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Dwayne told me to tell my story. It is a story with
several twists and turns. It all began with
something Canadian.
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These are syenite, likely from near Marathon, ON.
They contain sodalite with some sulfide content.
Transported by glaciers, | find them. i3 hig

at night. o

visible light
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The filter is important. It gets rid of stray visible
light making fluorescence much easier to see.

visible light
filter
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UV light
(365 nm filtered)




FLUORESCENCE

invisible
UV light
more e_:n_erge_tic |Sib|e
than visible light .
light

light you can’t see
turns into visible light
MJPhD
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OPTICAL BRIGHTENERS
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OPTICAL BRIGHTENERS

visible light

water only water with a
couple of drops
of laundry
deter




OPTICAL BRIGHTENERS

water only

UV light
(365 nm filtered)

water with a
couple of drops
of laundry
detergent
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UV light

(365 nm filtered)
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OBX BEACH SAND




OBX BEACH SAND

UV light

(365 nm filtered)




OBX BEACH SAND

Overlay




UV light

(365 nm filtered)
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(365 nm filtered)

UV light
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UV light

{365 nm filtered)
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Get a sample of water.

Filter out the small particles.

View/count the particles.
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‘Water Research 155 (2019) 410 422

journal hamepage: www.elsevier.com/locate/watres

Contents lists available at ScienceDirect

Water Research

Review

Microplastics in freshwaters and drinking water: Critical review and mn
assessment of data quality e

Albert A. Koelmans **, Nur Hazimah Mohamed Nor ?, Enya Hermsen °, Merel Kooi ?,
, Jennifer De France

Svenja M. Mintenig

tic Ecology and Water Quality

f

CHE

b, ¢

d, =*

ARTICLE INFO

ABSTRACT

Article history:

Received 27 November 2018
Received in revised form

25 February 2019

Accepted 26 February 2019
Available online 28 February 2019

Keywords:
Microplastics
Drinking water
Waste water
Surface water
Human health

Microplastics have recently been detected in drinking water as well as in drinking water sources. This
presence has triggered discussions on possible implications for human health. However, there have been
questions regarding the quality of these occurrence studies since there are no standard sampling,
extraction and identification methods for microplastics. Accordingly, we assessed the quality of fifty
studies researching microplastics in drinking water and in its major freshwater sources. This includes an
assessment of microplastic occurrence data from river and lake water, groundwater, tap water and
bottled drinking water. Studies of occurrence in wastewater were also reviewed. We review and propose
best practices to sample, extract and detect microplastics and provide a quantitative quality assessment
of studies reporting microplastic concentrations. Further, we summarize the findings related to micro-
plastic concentrations, polymer types and particle shapes. Microplastics are frequently present in
freshwaters and drinking water, and number concentrations spanned ten orders of magnitude (1 x 10 2
to 10® #/m?) across individual samples and water types. However, only four out of 50 studies received
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but not at
the surface
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SILK SCREEN FABRIC AS FILTERS
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slide
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showing
traced
outline of
funnel on
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SAMPLING STEPS

A Use masking tape to make microscope slide sandwich leaving one side open

A Open slide sandwich

A Rinse funnel with sample

A Dry tip

A Pull filter mesh around tip

APush retainer over fabric snuggly ens
A Pass 100 mL of water through funnel

Alf filtering slows or doesnodot flow, u
A Carefully remove retainer

A Place on filter paper to dry

A Put in on slide and close the sandwich
A Outline funnel tip on slide with marker

MJPhD



UV light

(365 nm filtered)
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Thanks to Henry Lecaptain for 3D printing the filter holder.



FLAWS

ASpeed at the expense of perfect accuracy
A Sampling challenges can dramatically shift results

AFluorescence emphasizes some materials while ignoring
others
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Yellow Fluorescent PET
365 nm UV Light
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Finding new ways to look at the world can yield interesting
results.

Plastic particles are everywhere.

Sampling may help identify areas where something can
be done.
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Getting Flawed Paper

Retracted
et |

Microplastic Ingestion
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'A new study by the
- O University of Newcastle,
Tl w258 Australia suggests that an
; “$<521  average person could be
: @ ingesting approximately 5 grams
| of plastic every week. The

equi val ent of a
NO PLASTIC IN NATURE: worth of microplastics. This

ASSESS'NG PLAST'[ summary report highlights the
INGESTIUN FROM key ways plastic gets into our

body, and what we can

NATURE TO PEOPLE do about it

AN ANALYSIS FOR WWF BY

-----
NEWCASTLE

wwfint.awsassets.panda.org/downloads/plastic_ingestion_web_spreads.pdf
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wwfint.awsassets.panda.org/downloads/plastic_ingestion_web_spreads.pdf
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It took
you up to

to eat this
credit card

wwf.panda.org/wwf_news/?348337/Revealed-plastic-ingestion-by-people-could-be-equating-to-a-credit-card-a-week



wwf.panda.org/wwf_news/?348337/Revealed-plastic-ingestion-by-people-could-be-equating-to-a-credit-card-a-week
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Plastic ingestion by people could be
equating to a credit card a week

wednesday, 12 June 2019

Tweel Linkedin
Tweel ELnkeding,

A new study finds on average people could be ingesting approximately
5 grams of plastic every week, which is the equivalent weight of a
credit card.

