnetworks. Squared no
Faust, K. and Raes, J. (2016). F1000Research 5, 1519,
doi: 10.12688/f1000research.9050.2

www.nature.com/scientificreports/
Discovering ARBs
in the microbiome (linking
ARGs with OTUs/taxa)

• Statistical approaches like network analysis
may provide hints
• Links between OTUs and other parameters
(e.g. ARG)
• Substructures can help link ARGs with
specific taxa
• Critical: different conditions may result in
different ARG/OTU co-occurrence patterns

Mandakovic, D., et al. (2018). Scientific Reports 8, 5875, doi: 10.1038/s41598-018-23931-0
Figure
3. Section 1 and 2 subnetworks. Squared no
Faust, K. and Raes, J. (2016). F1000Research 5, 1519,
doi: 10.12688/f1000research.9050.2

universally recognized that foodborne EHEC can generally be
defined on the basis of certain gene markers, including the Shiga
toxin genes, stx1 or stx2, the intimin-coding gene, eae, along with
markers for specific serogroups of concern (e.g., O26, O45, O103,
O104, O111, O121, O145, and O157) (Blais et al., 2012; EFSA,
2013; Catford et al., 2014). Note that while most EHEC strains
have both eae and stx genes, priority serogroups vary among
countries.
The method for detection and isolation of EHEC used in foodtesting laboratories at the Canadian Food Inspection Agency
(Gill et al., 2012; Huszczynski et al., 2013; Blais et al., 2014a,b)
as well as the ISO/CEN TS13136:2012 Technical specification
(ISO, 2012) and the US MLG5B.05 (USDA-FSIS, 2014) methods,
commonly used internationally, involve enrichment of samples
in a selective broth and screening for the presumptive presence
of EHEC using PCR methods targeting stx1 and/or stx2, and
eae. One of the challenges of screening enrichment broths for
EHEC is to distinguish samples with target EHEC carrying
both stx and eae from samples containing mixed cultures
in which these markers are present in different cells. Using
current approaches, as much as 50% of samples identified as
presumptive positives may be false positives, particularly in
samples with high levels of non-target E. coli (Livezey et al.,
2015; Delannoy et al., 2016). This high rate of false positives
can negate the benefit of a screening procedure intended to
identify presumptive EHEC (i.e., E. coli cells carrying both stx
and eae) due to the need for unnecessary downstream processing
of samples for the recovery and characterization of the target
bacteria.

Here we describe the development of a Multiplexed, Single
Intact Cell ddPCR (MuSIC ddPCR) assay targeting detection of
stx and eae genes and ensuring presence of the two targets within
a single bacterial cell. In this assay, suspensions of bacterial cells in
enrichment broth are dispersed into droplets, followed by release
of gDNA by heat lysis, and ddPCR analysis. The method was

High throughput single cell analysis for
validation and physical linkage
• Flow cytometry
• Single-cell ddPCR or microfluidics qPCR?

Frontiers in Microbiology | www.frontiersin.org

FIGURE 1 | Droplet Digital PCR Method for specific detection of intact
EHEC cells. Samples of food enrichment broths containing intact cells are
added to the PCR reaction. A 20 µL PCR reaction is converted into 20,000
1 nL droplets prior to PCR-amplification. Amplification of eae (green) and stx
(blue) is determined based on detection of fluorescent probes for each assay.
In samples containing EHEC, both eae and stx targets will be detected in
positive droplets. In samples containing mixtures of eae-negative STEC and
eae-positive E. coli, most droplets will contain either eae or stx, unless both
bacteria types are present within a single droplet.
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McMahon, T.C., et al. (2017). Front Microbiol 8, 332, doi: 10.3389/fmicb.2017.00332

Summary
• Environment: nothing to do about that!!!
• DNA extraction: current sequencing technologies are more friendly to vigorous mechanic destruction of the
sample which can result in higher DNA yields -> deeper screening
• ARG screening
•
•
•
•

Shotgun sequencing is suggested as an exploratory step
HiSeq 2X250bp reads 4-20M reads for WWTP
Soil is quite challenging (50M reads or more)
3rd generation sequencing approaches for scaffolding

• PCR-product sequencing is more suitable for microbial diversity analysis
• 30K reads/sample are sufficient for most environments (50K for soil bacteria)

• ARB screening is problematic…

Concluding remarks for ARB
High throughput sequencing is the present
3rd generation sequencing is revolutionizing our present
However
Currently not sufficient for ARB detection (ARGs usually reside on mobile
elements), yet, can provide strong indications in junction with stats, for more
targeted approaches
To this end
Is single cell analysis the future in routine screening for building up models?
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What is biochar?
Biochar feedstock materials
Production of biochar
Characterization of biochar
Example of small scale production

Biochar
3

Biochar is a product rich in carbon, which can be produced from materials with high
organic content (biomass) under pyrolysis (200-10000C) in anaerobic conditions.

Biochar
4

Converting biomass into biochar involves:

Adsorbent materials
5


The use of biochar has been suggested as a means of remediating
contaminated soil and water
Activated carbon

 Natural materials as adsorbents (aim):
 high specific surface area,
 high sorption capacity
 High porous structure along with short
adsorption equilibrium time, sound ideal
for fast removal of contaminants

Inorganic
contaminants

Organic
contaminants

Circular economy
6

Nowadays, the proposed EU waste hierarchy
along with the circular economy demands from
companies to identify new ways of managing
their wastes.

Input

Waste

Input

Product



Waste

Product

Input

Waste

Product

where the waste from one process is used as an input by
another.

new resources

waste generation
is minimised

Biochar feedstock
Waste - Resource
7

Various kinds of wastes, residues or by-products have been used for the production of biochar
from different types and sectors like:

Household and garden waste
[1]

Livestock: Cattle, Pig,
Poultry manure etc

Industrial waste: Orange peel, Silver skin, Sugar cane
bagasse, Giant reed straw, etc[3]

Agricultural waste: Corn cob and stalk, rice husk, Pine
needles, etc[2]

Sludge

Algae: Algae biomass,
Seaweed[4]

[1] https://en.wikipedia.org/wiki/Rice_hulls; [2] http://ruralpecuaria.com.br/noticia/mapa-propoe-medidas-para-conter-a-alta-do-milho.html; [3] https://scitechdaily.com/seaweed-could-be-the-key-to-environmentally-friendly-sunscreen/; [4]
https://www.thecourier.co.uk/fp/news/local/angus-mearns/315954/residents-getting-round-25-waste-charge/(1)

Biochar – Activated: products
8

https://perfectbar.com/trending-activated-charcoal/

https://www.carbongold.com/trade-products/

Production of Biochar
9



Pyrolytic reaction using cellulose

GABE Project, ‘Greek-Albanian cross border cooperation in Biomass Exploitation’
M. Jeguirim, P. Dutournié, A.A. Zorpas, L. Limousy, Olive Mill Wastewater: From a Pollutant to Green Fuels, Agricultural Water Source and Bio-Fertilizer—Part 1. The Drying Kinetics. Energies 2017, 10, 1423

Production of Biochar
10



The properties of biochar depend on the raw materials and the
thermochemical conversion conditions including temperature, oxygen
level and reaction time (residence time).

Depending on
the desired
product of the
process, some
general
guidelines can
be established in
order to
maximize the
yield of a
certain product
group.

