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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 (STREAMY-progbct
conference was held at Dooleys Hotel, Waterford, on June 21st, 2023

The STREAM project is a partigps between Ireland and Wales focusing on crbesder
collaboration, coseffective marine observation, and climate change monitoring. The conference
brought together experts from the South East Technological University (SETU), Munster Technological
Univesity (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).

{¢w9!la KIR aSOdz2NBR adzadlydAilt 7FdzyuopeirdRedohal € n do
Development Fund (ERDF), specifically under PriorityA@aptation of the Irish Sea and Coastal
Communities to Climate Change. To support its work on developingeffestive systems for

seawater analysis, methodologies for harmful algdbom 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 atite 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 betteomprehend 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.
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Registration for STREAM end of project conference at Dooleys Hotel Wateffdtthe 2023
At 9:00the registration openedor the dayand this was managed by Ailish Tierg8gTU)

The STREAMonferenceproper began at
9:30, and Dr Peter McLoughlinHead of
School (Dean) of Science & Computing at
the South East Technological University
and Principal Investigator in the
Pharmaceutical and  Molecular
Biotechndogy Research Centre (PMBRC)
made the openingvelcomingremarksfor

the conference.

STREAM is part funded by the European Regideatlopment FUundeRDF)
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Dr Joseph O'Mahony, Principle Investigator (SE¥n provided greetingsindanintroduction to the
STREAM projeeind delivered his appreciath and an acknowledgement of all that had contributed
to the project5 NJ h Qal K2y e | fa2 2dzif AYySR GKS GKNBIG 27F Of

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

@

&

1=l
Swansea University Q?
Prifysgol Abertawe MTU

STREAM is part funded by the European Regideatlopment FUundeRDF)
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Welsh Centre for Printing and Coating (WCPC) Swansea University
Dr Ben ClifforqSU, WCPGhenLINE A SY G SR | GFf 1 2y Gu5 t NAYGSR {S)

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
aguatic 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 ®iualso

be robust to survive in a harsh
environment with a good working

duration.
The potential for printed sensors are as follow:
1. Temperature (525°C) *g
Nl s 5
2. Conductivity saeativesy— Screen Printed pH and DO Sensor

w ele 'lﬁ

4. Dissolved oxygen-@Dmg/l)

/-A

5. Salinity (660pss); via .

.. / pH Sensor
conductvity Tio Layer —— o~ g
RuO, Layer

AgPdPt Electrodes ===+

6. Total dissolved solids-(0 Alumina Substrate—————"_© _~

. .. ~= Dissolved Oxygen
60g/1) ¢ via conductivity and sensor
temperature

STREAM is part funded by the European Regibeatlopment FUndERDF)
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South East Technological University (SETU)

Dr Josef hQal K2y e
(SETU) discussedEMS
Spectrometers with Edge
Processing for Nutrient
Evaluatiorin seawater as
a SETU presentatiomof
optical Sensors.
Nutrients are obviously
very important to any
healthy ecosystem
howeverif found in too
high levels,
eutrophication  occurs
with excessiveamounts
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 Regideatlopment FUundeRDF)
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Dr O'Mahony then describeal trial deployment of his nutrient sensor over several days in 2088

at Wellington Bridge and provided slides showing his sensor's readihgse 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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STREANBouth East Technological Univejsity

Dr RonarBrowne (STREANM3counted
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 computerysters are grown in mesh bags on the shore and their
environmental greatly influences there development and survival.

STREAM is part funded by the European Regibeatlopment FUndERDF)
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Data for sites available live and also
historically (an excel file each month)

This datashownfrom Bannow bayelowincludes the height of the tidm relation to the oysters
the temperatures against whiabyster 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 ' U';f
shore (10 minute drive) 5 F?‘ l ‘ ‘ l l
: J

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 %181 10

STREAM is part funded by the European Regideatlopment FUundeRDF)
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Marine Institute (M)

Jonathan Kelly, a phytoplankton taxonomistla Marinelnstitute (M), subsequentlyprovided an
interesting recordedalk about the work of the Mand the nonitoring for harmful algal bloom
(HABSs) around Ireland

"
tof lankton are microscopic; single-celled organisms
S 3
\ P
fy‘;‘)icé’lly >1mm, Photosynthesize

‘~Primary praducers, provides the foundation of the food chain
" 5

Responsibie 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 breaflat 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 abundamh fi@bruary 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. Hdso mentioned that there have been higher levels of phytoplankton
are observed in late autumn and winter (October to Janudofnathan also reported that the Ml are
seeing some changes in community structures, increases in Diatom abundance with doreduct
diversity and abundance of dinoflagellates, with the exceptioAlekandriunsp.

