Order for the Day

Add standards to a jar

Add Sample to a jar

Add 200 ml salt water to each jar and set aside
Introductions

What are microplastics & how do we collect them
Filter standard and sample

Re-add water and set aside

Potential impacts of plastic

Filter samples & standard

Examine sample

Questions
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All around us
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Outline

* What are they?

e How do we collect them?

* Why do we care / what may they
do?




W h t * All synthetic polymer particles smaller than 5 mm in their
dl dre longest dimension (Arthur et al. 2009)

microplastics
(particles &

fibers)

* Microfibers are any natural or artificial fibrous materials of
threadlike structure with a diameter less than 50 um,
length ranging from 1 um to 5 mm, and length to diameter
ratio greater than 100 (Liu et al 2019)




Microplastic Categories: Source

* Primary

* Created in this size for a purpose or as
nurdles that are shipped to factories to be
melted into larger plastic items.

* Secondary

* Formed from the break down of larger
plastic items or the shedding from textiles.




Where do microplastics in the Wl
ocean come from? 4tons

Microplastics added to other products

Distribution in the water

Indoor dust
65 tons

. llegal dumping of paint
e Secondary usually make up 97-99% . 90 tons

Waste treatment
100 tons

Washing of textiles

110 tons
Wear and tear
from car tyres

2250 tons Painting and maintenance of

buildings, constructions and roads
310 tons
Loss from plastic production
Painting and maintenance .
of ships and boats
650 tons

environment.no

Source: "Sources of microplastic-pollution to the marine enviranment™ / Mepg|




Microplastic Categories: Composition
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Microplastic Categories: Shape

» Shape
“":.:. 0.5 mm
0 Sphere
0.5 mm
Fragmemt Film

/ ‘ Fragment
Fibres

0.5 mm

Fiber




Microplastic Categories: Color




Specific gravity of various plastics

Plastics Specific gravity
LDPE 0.91~0.93
HDPE 0.94~0.97

FP 0.90~-0.91

PS 1.04~1.07

PVC 1.35~145

ABS 0.99~1.10

Palyester 1.38~1.39
PC 1.2

Nylon 66 1.13~1.15
Teflon 2.1~22

Source: "Polymer dictionary” by Taiseisha Co, Ltd {1970

Plastic products

Polymer composition

Density (kg/L)

Characteristics: Density and Surface:Volume

Floats?

Facial cleanser micro-beads High-density polyethylene | 0.92-0.97 Yes
Soft drink bottle lid High-density polyethylene | 0.92-0.97 Yes
Polystyrene Polystyrene 1.04-1.10 Yes
PVC pipe Poly(vinyl chloride) 1.16-1.58 No
Shopping bag Polypropylene 0.90-0.91 Yes
Take-away food container Polypropylene 0.90-0.91 Yes

Source: 'Hidalgo-Ruz et al. (2012)

Aspect ratio
Volume
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Where are they found?
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Microplastic pollution is pervasive
Emerging research pinpoints atmospheric deposition as a mode of microplastic transfer to the western
United States. Mapping microplastic pools (water, land, organisms) and fluxes (arrows) will guide delineation
of the global microplastic cycle.
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How do we collect | Sampling _ [ZTYe ")
them: Water . Bongo net

TR i,
U 1y "
1Y) L
)

* Nets

 PROS: you can sample large
volumes of water, skim the
surface of water bodies, you can
do vertical integrations

CONS: you are limited to size
studied by mesh size, you can
loose particles through mesh
(especially fibers), you need to
separate the plastics from the
biological (problem in coastal or Neuston net
upwelling areas). Hard to do in B

shallow water. Possible o LT, g

contamination from net. S :




How do we collect
them: Water

 Water Grab

* PROS: clean samples, whole water, can sample
shallow water and places boats can’t go

* CONS: limited sample volume, depth is not clear.




How do we collect
them: Water

Pumps
* PROS: you sample a large volume of water.
* CONS: need to filter water through a mesh and at speed- can loose particles. Possible
contamination & need for digestion.
Niskin Bottles
* PROS: whole water, can collect mid-water depth, know the depth

* CONS: limited sample volume. Possible contamination from the gear.