Tan, Zhongxin, Carol S.K. Lin, Xiaoyan Ji, and Thomas J. Rainey. 2017. ‘Returning Biochar to Fields: A Review’. Applied Soil Ecology 116 (August): 1–11. doi:10.1016/j.apsoil.2017.03.017.

Production of Biochar
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The reaction pathways to these different products are partly competing and the
product distribution can be influenced by the process conditions, mainly process
temperature and residence time.

Thermochemical
process
Slow pyrolysis

Temperature range (ºC) Yield (%)

Residence time

Heating rate

100–1000

15–40

Minutes to hours

Fast pyrolysis

300–1000

10–25

<2 s

Torrefaction
Gasification

200–300
700–1500

61–77
∼10

Minutes to hours
Seconds to minutes

Slow (<10 °C min−1)
Very fast
(∼1000 °C s−1)
Slow (<10 °C min−1)
Moderate-very fast

Tan, Zhongxin, Carol S.K. Lin, Xiaoyan Ji, and Thomas J. Rainey. 2017. ‘Returning Biochar to Fields: A Review’. Applied Soil Ecology 116 (August): 1–11. doi:10.1016/j.apsoil.2017.03.017.

Thermochemical processes for Biochar preparation
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Fast Pyrolysis:
 The

goal of fast (or flash) pyrolysis is the production of a
liquid oil (liquid yield ~ 75%)
 The biomass is rapidly heated to the reaction temperature,
typically within a few seconds.

Ronsse, F., Dickinson, D., Nachenius, R. & Prins, W., Biomass pyrolysis and biochar characterization, 1st FOREBIOM Workshop 4/4/13 - Vienna

Thermochemical processes for Biochar preparation
13



Slow Pyrolysis:
the main interest is the carbonaceous solid product
 The heating rate is low and the residence time long
 Typical temperatures are around 500 °C (depend on the desired
product properties).


Ronsse, F., Dickinson, D., Nachenius, R. & Prins, W., Biomass pyrolysis and biochar characterization, 1st FOREBIOM Workshop 4/4/13 - Vienna

Thermochemical processes for Biochar preparation
14



Torrefaction:




Pyrolysis in the temperature range between 200 and 300 °C is referred to as
torrefaction.
The main goal is to retain and concentrate most of the energy content in the
solid, and significantly improve mechanical properties of the biomass

Ronsse, F., Dickinson, D., Nachenius, R. & Prins, W., Biomass pyrolysis and biochar characterization, 1st FOREBIOM Workshop 4/4/13 - Vienna

Feedstock properties
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Apart from the process conditions, the characteristics of the feedstock
impact the conversion process and product properties.
Biomass is mostly composed of the three organic compounds cellulose,
hemicellulose and lignin.


These behave differently during heat treatment and hence the composition of
the biomass directly influences product yield and properties.
Hemicellulose

Cellulose
(C6H10O5)n

Lignin

Polysaccharides
Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Feedstock properties
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Hemicellulose










decomposes at temperatures of
about 220–315 °C.
The destruction of the
hemicellulose in the biomass is
the main process in torrefaction.
process that can be difficult to
control.

Cellulose




It is thermally more stable,
decomposing at temperatures
between 280 and 400 °C

Lignin



decomposes over a broad temperature range due to the large number of functional
groups with different thermal stabilities
degradation starts at 200 °C and may require temperatures as high as 900 °C to be
completed (depending on the residence time)
Ronsse, F., Dickinson, D., Nachenius, R. & Prins, W., Biomass pyrolysis and biochar characterization, 1st FOREBIOM Workshop 4/4/13 - Vienna

Feedstock properties
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Due to their different thermal
stabilities, the composition in
terms of cellulose,
hemicellulose and lignin
influences the required
treatment temperature as well
as the mass yield for any
given set of conditions.
Waste biomasses such as
animal manure and sewage
sludge contain no noteworthy
amounts of these components
due to their different origin
and therefore need to be
characterized differently.
Ronsse, F., Dickinson, D., Nachenius, R. & Prins, W., Biomass pyrolysis and biochar characterization, 1st FOREBIOM Workshop 4/4/13 - Vienna
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Slow Pyrolysis

Slow Pyrolysis – Product Yields
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The amount of product that can be obtained
from the pyrolysis of a given biomass
Process conditions
depends on:

biomass with a high
water content

lead to

low mass yield

Fig. Mass yield of (a) carbonized woody biomass, dry, and (b) carbonized non-woody biomass,

temperature
residence time

not the preferable
feedstock for
pyrolytic biochar
production

Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Slow Pyrolysis – Product Yields
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Biomass with larger lignin content is preferable to achieve
a high mass yield.

lower structural stabilities

hemicelluloses and
cellulose

lead to

lignin
being more stable

earlier thermal
degradation

contribute
significantly to the
yield of
condensable gases

contributes to the
biochar yield

Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Slow Pyrolysis – Product Yields
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the most rapid reduction in mass takes place at temperatures between 200 and 400 °C.
No significant change in mass yield is observed beyond this temperature range.

Fig. Mass yield of (a) carbonized woody biomass, dry, and (b) carbonized non-woody biomass,




Typical carbonization temperatures of 500–800 °C: max mass yields ~30%
Steep curve progression in the range of 200–300 °C (torrefaction) shows that a
constant product quality may be much more difficult to maintain because even
small temperature variations may result in significant changes in mass yield and
thereby also composition
Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Energy yield – Energy content
22





The energy yield indicates how
much of the energy content of the
feedstock remains in the solid
residue of pyrolysis.
In general, the energy yield
decreases with increasing
temperature.

Fig. Energy yield of wood and straw-like biomass





As a result of the higher carbon content in
the biochar, the energy content increases
with temperature
Prolonging the residence time also has a
positive effect on the heating value,
leading to a further increase.


However, the effect is rather small
compared to that of the temperature

Fig. Energy content (LHV) of woody and straw-like biomass, carbonized at
different temperatures
Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Elemental composition
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One main goal of biochar production is the change in chemical
composition compared to that of raw biomass, most of all the increase in
carbon content.
An increase in reaction temperature leads to an increase in carbon content
while resulting in a lower content of hydrogen and oxygen


This is due to the detachment of functional groups, containing oxygen and
hydrogen.

Weber and Quicker (2018), Fuel, Vol 217, p.240-261
Fig. (a) Carbon and oxygen content of carbonized woody biomass, (b) nitrogen and hydrogen content of carbonized woody biomass

Structural composition
“structural composition of carbonized switchgrass”

residence time

24






Temperatures >400 °C and residence times
of >5min lead to the expected decomposition
of nearly the entire amount of holocellulose.
For very short residence times (2 min and
less), some portion of the holocellulose is
preserved and can still be found in biochars
produced at higher temperatures.
Treatment beyond 650 °C decomposes almost
all holocellulose, even at short residence times.



temperatures required to decompose
lignin in the switchgrass samples are
several hundred degrees higher than for
holocellulose

Fig. Influence of temperature and residence time on holocellulose (a) and lignin (b) content of carbonized switchgrass
Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Structural-chemical composition
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On heating, the constituents of biomass materials decompose
following different pathways and yielding a variety of
products, each of which has its own characteristics.
secondary reaction products result from cross-reactions of
primary pyrolysis products and between pyrolysis products
and the original feedstock molecules.

