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The STREAM project is part-funded by the European
Regional Development Fund (ERDF) through
the Ireland-Wales Cooperation programme

Sensor Technologies for Remote Environmental Aquatic Monitoring (STREAM) end-of-project
conference was held at Dooleys Hotel, Waterford, on June 21st, 2023

The STREAM project is a partnership between Ireland and Wales focusing on cross-border
collaboration, cost-effective marine observation, and climate change monitoring. The conference
brought together experts from the South East Technological University (SETU), Munster Technological
University (MTU), and Swansea University (SU), which has contributors from the Welsh Centre for
Printing and Coating (WCPC) and the Centre for Sustainable Aquatic Research (CSAR).

STREAM had secured substantial funding of €4.3 million over five years from the European Regional
Development Fund (ERDF), specifically under Priority 2 - Adaptation of the Irish Sea and Coastal
Communities to Climate Change. To support its work on developing cost-effective systems for
seawater analysis, methodologies for harmful algal bloom monitoring, deployment of an
environmental network of sensors broadcasting live data, and conducting fish behavioural studies in
the light of environmental change. See: www.marinestream.eu STREAM has also received significant
guidance from WEFO and the Southern Regional Assembly.

The conference aims were to share the project's advancements and promote an understanding of the
importance of measuring and assessing environmental/ water quality change to help coastal
communities and stakeholders better comprehend climate change. The conference also provided an
excellent opportunity to meet with various specialists, state agencies and commercial companies to
discuss and see the available technologies.

STREAM is part funded by the European Regional Development Fund (ERDF)
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Registration for STREAM end of project conference at Dooleys Hotel Waterford 21 June 2023
At 9:00 the registration opened for the day and this was managed by Ailish Tierney (SETU).

The STREAM conference proper began at
9:30, and Dr Peter McLoughlin, Head of
School (Dean) of Science & Computing at
the South East Technological University
and Principal Investigator in the
Pharmaceutical and Molecular
Biotechnology Research Centre (PMBRC)
made the opening welcoming remarks for
the conference.

STREAM is part funded by the European Regional Development Fund (ERDF)
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Dr Joseph O'Mahony, Principle Investigator (SETU) then provided greetings and an introduction to the
STREAM project and delivered his appreciation and an acknowledgement of all that had contributed
to the project. Dr O’Mahony also outlined the threat of climate change.

SE ==
TU=

Failte-Croeso-Welcome

Failte go Port Lairge agus comhdhiil dinta STREAM
Croeso i Waterford a'r gvulmd[edd gloi STREAM

Welcome to Waterford for the rlo\ing conference of STREAM
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Swansea University Q?
Prifysgol Abertawe MTU

STREAM is part funded by the European Regional Development Fund (ERDF)
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Welsh Centre for Printing and Coating (WCPC) Swansea University

Dr Ben Clifford (SU, WCPC) then presented a talk on “2D Printed Sensors and Their Applications” on
behalf of his colleagues Prof David T Gethin, Dr Tim Mortensen and Dr Y C (John) Lau.

Ben spoke about  seawater
monitoring challenges and that
currently  available = commercial
systems are accurate but very
expensive. For example, a
multiparameter Sonde and sensors
can typically cost £30k. This price tag
prevents widespread monitoring of
aquatic environments as it is too
costly for farm adoption. But
printable sensors offer the potential
for lower-cost solutions. For these
sensors to measure a range of
parameters, they can be fabricated as
an integrated system. But the
challenges include the accuracy of
measurements, so they need
calibration against laboratory and
commercial devices. They must also
be robust to survive in a harsh
environment with a good working
duration.

The potential for printed sensors are as follow:

1. Temperature (5 - 25°C) ”g
N e :
2. Conductivity saeativesy— Screen Printed pH and DO Sensor

3. pH (6-10) @I "Jl; "
§ ole A

4. Dissolved oxygen (0-20mg/I)

/A

5. Salinity (0-50pss) — via »- —

conductivity TO,layer ————— R

RuO, Layer ¢
AgPdPt Electrodes ===+

6. Total dissolved solids (O- Alumina Substrate———_ o~

. .. ~~ Dissolved Oxygen
60g/I) — via conductivity and Sensor
temperature

STREAM is part funded by the European Regional Development Fund (ERDF)
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South East Technological University (SETU)

Dr Joseph O’Mahony
(SETU) discussed MEMS
Spectrometers with Edge
Processing for Nutrient
Evaluation in seawater as
a SETU presentation of
optical Sensors.
Nutrients are obviously
very important to any
healthy ecosystem
however if found in too
high levels,
eutrophication  occurs
with excessive amounts
of plant and algae
growth in estuaries and
coastal waters. These
events are obviously
detrimental to aquatic
life and can result in a
significant  decline in
biodiversity.

Data Collected - processed and
transmitted at 15-minute
Intervals for 36hrs.

Data collection followed a
period of intense rainfall where
nutrient flows would be high.

Nutrient flows were too high for
commercial sensor.

Cell Pathlength 3.6mm.

