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Plastic Pollution

Literature
Review

1970s 60%
First reported In landfills, natural e
environment

type from 1950 to 2015,

“near permanent contamination of the natural
environment with plastic waste is a growing
Concern” (Geyer et al., 2017)

(Andrady, 2011; Du et al., 2022; Zettler et al., 2013)



Plastic Pollution

Literature * Entanglement, ingestion publicized

Review

* Microplastics, POPs

Unknown: The “Plastisphere”

“composition of the biofilm “studies of plastic-associated
community ... remains to be microbial communities are
investigated ...” (Eichetal, 2015) lacking ...” (zettler et al., 2013)

“very little is known about the

communities of microbes ...”
(Amaral-Zettler et al., 2017)

(Kirstein et al., 2019)



The Plastisphere

Literature

Review The distinct biofilm community that
selectively attaches to plastic surfaces

1. Pioneer organisms

2. EPS - Secondary colonizers

3. Community succession

(Dey et al., 2022; Zettler et al., 2013; Bamford et al., 2023; Davidov et al., 2020)



Diatoms

Literature
Review

Unicellular phytoplankton

Single cells or chains of cells

Frustule: Cell wall of hydrated glass

Raphe: Slit in frustule for movement

Centric Pennate
B <

““““““

Coscinodiscus Amphora Fragilaria
' i *400 ificati
Raph|d Araph|d x magnification

(Virginia, 2009; Fu et al., 2022; Spaulding et al., 2021)



Literature
Review

Diatoms

Supporting

40% of primary production
40% of carbon sequestration

Provisioning

Diatomaceous earth
Nanotech, drug-delivery

Regulating

Regulate carbon, nutrients,
protect microorganisms

Cultural

“revolutionized the
connection of science and
art”

(B-Béres et al., 2022)



Gaps

Literature GAP #1

Review

 Lack of plastisphere research

GAP #2

* “the consequences of plastics in freshwaters remains poorly known”
(Azevedo-Santos et al., 2021)

GAP #3

 Plastispheres reflect geography: none in Pacific Northwest (amaral-zettier et al., 2017)




Research Goal

Morphologically characterize and compare
the composition of diatom communities in
polyethylene terephthalate (PET) and
polypropylene (PP) plastispheres in
freshwater environments over a period of
five weeks.




Quasi-Experimental

1. Experiment Installation (Eich etal., 2015)
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Experiment Installation

* PET: Clear Ziploc bags

: Clear binder pockets
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Experiment Installation
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Sampling
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Crystal Violet Assay (CV)

(Lobelle & Cunliffe, 2011)

Optical density
Stain (1% w/v) measured at 595 nm

Crystal Violet




Diatom Characterization (DC)

Isolating, concentrating biofilm

T

PET 4.3 PP 5.3 PLYS 5.3 Hemocytometer, 100x mag.
400x mag.