W MI Phytoplankton data
.Nlmrm Lstitis

HABs Shellfish Monitoring Programme

Inshore (Classified) Offshore

Production Areas Production Areas

Weekly HAB Shelifish Safety Useful

Bulletin Projects Information/Links

STREAM is part funded by the European Regibeatlopment FUndERDF)
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Munster Technological University (MTU)

After the Marine Institute presentatioBr Ambrose Furey aniflike Grew (MTU) gavenanformative
presentation onharine biotoxin sampling and thactive accumulation with precaentration and
passive samplingupportingaquaculture decisioimaking with coastal and estuae environmental
RFEGF oQ

“ " o | g
DOOLEY'S HOTEL L
WATERFORD,

“HMTU
QP o s
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 Regideatlopment FUundeRDF)
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Dr Furey described the five,.
major toxic syndromes, . Passiy
which include Diarrhetic Fetisland
Shellfish Poisoning (DSP
Azaspiracid Shellfisk
Poisoning (AZP), Amnesi
Shellfish Poisoning (ASP
Paralytic Shellfish Poisonin
(PSP) Saxitoxin ang : .
Neurotoxic Shellfish ‘ -J-*L,L,,,;; :
Poisoning
Brevetoxins.  MTU  are e s dobost by Sackisunt 2000
working on an early warning_
system using SolidPhase g

Adsorption Toxin Tracking
(SPATT) allowing for an-i
situ adsorption sampling ca
notify stakeholders when a
harmful toxic algal bloom i
imminent.

e mpli g ﬁ
VSa p“ll g mr e“\()d (SPATY\) =
mn;)or(m ANalysisg of iy arine biot Xing

toxine 5

Mike Grew provided an in
depth description of the
equipment and
methodologies formodular
OA2U2EAY odmi | &l YL
the BIM barge
(Castletownbere) that will
collect and concentrate

phytoplankton using
submersible pumpandwith
sensors

STREAM is part funded by the European Regideatlopment FUundeRDF)
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‘Modular Bulk Sampling’ method on BIM barge %

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

BIM Barge

ahAtan0

7 =050 containers
containing large SPATT
bags. 1-day or 7-day
pwmping to each vessal

submersible pumpat  Bott
3,6 0r 9 mor Micra

&, 12 and 18 m

EXD2 sonde vl sparamseber Daspk by T peensk ure )

[l [ 1L Wk

ASSEESTAEN

les +
Scope

1. 7-day Rig: Pumping water at 3 specified depths
Ela Fux @1 &l 2000 Tosicon “Production of disrrhaetic shelfich
poisoning toxims and pectenotocies a1 depths within and Below the
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
34 e cdepeeradiegg on tres temes of e day [3W coaest of reland)

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

= ONCE ewery Twa weeks

Salinity 'cond setiwity; pH; Dissobaed arympen; Turbidity, Tetsl Alges - Chlareplyll = BEA-FE

Lunch

STREAM is part funded by the European Regibeatlopment FUndERDF)
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Environmental Protection Agency (EPA)

STREAM is part funded by the European Regideatlopment FUundeRDF)

Dr Robert Wilkes of thEnvirommental Protection
Agency (EPA) Ecological Monitoring and
Assessment uniprovided a comprehensive view
of Irish coastal and transitional watersnitoring,
and their findings which show the deterioration in
water quality.

WATRE Dr Wilkes drew thd: dzR A SaftéhfoR & the

9t ! NBLRNIL a2FGSN) vdz fAGe
HAHME AY S6KAOK Al 61 & NB
araasSaavySyid akKz2ga GKIFIG 2@S)
surface waters are in good or better ecological

status which means that nearly half (46%) are in
unsatisfatory condition. Overall, our water

guality 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 (2012018).

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

2016-2021 WFD Surface Waters
Ecological Status

R
I Gem
Vexseae
B Poa
.
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Wexford County Council
Brerdan Cooney of Wexford Co. @oesented a great insight intsome of thework that is being
done byhis colleagues anithe council in monitoring our environment.

DOOLEY'S HOTEL
WATERFORD '

Brendanengaginglyspoke 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 Irelandof establishing coseffective air quality monitoring units that changed the use of solid fuels

in the region Wexford Co. Co. has also providates and the infrastructure needed for STREAM
deployed sensors in the country.