STREAM is part funded by the European Regional Development Fund (ERDF)
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Dr O'Mahony then described a trial deployment of his nutrient sensor over several days in June 2023
at Wellington Bridge and provided slides showing his sensor's readings. These readings he explained
are similar to those that were recorded on a more costly commercial sensor unit and also the results
are in keeping with those from accredited laboratory analysis.

Nutrient Concentrations Wellington Bridge

Corrock River Nutrient Concenfrations Post Storm

High Tide Day 2

14 Carbon
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STREAM (South East Technological University)

Dr Ronan Browne (STREAM) recounted
the objectives of STREAM and what is
being learnt from the STREAM project,
using sensors to monitor and assess the
environment. Only by monitoring and
measuring can we understand the
actual localised impacts of climate
change.

STREAM objectives >
J EU Funds:

| Ireland Wales

e o salegvaring e Programme

* An online portal connecting a diverse user X o e 2014-2020
community to raise awareness about ¢limate . '
change's effects on nutrients, marine
ecosystems, and biodiversity

¢ Toolkits for coastal communities to
enhance their resilience against climate
change impacts,

e Improved ICT and sensor development
expertise in the cross-border region, focused
on economically viable marine monitoring
and adaptation strategies,

Ronan also described the experience from ongoing work in Bannow Bay, where STREAM generated
data using a commercial sonde that provides helpful information to oyster farmers with information
available from their personal computers. Oysters are grown in mesh bags on the shore and their
environmental greatly influences there development and survival.

STREAM is part funded by the European Regional Development Fund (ERDF)
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Data for sites available live and also
historically (an excel file each month)

This data shown from Bannow bay below includes the height of the tide in relation to the oysters,
the temperatures against which oyster growth can be measured and the amount of dissolved oxygen
at a given time.

From the office PC

1) They can now decide , )

on when to leavefor the i l ﬁ k
shore (10 minute drive) Sa

2) They can see the
extremes of temperature
(air and water) that the

oysters have been
exposed to

3) They can see how low
the oxygen level may
have fallen overnight

] ) -
T wie A fMm 3

STREAM is part funded by the European Regional Development Fund (ERDF)
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Marine Institute (M)

Jonathan Kelly, a phytoplankton taxonomist at the Marine Institute (Ml), subsequently provided an
interesting recorded talk about the work of the Ml and the monitoring for harmful algal blooms
(HABs) around Ireland.

|
‘l‘yf)ieé’lly >1mm, Photosynthesize

G
“Primary pr&ducers, provides the foundation of the food chain
" 5

Rosponsibie for at least 50% of global Oxygen production

Phytoplankton are essential to the functioning of aquatic habitats and deliver essential services to our
planet, such as the oxygen we breathe (at least 50% of the oxygen in our atmosphere). They also draw
down significant portions of the carbon dioxide from the air, pride the basis of the marine food chain
and cycle nutrients.

Jonathan noted that phytoplankton in coastal waters are abundant from February to October and that
diatom blooms occur in both spring and autumn, with higher abundances in the spring. There is an
overall increase in monthly cell abundance for the total Phytoplankton community from 2012 to 2020
compared to 2003 to 2011. He also mentioned that there have been higher levels of phytoplankton
are observed in late autumn and winter (October to January). Johnathan also reported that the Ml are
seeing some changes in community structures, increases in Diatom abundance with a reduction in
diversity and abundance of dinoflagellates, with the exception of Alexandrium sp.

W MI Phytoplankton data

HABs Shellfish Monitoring Programme

Inshore Finfish Offshore

Inshore (Classified)

Production Areas Sites Production Areas

Weekly HAB Shelifish Safety Useful

Bulletin Projects Information/Links

htts://ebz;;)b :

STREAM is part funded by the European Regional Development Fund (ERDF)
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Munster Technological University (MTU)

After the Marine Institute presentation Dr Ambrose Furey and Mike Grew (MTU) gave an informative
presentation on ‘marine biotoxin sampling and the active accumulation with preconcentration and
passive sampling, supporting aquaculture decision-making with coastal and estuarine environmental
data.’

= et .
DOOLEY'S HOTEL L
WATEREORD.

1L - i
TREAM

Introduction

* Overview of MTU contribution to STREAM
* Aguaculture, Algae and Marine Biotoxins

* Polymer Resin Absorbent beads, aka “Solid
Phase’, biotoxin trap principles - live demo.

* SPATT monitoring.
= STREAM ‘Smart’ pumps.

STREAM is part funded by the European Regional Development Fund (ERDF)
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Dr Furey described the five ..
major toxic syndromes, smpamve
which include Diarrhetic 'l and te
Shellfish Poisoning (DSP),

Azaspiracid Shellfish i
Poisoning (AZP), Amnesic :
Shellfish Poisoning (ASP),
Paralytic Shellfish Poisoning
(PSP) Saxitoxin and
Neurotoxic Shellfish
Poisoning (NSP)
Brevetoxins. MTU are
working on an early warning
system using Solid Phase
Adsorption Toxin Tracking
(SPATT) allowing for an in-
situ adsorption sampling can
notify stakeholders when a
harmful toxic algal bloom is
imminent.

sampl;
Pling Method (SPATT)

Mporal f e
150 Marine biotoxinse

analys

; ""“L/L,,,“ :.

ved on method originally devised by MacKenzie et ol. 2004

M. B

0" yre Trwwem (33

Mike Grew provided an in
depth description of the
equipment and
methodologies for modular
biotoxin bulk sampling’ on
the BIM barge
(Castletownbere) that will
collect and concentrate

phytoplankton using
submersible pumps and with
sensors.