WKS3 PET1




Analysis

Diatoms of North America

Diatom Groups Based on Morphological Features
Group Category Morphology Genus
G1 Centric Small, circular/rectangular frustule.
Circular frustule with radial striae organized into bundles. Spines on
G2 Centric valve margin. Stephanodisciss spp.?
Stephanocycius spp.? Lindavig spp.?
G3 Centric Circular frustule with radial striae. May have aerolae in center. Cyclotefio spp.?
Stephanocychus spp.? Lindavia spp.?
G4 Centric Circular frustule. No visible striae. Cyclotelia spp.?
G5 Centric Rectangular frustules. May grow in long colonies linked at valve face. Melosira spp.?
Rectangular frustule, diagonal symmetry. Mantle edge is recurve.
G6 Centric Long external tubes at mantle edge. Trieres spp.? Guinardia spp.?
G7 Centric Rectangular frustule. May grow in colonies. Aulacoseira spp.?
GS Araphid Ovoid frustule with transapical striae. May grow in chain colonies. Pseudostaurosira spp.?
G9 Araphid Rectangular frustule. Ribs with along both longitudinal sides. Diatoma spp.?
G10 Araphid Rectangular frustule. Diatome spp.?
G11 Araphid Rectangular frustule that swells in center. Transapical striae. Diatoma spp.?
Fragilaric spp.? Tabelaria spp.?
G12 Araphid Frustule narrows to slender point. Cells form band-shaped colonies. i spp.?
G13 Araphid Frustule gradually tapers to a slender point. Fusiform. Fragilaria spp.? Ulnaria spp.?
G14. Araphid Slender, rectangular frustule with transapical chloroplasts. Nitzschia spp.? Synedra spp.?
G15 Araphid Pointed ellipsoidal frustule. Transapical or lateral chloroplasts. Synedra spp.?
G16 Araphid Ellipsoidal frustule. Fusiform. Synedra spp.?
Rectangular frustule that swells in center. Longitudinal channel.
G17 Araphid Fusiform. Synedra spp.? Thaiassionema spp?
G18 Araphid Rectangular frustule. Longitudinal channel. Fusiform. Synedra spp.? Thalassionema spp?
G19 Araphid Rectangular frustule. Fusiform. Synedra spp.? Thaigssionema spp?
G20 Araphid Rectangular frustule. Fusiform. Synedra spp.? Thaiassionema spp?
G21 Araphid Rectangular frustule with striae extending across central canal. Synedra spp.?
G22 Araphid Rectangular frustule. May grow in zig-zag chains. Synedra spp.?
Forms stellate colonies, attached by mucilage pads at end.
G23 Araphid Symmetrical to apical axis. Asterionella spp.?
G24. Symmetric Biraphid Ovoid frustule with raphe, interrupted in center. Amicula spp.?
G25 Symmetric Biraphid Ovoid frustule with raphe. Caponea spp.?
Ellipsoidal frustule, striae reach towards longitudinal canal (do not
G26 Symmetric Biraphid continue across entire valve). Biremis spp.? Pinnufario spp.?
Ellipsoidal frustule, longitudinal ribs appear to have slits with a small
G27 Symmetric Biraphid central area. Forms a point at valve ends. Craticula spp.? Frustulio spp.?
Oblong frustule with transapical striae. Longitudinal canals around ~ Muelleria spp.? Neidiopsis spp.? Pinnularic
G28 Symmetric Biraphid raphe. spp.?2
Navicule spp.? Keboyasielle spp.?
G29 Symmetric Biraphid Ellipsoidal frustule coming to an abrupt point. Mastogioia spp?
G30 Symmetric Biraphid Frustule comes to a slender point. Fusiform.
G31 Symmetric Biraphid Pennate diatom. Swells in center.
G32 Asymmetric Biraphid Rounded frustule taperingto a point on one end. Gomphonema spp.?
G33 Asymmetric Biraphid Rounded frustule tapering gradually to a point on both ends. Gomphonema spp.?
Pennate diatom, frustule swells at center, headpole is broad and
G34 Asymmetric Biraphid ends abruptly ina point. Gomphonema spp.?
G35 Asymmetric Biraphid Triangular frustule Rhoicosphenia spp.?
G36 Asymmetric Biraphid Frustule is wedge shaped, striae extend to raphe. Amphera spp.? Cymbelio spp.?
G37 Asymmetric Biraphid Frustule is wedge shaped, striae extend to central canal(s). Amphora spp.? Cymbelia spp.?
G38 Asymmetric Biraphid Ellipsoidal frustule with interrupting central canal. Amphora spp.? Cymbelfa spp.?
G39 ic Biraphid Crescent frustule with striae.
G40 Nitzschioid Oblong frustule with transapical striae. Denticula spp.?
Pennate diatom, frustule narrows towards center. Has a raphe, Tiybllonelta spp.2
G4l Nitzschioid transapical chloroplasts.
Other These organisms appeared multiple times among samples but were
G42 unidentifiable.




