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’%paResearch Drivers of the Research

Lack of knowledge on MPs in Freshwater ecosystems

e To further refine MP SOURCES

;nﬂ"-ﬁ"“:}}?-fv-l_
* To characterise MPs derived from sources \
o £
. . . 5
* |dentify pollution PATHWAYS of MPs g:
* To determine the influence of variables, such as rainfall and ’i; -{;_
polymer type, on the pathways and distribution. o g
{ =)
* To identify the FATE of MPs in freshwater systems 7 \,,th
A L. s
* To explore potential fate of MP through examining ot & gl
. . . . & 3
environmental variables including freshwater food webs L
. . . . Study Area — River Slaney Catchment
* To provide Recommendations for Monitoring of MP
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CQResearch Microplastics — overview

Microplastics

SO &8/ b

Large Nano
Macroplastics Mesoplastics Microplastic ‘d.--. pastics Plastics

Microplastics (MPs):
Finding a consensus on the definition

“any synthetic, solid particle or polymeric matrix with regular
or irregular shape, a sige ranging from 1 um to 5 mm, of

ezther primary or secondary origin, which is insoluble in water”.
Frias and Nash, 2019
Marine Pollution Bulletin
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CPQAResearch

Microplastics

. Primary microplastics
(designed to have specific dimensions):.

MICROBEADS (5crub) MURDLES (Pellets)

Photo credits: Boomerang Alliance

[Prohibition of Certain Products
Containing Plastic Microbeads Bill 2018]
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CPOResearch Microplastics

~. Secondary microplastics
(breakdown of larger plastic items)
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Sou FCEesS, prathways and Environmental fate of Microplastics

ABRASIVE MEDIA

How microplastics are generated USED ININDUSTRY

MEDICAL APPLICATIONS

CONSUMER PRODUCTS

HANDLING DURING
MANUFACTURING OR
MAINTENANCE

" )

INDOOR PARTICULATE EMISSIONS ,
PROCESSING INDUSTRY

o

FRAGMENTING BY

PHYSICAL AND
CHEMICAL WEATHERING ABRASIVE MEDIA USED AT SEA OR COASTAL ZONE
| seierere]
£ COATING OR MAINTENANCE OF PLASTIC

PAINTED SURFACES AT SHIPYARDS OR AT SEA

LA

cANAIINNN

FRAGMENTING BY PHYSICAL
AAND CHEMICAL WEATHERING
O
i
TRANSPORTATION ..- 2
= s Om '
e et I
INFRASTRUCTURE POLLUTED SEDIMENTS OR SOILS i
€0 i

INTENTIONAL SHREDDI;E

AND FRAGMENTING PLASTIC

(

BIOLOGICAL FRAGMENTATION
of plastic debris at sea

Primary source

(Human activities)
MARITTIME SECTOR

Secondary source
(Natural processes)
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GpO Research Sou FCes, prathways and Environmental fate of MPs

WasteWater Treatment Plants

Retention %
WWTP <2,500 PE ! s °0000

WWTP 1 WWTP ? WWTP 3

- 40000 79 % 82 % i /%% B %//% %///%%/Z/// & Fibres
E . /// v - %///// # Fragments
;"3330000 65 % I‘ |“ % //////% %///%  Film
10000 /1//;//%/%//// /E//;/%Z/// //%%%///
Effluent %/¢% % / ////////%
’ In!u!nt lEf!u!nt Inﬂuent .Ef!u!mt Influent IEf!u!nt fﬂ /%////// %/%//% //%//////////%

WWTP 1 WWTP 2 WWTP3

MW April mJune mAugust m October

5L composite sample - at inflow (post preliminary) and final effluent Mahon et al. 2022
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GpO Research Sou FCesS, pathways and Environmental fate of MPs

Construction

p—
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Pathways of microplastics emanating from construction sites

Aluminum Foil

PIR Foam .’J.‘/ g
Aluminum Foil é & 0

Ocifi.it =

©Green Foam insulation ©O0PUS
Polyvinyl chloride (PVC), Polyisocyanurate (PIR) Polypropylene (PP)
| Material [ Polymer | #ofcuts | MPs(g) [ MPnumbers |
Polyvinylchloride (PVC) 80 156 1,376,960

Foul water pipe Polypropylene (PP) 120 295 1,032,500
Insulation board Polyisocyanurate (PC) 300 193 unknown

Ground water
3500

" ‘\\ / —* Confirmed pathway
3000 b
2500 '<~WM By-product P
5 . Recycling
1500 i \  Leachale containing ‘ ,
2000 [ ‘\\ associated chemicals ‘
Y \* ‘;‘ Sawing of pipes
Storm water drain < === Waste water treatment plant R o Storm water drain
1000 .
b II
|
20m 50m

800-1000 600-800  400-600 Source: Nash et al. 2023
H20m m50m

2500

Distance from construction site (m) S

v

MPs per Kg
]

MPs per Kg

v
o
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B Fragments M Fibre ®Film
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CPAResearch Sou FCeS, pathways and Environmental fate of MPs