Cirnls Sample Meislom Nel Raniple

Table 1 Total microplastic pieces per liter (mean + standard devia-

. 3
tion), date and number of samples collected o —
Grab sampling Neuston net sampling
Date N Mean + SD N Mean + SD
n
10/6/14 6 34+36 2 0.003 + 0.002 Tt Toidd
10/13/14 57 10 £ 5.2 2 0.003 £ 0.003 e il
Codar Qo
10/28/14 6 19 +11 2 0.008 + 0.007 T e
Total 17 5.9+ 44 6 0.005 + 0.004

“ N =5 o0n 10/13/2014 due to sample loss during laboratory processing.

Water vs Net




Microplastics (m)

313
Net size (pm)

Sl

Net Size




How do we collect t
Sedi

PROS: You get all particle present

CONS: You need to separate the plastics
from all the particles, need to dry the
sample.

Sieve
* Pros: easy, cheap

* Cons: need to manual separate
from other things,

Density Gradient
* Pros: small subset of the sample

* Cons: test for recovery, increased
chances of contamination, limited
by visibility and or the density of
the solution, doesn’t remove the
inorganics or organic particles that
are either the same size or density.




Sediment Analysis




How do we
collect them:

Biota

Digestion
Enzymes, H202, Acids
Dissection
Organism, Scat, Organ, Stomach

Summary diagram

r

Dissection (

Stomach caontent
digestion

MallO+HMNO,

Filtratiaon

Ultrasanic
bath

Centrifugation

MeQH+AP on slide

‘/ extraction \\ _
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ldentification

e Appearance
e Hot needle

Spectroscopy

e FTIR
e Raman




HOt need |e e https://www.youtube.com/watch?v=PTgHmYSZXYI

example



https://www.youtube.com/watch?v=PTqHmYSZXYI

Processes that make Secondary Microplastics
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Part 2: Why do we care about plastics?

Palymer Product types
Primary
pp Pre-production pellets
LDPE Personal care products.
HDFE indhstrial abrashies
el Agricultural materials Marphol E:I,E.Tr
it Md-H-WH Beverage bottles ey Orange Eco-toxi
PET Plasticizers Carry bags Size Fiber 9 -toxins
Ps Colorants Construction materials Fiber bundle PAHS
ABS Reinforcements Conlainers <Emm Fragment BT'*"' PCBs
PMMA Fillers Clothing Sphere o e DoT
X Cutlery O whiite
POM Flame retardants £l | Nano Pellet Heavy metals
PET Stabilizers m‘!m‘“"k' e ;?ng Film White PBDES
PC Film Foam Sy =
PA Fumibure Blue
SAN Insulation Green
PEEK Mattresses
Meadical
=
Fipes
re= Taxtiles
Toys
Tires

i Not All Plastic Is The Same

Environmental Toxicology and Chemistry, Volume: 38, Issue: 4, Pages: 703-711, First published: 25 March 2019, DOI: (10.1002/etc.4371)

Rethinking microplastics as a diverse contaminant suite



What can ingested microplastics do?

Subcellular Cellular Ind|V|duaI Population/Ecosystem
. : Reduced fecundlty & fertility Altered Behaviors
Changes in Gene Expression At
_Sex determination ﬁ\?::ixitsizfss Reduced Growth Altered Population Structures
Changes in Enzyme Activity ?Iter.edIEnergetics & Behavior Altered Habitats
urviva

Oxidative Damage

“Cocktail” of Chemlcal Contamlnants

phthala t
PBDEs cﬁ M thyl

PAHs




. Polyps readily ingest microplastics
Why does it matter? |

o “Full” Gut
** Reduced Feeding
¢ Change{IMPLICATIONS:

- Animals may stop feeding or may
choose the plastic or choose to eat a
different size food. This can lead to

mp eggs consumed

trophic transfer or possible .
starvation. ]
= ﬁﬁa“* f‘ﬁ & fé’ #J-ﬁ
Treatment Treatment

B0 min feeding sxposuns (15 min feeding expasure]

Rotjan, et al. 2019




Why does it matter?