STREAM is part funded by the European Regional Development Fund (ERDF)
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‘Modular Bulk Sampling’ method on BIM barge %

(Castletownbere) to collect bulk phytoplankton —
BIM Barge submersible pumps with sensors

hhﬁhhhﬁ 1. 7-day Rig: Pumping water at 3 specified depths
R [ TH WA
Efie Fux ot @l 2000 Tosscon “Production of disrrhatic skedifich
7 w050 containers
containing large SPATT

bags. 1-day or 7-day
pwmping to each vessal

! poisoning toxims and pectenotocies a1 depths within and Below the
I gl tes 2ona” — Saction T30 - Watsr sapdes weaira cbtained aveny
" F h st the maximum chlorophyl ayer located just abowe the
] gthermoclres ysimg the= profiller perstallic pomp ard filtered owver a
. 200 pim and @ 30 pen maske The depth of the layer variad from 22 to
!II ‘ 34 e cdepeeradiegg on tres temes of e day [3W coaest of reland)
]
-
i

thermocline

2. SPATT bags — 3 g of adsorbent each
3. ‘Water samples collected for LC-MS analysis
4 Fhytaplankton vertical hauls

= ONCE ewery Twa weeks

submersible pumpat  Bottles+

3, 80r 8 maor Micrascope
L S —
I '
END 2 sende mwultisparamseter Dept by Tem peret ure; Salinieycond setisityg, pH; Dissebeed arygen; Turbidity, Tedsl Glgee - Chlarosphy |l + B56-FE

Lunch

STREAM is part funded by the European Regional Development Fund (ERDF)
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Environmental Protection Agency (EPA)

Dr Robert Wilkes of the Environmental Protection
Agency (EPA) Ecological Monitoring and
Assessment unit, provided a comprehensive view
of Irish coastal and transitional waters monitoring,
and their findings which show the deterioration in
water quality.

w,qm,o”om. Dr Wilkes drew the audience’s attention to the
EPA report “Water Quality in Ireland 2016 to
2021” in which it was reported that the
“assessment shows that over half (54%) of our
surface waters are in good or better ecological
status which means that nearly half (46%) are in
unsatisfactory condition. Overall, our water
quality has declined. The number of water bodies
in satisfactory condition in our estuaries and
coastal waters has declined by almost 16 percent
and 10 percent respectively since the last
assessment (2013-2018).

Proportion of all surface water
bodies Iin each ecological status
class 2016-2021

2016-2021 WFD Surface Waters
Ecological Status

R
I Gem
\exte e
B Poa
.

STREAM is part funded by the European Regional Development Fund (ERDF)
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Wexford County Council
Brendan Cooney of Wexford Co. Co. presented a great insight into some of the work that is being
done by his colleagues and the council in monitoring our environment.

DOOLEY'S HOTEL
WATERFORD '

Brendan engagingly spoke about the challenges facing Wexford County's environment, past, present
and future. He described the environmental department's commitment to protecting the
environment and many related responsibilities, such as protecting water and air quality while
managing various other concerns. The environmental department in Wexford was also at the forefront
in Ireland of establishing cost-effective air quality monitoring units that changed the use of solid fuels
in the region. Wexford Co. Co. has also provided sites and the infrastructure needed for STREAM-
deployed sensors in the country.

Validati
various

Drinking W
Surveys on all fa
points and informin
environmental legis!

STREAM is part funded by the European Regional Development Fund (ERDF)
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Board lascaigh Mhara (BIM)

Geoffrey Robinson from BIM described the
use of remote monitoring technologies for
assessing water quality and in particular the
use of sensors in close proximity to
aquaculture sites.

Aquaculture Technical

*  Finfish. &
— Salmon | >

— Trout

X * Shellfish
\‘/ — Mussels
— Oysters
y
LEY S H * Seaweed
— Alaria
— Laminaria
~ ,—,Jfalmaua

WATERFORD

Geoff outlined the reasons to care about the
cultivation of marine fish and shellfish as they
contribute as they generate €180-200 million
per annum and employ 2,000 people. The
cultivation process also involves operating in
an uncontrolled environment. He explained
that at the outset of mariculture activities
around Ireland there was very little
environmental data and now he and his
colleagues are working on developing the
amount of data occurred where projects are
taking place but that there are massive
swaths of the coastline not monitored.

The result
BIM now have, and are developing a network of 2m :

diameter buoy with mooring assembly, marine navigation ,"""
lights, fencing and alarm. Beneath these they have

multiparameter sensors with a communications system
active around the coast. BIM have also set the alarm
capability on the sensors to various thresholds according
to the parameter being measured. There is an accessibility
to the data for stakeholders via an online portal that is
password protected.

