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The availability of affordable, clean 
water represents the greatest global 
challenge of our time.

Throughout the journey from source 
to sea water management meets 
many challenges such as 
infrastructure failures, the need for 
treatment innovations 

WaterIoT decision support tools 
could provide real value to the 
stakeholder.

Every drop of water 
counts: 



The ultimate 
aim

To address 
challenges in the 

catchment, 
city/town, 

wastewater 
treatment plant, etc. 
all of which can be 
met by distributed 
sensor networks

and better 
information.



Continual 
measurement is key to 
understanding sudden 
and gradual changes in 
chemical and biological 
quality of water, and for 
taking reactive remedial 
action in the case of 
contamination.



Emerging contaminants 
– what are they?

• Emerging contaminants (EC's) are pollutants of 
growing concern.

• They are mainly organic compounds such as: 
pesticides, pharmaceuticals and personal care 
products, hormones, plasticizers, food additives, 
wood preservatives, laundry detergents, 
surfactants, disinfectants, flame retardants, and 

• other organic compounds that were found 
recently in natural wastewater stream 
generated by human and industrial activities. 



Watch list –
what is that?



The main criteria for inclusion:

i) the substance is suspected of posing a significant risk to, or via, 
the aquatic environment, meaning there is reliable evidence of 
hazard and of a possible exposure to aquatic organisms and 
mammals, but 

ii) there is not enough information to assess the EU-wide exposure 
for the substance, i.e. insufficient monitoring data or data of 
insufficient quality, nor sufficient modelled exposure data to 
decide whether to prioritise the substance. 







Analytical 
challenge





Current Policy 
• Directives (WFD, MSFD, REACH etc.)

• Challenge - Pharmaceuticals are one group of emerging contaminants 





Ireland and CECs – what do we 
know?

Tahar, A et al. Sci Total Environ (2018) 616-617:187

E2 and EE2 have high removal rates as a result of biodegradation or sorption to organic matter

Diclofenac is is resistant to conventional wastewater treatment 



Emerging 
contaminants 

among the 
many 

pollutants in 
water

Sources of 
pollutants are 

many – and we 
need to 

monitor the 
change in 

water quality

Technology 
advances –

integration of 
disciplines of 

biotechnology, 
chemistry, 

engineering, 
data

Information 
and decision 
support tools 

developed 
using 

integrated 
technologies 

with data 
analytics

EDSS→ Help to 
inform policy

Leading to 
change in 

monitoring 
practice & 
improved 

management

Development of environmental DECISION SUPPORT SYSTEMS

Decisions involve problem formulation as well as solution generation.





Current Monitoring 
approach: 

Compliance, 
surveillance, 

investigative ➔ Levels 
of pollutants can vary 

temporally and 
spatially➔

Episodic events could 
be missed, or 

conclusions could be 
drawn on the basis of 

what may only be 
transitory high levels. 





Are technology innovations meeting the needs?

Current Monitoring 
approach: 

Compliance, 
surveillance, 

investigative ➔ Levels 
of pollutants can vary 

temporally and 
spatially➔

Episodic events could 
be missed, or 

conclusions could be 
drawn on the basis of 

what may only be 
transitory high levels. 



Passive 
sampling

Summary of project approach to 
further incorporating PS into 

operational monitoring 
programmes.



• Time weighted average 
concentration 
measurements;

• Screening for chemicals;

• Trend monitoring;

• A valuable tool in 
environmental 
assessment

Passive Sampling
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Sites selected for study in 2013