Overall mechanism of biomass pyrolysis

GABE Project, ‘Greek-Albanian cross border cooperation in Biomass Exploitation’

Structural-chemical composition
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The oxygen functional groups in
the biochars, such as -COOH
and -OH, decreased with an
increasing carbonization
temperature.
Adsorption bands (3500 cm1 to 3200 cm-1) assigned to the
O-H stretching vibration of acid
or alcohol structures decreased
at 400 C.



FT-IR spectroscopy is a great tool to
observe the shift change of chemical
composition

dehydration (decreased O–
H), followed by increased
lignin- and cellulosederived products
(C=C, C=O, C–O, C–H),

K. Jindo et al.: Physical and chemical characterization of biochars, Biogeosciences, 11, 6613–6621, 2014

Figure. Fourier-transform infrared (FT-IR) spectra of the biochars obtained from (a)
wood materials

Effect of the carbonization temperature on the properties of biochar
produced from the pyrolysis of crop residues
27



When the carbonization temperature increased up to 500 C, the
characteristic peaks related to oxygenated substituents, aliphatic
C stretching progressively decreased.


The peaks near 885 cm-1 for aromatic C-H in the spectra of the
biochars obtained above 500 C indicated the formation of aromatic
compounds.

Liu et al . (2018). BioRes. 13(2), 3429-3446.

Fig. FTIR analysis of the cotton stalk biochars produced at different temperatures (a) and biochars obtained from the five crop residues at 400 C (b)

Chemical functional groups with different pyrolysis temperatures
Sludge
28




The adsorption peaks of RS showed the presence of O-H, N-H, C-H (alkyl and
phenyl), C-O/C=O and Si-O bonds.
The FT-IR spectra results of RS is likely due to the common components
presented in the organic fraction of RS, such as, polysaccharides, proteins,
carbonyls and aliphatic/aromatic hydrocarbons

 InBC300, the adsorptions at 3700 cm−1and


3100–3600 cm−1(N-H stretching) and 1650
cm−1(amide II band) increased suggesting
proteins cracked to form N-containing
fragments.
Also, the adsorptions at 2820–3000
cm−1(C-H stretching) and 1300–1500
cm−1(C-H deformation) of BC300 increased
indicating that aliphatic compounds formed
as a result of the decomposition of alkyl
bonds in carbohydrates.
Xu et al, 2018, https://doi.org/10.1016/j.psep.2017.10.014
Xu et
https://doi.org/10.1016/j.psep.2017.10.014
Xual,et2018,
al, 2018,
https://doi.org/10.1016/j.psep.2017.10.014

pH-value
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The pH-value of biochar is an important property for agricultural
applications such as soil amendment
The functional groups, which are detached during pyrolysis, are
predominantly acidic in nature, such as carboxyl, hydroxyl, or formyl
groups.
The remaining solid becomes more basic the more functional groups are
released.

Fig. pH value of carbonized wood (a) and straw (b)
Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Cation exchange capacity
Ability of the material surface to bind ions
30






The cation exchange capacity (CEC) is the amount of exchangeable
cations (e.g. Ca2+, Mg2+, K+, Na+, NH4+) that a material is capable of
holding.
It is a result of negative surface charges attracting cations
The cation exchange capacity therefore directly depends on the surface
structure, with functional groups providing surface charges, and the
surface area, making the surface charges accessible
Biochars

highest cation
exchange capacities

produced
at

low
production
temperatures

surface area increased
compared to the feedstock
functional groups remain in
the structure to provide
negative charges
Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Porosity
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Increasing pyrolysis temperatures lead to higher
porosities of the final product
The porosity changes as a result of the escaping
volatile gases during the carbonization process

Image from ”Biochar: Environmental Management” (edited by Lehmann and Joseph, 2009)
Fig. Porosity of woody biochar
Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Pore volume and pore size distribution
32


Pores in biochar span several orders of magnitude
and can be classified into






macropores (with a pore diameter of 1000–0.05 μm),
mesopores (0.05–0.002 μm), and
micropores (0.05–0.0001 μm)

total pore volume increases with temperature

The pore structure of biochars consists to a
large extent of micropores, which may account
for more than 80% of the total pore volume

As a comparison, the amount of micropores in
untreated agricultural residues (straw and stalk)
was determined to be less than 10% of the
total pore volume

https://doi.org/10.1016/j.cej.2018.04.063

Fig. Correlation between surface area and micropore volume of biochars
Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Pore volume and pore size distribution
33

M. Jeguirim, P. Dutournié, A.A. Zorpas, L. Limousy, Olive Mill Wastewater: From a Pollutant to Green Fuels, Agricultural Water Source and Bio-Fertilizer—Part 1. The Drying Kinetics. Energies 2017, 10, 1423

Surface area
34


A general increase with increasing temperature is visible.




A surface area of 800m2/g can be reached at temperatures of around 700 °C

An increase in residence time leads to a further increase in surface area, but
even a very long residence time of many hours is less efficient in raising the
surface area compared to an increase in temperature
RS: Raw sludge

Fig. 23. Surface area of woody biochars (N2-measurement)

Xu et al, 2018, https://doi.org/10.1016/j.psep.2017.10.014
Weber and Quicker (2018), Fuel, Vol 217, p.240-261

Surface area
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The surface area is usually determined by BET-analysis (named after its
inventors Brunauer, Emmet, and Teller), during which a sample is
exposed to a defined gas atmosphere and the amount of gas, which is
absorbed, measured. Typically, nitrogen at a temperature of 77 K is
used.

As an alternative, CO2 at a
temperature of 273 K may be used.
Having a higher kinetic energy and a
smaller kinetic diameter (3.3 vs. 3.64
Å), CO2 may diffuse more easily into
small pores
This means that using CO2 in the
measurements results in a higher
surface area for the same probe than
using N2.
Fig.. Differences in surface area determination using CO2 and N2

Biochar applications
36

Biochar Bioscope: potential applications of biochar based on their properties
Srinivasan et al., 2015, Science of The Total Environment 512-513C:495-505

Production of Biochar - Experimental setup
37

Liquid (bio-oil) and Gas produced
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Abiotic stress in plants

PhACs
Vickers et al. (2009) Nat Chem Biol 5:283-291

Several metabolic pathways are
‘switched on’ in response to
accumulation of signaling molecules

Cramer et al. (2011) BMC Plant Biol 11:163

ROS Production

Gechev et al. (2006) Bioessays 28:1091-1101

RNS Production

Planchet & Kaiser (2006) Plant Signal Behav 1:46-51

ROS/RNS
Cross-talk

Molassiotis & Fotopoulos (2011) Plant Signal Behav 6:210-214
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Research overview of Plant Stress Physiology Group
Oxidative and nitrosative response of
plants to abiotic stress factors
- Drought
Filippou et al. (2012) Plant Signal Behav 6:270-277
Filippou et al. (2014) Env Exp Bot 97:1-10

- Salinity
Mhadhbi et al. (2011) Physiol Plant 141:201-214
Mhadhbi et al. (2013) J Plant Physiol 170:111-114
Seckin et al. (2014) J Plant Physiol 171, 1740-1747

- Heat/cold
Ziogas et al. (2013) Plant Physiol Biochem 68:118-126

- Drought + insect attack
Antoniou et al. (ongoing)

- Pharmaceutical compounds
Christou et al., Sci Tot Env (submitted)