STREAM is part funded by the European Regional Development Fund (ERDF)
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SETU/ Walton Institute

John Ronan (SETU, Walton)
comprehensively described the
work being done by the STREAM
project with weather stations,
water sensors, telemetry and the
accumulation of data. He provided a
schematic of the overall
architecture of the systems, which
graphically depicts the various
inputs (such as sensor data), its
storage, backup, the visualisation
software of the data and its
presentation to the
marinestream.eu website.

John also systematically appraised the use of Arduino circuit boards used in a Libelium pH/
temperature sensor and in association with a string of thermistors. These electrical sensors are based
on changing conductivity at different temperatures. He then addressed the uses of Raspberry Pl, which
are miniature computers and the importation of telemetry data from Exo2, RS Hydro and AquaTroll
sondes to an independent server. As the STREAM project is also concerned with collecting and
importing meteorological data, John described how weather information is being taken from Gill
Stations and imported into the STREAM database. He then spoke about the Open Source interactive
data-visualisation platform developed by Grafana Labs, allowing users to see their data via charts and
graphs in a dashboard for straightforward interpretation and understanding.

STREAM is part funded by the European Regional Development Fund (ERDF)
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After the STREAM conference there was a brief STREAM project management partner meeting.
Trade show and poster session

STREAM poster, demonstration, weather stations, telemetry and water quality sensors.
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Introduction

Temperatwe is an important factor which impacts
mm&mﬂmmnfﬂnmmpmmﬂm

the temperature preference of this species to play an
important role in their welfare deployed in

salmon cages o ensure this tempersture is within their
range of preference.

Ermaga ©: lalan s in CRAR, Swunss Lavarsry

Methods

=We used a Lolipo shustle box [1], which is a two-
sided chamber connected by a gated chanmel Each
fich was petted into a randomly selected chamber
Afier a 15 minmte acclimation period the central gate
was removed to sllow the fish to move fresly across
both chermbers.

»Thiz was a choice experiment allowing each
individual fish to decide whether to enter cooler or
warmer water. The software is programmed to change
the temperatare of each chamber independently as a
fich emters, with one chamber praduslly increasing m
tempersmre, whilst the other decreases. The
Tempersme by 3 maxinmm of 2 -C per hour
between 10 -C and 18 -C, in accordance with their
thermal range of tolerance.

»The specialised camera mnd soffware tacks the
movement of the fish bereen the chambers over a
peried of 24 hows o determine the individuoal’s
tempersmre preference. This was repeated across a
total of 30 individuals.

STREAM is part funded by the European Regional Development Fund (ERDF)
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Centre for Sustainable Aquatic Research (CSAR) Shuttle Box poster

‘% Ballan Wrasse Temperature Preference

Using Shuttle Box Technology

Results

* Across most individuals there was an imitial flochetion across
temperatures, which then platesuwed after several hours. However, for some
individuals there was large variation in temperamure preference across the
whole 24 hour period.

# There was a larpe variation in temperamure preference across individoals,
with a range of between 997 -C and 15.19 -C and the median temperatore
preference for the ballan wrasse was 12.8 -C.

Figmraz u-n-uru-—m-q—m-au-_mul-—

Discussion

With the tempersture preference of the wrasse appearing to be 12.8 -C,
this does seem to comradict the current literatare, although limited
mEgesting their temperatmre preference would be significantly higher
than this [2]. However, due to the tempersture of their homing tanks
being around 12 -C, ucmldheﬂnc.asﬂuiﬂnﬁahmpm—dupm&im
remain anpund the temperature of their original tanks. In regands to what
this means for aquaculture, our results suggest that the ballan wrasse are
well within their range of preference when deployed in salmon farms.
With the optimsl range of ballan wrasse being s0 namow and climste
change incressing sea tempershare, it is likely the water ballan wrasse
are exposed to in salmon farms may exceed the higher end of their tem-
perature preference [3]. As a result, this can incresse respiratory siress,
metabolic rates, and oxyzen demand [4]. Therefore, in the fiore it may
be necessary to deploy other cleaner fish species or use alternative
technigues to control sea lice infestations in warmer waters.

i 2- Nallan WTALS: SrifHns g Thcked B hatda box dorig &0 SErmast

Conclusion

Onrmdyhaspmmnﬂmtﬂnshnﬂebmlusbmamzﬁ:]tm]mm

the temperatore preference of ballan wrasse. This has allowed us to identify
that the sea temperatures ballan wrasse are exposed to in salmon cages are
currently within their thermsl niche. However, as climste change continmes to
incresse seg temperafures, this is not likely to remain the case.
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Welsh Centre for Printing and Coating (WCPC) 2D printing of sensors

Sensor Technologies for Remote Environme

&
Prifysgol Abertawe
Swansea University

STREAM: Sensor Technologies for Remote
Environmental Aquatic Monitoring

The STREAM project is a collaboration between both sides of the Irish Sea to better
understand the impact of climate change; lower the cost of estuarine and marine observation
and accelerate the acquisition of data required for modelling and mitigation planning.