The analysis No Plastic in Nalure: Assessing
Plastic Ingestion from Nature to People prepared
by Dalberg, based on a study commissioned by
WWEF and carried out by University of Newcastle,
Australia, suggests people are consuming about
2000 tiny pieces of plastic every week. That’s
approximately 21 grams a month, just over 250
grams a year

The University of Newcastle is the first to combine
data from over 50 studies on the ingestion of

microplastic by people. The findings are an important step towards understanding
the impact of plastic pollution on humans. It also further confirms the urgent need

Dr Thava Palanisami

www.newcastle.edu.au/newsroom/featured/plastic-ingestion-by-people-could-be-equating-to-a-credit-card-a-week


http://www.newcastle.edu.au/newsroom/featured/plastic-ingestion-by-people-could-be-equating-to-a-credit-card-a-week

: 2 REUTERS® World v Business v Markets v

Sustainability v More v =

World

. You may be eating a credit card's worth
of plastic each week - study

Reuters

Aa
June 1), 2019 9:29 PM EDT - Updated 5 years ago <

M J PI'I D www.reuters.com/article/us-environment-plastic/you-may-be-eating-a-credit-cards-worth-of-plastic-each-week-study-idUSKCN1TDO009/
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www.chn.com/2019/06/11/health/microplastics-ingestion-wwf-study-scn-intl/index.html
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http://www.cnn.com/2019/06/11/health/microplastics-ingestion-wwf-study-scn-intl/index.html
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per day

1/7 card = 710 mg
MJPhD



per meal

1/21 card = 240 mg
MJPhD



2.5 mg average particle to reach 5 grams.



wwfint.awsassets.panda.org/downloads/plastic_ingestion_web_spreads.pdf
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Journal of Hazardoos Materials 404 (3021 ) 124004

Contents lists available at ScienceDirect .
ST

Journal of Hazardous Materials

» @

,M.,_——'*j-":" W VIER journal homepage: www.elsevier.com/flocate]hazmat |

Research paper
Estimation of the mass of microplastics ingested — A pivotal first step h umans may
towards human health risk assessment .

Ingest 0.1-5 ¢

Kala Senathirajah ®, Simon Attwood ", Geetika Bhagwat ©, Maddison Carbery“, Scott Wilson ?,
Thava Palanisami ™

. .
* Global Innovasive Cerure for Advanced Nomomaseriofs{ GICAN), Faculry of Enginerring and Bullr Environmens, The Urhveraty of Newcastde, Callaghaen, NSW 2308 Of l I l I C ro p I aStI CS

Australio
b the World Wide Fund for Namre (WWF), 354 Tanglin Road, Singapore. Singapare

¢ Sehied of Frvironmerstal and Life Seiences, The Universily of Neweastle, Callaghan, NEW 2308, Al We e kI th ro u h
9 [epartment of Enviroamental Science, Mocquarte University, Sydney, Austrolic

ARTICLE INFO ABSTRACT Various

Keywords The ubiquitous presence of microplastics in the food web has been established. However, the mass of micro

Exposure pathways plastics exposure to humans is not defined, impeding the human health risk assessment. Our objectives were (o eX O S u re
Human healih

extract the data from the available evidence on the number and mass of microplastics from various sources, o

Ingesion . determine the uncertainties in the existing data, to st future research directions, and derive a global average rate

Microplastics " " " 22 " .

Plastic pollutian of microplastic ingestion to assist in the development of human health risk assessments and effective manage-

Risk ment and policy options. To enable the comparisen of microplastics exposure across a range of sources, data pa Ways
extraction and standardization was coupled with the adoption of conservative assumptions. Following the

analysis of data from fifty-nine publicaticns, an average mass for Individual microplastics in the (-1 mm siwe
range was caloulated. Subsequently, we estimated that globally on average, humans may ingest 0.1-5g of
microplastics weekly through various exposure pathways. This was the firgt attempe 1o transform mibcroplastic
coumis inbo 4 mass value relevant to human toxicology. The determination of an ingestion rate is fundamental o
assess the human health risks of microplastic ingestion. These findings will contribute to future human health
risk assessment frameworks.