Use of priming agents for amelioration of
abiotic stress factors
- H2O2
Tanou et al. (2012) Plant J 72:585-599
Christou et al. (2014) Env Exp Bot 107:46-54

- NO
Tanou et al. (2012) Plant J 72:585-599
Christou et al. (2014) Env Exp Bot 107:46-54
Ziogas et al. (2015) Plant Mol Biol (in press)

- H2S
Christou et al. (2013) J Exp Bot 64:1953-1966
Christou et al. (2014) BMC Plant Biol 14:42
Ziogas et al. (2015) Plant Mol Biol (in press)

- PAs
Tanou et al. (2014) Plant Cell Env 37:864-885

- Melatonin

Secondary metabolism & antioxidant defense
- Tocopherol biosynthesis in olive
Georgiadou et al. (2015) Front Plant Sci 6:871

- Flavonoid biosynthesis in grape
- Lycopene biosynthesis in tomato
- Carotenoid biosynthesis in loquat
- Phenolics biosynthesis in peach

Antoniou et al. (ongoing)

- KM
Filippou et al., J Exp Bot (provisional acceptance)

- NOSH/A
Antoniou et al. (2014) Nitric Oxide 39:s39
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DROUGHT AND AGRICULTURE

 Drought is one of the main
environmental stress factors
affecting plant and animal
production
 Farming is dependent on
irrigation
 Agricultural irrigation
accounts for 70-90% of the total
water need (Koumartsiotou,
2008)

Li et al., 2009

Alternative means of irrigation
 Development of tolerant cultivars with the use of
conventional and molecular plant breeding
Water deficit still affects even the most tolerant cultivars!
 Potential solution in the form of recycled/reclaimed wastewater
(Chang et al., 2002)

-

Widely used for irrigation of parks, sportsgrounds and crops
(Herklotz et al., 2009)

However…

Reports have detected residues of pharmaceutical AIs following wastewater
irrigation (Spongberg & Witter, 2008)

PhACs uptake by plants
Number of publications
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What could be the consequences in plant physiology and health?
•PhACs have been recently shown to exert phytotoxic effects
 seed germination
 root and shoot growth rates
 key antioxidant enzymatic activity
 Metabolism of PhACS
Mainly in macrophytes in constructed wetlands
‘green liver concept’

Uptake by plants depends on:
•Plant physiology
•Growth conditions (non-stress or stress exposure),
environmental conditions (temperature, precipitation, heat
exposure, drought)
•Transpiration rate
•Physicochemical properties of the contaminant
(lipophilicity, electrical charge)
•Net irrigation requirements

Aerial parts of plant
Soil
Uptake by plants depends on:
• The bioavailability/bioaccessibility of emerging contaminants
in soil pore water near the rhizosphere (sorption and
transformation reduces uptake)
-physicochemical properties of the contaminant (speciation,
charge)
-soil properties (organic matter, texture, clay content, aeration)
- soil pore water pH, which determines contaminants’
speciation
-exposure concentration of contaminants in soil
-the concentration of contaminants in reclaimed wastewater
applied for irrigation and the duration of irrigation

Case study
Conducting an interdisciplinary study (horticulture, chemistry,
molecular biology, stress physiology), to:
 explore the uptake and translocation of PhACs by a crop plant
(alfalfa, Medicago sativa L., 50d)
 abiotic stress responses and phytotoxic effects,
 the detoxification mechanisms induced


1.
2.
3.
4.
5.
6.

Four commonly used PhACs (10 μg L-1)
Diclofenac (DCF; anti-inflammatory)
Sulphamethoxazole (SMX; bacteriostatic antibiotic)
Trimethoprim (TMP; bacteriostatic antibiotic)
17a-ethinylestradiol (EE2; contraceptive)
Mixture (MIX)
Control (C; Hoagland solution)

A combined analytical, biochemical and molecular approach was employed
•Chromatographic analysis
•Lipid peroxidation
•Reactive species quantification
•Proline content

•Nitrate reductase (NR) activity assay
•Antioxidant enzymatic activity assays
•Antioxidant activity evaluation
•Real-time RT-PCR assay

DCF

SMX

TMP

EE2

35.87

11.56

68.70

6.36

MIX 27.92

26.05

37.15

11.53

IA

DCF

SMX

TMP

EE2

IA

n.d.

0.92

6.21

7.46

MIX

n.d.

1.45

10.50

2.08

Cellular damage
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 A marked increase in MDA content was recorded in the roots of MIX treatment uncovering the
cumulative effects biologically relevant PhAC cocktails towards plant toxicity
 PhACs induced significant local (roots) cellular damage, while no long-distance effects (leaves) were

registered.
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Results on cellular damage were further supported by the assessment of the antioxidant status of plants

H 2O2 content (μmol g-1 FW)

(A)

C

0.8

0.6

a

DCF

aa
b
bc
aac
bbd

SMX

b

b

TMP
EE2

c

MIX

a

0.4

c

ab
b
0.2

c

c

d

c

The increased concentrations
of both reactive species in the
roots of plants in the MIX
treatment are in support of
the increased MDA content,
suggesting that nitrooxidative stress may be the
cause of the cellular damage
observed.
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H2O2 displayed a systemic mode
of action, probably acting for
the signal transduction and the
orchestration of detoxification
mechanisms in leaves
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The full enzymatic activity of NR, the key enzyme involved in the generation of NO in
plants, provides biochemical support for the NO concentration quantified in this study
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The elevated H2O2
concentrations quantified
in the leaves of plants
exposed to each
pharmaceutical correlates
with the increased
enzymatic activity of CAT
in these tissues. The
negative correlation
between increased H2O2
content and conserved
CAT and SOD enzymatic
activity in the MIX
treatment in leaves may,
at least in part, be the
result of reduced
detoxifying enzymatic
capacity and the
modification of ascorbate
redox state and ascorbate
peroxidase (APX) activity
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Proline concentration in all treatments was equal or lower compared with control
samples, supporting the notion that the cellular damage observed in roots was not
due to osmotic stress.

Genes examined by qRT-PCR
Enzymatic antioxidants
FeSOD (superoxide dismutase), Cu/ZnSOD (copper/zinc superoxide dismutase)

Cellular detoxification from xenobiotic agents
H+ATP ( H+-ATPase), GST (glutathione S-transferase)

NO biosynthesis
NR (nitrate reductase)

Mitochondrial respiration
Cytcox (cytochrome c oxidase)

Roots

Relative Gene Expression
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FeSOD
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TMP

1.895

2.715
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1.018

1.804

-1.202

-5.443

2.35

EE2

2.044

2.254

-1.516

1.75

1.313

-1.559

1.285

MIX

1.675

-1.535

-1.069

1.907

1.203

-1.12

2.743

Leaves

(B)
Relative Gene Expression

 Cu/ZnSOD up-regulated expression
levels in the DCF, SMX and MIX
treatments implies induced
antioxidant defense
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 H+-ATPase transcript accumulation
in leaves of plants indicates the
enhancement of electrochemical
gradient across plasma membrane
towards the sequestration of PhAC
conjugates produced in the phase II of
the detoxification system, in the
vacuole or their exclusion to the
apoplast
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 Induced expression of GSTs suggests
enhanced conjugation and
degradation ability of PhACs in leaves

