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Outline

* Defining microplastics
* Why they are a problem

* How they are being studied
in Tampa Bay

* Results from a recent study

 Future work
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What is plastic?

* Petrochemicals (98%)

* Plasticity = malleable ~~'~550

POLYMERIZATION

}
» Durable, lightweight, MOHOMER 0:0,00.0,0
CHEAP 'i' 'i' 'il 'i' 'i‘ .i' 'i' ? POLYMERI;:’:':'-:)':\NJER »
* “Synthetic polymers” Ezﬁ k3 Ezf. Ezﬁ
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PETE HDPE PVC LDPE PP PS OTHER

High-density Polyvinyl Low-density
polyethylene chloride polyethylene

Polypropylene Polystyrene \
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5




Plastic “end of life”?

Reported Environmental Lifetimes

Years 1T 100 500 1000 5000 Forever
N

Plastic Bottle 54
Styrofoam
Cup 43
Diaper 43
Plastic Bag 43
Fishing Li s

ishing Line s 37
Six Pack Ring (A 26

LDPE

Z | A
Plastic Straw _ > 7‘;,5,;.,5 9
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Plastic

Duan et al., 2021




Plastic & microplastic

“
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Microplastics (MPs) defined

Classification of plastic litter~
’f

<1pm 5 mm M >Im

Alexander Kunz (Microplastic Research in Taiwan)




THE RELATIVE SIZE
OF PARTICLES

From the COVID-19 pandemic to the U.S.
West Coast wildfires, some of the biggest
threats now are also the most microscopic. .

A particle needs to be 10 microns (um) or FINE BEACH SAND 90um »

less before it can be inhaled into your )
respiratory tract. But just how small are 4 e
thete speciar GRAIN OF SALT 60um >
Here's a look at the relative sizes of

some familiar particles ¥

HUMAN HAIR 50-180um

FOR SCALE

WHITE BLOOD CELL 25um »
GRAIN OF POLLEN 15um »
DUST PARTICLE (PM1o) <10um >

RED BLOOD CELL 7-8um »

RESPIRATORY DROPLETS 5-10um » Q.. Pollen can trigger allergic reactions
@ Qoo and hay fever—which 1in $
DUST PARTICLE (PM2.s) 2.5um > \0 . ’ m-.xmmmmryym

\
\ The visibility limits for what the naked

BACTERIUM 1-3um> W~
X eye can see hovers around 10-40um.

WILDFIRE SMOKE 0.4-0.7um

CORONAVIRUS 0.1-0.5um x. . ' JI

T4 BACTERIOPHAGE 0.225um » .\
ZIKA VIRUS 0.045um > » . T

7 = o \_, Wwildfire smoke can persist in the air for

several days, and even months.

Respiratory droplets have the potential
to carry smaller particles within them,
such as dust or coronavirus.

"o »
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Small particles, small problems?

*Organological level

-Uptake, transport, invade
to vital organs }

-Histopathological features |

a Plastic continuum Frosion and

#.Cell oxidative stres
fragmentation :

b
*Histological level
Plastic pFDdUCtS Plastic d -physical damage

-Inflammatory response

-Lysosomal membrane stability
n 9 ——— =m
<A @% *Physiological metabolism %
o -Filtration

&\ -Accumulate sink channels {

Filter-feed to organs and tissue
Adhere to shell cavity or foot

Fuse to byssus
S & ———— —. - ;W

-Ingestion A\ 2 “Individual level
-Excre‘t::)ll . -~y & -Growth
. : Ingestior| *Triggered response \ 'y -Development
b Species continuum Sorting B’ Reproduction

Filtration adjustment
Particles selection

e A o d 4 1 _Cleanin
—== | &7 €7 g
w W N Pseudofeces

Larger particles retain
-Regulation

Fish Physiological homeostasis
Energy compensation

Toxic effects




From organisms to
ecosystems

Microplastic

Ingestion
Uptake across membranes
Release of co-contaminants

< v >

6\5’{.0'? c demaﬂd lf'l:geSﬁD

Biological Level of biological
endpoints  organization

B Chemicals of concemn
. Less hazardous
Not hazardous
M Under development
No data