https://doi.org/10.1016/j.jhazmat.2020.124004
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https://doi.org/10.1016/j.jhazmat.2020.124004

o B WL Table &
- s Sl Summary of the annual average number of microplastics (particles) ingested
—— (particles), and global average rate of microplastics ingested (g) per person per
VEar.
Source of ANMP e GARMI GARMI GARMI
particles (particles] (01 mrm) (0—1 mm] (0-1 mm})
Srenario | {g':l SCenareo 2 {g} Srenario 3 I_'g‘_l
Shellfish 9.445 26.4 LER 0.0
Salt 365 1. 7.4 142
BEeer 523 146 0.3 0.5
Drinking 01,9494 2575 0.0 o0
wWater
Total (per 102,527 287.0 7.7 14.7
year)
TOTAL 1,972 5.5 0.1 03
(PER
WEEK)
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https://doi.org/10.1016/j.jhazmat.2020.124004

0.02 credit cards worth

another model

one model
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pubs.ac.org/est

Lifetime Accumulation of Microplastic in Children and Adults
Nur Hazimah Mohamed Nor,* Merel Kooi, Noél ]. Diepens, and Albert A. Koelmans

Cite This: fnviron. Sci. Technal, 2021, 55, 5084~5096 E Read Online

883 particles per

ACCESS | [sd Metrice & More ‘ Article Recommendations @ suppornting Infermation

person per day
ABSTRACT: Human exposure to microplastic is recognized as a global Flastic soueces 12, s 1
problem, but the uncertainty, variability, and lifetime accumulation are ( il

unresolved. We provide a probabilistic lifetime exposure model for children @ () PO =

and adults, which accounts for intake via eight food types and inhalation, K@'/ /\\ 583 ng/perSOn/day

intestinal absorption, biliary excretion, and plastic-associated chemical
¥ patics 15 g

exposure via a physiologically based pharmacokinetic submodel. The ’

body tissue, and stool, the latter allowing validation against empirical data.

Rescaling methods were used to ensure comparability between microplastic @ | $weeees s /\’\
abundance data. Microplastic (1-5000 ym) median intake rates are 553 }_ ________ > Rt i oot

model probabilistically simulates microplastic concentrations in the gut,

particles/capita/day (184 ng/capita/day) and 883 particles/capita/day (583

ng/capita/day) for children and adults, respectively. This intake can irreversibly accumulate to 8.32 % 10° (90% CI, 7.08 X 10°-1.91
x lo‘r particles/capita or 6.4 (90% C1, 0.1-2.31 X 10%) ng/capita for children until age 18, and up to 5.01 x 10* (90% CI, 525 x
10°-9.33 X 10°) particles/capita or 0.7 (90% C1, 0.8—9.85 x 10%) ng/capita for adults until age 70 in the body tissue for 1-10 um
particles. Simulated microplastic concentrations in stool agree with empirical data. Chemical absorption from food and ingested
microplastic of the nine intake media based on biphasic, reversible, and size-specific sorption kinetics, reveals that the contribution of
microplastics to total chemical intake is small. The as-yet-unknown contributions of other food types are discussed in light of future
research needs.

https://pubs.acs.org/doi/full/10.1021/acs.est.0c07384


https://pubs.acs.org/doi/full/10.1021/acs.est.0c07384
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https://pubs.acs.org/doi/full/10.1021/acs.est.0c07384

Bert Koelmans makes

point that a we
ingestion is like a grain of

salt between chopsticks T

mere micrograms.
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Journal of Hazardous Materials Letters 3 (2022) 100071

Contents lists available at ScienceDirect

Journal of Hazardous Materials Letters

a human eats

] LSEVII |:.’ joumal homapage: www.sciencedirect.comfjournaljournal-of-hazardous-matarials-letters ’
= a credit card
Ingested microplastics: Do humans eat one credit card per week? E
N worth of MPs not
aran Fiel

Desigring Plastics and Campasite Materiais, Department of Polymer Engineering and Science, Mantanuniversituet Leaben, Ausiria every Week bUt
ARTiCLE NEO every 23

Keywords: Ingested Microplastic (MP) particles can harm the human body. Estimations of the total mass of ingested MP
Microplastics particles correspond to 50 plastic bags per year (Bal et al., 2022), one credit card per week (Gruber et al., 2022),

i d‘_i’rjb“ﬁm or a median value of 4.1 pgfweek for adults (Mo ed Nor et al., 20:21). The first two estimations are based on h n r
Ingestion an analysis (Senathirajah et al., 2021) that predicts a total ingested mass of MP particles m; yp of 0.1-5 g/week. .