FeSOD

CuZnSOD

DCF

1.363

-1.3

1.845

1.46

2.082

-12.409

1.138

SMX

1.36

2.23

2.469

1.385

3.418
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1.345
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2.571

2.967

2.043

2.183

5.811

1.091

1.024

EE2

2.784
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1.028

3.044

6.278

5.823

1.418

MIX

1.938

1.253

1.671

1.694

5.355

-1.206

2.797

 The induced expression of
cytochrome c oxidase (CytcOx)
indicates increased mitochondrial
respiration for the provision of the
energy required for the orchestration
of PhAC conjugates sequestration and
exclusion in phase III in the leaves of
alfalfa plants

Concluding remarks

 PhACs were detected in higher concentrations in roots compared with leaves
 Stress effects were local and exacerbated when PhACs applied in mixture

 The antioxidant battery was upregulated via increased CAT and SOD activity and the overall
induction of antioxidant capacity
 Symptoms were mainly manifested through the peroxidation of membrane lipids in leaves
 H2O2 may be involved in signal transduction and detoxification responses
 GSTs, H+-ATPase and CytcOx contribute to the detoxification of PhACs in plant leaves 
systemic response of plants to AIs possibly due to the increase in RONS content

General conclusions
Recycled wastewater irrigation of plants leads to:
 Local cellular damage in roots after treatment with AI mix  synergistic activity

 General induction of antioxidant genes and other genes studied (H2O2/NO biosynthesis
related, xenobiotic detoxification, respiration)
 Significant induction of GST isoforms cell detoxification – transport of xenobiotics
outside the cell
 Need for evaluating treated flows (PhACs cocktails) under real agricultural conditions

 Biochemical and molecular evidence render PhACs as an emerging abiotic stress factor

Working model
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Methodologies for public health risk assessment
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• Contaminants of Emerging Concern (CEC), including PhACs are continuously released
in agroecosystems
• Plants grown in PhACs-contaminated agroecosystems may uptake and accumulate
PhACs in their edible parts
• PhACs are entering the human food web

• PhACs are present as coctails in real agricultural fields
• Human health risks need to be estimated
• Risk assessment may reveal the need for taking actions and measurements for
tackling the release of PhACs or conversely mitigate the ongoing debate

Factors affecting the uptake of PhACs by plants grown in PhACs-contaminated agroecosystems
• The physico-chemical properties of PhACs (ionic charge,
solubility,….)
• The physico-chemical properties of soil
• The chemistry of soil-pore water
• The quality of the irrigation water
• Physiology of the plant
• Climatic conditions
• Volume of irrigation water and frequency of irrigation
• ……..

Miller et al., 2018

Thus, the detailed description of the experimental set up is crucial for revealing the
actual potential of a crop for PhACs uptake and accumulation

Approaches-methodologies for the estimation of the public health risk due to the intake of PHACs via the
consumption of fruits containing PhACs
1. Comparison of the level of PhACs present in consumed crops to the single medical dose or to the Non
Observable Adverse Effect Level (NOAEL)

2. The comparison of the Estimated Daily Intake (EDI) to the Acceptable Daily Intake (ADI) levels, either
provided by the World Health Organization, the Food and Agriculture Organization or other authorities, or
calculated on the base of NOAEL or Minimum Therapeutic Dose (MTD)-Hazard quotient (HQ)

3. Through the use of the Threshold of Toxicological Concern (TTC) approach that has been developed to qualitatively
assess the risk of low-level substances present in the diet.
The TTC concept is used to provide an abbreviated risk assessment for the thousands of low molecular weight
contaminants and other chemicals in food, provided that there is a sound intake estimate.

TOXTREE software, classifies the targeted chemicals (PhACs) as either having genotoxic potential or as belonging
in one out of three structural classes (I, II, and II)
The TTC values and compounds classification were determined based on Gramer rules using the
Toxtree software (Cramer et al., 1978; Patlewicz et al., 2008). The TTC is defined by examining the
distribution of threshold values of the 5th percentile of non observable effect level (NOEL) for each
structural class. As a result, PhACs were classified in three structural classes (I, II, III).
1. Class I contains substances with simple chemical structures and for which efficient modes of
metabolism exist, suggesting a low order of oral toxicity.

2. Class II, includes ompounds that are less innocuous than those in class I but they do not contain
structural features that are suggestive of toxicity
3. Whereas, compounds with chemical structures that permit no strong initial presumption of safety or may
even suggest significant toxicity or have reactive functional groups, are categorized to class III.
The TTC levels for the Cramer structural classes I, II and III are 30, 9.1 and 1.5 mg kg-1 body weight (bw) day-1,
respectively.
Special attention should be given to antibiotics with structural alert for potential genotoxicity and carcinogenicity
(i.e. sulfapyridine, sulfamethoxazole and ciprofloxacin) when the TTC approach is used, as the TTC value to be used
for assessing the associated risks to human health is low (2.5 ng kg body weight-1 day-1).

Consumption of a pharmaceutical compound above the TTC value

should not be presumed to be toxic,

but it indicates a possible risk of exposure and demands specific toxicity analysis of the
pharmaceuticals.

Concerning the estimated levels of the health risks associated with reclaimed wastewater-irrigated crops,
investigators have reported wide range of intakes and risk estimates from “de minimis” to a substantial risk to children
from minimum consumption (See Malchi et al., 2014).

The ADI value is the amount of pharmaceuticals that can be consumed daily over a
person's lifespan without evocating an adverse effect.
It is typically calculated by using:

- the dose of the no observed adverse effect level (NOAEL) or

- minimum therapeutic dose (MTD, in mg/day) that induces a desired therapeutic effect among target
populations, when the NOAEL is unavailable

The NOAEL or MTD is divided by
- an appropriate safety (uncertainty) factor (e.g. 1000 for most compounds, 300 has been also used in literature)
- a body weight

in order to estimate the ADI of pharmaceuticals as a safe level of exposure.

The estimated daily intake (EDI) for each of the pharmaceuticals and plant
species under the investigation in particular study can be calculated as follows:
EDI = (Cfood x IR)/m
Where
Cfood is the concentration of the pharmaceutical in the analyzed plant tissue
(ng/g ww, ww-wet weight),
IR is intake rate of the plant,
m is body weight, usually averaged for the population group under investigation
(e.g. infant, toddler, adult).
Finally, the comparison of EDI to ADI in specified consumption rate, leading to values
greater than 1 , mean posing a risk to health.

The approach based on ADI is in fact a single compound approach
not taking into account
the fact that reclaimed wastewaters contains mixtures of pharmaceuticals,

as the exposure to pharmaceuticals through reclaimed wastewater irrigated crops is always
through mixture and not single compounds, as reclaimed wastewater may contain hundreds
of PhACs, either as parent compounds, or as metabolites and transformation products, with
their concentrations varying intra- and inter- daily, seasonally and yearly.

Some researchers who calculated EDIs, also applied a conservative approach to assess the
risk pose by a mixture of pharmaceuticals in plant tissues to human health in a form of
Hazard Quotient (HQ)
by summing all the individual quotient calculated for the considered pharmaceuticals as
the ratio of EDI to ADI.
Also, the level of concern in the risk assessment regarding the pharmaceuticals in crops
is set to HQ > 0.1, despite the more traditional value of 1,
in order to add an additional order of magnitude of conservatism/protection to the
assessment, as humans may be exposed also via other pathways.