[ Globally regulated
 Not regulated

Monclus et al., 2025

Galloway et al., 2017



Microplastic is ubiquitous-

Cellulareffects

> —

Brain
4,917 pg ml™
Particle size range: 100-200 nm

Blood
11 pug ml™-80 pg ml™ / 2 MPs g™'-114 MPs g™
Particle size range: 0.3-3,000 pm

Lunq
0.56 MPs g™'-1.19 MPs g~
Particle size range: 1-2,475 pm

Liver
433 pgml?/3.2MPs g7
Particle size range: 0.4-30 pm

Kidney
404 pg ml™/ 26 MPs
Particle size range: 0.4-29 pm

Colon
281MPs g™
Particle size range: 800-1,600 um

Placenta
126.8ugml™’/052MPs g -18 MPs g™/
Particle size range: 5-300 um /L

Testis
328.4 pg ml™'/ 11.60 MPs
Particle size range: 22-287 pm

Brain cells
1™ OS, disruption BBB
Vv Gene expression crucial for neural progenitor development

Blood vessels o
™ OS, cytokines, GT S
v CV

Lung cells
™ OS, DNA damage, changes in MC, death, disruption LB =
¥ CV, OCR

| Liver cells
| ™ OS, death, cytokines, AST and ALT
4 CV, antioxidant molecules, proliferation

Kidney cells
\ ™ OS, death, LDH leakage, cytokines
|V CV, proliferation, disruption KB &

Intestinal cells
1™ OS, cytokines, disruption IB, DNA damage
¥ CV, mitochondrial depolarization

Placental cells '
1 Death, LDH leakage, metabolic activity, DNA damage
¥ Proliferation, trophoblast migration and invasion

Ovarian cells
1 OS, death, cell cycle arrest
{ Proliferation, MMP, antioxidative markers

GRID-Arendal,d2h#@¢g et al., 2026



Microplastics in Tampa Bay

Microplastic Sampling Stations in Tampa Bay

* Surface water and bay sediment

1 MPs/L in water
* 280 MPs/kg in sediment

film st il e

e Stormwater ponds =

 Ranged from 0-56 MPs
« 3-203 MPs/kg in séd

a: Type of microplastics: Discrete samples.

BrookBleEath2(é& al., 2019




Microplastics In organisms In
Tampa Bay

£
Oysters ~ Manatees

73% MPs present
14 MPs/oyster MIis/ kg wet weight
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Microplastic transport in
Tampa Bay

 Tampa Bay has high

Long-range
atmospheric ¢
transport 6480,

- bo ¢
¥ o ¢
Atmospheric 4

concentrations of

microplastics, but where are Terrestrial

] evironment | deposition to ocean
they coming from? Oceanic
. . back to
* Hillsborough River atmosphere

e 1 ton plastic/yr
 Atmosphere?

Xiao et al., 2023 Haberstroh et al., 2021



Moccasin Lake Nature Park

Munro St EPC Site

New Port Richey

At o

: -~ 5
Holiday = ™
.‘.“

Hillsborough
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Palm Harbor
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Hurricane ldalia forms...

Sampling site

Sample | Sample Sampling | Sampling | Moccasin | Weedon | Munro | HCC Hills.
name collection | period period Lake Island Street | Brandon | River
date (days) (hours) State
Park

1 08/08/23 7 168 X X X X X

2 08/15/23 7 168 X X X X X

3 08/22/23 7 168 X X X X X

H1 08/28/23 6 144 X X X X

H2 08/29/23 1 24 X X

H3 08/31/23 2 48 X X X X

H4 09/05/23 5 120 X X X X X

4 09/12/23 7 168 X X X X X

9] 09/19/23 7 168 X X X X X

6 09/26/23 7 168 X X X X X

Hurricane |ldalia passes Tampa Bay

Sample collections affected by Hurricane Idalia




Sample processing




Is it plastic?
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Chemical imaging




Chemical imaging
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Microplastic characteristics
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Microplastic hurricane?

