Penny providing scale for size of microplastics found in the Great Lakes. Photo Credit: 5Gyres.



PRESENTATION FLOW

History

Microplastics characterization
Context through local research
Reactions, strategies, BMPs
Moving forward, next steps



PLASTIC HISTORY

e Plastic “invented” in 1850s in Europe

By 1860, in U.S.

1897 formaldehyde resins

* 1930-1940 PVC, LDPE, polystyrene, and others

 End of WW2 “light and durable” plastics are in
high demand
— Tupperware 1946
— LIFE magazine “Throwaway Living” 1955

e US plastic production has grown 7.7% annually
(on-average) since 1940



Throwaway Living

DISPOSABLE TTEMS CUT DOWN HOUSEHOLD CHORES
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THERMOHALINE CIRCULATION




5 GYRES




MICROPLASTICS?

* Plastic particles are generally defined as smaller
than 5mm in size

* Primary: manufactured as a microplastic (beads,
pellets, spheres, textiles)

— Sources: MS4, CSO, WWTP effluent, atmospheric
deposition (29-280 particles/square meter/day),
overland sludge application, nonpoint

e Secondary: result of larger (meso) plastics
breaking-down into smaller fragments

— Sources: MS4, CSO, nonpoint

Gasperi et al., 2015; Zubris and Richards, 2005



PRIMARY MICROPLASTICS

Personal care and cosmetic products (PCCPs)
Textile fibers

Bead blasting boat hull & engine parts
Pre-production pellets (nurdles)
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Deodorants
Shampoos
Conditioners
Shower gels
Lipsticks

Hair colorings
Shaving creams
Sunscreens

Insect repellants
Anti-wrinkle creams
Moisturizers

Hair sprays

Facial masks

Baby care products
Eye shadow
Mascara

1-90% of total product!

UNEP, 2015

PARTICLE SIZE RANGE

1-1000X10*m

Microbead
Microspheres
Microcapsule

Nanospheres/capsules

1-1000X10*m
1-2X10%m

10 - 1000 X107 m
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Slicred i 2 aboratory fe detormine the prownce

of microbeads. The products contaimed plastic
microbeads in differvet quantitios sad of &ffer.

ent sioew, shapes and colors, us shown by the viad

of microbeads to the bl of cach product.

a0 oot S of New Tt

100 of B Aoy Lrinw )

Varom personal care prodocts sed over the
cosnler drugs Bating “polyethylene™ or “poly -
propylene™ as sm lngredient contain plastic
micrubends of dfffcrvat soes, shapes, colors, and
quantities. Johunon & Jobmson, the maker of the
Nevtrogena prodect pictured, has volustanily
comumoticd to phasieg oet plastic microleads as
o ingrodecnl iy prodhects.

1% somdie SCyym)



Photo Credit: Institute of Marine & Environmental Research of Aegean Sea

* PerBowneetal., 2011:
* Domestic washing machine effluent can produce > 1900 fibers per wash
* Polyester, acrylic, polypropylene, and polyamide all found in WWTP effluent
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Photo Credit: Dynamic Co.



Photo Credit: Premier Logistics Solutions



SECONDARY MICROPLASTICS

MESO -> MICRO



Dutch Kills Photo Credit: queens.brownstoner.com
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Dutch Kills Photo Credit: queens.brownstoner.com




Photo Credit: Wikipedia



ENVIRONMENTAL IMPACT

Toxins migration
— Source and sink (EPA)
Species ingestion
— Over 600 species (microorganisms to whales) have ingested
aquatic plastic pollution (UN)
* Newest: phytoplankton species and corals
— Last month, UC Davis study 25% fish for human consumption w/
plastic in gut

— Toxins desorb into species; bioaccumulation and
biomagnification up the food chain

— Blockage (corals)
Invasive species migration (Woods Hole)

Misc. & Bizarre: milk, sugar, honey, beer (Liebezeit et al.,
2013)

Plastic degradation physical, not chemical; 500-1,000yrs



ADSORPTION/DESORPTION

PCBs

DDTs

PAHSs

\WISELS

Pathogens
Opportunistic/Invasive Species

>

RELEASE

Flame Retardants
Antioxidants (BPA)
Plasticizers (phthalates)
Anti-microbials (triclosan)
Styrenes

Alkyl Phenols

Nurdle. Photo Credit: Dr. Yonkos, Department of Environmental Sci & Tech, Univ Maryland

Barnes et al. 2009; Browne et al. 2007; Mato et al. 2001; Teuten et al. 2009; Lavers et al. 2014;
Betts 2008; McCormick et al. 2014
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LOCAL MICROPLASTIC STUDIES



GREAT LAKES STUDY #1

SUNY Fredonia & 5gyres (Sherri Mason, Marc Eriksen,
et al.)