However, it is important to consider that using the sum of HQs assumes that the effect
due to exposure to individual pharmaceuticals would be additive
Therefore

We do not take into account

synergism or antagonism

EXAMPLES OF RISKS ASSESMENTS

Data show that the TTC value of lamotrigine can be reached for a child at a daily consumption of half a carrot (∼60 g).
This study highlights that certain PCs accumulated in edible organs at concentrations above the TTC value should be
categorized as contaminants of emerging concern.

Wu et al., measured the levels of 19 commonly occurring pharmaceutical and personal care products
(PPCPs) in 8 vegetables irrigated with treated wastewater under field conditions. Tertiary treated
wastewater without or with a fortification of each PPCP at 250 ng/L, was used to irrigate crops until
harvest.

Annual exposure of PPCPs from the consumption of mature vegetables
irrigated with the fortified water was estimated to be only 3.69 μg per
capita. Results from the present study showed that the accumulation of
PPCPs in vegetables irrigated with treated wastewater was likely limited
under field conditions.

Eruca sativa L. and Zea mays L. were selected to determine the potential uptake and accumulation of eight different
PACs (Salbutamol, Atenolol, Lincomycin, Cyclophosphamide, Carbamazepine, Bezafibrate, Ofloxacin and Ranitidine)
designed for human use. To mimic environmental conditions, the plants were grown in pots and irrigated with water
spiked with a mixture of PACs at concentrations found in Italian wastewaters and rivers. Moreover, 10 and 100
concentrations of these pharmaceuticals were also tested.

The consumption of lettuce exposed to the selected PhACs would not have any
negative effects on human health

Our assessment indicates that the majority of individual PPCPs in the edible tissue of plants due to biosolids
or manure amendment or wastewater irrigation represent a de minimis risk to human health. Assuming
additivity, the mixture of PPCPs could potentially present a hazard. Further work needs to be done to
assess the risk of the mixture of PPCPs that may be present in edible tissue of plants grown under these
three amendment practices.

We report the impacts of the long-term (three consecutive years) WW irrigation of a tomato crop with
two differently treated effluents under real agricultural conditions, on (1) the soil concentration of
selected PhACs (i.e. diclofenac, DCF; sulfamethoxazole, SMX; trimethoprim, TMP), (2) the
bioaccumulation of these PhACs in tomato fruits, and (3) the human risks associated with the
consumption of WW-irrigated fruits.

The estimated threshold of toxicity concern (TTC) and hazard quotients (HQ) values revealed that the
consumption of fruits harvested from tomato plants irrigated for long period with the WW applied for
irrigation under field conditions in this study represent a de minimis risk to human health. However, more
studies need to be performed in order to obtain more solid information on the safety of WW reuse for
irrigation.

CONSIDERATIONS
more studies are needed in order to reach a definite conclusion for the classification of
wastewater reuse as a safe practice regarding human health.
Such studies should take into account
 the consumption, at the same time, of various other vegetables that may bioaccumulate higher PhACs
concentrations
 the potential additivity of the mixture of few dozen PhACs that may present in WW
 the metabolites of PhACs that may present in plant tissues in concentrations that may reach or exceed the
ones of the parent compound while also sometimes being more toxic than the parent compound
 the potential sensitivity of subgroups of the population (i.e. pregnant, infants, elderly people, and chronic
sufferers)
 The dietary habits of the population studied
 the fact that vegetables consumed in a region may be both wastewater- or tubewell and surface waterirrigated
 Cocktail effects (additivity, synergism, antagonism)

RISK ASSESSMENT
IS NOT
AN EASY TASK

An overview of bioassays to monitor
environmental and human health effects of
treated wastewater
Dr Marlen I. Vasquez marlen.vasquez@cut.ac.cy
Oikotoxicologia Research Group
Department of Environmental Science and Technology
Cyprus University of Technology

After ww treatment what?
• Was the treatment
successful?
• Regulated parameters,
contaminants
• Non-regulated
parameterscontaminants

• Is treated wastewater
safe/adequate for
reuse?

http://www.abcrnews.com/things-to-knowabout-waste-water-treatment-in-the-uk/

Wastewater reuse applications
Urban uses

irrigation, street cleaning, fire protection systems, washing, toilet
flushing, dust control
food crops commercially processed, pasture for milking animals,
fodder, aquaculture

Agricultural
uses

process water, cooling water, recirculating cooling towers,
making concrete, dust control

Industrial
uses
Recreational
uses
Environmental
uses
Potable
uses

golf courses irrigation, recreational impoundments

aquifer recharge, stream augmentation, wildlife habitant

aquifer recharge for potable use, augmentation of surface potable
supplies, treatment until potable water quality

Why care?
Because it is not so obvious we
are continuously reusing water

Limited resource of
variable quality

irrigation
Treated
wastewater
reuse

Product of a treatment
is the source for
another application

recharge

de facto
potable

ΚΑΛΟΣΩΡΙΣΑΤΕ (kalosorisate)
• Cyprus University of Technology
• Department of Environmental Science and Technology
• Established in 2008 (30-40 undergraduate students yearly)
• 12 Academic members (+3) + 9 postgraduate fellows
• 2 M.Sc. programs: M.Sc. in Energy Resource Management and
M.Sc. in Environmental Bioscience and Technology
• Ph.D. students (approx. 25)

Research interests of the EST Department
Environmental Catalysis

Sustainable Energy
Environmental Economics
Computational Environmental Modelling

Water treatment technologies
Bioprocessing and Environmental Engineering
Environmental toxicology

Laboratory facilities/Equipment
• General purposes laboratories (Chemistry, Biology,
Microbiology)
• Research laboratories (Biotechnology, Waste
valorization, Advanced Treatment Technologies,
Environmental Catalysis, Environmental Toxicology)
• Analytical chemistry (HPLC, GC/MS, ICP/MS, IC, RAMAN,
FT-IR, AAS, TOC/TN)
• Biology and Microbiology (microscope, stereoscope,
PCR, qPCR)
• Bioreactors (anaerobic, fermentors)

Laboratory facilities/Equipment

Your target
• Take representative samples
• Experimental design
• Replicates  Discrimination between biological and
technical
• Composite samples vs grab samples
• Variability (daily, weekly, monthly, seasonally)
• Technical parameters of the wwtp

• Preserve representative sample
 Please provide details in your manuscript!!