MP deposition rates over time vs =~

: s 2 : 2
... 90 average relative humidity Max: 95,456 MP/m</day
[
© -
5 80 > 25 %’?
NQ- 3 1204 E_)h
£ 700 ° =
o) > 105+ 2 o
g 0 % 5 Average:
§ 2
g s E 15 g 50,624 MP/m?/day
§ 40( g \ 3
S g ;8
g 30( % 23 3,\,
Q. = - .
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S <
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- = MP deposition rate

N
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Future work

21937 23819 20877  16.403
Sum = 83,806

Deposition rate = 855,173 particles/m</day
P T



Future work

Microplastic working group:
» Capacity building > monitoring
* Holistic look at Tampa Bay

Standardize methods and reporting

Identify sources and prevent pollution

Marine MPs and tire wear particles
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Background - Methods - Results - Future work

Reducing contamination

AirCleans0o
Workstation

AirCleant yatvm

31



Results =2

Recap: Deposition flux of atmospheric microplastics in Tampa Bay before,
during, and after Hurricane Idalia, 2023.

H1: High rates of precipitation increase atmospheric MP fallout by
colliding with and weighing down large MPs, hastening their
deposition.

v Prediction: Positive correlations between rainfall volume and both MP
particle count and MP particle size.

Relative humidity significantly correlated with MP deposition.

H2: Hurricane winds increase sea spray that can entrain marine
particulate pollution into the atmosphere, transport it long distances,
and deposit in new places.

v Prediction: Increase in diversity of polymer types and novel MP
community during Hurricane Idalia.



Background - Methods - Results = Future work

H1: High rates of precipitation increase atmospheric MP fallout by colliding
with and weighing down large MPs, hastening their deposition.

Table 3. Independent variables tested for correlation with deposition in MP particle counts/m?/day using
ordinary least squares regression. Significant correlations indicated by *. Tests that were significant after
Bonferroni correction indicated by **. Std error @ and Std error b refer to slope and intercept,

respectively.
Independent variable p-value R’ Std errora | Std error b
p-value Average percent relative humidity **0.003 0.69 1.0 76.0
0.05 -> 0.005 Rainfall volume in mm/m?/day *0.007 0.61 6.8 7.2
Average wind speed in knots *0.049 0.40 2.9 16.7
Average vapor pressure in Pa 0.496 0.06 0.0 126.1
Average wind direction in degrees 0.808 0.08 0.2 27.3
Average PM2.5 in ug/m? 0.501 0.06 5.2 40.2
Percentage of days with precipitation 0.453 0.07 0.3 13.5
Percentage of county area in drought 0.443 0.08 1.3 50.7
Maximum wind gust in knots 0.580 0.04 1.3 359
Average maximum wind speed in knots 0.213 0.19 1.7 24.5




H1: High rates of precipitation increase atmospheric MP fallout by colliding
with and weighing down large MPs, hastening their deposition.

Average particle size in um? over time
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Results =2

Recap: Deposition flux of atmospheric microplastics in Tampa Bay before,
during, and after Hurricane Idalia, 2023.

H1: High rates of precipitation increase atmospheric MP fallout by
colliding with and weighing down large MPs, hastening their
deposition.

v Prediction: Positive correlations between rainfall volume and both MP
particle count and MP particle size.

Relative humidity significantly correlated with MP deposition.

H2: Hurricane winds increase sea spray that can entrain marine
particulate pollution into the atmosphere, transport it long distances,
and deposit in new places.

v Prediction: Increase in diversity of polymer types and novel MP
community during Hurricane Idalia.



H2: Hurricane winds increase sea spray that can entrain marine particulate
pollution into the atmosphere, transport it long distances, and deposit in new
places.
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Background - Methods - Results = Future work

UFTIR FPA imaging with a Bruker LUMOS Il microscope

1 IR light from

Single Element Line Array Focal Plane Array
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H1: High rates of precipitation increase atmospheric MP fallout by colliding
with and weighing down large MPs, hastening their deposition.

MP deposition rates over time vs
MP deposition rates over time vs rainfall average relative humidity
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Polymers per sample
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THE RELATIVE SIZE
OF PARTICLES

From the COVID-19 pandemic to the U.S.
West Coast wildfires, some of the biggest
threats now are also the most microscopic. .