Crystal Violet Assay (CV)

Crystal Violet Biofilm Quantification: Optical Density at 595 nm
Week Date Days PET1 PET2 PET3 PET Mean | PETSD PP1 PP2 PP3 PP Mean| PPSD
0 3/20/2024 | 0 (Control) 0.8 0.41 N/A N/A N/A 0.25 0.24 N/A N/A N/A
3 3/25/2024 21 0.29 0.12 6.6 2.3366667 | 3.693133 0.12 0.16 0.31 0.196667 | 0.100167
4 4/1/2024 28 0.25 2.2 0.3 0.9166667| 1.11168 0.08 0.37 0.17 0.206667 | 0.148436
5 4/8/2024 35 4.8 3.4 0.33 2.8433333| 2.286402 0.18 0.51 0.67 0.453333 | 0.249867
PET and PP: Crystal Violet Optical Density at 595 nm PET p-values PP p-values
Two-Sample t-test, a = 0.05 Two-Sample t-test, a = 0.05
® PET ® PP eeeeenens Expon. (PET)  seeeeeeee Expon. (PP) WK3 - — WK3 - -
7 p\ 0.8 0.5801 0.9282
6 0.7
* WK4 - 08516 WK4 - 0.2099
5 + 0.6
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Diatom Characterization (DC)
1849 Images

Frequency of Diatom Morphologies by Plastic Type

I Symmetric Biraphid Asymmetric Biraphid Nitzschioid Iunknuwn

G24 | G25 | G26 | G27 | G28 | G29 [ 30 [ @31 | 632 [ G33 | 34 | G35 | G36 | G37 | 638 | G39 | G40 | Ga1 ‘ G42

| 2/3 Samples | 3/3 Samples *Only one sample was taken for WKQ FW. Presence of a diatom group for FW is colored with a 3/3 indicator.

Araphid

Centric
G14 | G15 | G616 | 617 [ G18 | 19 | G20 | G21 | G2z

G4

G6 | G7 | 68 | 6o | G0 | G11

| 1/3 samples |

0/3 Samples |

Total Identified Morphological Groups per Category
B Morphological Groups

18
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Diatom Characterization (DC)

Diversity: % of 3/3 morph. groups present

Total

2/3 3/3 (3/3)/(Total) % PLYS, PET, PP
N/A 3 19.51% FW Most = least diverse
12 9 21.95%
6 11 PET _
4 13 Texture may play a role in
5 9 21.95% 3 diversity
7 4 9.76% &z; PP
Results, 8 6 14.63% 5 ]
Analysis c Y £8 5a% X Time r;a}c/ select for
6 23 56.10% s PLYS latoms
6 20 48.78% A




Diatom Characterization (DC)

Diversity: % of 3/3 morph. groups present

Total
2/3 3/3 (3/3)/(Total) %
N/A 8 0,519,

12 9

PLYS, PET, PP
FW Most > least diverse

% PET _
: Texture may play a role in

6 11
4 13
5 9 diversity
7 4 PP

Results, 8 6 14.63% ]

Analysis c Y £8 5a% Time r;a}c/ select for
6 23 56.10% PLYS latoms
6 20 48.78%




Diatom Characterization (DC)

No significant difference in plastics

Diatom Diversity by Plastic Type
Centric Araphid Symmetric Biraphid Asymmetric Biraphid Nitzschioid Total
2/3 | 33 | (3/3)/(Total) % 2/3 | 353 | (3/3/Total) % 23 | 33 | (3/31/(Total) % 23 | 33 | (3B3)Total) % 23 | 33 | (3/3)/(Total) % 2/3 3/3 | (3/3)/(Total) %

& wiko N/A 4 57.14% N/A 4 25.00% N/A 0 0.00% N/A 0 0.00% N/A 0 0.00% N/A 8 19.51%
WK3 1 3 42.86% 7 3 25.00% 2 1 12.50% 2 2 25.00% 0 0 0.00% 12 9 21.95%

Q«‘,\ WK4 4 0 0.00% 1 6 37.50% 0 2 25.00% 1 3 37.50% 0 0 0.00% 6 11 26.83%
WKS 2 1 14.29% 2 7 43.75% 0 2 25.00% 0 3 37.50% 0 0 0.00% 4 13 31.71%

WK3 1 1 14.29% 3 3 18.75% 0 2 25.00% 1 3 37.50% 0 0 0.00% 5 9 21.95%

& WK4 2 0 0.00% 2 3 18.75% 0 1 12.50% 3 0 0.00% 0 0 0.00% 7 4 9.76%
WKS 2 0 0.00% 3 4 25.00% 2 0 0.00% 1 2 25.00% 0 0 0.00% 14.63%

