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Overview

Internet of things and decision support

Current approaches

New technologies for rapid testing

Biosensors

Catchment monitoring

Innovations in sensing – eDNA

Involving Citizens





Critical to 
this is 

information

More 
devices 

collecting 
data





Are technology innovations meeting the needs?

Current Monitoring 
approach: 

Compliance, 
surveillance, 

investigative è Levels 
of pollutants can vary 

temporally and 
spatiallyè

Episodic events could 
be missed, or 

conclusions could be 
drawn on the basis of 

what may only be 
transitory high levels. 



Low cost 
distributed 
sensing
Information
Decision support





Sensors to Information
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10

Laborious Expensive 

Time Consuming
(18-72 h) 

Not suitable when  
Immediate action 

required!

ØNeed for early warning  technologies 



Colisense assessment for 
rapid detection of faecal
pollution in bathing areas 

Sample to answer in 75 min

• Ciprian Briciu-Burghina

• Brendan Heery

• George Sharpson
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COLISENSE 
DESIGN
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Liffey

Camac
Poddle

Dodder

Dublin Bay



ANALYTICAL PERFORMANCE

15



SAMPLE COLLECTION AND 
BATHING WATER SITES 
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Total samples collected N=130

Samples analysed N=128 (2 lost)

Samples removed due to malfunction of 
sensor

N=0

Samples removed due to method problems N=3

Total samples used for 
correlations/regressions

N=125

E. coli > 2000 MPN 100 mL-1 N=5

E. coli 1000-2000 MPN 100 mL-1 N=7

E. coli 500-1000 MPN 100 mL-1 N=6

E. coli 0-500 MPN 100mL-1 N=107

Sample ID Sample 
type 

Spiked 
with 

Contamination 
level 

ColiSense 
response 

E. coli 
(MPN/100 mL)* 

500 E. coli 
threshold 
prediction 

1 SW - - 0.88 10 <500  
2 SW S L 5.35 591 >500 
3 SW S M 18.44 2005 >500 
4 SW S H 133.08 19863 >500 
5 SW Sw M 0.48 <10 <500 
6 SW Bs M 0.72 <10 <500 
7 SW FE L 11.19 254 >500 
8 SW FE H 98.23 2005 >500 
9 GW - - 0.33 <10 <500 
10 GW S L NA 406 NA 
SW-seawater, GW-ground water, S-sewage, Sw-seaweed, Bs-beach sand, FE-farm effluent, L-low, M-
moderate, H-high contamination; NA-not analysed; 
*-samples analysed by HSE 

 

2019 data



Bathing waters 
not limited to 
coasts

10/3/19 20



Improved Decision 
Making for Bathing 

Waters



Are technology innovations meeting the needs?

Current Monitoring 
approach: 

Compliance, 
surveillance, 

investigative è Levels 
of pollutants can vary 

temporally and 
spatiallyè

Episodic events could 
be missed, or 

conclusions could be 
drawn on the basis of 

what may only be 
transitory high levels. 



New device 
developments for 

phosphate in 
catchment 
monitoring



Centrifugal 
Microfluidics – How 

does it work?

• Lab-on-a disc  for 
phosphate

• Used to integrate 
processes such as 
separating, mixing, 
reaction and detecting 
molecules

• Principle of microfluidics

https://en.wikipedia.org/wiki/Microfluidics


Our Vision for phosphate monitoring in a catchment

Water
catchment
assessments are
possible where a
phosphate single
sensor disc can
be used for
multiple sites
with minimal
sample handling.



Manufacturing and Assembly Facilities



3D Printing





A plot of the data obtained by measuring field samples in-field 
and in the lab on the AutoPhos sensor, on PhosphaSense, and on 
the Lachet system.

Field-based assessment of the
analytical performance of novel
phosphate sensors for water
monitoring.
G. Duffy,a P. McCluskeyb, U. H. Mahlc,
N. Kentb, Southampton peoplee, Ivan
Maguirea, Margaret McCaulb, J. Tankc, D.
Diamondb and F. Regana





Translating knowledge



Environmental DNA (eDNA)



SalmoSense Design (Gen.1)

Initial Design:  

Step 1: Test if amplification can be 
achieved on disc

DNA RPA Mix (buffer, 
primer)

Amplification
Detection chamber



SalmoSense Design (Gen 2)

Enzyme 
Loading Air vent

Waste Chamber

Alignment Hole

Microchannels

Detection Chamber



Our Vision

• Develop a biosensor with 
high sensitivity and specificity
and where a single sensor disc 
can be used for multiple sites 
with minimal sample handling. 
• The device should have the 
minimum number of steps 
required, run at low 
temperatures and ideally use a 
fluorescence based detection 
system. 



Vector containing 
Salmo salar DNA

RPA of target DNA

Cas12a detection 
with specific gRNA

Collateral cleavage 
of reporter 

Fluorescent 
signal

Cas12a with specific gRNA

FQ Reporter

Target DNA

SalmoSense



Increasing sample complexity

Vector with target 
sequence

Tissue extract with 
whole target 

genome

Environmental 
sample



S. salar tissue extraction detected with SalmoSense

Detection of S. salar tissue possible at 10-3 ng/µl 



Environmental DNA samples (with thanks to Bernie Ball and Jens Carlsson) detected with SalmoSense

SalmoSense detects S. salar in eDNA sample with known 
presence





Citizen science –
Water Blitz

• Innovations can involve 
citizens

• In September 2019 we 
undertook the first water 
blitz

• >300 participants

• Nitrates, phosphates, litter, 
algae

• Rainfall events



Nitrates

Dr Susan 
Hegarty



Dr Susan 
Hegarty



WaterBlitz

Citizens can play a 
really important role 
in monitoring



Key Messages

Need 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 
resource



Thank you