A particle needs to be 10 microns (um) or FINE BEACH SAND 90um »

less before it can be inhaled into your )
respiratory tract. But just how small are 4 e
thete speciar GRAIN OF SALT 60um >
Here's a look at the relative sizes of

some familiar particles ¥

HUMAN HAIR 50-180um

FOR SCALE

WHITE BLOOD CELL 25um »
GRAIN OF POLLEN 15um »
DUST PARTICLE (PM1o) <10um >

RED BLOOD CELL 7-8um »

RESPIRATORY DROPLETS 5-10um » Q.. Pollen can trigger allergic reactions
@ Qoo and hay fever—which 1in $
DUST PARTICLE (PM2.s) 2.5um > \0 . ’ m-.xmmmmryym

\
\ The visibility limits for what the naked

BACTERIUM 1-3um> W~
X eye can see hovers around 10-40um.

WILDFIRE SMOKE 0.4-0.7um

CORONAVIRUS 0.1-0.5um x. . ' JI

T4 BACTERIOPHAGE 0.225um » .\
ZIKA VIRUS 0.045um > » . T

7 = o \_, Wwildfire smoke can persist in the air for

several days, and even months.

Respiratory droplets have the potential
to carry smaller particles within them,
such as dust or coronavirus.

"o »
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Plastic production Plastic waste
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Plastic polic

»Eliminate single-
use plastics

» Ensure equity

» Increase recycling rates
» Producer pays principle
»Phase out incineration

» Study transport
> Remove from environment




Plastic future: SSP projections

Annual plastic production b Annual plastic waste generation © Plastics in use (stock)

-
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Packaging Building and construction Consumer and institutional products Textiles — T?)tatl.annual
plastic

Transportation Electrical/electronic Industrial machinery Other oroduction
Stegmann et al., 2022




Human

Brain*
U-FTIR: 5-21 MPs g™ (5.5 um)
Py-GC/MS: 4,763 ug g

Tonsil
LDIR: 6.03 MPs g™ (220 pm)

Lower airway*
y-Raman: 0.43 MPs ml™ (=5 um)
U-FTIR: 0.098 MPs ml™ (2140 um)

Atheromatous plaque
Py-GC/MS: 26,900 ug g™

Blood*
LDIR: 15.58 MPs ml™" (20 pm)
Py-GC/MS: 1.6 ug ml” (700 nm)

Lung*

LDIR: 14.19 MPs g (220 pm)

y-Raman: 2.84 MPs per sample (21.6 um)
SRS: 4.82 MPs per sample (20.65 um)

Gallstones#

LDIR: 12.69 MPs g™ (220 pm)
Py-GC/MS:14.56 ug g™

Large intestine*
LDIR: 7.91 MPs g™ (220 pm)
u-FTIR: 28 MPs g~

Small intestine

LDIR: 9.45 MPs g™ (220 um)

Testis*

Saphenous vein
Y-FTIR: 14.99 MPs g™ (27 um)

Aorta
Py-GC/MS: 76.26 ug g™’

Coronary arteries
Py-GC/MS: 156.5 ug g™

Heart
LDIR: 10-75504 MPs g™ (220 pm)

Kidney*
p-Raman: 1 MPs g™ (21 um)
Py-GC/MS: 666.3 ug g

Liver*
p-Raman: 3.2 MPs g™ (24 um)
Py-GC/MS: 456.3 ug g™

LDIR: 11.6 MPs g™ (220 pm)
Py-GC/MS: 328.44 ug g™

Bone marrow#

LDIR: 19.72 MPs g™ (220 pm)
Py-GC/MS: 51.29 ug g™

Lower limb joints
p-Raman/u-FTIR:
5.24 MPs g (11 um)

Placenta*

LDIR: 18 MPs g™ (220 um)
y-Raman: 017 MPs g™ (21 um)
Py-GC/MS: 126.8 ug g

Amniotic fluid
LDIR: 2.01 MPs g™ (20 pm)

Galloway et al., 2017




Plastic “end of life”?

£

Recycling Incineration

92 199

OECD Global Plastics Outlook, 202



Chemical
Fallout:

It’s rainin
plastic in
Tampa Ba
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PhD student
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