Discharge Licences/Waste oarm. vt
No. of applicat Permi
Validation and i
various waste streams
Drinking Waters
Surveys on all farms, houses conr c s
points and informing them of their responsibilities to protect the water
environmental legl

STREAM is part funded by the European Regibeatlopment FUndERDF)
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Board lascaigh Mhara (BIM)

Geoffrey Robinson from BIM describeuket
use of remote monitoring technologies for
assessing water qualignd in particular the
use of sensors in close proximity to
aguaculture sites

Aquaculture Technical

*  Finfish.
— Salmon
— Trout

* Shellfish
— Mussels
— Oysters

4

DOOLEY’S H
WATERFORD

* Seaweed

Geoff outlined the reasons to care about the
cultivation of marine fish and shellfish as they

O2y iNROGdzG S | & -20&KnSiIBon 3 Sy S NI
per annum and employ 2,000 people. The
cultivation process also involvegerating in

an uncontrolled environmentHe 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 éta occured where projectare

taking place but that there are assive

swaths of the codaine not monitored.

| The result
BIM now have and are developinga network of 2m -

diameter buoy with mooring assembly amine navigation /
lights, fencing and alarm Beneath these they have
multiparameter sasors with a ommunications system
active around thecoast BIM have also set the alarnf
capabilityon the sensors twarious thresholdsccording |
to the parameter being measured. There is an accessib
to the data for stakeholdersia anonline portal hat is

passwordprotected

STREAM is part funded by the European Regideatlopment FUundeRDF)
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SETU/ Walton Institute
John Ronan (SETU, Walton) .
comprehensively described the

work being done by the STREAl
project with weather stations, [i{ |
water sensors, telemetry and the |
accumulation of data. He provided
schematic of te overall
architecture of the systems, whic
graphically depicts the variougs
inputs (such as sensor data), i
storage, backup, the visualisatiofy
software of the data and itsje
presentation to the
marinestream.eu website.

: data.marinestream.eu

:;’m

John also systematicallgppraised 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 difeRigspl, 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 howather information is being taken from Gill
Stations and imported into the STREAM database. He then spoke about the Open Source interactive
datavisualisation platform developed by Grafana Labs, allowing users to see their data via charts and
graphs in a dshboard for straightforward interpretation and understanding.

STREAM is part funded by the European Regibeatlopment FUndERDF)
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After the STREAM conference there was a b83fREAM project management partner meeting
Trade showand poster session

STREAM poster, demonstration, weather stations, telemetry and vgai@lity sensors.

Se i
nsor chhnologues for Remote Enviro
on|
and Aquatic

Monilormg

STREAM:S«WYMMW

Aquatic Monit
q

Ax Pt o the STALANY g, comred ed mmpprms: i o st sof
e

e
oy P e et e s o by f
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Introduction

Temperatwe is an important factor which impacts
mm&mﬂmmnfﬂnmmpmmﬂm

A-ww- lederesity
Prifvnsn &b 1rass

STHRE A M

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 Regibeatlopment FUndERDF)
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Centre for Sustainable Aquatic Research (CEAR)e 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

Onr study has proven that the shuttle box has been a usefil tool to determine
the temperatore preference of ballan wrasse. This has allowed us to identify
that the sea 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.

References
1. Chrisans, A, Asdersn, LE, uq—.u.._-.u sl Kilan, 55, 2071 Shoile-on rywiems fr wndying

r'f:xw. n-'--_t'-n":.nr’ =] m-.u'.. IR m‘:ﬁndm——mm-

Camiad, 134, |n1n
Ln-ﬂ-..ﬁ.J. 5, A, (i, ., msnu-.a:ﬂ.-qn’. R Bemiais ol
cleaser flak for comrad 2 f ma [oe recen ! advEces Wewriaay Recond, |
& Filics, ML, 5., O, A mad Carrs, BT, 221 m-:-ﬂ-un—-.-m-h'uuhu-
4O Iy @ e fmd haar. Ancoralsm, 1UF), L.

Sarah Weller, Isla Monaghan Jack Van Eker and Ben Overland

STREAM




\ VSE
20 Sensor Technologies for Remote Environmental Aquatic Monitoring %TU

g Prifysgol
HMTU e aberiane
— e

97 = = ;. Swansea

-4 University

Welsh Centre for Printing and Coating (WG@BQ)rinting 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
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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

‘A WCPC

https://www.marinestream.eu/
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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.
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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
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