Sampling strategy
• At point of compliance
• Final effluent

Sampling strategy
• At point of compliance
• Final effluent

• At point of interest
• Distance from WWTP
• Habitat

Sampling strategy
• At point of compliance
• Final effluent

• At point of interest
• Distance from WWTP
• Habitat

Sampling strategy
• At point of compliance
• Final effluent

• At point of interest
• Distance from WWTP
• Habitat

Sampling strategy
• At point of compliance
• Final effluent

• At point of interest
• Distance from WWTP
• Habitat

sample

WET

Pretreatment

Overview of organisms used in WET

WET Bioassays
• Producers
• Pseudokirchneriella subcapitata chronic toxicity test

•
•
•
•

Freshwater microorganism
Exposure time: 72 h
Endpoint: Growth inhibition
Each independent experiment was performed in
triplicate

WET Bioassays
• Producers
• Lepidium sativum chronic toxicity test

•
•
•
•

Terrestrial organism
Exposure time: 72 h
Endpoints: Seed emergence, growth inhibition
Each independent experiment was performed in triplicate

WET Bioassays
• Consumers
• Daphnia magna acute toxicity test

•
•
•
•

Freshwater microorganism
Exposure time: 24 and 48 h
Endpoint: Immobilization
Each independent experiment was performed in quadruplicate

D. magna testing

Why only women? Support women in science

WET Bioassays
• Consumers
• Artemia salina acute toxicity test

•
•
•
•

Marine microorganism
Exposure time: 24 and 48 h
Endpoint: Immobilization
Each independent experiment was performed in quadruplicate

WET Bioassays
• Decomposers
• Vibrio fischeri acute toxicity test

•
•
•
•

Marine microorganism
Exposure time: 5 and 15 min
Endpoint: Growth inhibition
Each independent experiment was performed in duplicate

Luminescence mechanism of V. fischeri

www.mdpi.com
2012.igem.org

Advantages/ Disadvantages of WET approaches
Advantages

Disadvantages

• Usually easier to apply

• Greater volume to
store/preserve
• Relevance to ecological
status

• Kits
• Standardized

• Directly evaluates
bioavailable
• Included in regulatory
tools
• Widely used

• Structure
• Function

• Relevance to human
health

Main strategies of pretreatment

Assessing adverse effects via
effect-based bioassays
Human health

Ecological health

From exposome to “toxicome”

Assessing adverse effects via
effect-based bioassays
Human health

Overview of effect-based bioassays
for assessing effects on human health
• YES assay (Saccharomyces cerevisiae estrogenicity test)

• Exposure time: 72 h
• Endpoints: Growth inhibition and gene expression
• Each independent experiment was performed in triplicate

Overview of effect-based bioassays
for assessing effects on human health
• Cytokinesis block micronucleus cytome assay
(genotoxicity test)

• Exposure time: 24 h
• Endpoints: Genotoxicity, cytostasis
• Each independent experiment was
performed in triplicate

Overview of effect-based bioassays
for assessing effects on human health
• MELN estrogenicity test

Tarapoulouzi et al

Overview of effect-based bioassays
for assessing effects on human health
• Tk-kinase mutagenicity assay

Tarapoulouzi et al

Overview of effect-based bioassays
for assessing effects on human health
• Gene expression studies using microarrays

Vasquez et al 2016

Overview of effect-based bioassays to
assess ecological health
Ecological health

Overview of effect-based bioassays to
assess ecological health

Background

Processing samples

Materials And Methods
Lab Work
DNA extraction from
tissue or whole fish

Water filtration using
0.22 μm NC filters
DNA extraction from
filters

GenoExpress,2017

Materials And Methods
Analysis
DNA Amplification via PCR

Byron Cambell,2016

DNA electrophoresis

Advantages/ Disadvantages of effect-based
bioassays to assess environmental health
Advantages

Disadvantages

• Monitor sensitive
molecular endpoints

• Expertise needed
• Equipment
(lab+computational)
• Costs decreasing but
still limiting their
applicability for routine
monitoring

• Understand MOA and
AOP

• Relevance to ecological
status
• Structure
• Function

• Relevance to human
health

Introduction to data analysis and management
• WET
• Dose-response curve  EC, LOAEL, NOAEL
• Quantal response data
• Probit analysis

• Survival
• Log-linear regression (Transformation to Γ values)
• Nonlinear regression

• Experimental design

Introduction to data analysis and management
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Introduction to data analysis and management
• Effect-based bioassays
• Dose-response curve  EC, LOAEL, NOAEL
• Quantal response data
• Survival
• Log-linear regression (Transformation to Γ values)
• Nonlinear regression

• Experimental design

Introduction to data analysis and management
• Effect-based bioassays
•
•
•
•
•
•

Bioinformatics  develop or use analysis pipeline
PCA analysis
Network analysis
Heatmap presentation
Venn diagram presentation
α, β, γ…diversity indexes

• Experimental design

Introduction to data analysis and management

Vasquez et al 2016

Take home message
• Assessing effects is of utmost importance
• to understand the health status (structure and function)
of an ecosystem
• to identify health risks to humans
• to evaluate treatment efficiency
• to understand how contaminants (old, new, emerging)
affect living organisms

EVHARISTO

Uptake and bioaccumulation of pharmaceuticals by crops grown in
fields irrigated with treated wastewater: data based on field surveys
and field experiments
Dr. Anastasis Christou
Agricultural Research Officer
Agricultural Research Institute
Nicosia, Cyprus
May 30, 2018
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 Hundreds of research articles reporting results about PhACs uptake by plants have been published during the last 20
years
 Most studies report data for the uptake of PhACs by plants grown in controlled environments
• Hydroponic cultivation (class jars, aerated nutrient solutions…..)
• Pot experiments in greenhouses (sand, perlite, soil, mixtures of soils and other growing medium)
• Tap water or nutrient solution spiked with PhACs, spiked RWW
• Plants exposed to single or low number of PhACs – Individual PhACs vs cocktail of PhACs
 What about spiked concentrations
 Studies in real field conditions or field surveys consist o minor proportion of studies reporting PhACs uptake by plants
2

HydroponicsNutrient solution

Pot experiment in
Greenhouse-inert
material-silica sand

Pot experiment in
Greenhouse-soil

Advantages of controlled experiments
 Enable elucidating PhACs uptake mechanisms and pathways, knowledge that is needed to develop models to predict
uptake and accumulation - study of pharmacokinetics
 Study of factors affecting uptake (growing medium or soil and PhACs physico-chemical properties)
 Study of PhACs-metal ions interactions
 Study of phytotoxic or hormetic effects of PhACs (mostly antibiotics and estrogens)
 Study of metabolism and detoxification mechanisms
Important disadvantages and drawbacks
Hydroponic and greenhouse experiments though, even if conducted at environmentally relevant PhACs concentrations, are
unable to manifest the complexity of an actual agricultural environment.
Plants grown in real agricultural systems are simultaneously exposed to a cocktail of antibiotics that occurs in RWW as well
as to a plethora of adverse environmental stimuli (i.e. pest and diseases, weeds, drought, salinity, extreme temperatures,
UV radiation, etc.). PhACs biodegradation, leaching and runoff should be also taken into account.

Thus, the complexity of the soil-plant-environment interactions needs to taken into account.

Christou et al., Environment International, 2018

6

Important considerations when applying field studies to evaluate PhACs uptake by plants
•
•
•
•
•
•
•
•
•
•
•

•

Soil heterogeneity
Genuine soil (Soil type)
Temperatures….
Treatment replications
Number of plants to be used
PhACs in RWW and soil (bioaccumulation factor)
RWW to be used (RWW from the pipelines
that farmers use for irrigation)
Storage tankers
Irrigation system (pumps, irrigation pipelines,
Valves, automations in irrigation)
Irrigation water requirements
Actual farming practices-commercial
agricultural practices
Cost and labor,…..

Advantages of field surveys and field experiments
Why are these kind of studies imperative
• PhACs in RWW constitute mixtures which may continuously vary (intra- and inter-daily, seasonally and interannually) in composition and concentrations. Therefore, RWW irrigation may result in the continuous exposure of
the agricultural environment to a variety of PhACs and ARB and ARGs.
• Field studies allow for the assessment of the actual potential uptake of PhACs by crops and its integration into a
database for risk assessment.