The project aims to develop stand-alone systems integrating printed sensors and conventional

electronics capable of providing real-time envir | data and di g this data via
web portals and mobile applications to organisations responsible for protecting and improving

Welsh and Irish waters.

and Aquatic Monitoring

Ben Clifford, Tim Mortensen, John Lau, David Gethin

Programme: Total Budget: El

RDF: Duration:
.
] Y Iroland Wales
EROF Programme. £5410,225 €4228,181 45 Yoars
\ 2014-2020
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Aerosol Jet Deposition is an innovative
digital additive manufacturing technique
that enables precise and high-resolution
deposition of functional materials onto a
wide range of substrates whilst using small
quantities of ink.

Within  the STREAM
technique is being used to prototype

project, the

sensors, evaluate designs and materials, as
well as to fabricate  temperature and
conductivity sensors for deployment using

a modified commercially available gold ink.

The graph to the left shows the electrical
response of an
/' temperature sensor. In this test the sensor

STREAM Temperature

aerosol jet printed

/ was submerged in water and the

temperature adjusted over a range of 5-20

7 °C compared against an industry standard
e . PO PTI100 (Platinum) reference. The results
’ show a linear relationship between

electrical resistance and temperature

however the sensitivity is not as high as the

refence sensor. This difference in sensitivity

is down to the printed layer not being
purely metallic but also containing polymer binders, whereas the PT100 reference is pure
platinum. The printed sensors have also been tested in salt water and performed in the
same way.

STREAM Conductivity Sensor
The graph on the right displays the

response of a conductivity sensor printed
using aerosol jet technology. During the
test, the sensor was submerged in salt
solutions with salinity ranging from 20-30 (2
-3%). The graph clearly illustrates distinct

Impedance |Z] (Ohm)
{

variations in electrical response among the
different salinity levels.

This sensor has been designed to have a cell
constant of approximately 3 ensuring the
sensor is well-balanced for accurate readings in fresh, brackish, and sea water.

Frequency (Hz)

Screen printing is one of the most
commonly used printing technologies in the
field of printed electronics used extensively in
sensor production. In production
environments, screen printers can produce |
thousands of sensors each minute. In the

STREAM project screen printing is being used

to produce the pH and dissolved oxygen
multilayer devices.

The graph to the left shows the response
STREAM (H Serisor of the screen printed ion-reactive sensor
when exposed to buffer solutions of
varying pH. The graph shows clear
g differences in electrical response to
) solutions of pH 4 (acidic), pH7 (neutral)
and pH 10 (alkaline). At present these

wpedance |2

sensors are non-selective and  will
respond to all ions, to make these
selective, hydrogen- and oxygen-
permeable membranes are being

developed and will be printed as the final

Frequency (Hz)

layer making them specific to certain ions.

A custom test rig has been developed,
enabling evaluation of four printed
sensors and a reference concurrently
using advanced laboratory measurement
equipment. This approach allows testing to
be performed at a lab scale without
concerns from evaporative losses changing

the water concentration or whether the
sensor is fully covered.

The test rig is equipped with inlet and outlet tubes, allowing for the connection of a
pump. This enables dynamic testing by facilitating changes in concentrations or
temperature.

Advantages of printing: One of the key
design considerations in sensors such as
salinity is the cell constant of the sensor
with different values being optimal for !
different bodies of water; fresh, brackish,
and seawater. Printing as a fabrication
technique allows the tuning of the cell
constant and therefore sensor for the
particular environment without having to
redo the optimisation and development
stages. This also offers a significant cost
benefit when compared with other
manufacturing techniques.

STREAM is part-funded by the European Regional
Development Fund (ERDF) through the Ireland

STREAM
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Welsh Centre for Printing and Coating (WCPC), Sensor housing poster

Sensor Technologies for Remote Environme
and Aquatic Monitoring

N
Prifysgol Abertawe
Swansea University

STREAM: Sensor Technologies for Remote
Environmental Aquatic Monitoring

As part of the STREAM project. contrel and measurement electronics, an enclosure and
surface nede has been developed in-house at Swansea University. With the printed sensors,
these make complete stand-alone systems that can be deployed to monitor the temperature,
conductivity, pH and dissolved oxygen levels of a bedy of water.

Ben Clifford, Tim Mortensen, John

, David Gethin
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Irsiand Wales
ERDF Programme ©5410,225 €4,328,181 4.5 Years
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A madular design for the control and measurement electronics and enclosure has been
develcped in-house at Swansea University supporting up to 6 rigid ceramic substrates,
with each substrate supporting up te 2 individual sensors giving a total of |2 possible
sensors when fully populated.

The electronics design consists of
multiple circuits, Pamely a main
contrel board based on an ESP32

Surface Coms
Input Power

microcontroller, a distribution board, P
and six analog interface boards
within the submerged enclosure.
Each interface boards contain two
Analog Devices AD5941 high
precision, impedance, and lr\terfacePCBs.- .
electrochemical front end |C's and @ @
can connect to both two— and three- Al
electrede sensers. The ae
microcontroller board also features Pl Ceramic Sensors
a barometric pressure sensor as well
as temperature and humidity monitoring which can be used to detect leaks when
initially deployed

The modular nature of the electronics
enables compatibility with new sensor
types by adding custom daughter boards,
eliminating the need to create an entirely
new system from scratch. This modularity
also  reduces costs for smaller
deployments with fewer substrates.