2012 sampling conducted
2013 published

21 sites sampled with 333-micron manta trawl
— All but one included microplastics

Samples analyzed with scanning electron microscopy
Max of 466,30 particles per square km

Average of 43,000 particles per square meter

Most smaller than 1 mm, and spherical



GREAT LAKES STUDY #1




GREAT LAKES STUDY #1

Rectangular opening 16¢cm high, and 61cm
wide

3m long 333-micron net

2 knot tow speed | =

60min sampling



GREAT LAKES STUDY
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GREAT LAKES STUDY #1

Take 1
Cmatd, b snwm wnd Sandimwr of dasin poliginm Dain J1 sinwmn o i of e Lawsnion Cmal Likes

Coune. Jocston and sowndancr of plasts polvmor n che Coont Lo

o g o Lt Larngeinan Canand Sods T beongth (e | Aoy (Vinatd W' |
Lakr Sope=er

1 - oM 15 L™ 13445
i L L A Lol . = na
) wirn oA ) . P L
4 EN BN . N M
5 0 M " [ “un
A N

v LEN LT 1" A0 abe
? LIS S 28 A ] ) “x 12
) Som) 100w 4 w tos
L “onyy LIRS 3 A% F38
» 0w IR H % "l
" L 20 " = "l
12 O nn | L9 a4
n TR ERY K2 o L o
Lakr Irw

" I L » L= (R 5
15 4L 2943 El L3S Py,
" 41 % 2. »n UL A M
" LW LER S A AL '™ SR
" Ao "N 1 LN e
" &N LR " = "l
” s n- 115 L L

" VS il [ SRS wr 10 e




GREAT LAKES STUDY

Table 2
Abundance and type of partiches in there size classes.

Abundance of plastic particles {count/km’) by type and size

0.955-0.999 mm 1.000-4.749 mm >4.7% mm
Iragent 2471005 125.906.2 112198
film 19435 13522 40061
foam 54,3409 18.208.4 18105
Polket 4300003 56141 4209
Line 13289 25719 4490
Count/km’ 36,7496 1516329 170063
% Of total s1x 175 P

N A Colw varnuun sty pAasicies «2 mam o Sample 21




GREAT LAKES STUDY #2

USGS & SUNY Fredonia, 2014

29 tributaries to Great Lakes sampled, ~22% of
total inflow

Range of land uses

4 samples/site (2x baseflow, 2x stormflow)
Stationary trawls from bridges with flowmeters
Prelim findings:

— 48 samples

— 12,399 microplastics counted
— 79% under 1mm, with balance under 4.75mm



Unseen Threat:
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“UNSEEN THREAT”

2014 report
 Summarized Great Lakes study

* Annual per-capita consumption of microbeads
from cosmetics and personal care products in
the US is estimated at 0.0309 ounces per
person per year.

— 19.65 million NYS population

— 19 tons of microplastics discharged to NY’s
wastewater stream each year



DIM»! Microbeads to Our Waters:

A Examnation of Wasienstew Tosstmant Pusts (s New York
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“DISCHARGING MICROBEADS TO OUR
WATERS”

e 2015 study
e OAG, NYWEA and SUNY Fredonia
* 34 WWTPs submitted effluent samples

— 25 discharging microbeads to receiving waters



PROCESS

)

Photograph 2
A small portion of treatment plamt
Treatment plant effluent post-treatment efflwent is sieved ot the

samples undergoing wet faciity and senmt to SUNY Fredonla for

peroxide oxidation. anafysis.
Photo credit: QAG Phote oredit. OAG

Photograph 1




RESULTS

Spherical (Jeft) and speckied (right) microbeads were collected from the
effiuent samples of participating treatment plants and verified as the same
size, shape and chemical composition as spherical and speckled microbeads
removed from personal care products,




Table 1
Treatment Plass Resuis by Size, Microbead Detaction and Advancead Trestmem Use,

Treatment Number of

Plant Design = Treatment
Size PMlants In

(Gallons/day) |  NYS$* - Advanced Filter

0 - 100,000 | 178
'm.ooo- 281
| 1000,000 -

in Use

-

132

39

10

MNiter treatment onits & reported by partcipants of this study, as Ihvted by categories defined by the NS
DEC report, Descriptive Dute of Municipal Westewwter Treatment Plants.