• Risk assessment (robust results for the mitigation of public phobia).
• Assessment of real bioconcentration factors.
• Assessment of other parameters, such as agronomic parameters (yield….).

Objectives
Study the impacts of the long-term (three consecutive years) WW irrigation of a tomato crop with two differently
treated effluents under real agricultural conditions, on
(1) the soil concentration of selected PhACs (i.e. diclofenac, DCF; sulfamethoxazole,SMX; trimethoprim, TMP),
(2) the bioaccumulation of these PhACs in tomato fruits
(3) the human risks associated with the consumption of WW-irrigated fruits.

Major results and conclusions
Results revealed that the concentration of the studied PhACs in both the soil and tomato fruits varied depending on the
qualitative characteristics of the treated effluent applied and the duration of WW irrigation.
The PhAC with the highest soil concentration throughout the studied period was SMX (0.98 mg kg1), followed by TMP
(0.62 mg kg1) and DCF (0.35 mg kg1). DCF was not found in tomato fruits harvested from WW-irrigated plants during the
first year of the study. However, DCF displayed the highest fruit concentration (11.63 mg kg1) throughout the study (as a
result of prolonged WW irrigation), followed by SMX (5.26 mg kg1) and TMP (3.40 mg kg1).
The calculated fruit bioconcentration factors (BCFF) were extremely high for DCF in the 2nd (108) and 3rd year (132) of the
experimental period, with the respective values for SMX (0.5e5.4) and TMP (0.2e6.4) being significantly lower.
The estimated threshold of toxicity concern (TTC) and hazard quotients (HQ) values revealed that the consumption of
fruits harvested from tomato plants irrigated for long period with the WW applied for irrigation under field conditions in
this study represent a de minimis risk to human health. However, more studies need to be performed in order to obtain
more solid information on the safety of WW reuse for irrigation.

Objectives
In this study, Wu and coworkers measured the levels of 19 commonly occurring pharmaceutical and personal care
products (PPCPs) in 8 vegetables irrigated with treated wastewater under field conditions. Tertiary treated wastewater
without or with a fortification of each PPCP at 250 ng/L, was used to irrigate crops until harvest.
Plant samples at premature and mature stages were collected
8 vegetable species were chosen in this study, including a root vegetable (carrot), a stem vegetable (celery), three leaf
vegetables (lettuce, spinach, and cabbage), and three fruit-bearing vegetables (cucumber, bell pepper, and tomato).
These vegetables were selected because they are commonly used in salads and are often consumed raw by people. They
are also among the most important cash crops in arid and semiarid regions such as southern California, where irrigation
with treated wastewater is rapidly increasing. These crops have been reported to be irrigated with treated wastewater in
the U.S. or elsewhere (SI).
The analytes included 16 pharmaceuticals, i.e., acetaminophen, caffeine, meprobamate, atenolol, trimethoprim,
carbamazepine, diazepam, gemfibrozil, primidone, sulfamethoxazole, dilantin, diclofenac, naproxen, ibuprofen,
atorvastatin, and fluoxetine; and 3 personal care products, i.e., N,N-diethyl-metatoluamide (DEET), triclosan, and
triclocarban.

Major results and conclusions
Analysis of edible tissues showed a detection frequency of 64% and 91% in all vegetables from the treated wastewater
and fortified water treatments, respectively.
The edible samples from the two treatments contained the same PPCPs, including caffeine, meprobamate, primidone,
DEET, carbamazepine, dilantin, naproxen, and triclosan.
The total concentrations of PPCPs detected in edible tissues from the treated wastewater and fortified irrigation
treatments were in the range of 0.01−3.87 and 0.15−7.3 ng/g (dry weight), respectively.

Annual exposure of PPCPs from the consumption of mature vegetables irrigated with the fortified water was estimated to
be only 3.69 μg per capita.
Results from the present study showed that the accumulation of PPCPs in vegetables irrigated with treated wastewater
was likely limited under field conditions.

Objectives
In this study, the uptake of 28 micropollutants and carbamazepine metabolites in 10 different field-grown vegetable
species (among them carrot, lettuce, potato, and zucchini) from Jordan was studied.
The Zarqa River is one of the largest rivers in Jordan (a flow path of approximately 60 km), with the effluent of the As
Samra wastewater treatment plant being its major source water.
In this study, 10 different vegetable species (tomato, eggplant, zucchini, pepper, cabbage, lettuce, parsley, rucola,
potato, and carrot) were taken from fields that were irrigated regularly by drip irrigation with a mixture of surface water
from the Zarqa River and groundwater.
Analytes studied were Acesulfame, Benzotriazole, Ciprofloxacine, Caffeine, Diclofenac, Gabapentin, Gemfibrozil,
Hydrochlorothiazide, Iohexol, Iomeprol, Iopamidol, Iopromide, Lamotrigine, Mefenamic acid, Metalaxyl,
Sulfamethoxazole, Carbamazepine (CBZ), Acridine, Acridone, carbamazepine 10,11epoxide (EP-CBZ), 10,11-dihydro-10hydroxy carbamazepine (10-OH CBZ), 2-hydroxy carbamazepine (2-OH CBZ), 3-hydroxy carbamazepine (3-OH CBZ),
10,11-dihydro-10,11-cisdihydroxycarbamazepine (cis-DiOH CBZ), Oxcarbazepine, 10,11-dihydro-10,11transdihydroxycarbamazepine (transDiOH CBZ)

Major results and conclusions
A total of 12 micropollutants and six carbamazepine metabolites, four of which have never been analyzed before in plantuptake studies, could be detected in all of the samples in concentrations ranging from 1.7 to 216 ng per g of dry weight.
In edible tissues, the total concentration of micropollutants decreased in the order of leafy (247−533) > root (73−126) >
fruit-bearing (5−76 ng per g of dry weight) vegetables.
A preliminary health-risk assessment for nine compounds according to the TTC concept shows no risk for seven of the
micropollutats; for ciprofloxacin and 10,11- epoxycarbamazepine, however, more-specific toxicity data would be required
for a refined risk assessment.

Objectives
The aim of this study was to analyze uptake of sulfamethoxazole, trimethoprim, ofloxacin, and carbamazepine in wheat
(Triticum aestivum L.) plants that were spray-irrigated with WWTP effluent.
Wheat was collected before and during harvest, and plants were divided into grain and straw.
Subsamples were rinsed with methanol to remove compounds adhering to surfaces. All plant tissues underwent liquid–
solid extraction, solid-phase extraction cleanup, and liquid chromatography–tandem mass spectrometry analysis.

Major results and conclusions
Residues of each compound were present on most plant surfaces.
Ofloxacin was found throughout the plant, with higher concentrations in the straw (10.2 ± 7.05 ng g−1) and lower
concentrations in the grain (2.28 ± 0.89 ng g−1).

Trimethoprim was found only on grain or straw surfaces, whereas carbamazepine and sulfamethoxazole were
concentrated within the grain (1.88 ± 2.11 and 0.64 ± 0.37 ng g−1, respectively).
These findings demonstrate that PPCPs can be taken up into wheat plants and adhere to plant surfaces when WWTP
effluent is spray-irrigated.
The presence of PPCPs within and on the surfaces of plants used as food sources raises the question of potential health
risks for humans and animals.

Thank you for your attention