While the sensors are designed to be
replaced at regular maintenance intervals,
the electronics will only be replaced in
the event of damage 1o the existing parts
or the availability of an upgraded design
or sensor type.

https:/iwww.marinestream.eu/

The enclosure is machined from marine
grade stainless steel and provides a
mounting point for the sensors as well as
heusing the measurement electronics.

The design allows for easy replacement of
sensors in the field by removing one of
the six guard plates and disconnecting the
ceramic before connecting a new one in
its place. The guard plate can then be
reinstalled compressing the ceramic
against the O-ring, sealing the electrical

connections.

Each printed ceramic substrate contains
two sensors and as such the full device
can contain |2 total sensors. This allows
simultaneous deployment of old and new
sensors tegether to aid calibration and
maintain data integrity. A set of three
sensors can be initially deployed and at
the first service interval, a second set of
three sensors can be installed allowing
comparison of the data sets and menitoring of sensor health. At the next service
interval the initial sensors can be replaced ensuring continuity in the data collected

At the surface, each installation consists of a stainless steel frame divided into two parts.
The first part securely holds a | 60mm diameter PYC pipe that extends into the water,
protecting the sensor nede and anchoring it to
the water side. The second part serves as a
mount for the electrical enclosure, which
contains a micrecontroller. modem and antenna,
battery. and solar charge controller. Additionally, a
solar panel is mounted on top of the frame,
capable of providing the required power.

STREAM is part-funded by the European Regional
Development Fund (ERDF) through the Ireland
Wales Cooperation programme

b.r.clifford@swansea.ac.uk, t.mortensen@swansea.ac.uk, y.clau@swansea.ac.uk, d.t.gethin@swansea.ac.uk
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South East Technological University (SETU) Plasmon Resonance poster

From Simulation to Immobilisation: Advancing Surface

Plasmon Resonance-based Sensor for Targeting Marine

INTRODUCT | ON

Toxins and Beyond

M Abedini', J 0’'Mahony'
1 Pharmaceutical & Molecular Biotechnology R h Centre, Department of Science, South East Technological University, Waterford

Marine toxins are a threat to human health and the environment, requiring efficient detection methods. Surface Plasmon
Resonance (SPR) has emerged as a promising technique for detecting small molecules. In this study, we present our
advancements in the design, fabrication, and optimization of an SPR-based sensor specifically tailored for marine toxin
detection. Our sensor leverages the principles of Extraordinary Optical Transmission (EOT) to enhance sensitivity and
accuracy.

Initially, we conducted simulations of nanohole arrays to lay the groundwork for our sensor design. Subsequently, we
performed experimental tests to successfully immobilise ferritin and anti-ferritin as model molecules on a silicon surface.

Our work addresses the critical need for sensitive and rapid marine toxin detection. By combining simulation-based design
and experimental validation, our approach shows promise for environmental monitoring and public health applications.

IMMOS ILISATION

Anti-Ferritin 20ug/ml+ Ferritin 100Pg/ml Anti-Ferritin 20ug/+ Ferritin Ing/mlm!

Anti-Ferritin 20ug/ml+ Ferritin 10ng/ml Aunti-Ferritin 20ug/ml+ Ferritin 100ng/ml

Anti-Ferritin 20ug/ml+ Ferritin 2Mg/m| Anti-Ferritin 20ug/ml+ Ferritin 6Mg/ml

STREAM is part funded by the European Regional Development Fund (ERDF)
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STREAM T U
Overview

The STREAM project is a collaboration between both sides of the Irish Sea to better understand the impact of climate change by lowering the costs of marine

South East Technological University (SETU) Optical Nutrient Sensor

Sensor Technologies for
Remote Environmental Aquatic

Monitoring
Benyuan Yu
Supervisor: Dr. Joseph O’Mahony
South East Technological University, Waterford, Ireland

“The STREAM Project is part-funded by the ERDF through the Ireland-Wales Cooperation programme”.

observations and accelerating the provision of information from different sites. The work described in this poster is on the development of a relatively low-cost optical
sensor system using multiple narrow spectra response photodiodes with a function for remote aquatic monitoring and live data transmission for further assessment of
saline water quality. The result of these studies is a mobile network cloud-connected Micro-Opto-Electro-Mechanical System (MOEMS) that can be used remotely to

determine Nitrate (NO;-)and Dissolved Organic Carbon (DOC) in estuarine waters. Prototype sensor units have been built and deployed for field testing.

Optical Nutrient Sensor

Advances in MEMS technology have allowed the utilisation of UV photodiodes with interference filters that are

sensitive to monochromatic light at 220nm. 254nm, and 275nm. These short wavelength are known for their strong
absorption by nitrate at 220nm and DOC (which covers the whole region)i1]. These units offer high sensitivity and low

power consumption. which makes them suitable for remote nutrient measuring in marine waters.