Human bealth This work revisits and evaluates this calculation and compares its results and methods to Mohamed Mor et al.
(2021). Senathirajah combines data of averaged MP particle masses fiyp from papers that reported MP particle
sizes and MP particle counts nue in shellfish, salt, beer, and water based on other papers that detecred MP
particles. Combined with the estimated weekly consumption of those consumables, they compute my yp. This
work raises some seripus isswes of Senathirajah in the way they combine data and they obtained particle sizes. It
concludes that Senathirajah overestimates my yp by several orders of magnitude and that m; yp can be considered
as a rather irrelevant factor for the toxic effects of MP particles on the human body.

https://www.sciencedirect.com/science/article/pii/S2666911022000247?via%3Dihub
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GUESSING PARTICLE MASS

N i
' PE 0.92-0.97
) PP 0.88-0.91
npd PET 1.30-1.40

MJPhD
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mass (mg)
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for spherical particles
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Widely reported facts about environmental plastic and plastic
consumption are wrong.

Corrections of public perception and in the scientific
literature are challenging.

Plastic particles are everywhere.
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First-ever study finds 08 : uncovered h!gh levels or
cancer-causing chemicals = | cancer-causing,
in black plastic food- hormone -disrupting
contact items sold in the _ flame retardants

' chemicals in a variety of
household products
made with black

October 1, 2024

Highest levels of toxic flame retardants found in a spatula, sushi tray, Press co ntact

- Pal
and beaded necklace—likely the result of dirty plastic recycling | t
Stephanie Stohler, p a S I C S e
Toxic-Free Future urges the U.S. and states to ban poison plastics and sstohler@toxicfreefuture.org .
harmful chemical additives through the Global Plastics Treaty and t d t h ' ' I |
state policy To receive timely press releases and re ar an C e I C a‘ S

statements to your inbox, members of

SEATTLE, WA — A new peer-reviewed study in Chemosphere finds, for the the media can request to be added to We re fo u n d I n 85% Of

first-time, certain toxic chemicals in black plastic food-contact items sold in our press list.

the United States. Led by scientists from Toxic-Free Future and Vrije

Universiteit Amsterdam, the testing uncovered high levels of cancer- an alyz e d p ro d u Ct
causing, hormone-disrupting flame retardant chemicals in a variety of

household products made with black plastics including food serviceware,
kitchen utensils, and toys.

MJPhLD
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Chemosphere
Volume 365, October 2024, 143319 -
From e-waste to living space: Flame

retardants contaminating household items
add to concern about plastic recycling

Megan Liu ® 2 &, Sicco H. Brandsma b, Erika Schreder ®

https://doi.org 10.1016/j.chemosphere.2024.143319 A Get rights and content A

Refers to Response to the letter to the editor
Chemosphere, Volume 385, September 2025, Pages 144547
Megan Liu, Sicco H. Brandsma, Erika Schreder

Letter to the editor
Chemosphere, Volume 385, September 2025, Pages 144542
Mark E. Jones

Referred to by Corrigendum to ‘From e-waste to living space: Flame retardants

contaminating household items add to concern about plastic recycling’...
Chemosphere, Available online 3 July 2025, Pages 144552

Megan Liu, Sicco H. Brandsma, Erika Schreder
Corrigendum to ‘From e-waste to living space: Flame retardants
contaminating household items add to concern about plastic recycling’...

Chemosphere, Volume 370, February 2025, Pages 143903

Megan Liu, Sicco H. Brandsma, Erika Schreder




Harmful flame retardants (FRs) used in electronics were found in

black plastic household products—including toys and kitchen utensils —
likely due to recycled content.

Presumed FR Source FRs Detected * 17 out of 20 products analyzed contained 850/
brominated and/or organophosphate FRs. 0

* Most frequently detected compounds
included TBBPA, BDE-209, 2,4,6-TBP, RDP,

cq BDP, and DBDPE.
O / * [tems containing polymers used in electronics

had significantly higher FR levels.

TBBPA, BOE-209, 2 4 6-TBP, DBDPE, This study found ZFR concentrations ®, Toxic-Free e AR e
TTBP-TAZ, BDP, RDP, & TPHP are or have up fo 22,790 ma/kg in food servicaware, ‘\& FUTURE VU W *@ for Ll 1t st
been intentionally used in electronics hair accessories, kitchen utensils, and toys. v

MJPhLD



CALCULATION OF EXPOSURE TO BROMINATED FLAME RETARDANTS

A Measure concentration present in object
A Use correlation to estimate exposure

ACompare exposure to
such as EPA reference dose

A BDE 209, one of the earliest banned flame
retardants, became a focus

Br Br
Br O Br

BDE-209

Br Br Br Br

BDE-209 1 decabromoether - commercialised in theg©70s. Nowgfecognised
as a hazardous and persistent pollutant under 2017 Stockholm Convention on
Persistent Organic Pollutants meaning that treaty members must eliminate its

production and use.

MJPhD



203 total items: 30 hair accessories, 28 food service, 36 toys, 109 kitchen items

MJPhLD



















