AstroTurf pitches

Plastic fiber blades to
simulate those of natural
grass

Infill to support the fiber
blades and provide
cushion

Perforated carpet
backing to hold the fiber
blades and allow vertical
drainage

Artificial el

Finish stone (fine ageregate)

Base stone (coarse aggregate)
Geotextile
Perforated pipe

Compacted soil
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Pathways of microplastics emanating from artificial grass pitches

UCD Earth Institute

ED: Exteinal open dréin

ID: Integrated drainage

STW: Sioem water dran

Urorfirmed pathway

Confirmed pathway

Waste waler ireatreent plant
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Sources, Pathways and Environmental fate of MPs

4 D
UV radiation " i I
Atmosphere 1) 1 Precipitation transports [ gt

Breaks down macroplastics
into microplastics

Plastic particles accumulate in the
atmosphere (and birds!), where they can
be transported over long distances

I plastics to different places " \
. T —s

Littering
Transport o |

| land-based
sources

Land Based Pathways

| Marine-ba:
sources

Marine Based Pathways

MARINE AND
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Environmental processes ||

*The distinction between temporary and permanent sinks is
for a 100-year timescale and is indicative only. -

Abrasion of tyres is a significant
source of microplastics

E \
Bl

Wastewater

Plastic parﬁcles from synthetic textiles
are released in the aquatic environment
through wastewater systems

Rivers are pathways for
plastics, transporting them
from land to the sea

o Deltas and
- y . estuaries
50 5K
B (= >

D Waves

Beach Coastal processes such as Y]
—— Beach) waves and tides transport ——-
Shipping and fragment plastics Fishing
Coastal habitats Including from abandoned, lost
and discarded fishing gear
Mangroves, coral reefs, salt Eg Sea ice is a temporary sink for
h t
marshes, etc. plastics, as well as a transporter
v
e
‘ Currents |
Ocean currents and gyres concentrate and . @
Shelf move plasl n the marine environment -
and
Plastics aggregate as microorganisms and algae
7 accumulate on them. They are ingested by
- transported, and redesosited through faecal pellels The

chemicals associated with the plastics may bioaccumulate

| Temporary sinks* | B

Marine life is a temporary sink of

plastics, as well as a transporter

Trenches and canyons
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Gp(] Research Sources, Pathways and Environmental fate of MPs

Vertical Migration

rainfall intensity - varied via the
water level in the constant-head
tanks.

Constant head tank
with 16 hypodermic
needles

Results - particles remained static

Extraction
6 x 2-m-deep cores
(¢ =5cm)

Cobra TT
percussion drill

Collection point
for effluent
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GpCI Research Sources, Pathways and Environmental fate of MPs

Land Application from WWTPs & Farm Plastics

2000

E

200 MP abundance

o

=

5 Field A (4.6% gradient) - very slight

£ 1000

£ | downward trend

: |

[] . . .

o % Field B (8.7 % gradient) - Variable

= . . .

. | ‘ | | . | é distribution
0-5 5-10 10_15De[1)f|;:i?:m)20_25 25-30 30-35 [ Jurban [ Residential [___] Recreational : Z:Z z::::a"u .
[ ] 'school B ndustry [0 Agricultural land Fiald Marme
. . ©  Subsurface Pipe % EI n
M PS - I I m Ited to to p 3 5 Cm B Roads [ |Fam B Forest [ Shallow Cores . . " 3500 I
(coinciding with the plough zone depth) z
+ Topsoil > 4 Subsoil » E 400 iil él
]
N A i 5 = —
ISP (% R, L #
Optical image and X-ray of a soil core to a depth of 1m. : 3 I :
Position in Field
yR%%HI;IEE#ER Source: Heerey et al. 2023 Q
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GpO Research Sources, Pathways and Environmental fate of MPs

Slope and Rainfall simulation

il Rainfall intensities showed a significant difference
e (8 mm h-'and 18 mm h-")

020

== (Grass (2.5%)
= == Bare (2 5%)
g 015 === Bare (11%)
B
=
0
0
g 010
8
8
=%
<]
L2 005
=

0.00

0-10 10-20 20-30 30-40 40-50 50-60 60+
Time (minutes)

Grass swards reduce the export potential of MPs

4 Slope was shown to be less influential than rainfall
Source: Heerey et al. 2023 intensity in overland MP transport
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CPQAResearch Sources/Pathways:

River Slaney as a Transport Pathway

Total and mean MP abundance in the upper reaches of the River Slaney
surface waters (blue)
shore sediment samples (orange)