3D printing and Electronics Methodologies

Stereolithography 3D printing technology was used to create bespoke components to a 50-

micron level of precision. These 3D printed objects had a variety of purposes, such as

protecting optical and electronic devices, mesh filters and also flow through tubes for Figore 2. UV optical photodiodes flowing system.

optical measurement. The electronics sensors design is summarised in the R.H.S. Figure 4
Arduino
for controlling multiple devices and converting light response into digital outputs so that Figure 1. SLA 3D printed objects. GSM

Micro-
controller

analytical instruments can recognise and translate to values.

Mobile Network Cloud Platform

Arduino MKR GSM series smart cloud patible mi 11

were used as they can

effectively shift between wireless communication protocols incorporating programmable

Micro-
-Relays =) pumping

system

software changes. The data transmission is through GSM/3G/4G mobile network using

555 Timer
1odulatic
MQTT protocol and database support from the Walton Institute Data Centre, SETU- ey

Figure 3. MQTT mobile network

Waterford, which provides advanced server data storage and platform design techniques.
data transmission.

Figure 4. Elect design of Multi-S for Aquatic

Optical System Layout oo

The main components of the system are a smart micro-pumping unit produced by Photodecectad i"'-;\
e (=

Radionics, which is used to pump water samples from a site and a bespoke 3D-printed o

flow cell ring for optical absorption measurements. This flow cell ring allows for e ot e
cantams daacllechon,

different detection path lengths and is also a replaceable unit to reduce issues from et ey soanprinry

bio-fouling. The pumping unit and UV Xenon flash lamp are synchronised by the

A . -~ ' [r—
control of Arduino Nano microcontroller and communication between the controlling
board and GSM board. Figure 5 shows the layout of the whole system, and the latest

optical system is displayed in Figure 2. Figure 6. System deployvment at Castletownbere shore.

Algorithm Analysis

was used to quantify the relationship between different absorbance readings in

Figure 5. Optical nutrient system layout.

Nitrate (mg/L} validation concentration from five Dissolved Orgar DCC) validated concentration in

river/sea sites

rine samples

Data anal

y=0.9778x-0.158 e
4 5 S ¥ N R*=0.9778 .-
seawater. The sensors were calibrated using standard laboratory solutions and generated a linear 3 " >

regression that provides correlation between light responses in the UV range and Nitrate

content, Using the Partial Least Squared Regression (PLSR)(3) analysis, the Nitrate and DOC i '
¥=09984x + 02928

contents in six estuarine samples (Figure 7. 8) demonstrated a high degree of correlation with RI=0.9116

oy 5 7 s

sensor readings (R_2=0.978 to Nitrate and R_2=0.912 to DOC) and the reg
Figure 8. DOC content validation in estuarine and
marine samples using CLS analysed results.

Nitrate content validation in estuarine and
marine samples using CLS analysed results.

was used for programmable linear predictive algorithm models for field sample measurements.

Conclusion and future work

samples were

Waterford Pontoon Nitrate (mg/L) April 08-11th

A

The next phase of work will include sensor deployment at different sites for testing, data analysis and comparison ama0

1l d from five sites around Wexford and Waterford counties.

As part of these studies
Using the regression model developed, the STREAM-developed instrument's nutrient results were confirmed by
comparing them with accredited laboratory analysis of the same water samples. The prediction model for Nitrate
and DOC provides an average R*2 of 97.78% and 91.16% for the PLS2 model, respectively. With these results, the
regression models showed high prediction accuracies of nitrate and DOC contents. This system has undergone a

preliminary stage of estuarine water testing at a pontoon in Waterford City:

with commercial sensor findings. Other work will include calibrating the sensor for temperature, voltage and

power consumption, testing them in higher saline waters, and further optimising the system design.
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Thursday 22nd June 2023 boat tour and demonstration of STREAM sampling equipment and
site.

The Barrow Princess was chartered for the STREAM conference delegates on the 22nd of June (the

day after the STREAM conference).

The objectives were provide access to a STREAM water sensor site along the estuary and facilitate
sampling for water analysis.

Delegates were shown how to collect samples (Van Dorn, plankton net, sonde measurements) and
they will obtain first-hand data observations. The experience was aimed at promoting collaboration,
and immersive learning.

The STREAM delegates were given a practical insights into sensor technologies and the challenges of
monitoring aquatic environments.

It was to provide a valuable networking event and showcase the waterbodies around Waterford.

STREAM is part funded by the European Regional Development Fund (ERDF)
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Publicity Links

https://www.setu.ie/news/monitoring-climate-change-in-our-local-coastal-communities

https://crm.waterfordchamber.ie/news/details/monitoring-climate-change-in-our-local-coastal-
communities

STREAM is part funded by the European Regional Development Fund (ERDF)
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STREAM end of project Agenda
Times, speakers and the order of presentations may change.
STREAM end of project conference
SENSOE TECHNOLOCIES for FEMOTE ENVIRONMENTAL AQUATIC MONITORING
Snmenr Tachoningaefnr Fomnn
Erasrnnmanial foalks PMorilering
Event Date - 21st of June 2023
Thy ITRZAH rrchzl be 2arl Iul:h_!:ILli Law Eursoedt
o Imtctrs et e oer sl apet e RSVP by Friday 16" June to [onan.browne@sety je and gilishtierney@sety je
aESES- cAMTU o Eas Location: Dooleys Hotel, Waterford
hitps://www.dooleys-hotel.ie
09:00 Registration opens
09:30 Dr Joseph O'Mahony (SETU, Pl) - Welcoming remarks and introduction to the STREAM project.
Julie James, Minister for Climate Change, Opening address.
10:00 Prof. David Gethin [SU, WCPC) - Drs Tim Mortensen, Ben Clifford and John Lau; Printable Sensor Design

and Manufacturing WCPC presentation on the fabrication of sensors by printing and the assocated
systems Demonstration of sensor printing systems, sensor calibration and deployment.