Cypermethrin 
study



Cork POCIS and water estrogens

Matrix
Lough Allua
Inchigeelagh

Iniscarra Shandon
Lough

Mahon
Cork Outer 

Harbour

Analyte Units 2013

EE2
POCIS

ng L-1 <0.2 1.39 <0.2 <0.2 <0.2

E2 ng L-1 <0.5 <0.5 <0.5 2.36 1.98

EE2
Water

ng L-1* nd nd nd nd nd

E2 ng L-1* nd nd nd nd nd

Analyte Units 2014

E1

POCIS

ng L-1 < 0.51 0.24 0.37 0.48 0.37 

EE2 ng L-1 < 0.12 < 0.04 < 0.04 < 0.04 0.07 

E2 ng L-1 < 0.13 < 0.04 < 0.04 0.06 0.09 

E1

Water

ng L-1* nd 0.41 nd 0.41 0.54

EE2 ng L-1* nd nd nd nd nd

E2 ng L-1* nd nd nd nd nd

*LOD water samples by LC-MS/MS: E1: 0.07 ng L-1 E2: 0.07 ng L-1, EE2, 0.11 ng L-1. 5 L sample n = 2
Effective sampling rates POCIS (ng/sampler/day)*:  E1: 0.39, E2: 0.46, EE2: 0.235

Upstream Downstream

26



Dublin Bay PAHs



New project 
underway



Are technology innovations meeting the needs?

Current Monitoring 
approach: 

Compliance, 
surveillance, 

investigative ➔ Levels 
of pollutants can vary 

temporally and 
spatially➔

Episodic events could 
be missed, or 

conclusions could be 
drawn on the basis of 

what may only be 
transitory high levels. 



Biosensors:

• Immunoassays ➔ increased in popularity 

• Antibodies routinely used for analyte identification

• They are highly sensitive 

• Attempts to miniaturize the detection systems and to develop 
in-situ monitoring systems have been made

• A lateral flow ‘dipstick’ style assay for toxins developed

• EU FP7 project Mariabox – Oceans of Tomorrow call → algal 
toxin monitoring and micro-pollutant detection. 



Sensor Platforms
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Diclofenac

Mecoprop

Carbamezapine

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 10 100 1000 10000 100000

N
o

rm
al

is
e

d
 A

b
s 

@
 4

5
0

n
m

1/Antibody  Serum titre

Diclofenac

Mecoprop

Carbamapezine

Carb R

Ligation into vector and 
display of scFvs on 
bacteriophage

PCR amplification of VH 
and VL antibody 
fragmentsAvian immunization with 

MC-LR-BSA

Bio-panning X5 to 
select highest 
affinity binders

pCombX3SS



• Traditional separation 
methods

• Compliance monitoring -
EQS 

Emerging chemicals of 
concern

• Longer-term monitoring

• Trend monitoring

• Passive sampling 

Polar and non-polar 
organics • Sensor platform 

development

• Single and multi-analyte 
systems

• Integration of technologies

Environmental 
pollutants (toxins, 
pharmaceuticals)

Spot sampling Longer-term monitoring of trends

Continuous real-time 
monitoring of certain 
parameters

A single sample 4-6 weeks Up-to a year autonomously

Watch List chemicals Industries

Continuing need to develop
real-time monitoring 

platforms

Technologies for emerging contaminant monitoring

Is there a role for surrogate monitoring to show trends?



Key Messages

Informed 
decision 

making in 
response to 
the need to 
manage & 

protect water 

Be open to 
new ways of 
monitoring 
water for 
emerging 

contaminants 
of concern

Novel 
technology 
can play a 

role and we 
need to see 
significant 

investment in 
capacity and 

research 

Integrate 
technology 
with data 
analytics –
work with 

stakeholder 
to 

understand 
the problem

Better 
approach to 

management 
of a scarce & 

valuable 
resource



Future trends: Effect Based Biomonitoring



Key Messages - Technologies Informing Policy

Investigative 
and trend 

monitoring -
improving 

water bodies 
over time 
with real-

time systems

Capacity 
building in 

the 
technology & 
engineering  

space 
essential for 

future

Risk-based 
approaches 

to monitoring 
not every 

contaminant 

(40  new 
chemicals 

every hour)

New 
capabilities & 
innovations 
that can be 
translated

Improved, 
faster 

response  for 
public 

information



Thank you