*** Physiology

Bay Scallop Larvae: Lipid:Body Ratio Initially and

After 24 Exposure

0.70

“* Reduced Growth 50 I I
8 0.40 e

** Increasé
*** Change:

IMPLICATIONS:

- Animals may be smaller which can
mean they are susceptible to disease
and may be smaller as adults so
worth less economically. Animals
may have development issues.

GEM PSB+G

C. Major thesis

0 ——
Day 1 Day 2 Day 3 Day 5 Day 7 Day 9
== A (Contro ) == B (2,000 microfibers/L) C (20,000 microfibers/L)
D (200,000 microfibers/L) === E (2,000,000 microfibers/L) === F (20,000,000 microfibers/L)

C. Tobin Dissertation



Why does it matter?

** Fecal Pellets / Pseudofeces
s Decreases Densitv

< Incre| IMPLICATIONS:
- Decreased carbon export — reduced
biological carbon pump. Less food for
deep sea animals. Concentrated plastiGy. e e
for suspension or detritus feeders.

| . g
_ 90 um Ay 100um
— (. P——

Coppock et a. 2019



Why does it matter? e

: s
*¢* Behavior 3 atsg
% SWi ' ' ' ' el
. IMPLICATIONS:
** Cons

MP trophic transfer

- Juvenile fish swim slower which means
they are more vulnerable which
increases trophic transfer. Shellfish
larvae exhibit constant swimming —
lose energy, grow slower.

Van Colen et al. 2020

Qiang & Cheng 2019



Why does it matter? . Sresaueeos

** Chemical Leaching o o
0:0 P|ast'r‘i7nrc ? \\

& Adsol IMPLICATIONS:

- The leaching can cause cellular damage
leading to development issues or sex . exposure
determination or organism death or
slower growth. This could affect the
population and its role in the ecosystem. \0
This could also be passed up the food

chain.

N

<. Major Thesis




Why does it matter?

INGESTION

%* Biofilms
** Diseas
o Gut M

IMPLICATIONS:

- Harmful bacteria can be ingested
and passed through the food chain.
Animals can die from the ingested
bacteria.

Rotjan et al. 2019



Why does it matter?

TROPHIC TRANSFERS

¢ Bioaccumulation L‘a —
IMPLICATIONS:
- Plastic is potentially transferredjy '~

up the food chain, possibly all
the way to humans. Chemicals
can also be passed along.




Potential Risk
IS related to

exposure

[Zoom out (Ctrl+Minus)|

. g
Microplastic
formation -

® ’ g
Biofoulin
* .

Contaminant
sorption

’i‘,” Trophic

transfer

2

Skinirritation

Respiratory
problems

Cardiovascular
disease

Digestive problems
Reproductive effects

Cancer

Fig. 3. Potential health effects resulting from the bioaccumulation and biomagnification of
microplastics and chemical contaminants in the human body.

Carbery, et al. 2018 https://doi.org/10.1016/j.envint.2018.03.007
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Fig. 3. Worldwide measured environmental concentration (MEC) and pre-
dicted no-effect concentration (PNEC) distributions in part m > for ma-
rine habitats.

Adam et al. 2021, Aquatic Toxicology 230: https://doi.org/10.1016/j.aquatox.2020.105689



https://doi.org/10.1016/j.aquatox.2020.105689

EXposure vs

Risk

V. Adam et al.

Aquatic Toxicology 230 (2021) 105689

==t

PET
9% -
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Fig. 6. A: Comparison of polymers found in the environment (exposure dataset) and polymers used in ecotoxicity assays (toxicity dataset). B: Comparison of MP

shapes found in environmental samples (exposure dataset) and used in ecotoxicity assays (ecotoxicity dataset). PE: polyethylene, PP: polypropylene, PS: polystyrene,
PET: polyethylene terephthalate, PVC: polyvinyl chloride.

Adam et al. 2021, Aquatic Toxicology 230: https://doi.org/10.1016/j.aquatox.2020.105689
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Anthropocene
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