10:30 Dr Joseph O"Mahony [SETU) -MEMS Spectrometers with Edge Processing for Nutrient Evaluation SETU
presentation of optical sensors.

11:00 Tea/ Coffee Break

11:30 Dr Ronan Browne (STREAM) - What are we leaming from the STREAM project? The use of sensors to
monitor and assess the environment.

12:00 Jonathan Kelly - Marine Institute (M1} - Monitoring for harmful algal blooms the work the Ml is
undertaking.

12:30 Dr Ambrose Furey, Mike Grew (MTU) —Marine biotoxin sampling: active accumulation with

preconcentration and passive sampling; Supporting aquaculture decision-making with coastal and
estuarine environmental data.”

13:00 Lunch (provided)
14:00 Dr Robert Wilkes - Environmental Protection Agency (EPA) — Monitoring by the EPA of Irish coastal and
transitional waters.
14:30 Brendan Cooney - Wexford Co. Co. - The work that is being done by the council in monitoring our
environment.
15:00 Geoffrey Robinson - BIM — The use of remote monitoring technologies for assessing water quality.
15:30 Tea/ Coffee Break
16:00
John Ronan (SETU, Walton) Weather Stations, water sensors, telemetry and accumulating data.
16:30 Discussion and Conclusion
1

STREAM is part funded by the European Regional Development Fund (ERDF)
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STREAM invitation to end of project conference

Invitation to STREAM end of project
conference 21 June 2023

You are cordially invited to:

Sensor Technologies for Remote Environmental Agquatic
Monitoring (STREAM) end-of-project conference at
Dooleys Hotel, Waterford, on June 21st, 2023

STRE A M  (Regsuationat9am - Conference begins at 9:30 am).

Beitaar Teehnakayle fur Reirate
Ensirzmmnmntal A Morilanng

5TREAM is a partnership between Ireland and Wales
focusing on cross-border collaboration, cost-effective
marine cbservation, and climate change monitoring. The
project has brought together experts from the South East

e GUREAM RSt b gt d 37 e Eurapean Technological University (SETU), Munster Technological

the Irelane-Wales Coopzration, pragram e University (MTU), and Swansea University (5U), which has

M:EE:.__._: MTU ‘?;-’,,1.:‘. contributors from the Welsh Centre for Printing and

o TU RS = Coating (WCPC) and the Centre for Sustainable Agquatic
Research (CSAR).

STREAM secured substantial funding of £4.3 million over five years from the Ewropean Regional
Development Fund (ERDF), specifically under Priority 2 - Adaptation of the Irish Sea and Coastal
Communities to Climate Change. To support work on developing cost-effective systems for seawater
analysis, methodologies for harmful algal bloom monitoring, deployment of an environmental
network of sensors broadcasting live data, and conducting fish behavioural studies in the light of
environmental change. S5ee: www.marinestream.eu STREAM has also received significant guidance
from WEFO and the Southern Regional Assembly.

The conference aims to share the project’s advancements and promotion of collaboration in
understanding, measuring, and assessing environmental/ water quality change to help coastal
communities and stakeholders better comprehend climate change. The conference will allow you to
meet with various specialists, state agencies and commercial companies to discuss and see the
available technologies.

STREAM would like to thank all of those that have contributed to the ongoing work unfortunately
too many to mention here.

If you wish to attend, please RSVP by Friday, June 16™,
To ronan.browne @setu.ie and ailish_tierney @ setu.ie

As a lunchtime meal will be provided, we will require confirmation of your attendance in advance.

STREAM is part funded by the European Regional Development Fund (ERDF)
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Diolch i bawb a helpodd ac a gymerodd ran yn y digwyddiadau; roedd yn bleser mawr
cael cyfarfod a gweithio gyda chi.

Mile buiochas do gach éinne a chabhraigh agus a ghlac pairt sha himeachtai; ba
mhoér an pléisiar é bualadh leat agus oibril leat.

Thank you to all that helped and participated in the events; it was a great pleasure to
have met and worked with you.

Acknowledgment of some of the project team members and partners

Wexford County Council - Brendan Cooney
EPA - Dr Robert Wilkes
BIM - Brian O’Loan

BIM Shane Begley - Weather Station and Barge (Castletownbere), Dave Millard,
Geoff Robinson

Marine Institute - Dave Clarke, Jonathan Kelly
STREAM - Hugh O’Sullivan
Tramore Coast Guard
Dunmore East Harbour - Monitoring sites

Waterford City River Rescue - Monitoring sites

Southern Regional Assembly - Breda Curran

Walton, SETU - Lisa Bodden
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