WK3 0 5 71.43% 2 11 68.75% 2 3 37.50% 1 5 62.50% 0 0 0.00% 5 24 58.54%

Q\J;" WK4 0 5 71.43% 3 12 75.00% 2 2 25.00% 1 4 50.00% 0 0 0.00% 6 23 56.10%
WKS 0 5 71.43% 3 9 56.25% 1 2 25.00% 2 4 50.00% 0 0 0.00% 6 20 48.78%

*Only one sample was taken for WKO FW. Presence of a diatom group for FW is included in the 3/3 column.

Texture is a likely
confounding variable

Stronger relationship
between PLYS and
diatoms?

Results,
Analysis




Diatom Characterization (DC)

I H Frequency of Diatom Marples by Plastic Type I m
Centric raphid I Symmetric Biraphid Asymmetric Biraphid Nitzschioid Iunknuwn

G4 68 | 69 | 610 [ 611 | 612 [ 613 [ G1a [ 15 [ 616 | 617 [ G18 | 619 [ Gao [ G21 | G22 [ 623 | 24 | 625 [ G26 [ G27 | 28 | G2o [ 30 | @31 | 632 [ G33 | 34 | 635 [ G36 | @37 | 638 | G39 | Gao | Ga1 ‘ G42

||
| | 0/3 5amples | 1 | 1/3 samples | | | 2/3 samples | *Only one sample was taken for WKO FW. Presence of a diatom group for FW is colored with a 3/3 indicator.
Araphid
* G12: Fragilaria spp.? Tabellaria spp.? Microtabella spp.?;
* G14: Nitzschia spp.? Synedra spp.?;
* G15: Synedra spp.?; .o
. G22: Synedra spp.? Substrate unspecific core
of species

Symmetric Biraphid
Results, * G29: Navicula spp.? Kobayasiella spp.? Mastogloia spp?
Analysis

(Kirstein et al., 2015; Zettler et al., 2013)

Asymmetric Biraphid

* G36: Amphora spp.? Cymbella spp.?;
* G37: Amphora spp.? Cymbella spp.?;
* G38: Amphora spp.? Cymbella spp.?




Diatom Characterization (D

PET i i 3/3 Centric PET i 3/3 Araphid PET | 3/3S. Biraphid
i (across all times) i (across all times) across all times)
PP i LRS- PP B S PP i
PLYS i PLYS PLYS i
w | w o | a1
G1 G10 G21 G25
G6 G26
G2 (& G20 G17
o7 619 o
G5 G2z 612 G24
o3 G15
G14 G29
G16
G3 G18 G27
G8
G13
G11 G30 G28
PET ) 3/3 A. Biraphid PET f 3/3 Nitzschioid
i (across all times) i (across all times)
PP i 0 S PP B S
PLYS i PLYS
FW
G32 G40

634 Ga1 No groupS unique to

Results,

Analysis - PET, PP
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Implications

Biofouling = Density
Removes nutrients, photo-oxidative degradation
unlikely, shifts biogeochemical cycles

Core group, divides = New ecological niche
Plastisphere impact evolves over time, affects
biodiversity

Conclusion

(Andrady, 2011; Fu et al., 2022; Virginia, 2009; B-Béres et al., 2022; Zettler
et al., 2013; Amaral-Zettler et al., 2015; Bamford et al., 2023)




Limitations

General

* Uncontrolled variables: temp,
salinity, pH, texture, etc

Crystal Violet Diatom Characterization
* Imprecision: Pasteur e Potentially missing
pipette, 5 mL wash plastic-specific microbes
* Varied PET texture * Inexperience, lack of

resources = bias

Conclusion

(Dey et al., 2022; Kirstein et al., 2015)



Next Steps

* Thorough biofilm quantification method
* Pressure wash to isolate plastic-specific (Kirstein et al., 2015)
* |solate plastic type variable in controlled environment

* Genetic sequencing, machine learning to identify species
 Studies of several months
* Education with diatoms

Conclusion
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