Particle abundance

-12000 -8000 -4000 0 4000 8000 7500
Legend
iard (Control) BOOD
f ZW:::WLP \ Reference site , !
A ranayvwwe 0% 4500
Tulow UWWTP b . 40
A o < = Baltinglass US " i % — E% ?%.
] staney_catcrment by E % T ri.;:' ,;j g%?‘g
v s a Baltinglass DS i 8 1500 g% i i 5
g = ! 8 B % b B B EL
' EANS. 85 g, P Gl 2w G B A G
w ET  Rathvily Us . f £ Y i NN N N 7
i oz 1500 s T % = Z
E :‘.}‘ g Rathvilly DS i L 3000 - 7
a g ¥ I
@ Tullow US ; 4 bt 4500 %
§ G000 ! T
L RN
TullowDS = . m gl i
i Apr-18 May-18 Jun-18 Jul-18 Aug-18 S5Sep-18 Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19
W Mean surface waters (m-3) Mean shore sediment samples (kg-1 dw Sampling months
& Total surface waters (m-?’) Total shore sediment samples (kg—l dW: B Total surface waters (m-3) Total shore sediment samples (kg-1 dw]
W Mean surface waters (m-3) Mean shore sediment samples (kg-1 dw)
Upstream and downstream of WWTPs _
12-month (April 2018 to March 2019)
Source: Lally et al. 2023
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Modelling Microplastic Risks to Waterbodies

Green areas: landspreading of sludge

(A) Suitable - severe fragmentation

(B) Potentially suitable - less fragmentation.
Red areas: excluded because of surface runoff considerations,
(=llowr 2irea5: 20-m buffers around water courses and
IRl xcluded - heavy metals, unsuitable land use or
groundwater vulnerability. -

[ BRI
| PR
e TN TR 8 3da
o > T &304a08 - 8001207

- BTN 2T LN

Indicative national map of lands potentially suitable T e ety
. for, landspreading sludge , MP risks - should be as a hypothetical example of
(with exclusions due to surface runoff risks). the type of analysis and outputs possible

Source: Wang et al. 2018, Thomas et al. 2021
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%pa Research Sources, Pathways and

Environmental fate of MPs

River samples Brown Trout (Salmo trutta)

IS
\

particles m-3)

Component

B GIT
_EI sc

ion (|
O w
o™

N
1
@

58 brown trout

l Feeding Group
| |:| Filterer
5 Gatnerer o (72 to 291 mm)
| B = e - [z 92 MPs
2 &2 i & & & g ooreper 72% of fish

N

= Mean Paﬁi(;.le Concentrati

]

Microplastic Burden (MPs fish™') >
-

{=]

Sites

e (gastrointestinal tract
Component (GIT) stomach contents
el (SC) combined),

0.5+

Mean Particle Concentration (particle mg-")

-]

0.0 1

2]

S1 s2 S3

R3
Sites

Benthic Macroinvertebrates

Microplastic Burden (MPs fish') @
8] =

=

713 aggregated macroinvertebrate (106 kick samples),
73% contained MPs

A 6 A mé
s1 sz s3  Ri Rz R3
Site

T, Source: O’Connor et al. 2020; 2021; 2022
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D, Sources, Pathways and
CPResearch Environmental fate of MPs

Eurasian Otter (Lutra lutra)

Eurasian otier

15] A 15] B (TL=23.8) .
: River Slaney
101 10 'Iﬁ-
Food Web
s | L = &4, g // - specific predator—prey interactions
i = o O xposure "’fm S (dietary analysis & literature)
§ 5] C 15] D -
Sl o TS — Ene” o
8 10 10 3-spined stickleback T
g {TL: 3.3) (TL: 3.2) . )
: 5 e ~__— MP uptake simulated through feeding
é g é ﬁ = Sl == of benthic macroinvertebrates
Q [il o

™" Gondition T season ﬁ \ % {t{@ @’} m
(n = 83) in spraint samples per region (A), aemm.wmmu;s Biomagnification of MPs (> 100 um) is

exposure level (B), condition (C) and season (D) TWSQTT“' not currently predicted in aquatic biota

Evidence - most likely pathway is
secondary ingestion (i.e. trophic transfer).

Source: O’Connor et al. 2022
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ecpaRresearch Recommendations for Monitoring

Catchment level

 Introduce fine-scale, long-term monitoring of riverine waters, sediment and biota.

« Align sampling and protocols for biotic and abiotic components - to reduce methodological biases
and provide a better understanding of the bioavailable fractions of MPs in the environment.

Abiotic matrices
« Sediment sampling - best indication of overall pollution (medium to long-term exposure).

« Sediment and Biota - to determine site-specific exposure levels

* hence exposure pathways for benthic biota within these sites.
- Water sampling, - to improve representativeness and increasing the detection of larger particles.
Biotic matrices

 An ecosystem-based approach to monitoring - multiple environmental matrices, to develop our
understanding of factors affecting the presence and distribution of MPs in rivers.
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CPAResearch Thanks for your attention

Environmental Pollution

Weleome  Elog  Project Description Deskstudy  Featured Interviews & Articles Education Volume 267, Decermber 2020, 115572

P
Microplaslics in brown trout (Salmo trutta e e e e R

Linnaeus, 1758) from an Irish riverine system

ARTICLE

Conapans 115 avalialie 2K Sisne 6

Environmental Advances Microplastics in Eurasian otter (Lutra lutra) spraints
and their potential as a biomonitoring tool

Show more ~
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