Microfiltretion (CRUDS)
Microfiftration (Membrane)
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HUDSON RIVER

Alina Campbell, Clearwater, SUNY Fredonia

Manta trawling near/along Long Dock Park,
Beacon (NY)

Dissecting microscope: fragment, film, foam,
pellet, line

Max 205,000 particles per square km
Average 62,000 particles per square km

Mainly film and fragment
— ONLY 3% MICROBEADS!

95% less than 1mm



CURRENT LOCAL RESEARCH
(water, sediment, sand, fish guts)

Newtown Creek
Kill Van Kull
Newark Bay
Arthur Kill

East River

Upper Bay
Lower Bay
Sandy Hook

NJ Shore, various
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DO ALL PLASTICS FLOAT?



Table ). Common Typer of Mastics and Thelr Desstien™
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INDIAN OCEAN FLOOR

The Deep Sea is a Major Sink for Microplastic
Debris (Woodall et al, 2014)

FTIR spectroscopy

4 billion plastic textile fibers per square
kilometer

Polyester, nylon, acrylic



THERMOHALINE CIRCULATION
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SOLUTIONS, PREVENTION?

UPSTREAM/MID-STREAM/DOWNSTREAM
MESO vs. MICRO



MESO PLASTICS

* 14 floatables “impaired” waterbodies in NYS

* NYS narrative water quality standard for trash
— “none in any amounts”, per NYS Regulation
6 NYCRR Part 703



MESO PLASTICS

* UPSTREAM:

— Education & outreach (community groups; source
reduction!)

— Street sweeping
— Litter fine enforcement
— Waste receptacles (placement, auditing, adjustment)
— Bans: bags, expanded polystyrene (foam)
* MID-STREAM:

— Catch basins: insert filters, sumps, hoods (w/ siphons,
outlet screens (5mm resolution), annual inspection,
cleaning before 60% sump volume; retractable curb inlet
protectors/screens



MESO PLASTICS

* DOWNSTREAM:
— Qutfall nets (O&M)
— Qutfall booms (only floatables; installation; O&M)
— Outfall baffle boxes
— Pre-outfall hydrodynamic separators (SS; O&M)

— Shore cleanups (Riverkeeper’s Riversweep;
American Littoral Society; Ocean Conservancy)
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Control of Floatable and Settleable Trash and Debris - The pamit
requires NYC's siormwater program 10 target and control floatable and
settieable trash and debris. To meet this permit requirement, NYC will be

required 10 first develop a methodology to determine baseline load and

identfy the bast availabia control tachnologies that can be implemented

within NYC. NYC must also evaluate s existing programs and determine
how/if they should be medified 1o meet the objective of minimizing the
dacharge of ficatable matenals from its separate stonm sawer system.
Once the mathodology is approved, NYC will have two years o
commence the study 1o delermne the baseline load. During the interm
NYC is required 1o implement existing catch basin programs and
implement a floatable and setieable trash and debris reduction media
campaign to further educate the public on trash and debrs control Ssues
The permit allows NYC to priortize waterbodies and drainage areas and
consider the relative impacts with non-MS4 sources and planned controls
for those sources.



PRIMARY MICROPLASTICS

Education & outreach (community groups; Operation Clean
Sweep; source reduction!)

Washing machine filters

Bans: microbeads (watch for biodegradable “loophole”)
— Suffolk: passed assembly

— Erie: passed

— Chautauqua: passed

— Monroe: introduced

— Albany: introduced

— Cattaraugus: introduced

— NYC: introduced

— States Passed: NJ, IL, CO, CT, WI, ME



ANY RESIN MANUFACTURERS, SUPPLIERS, OR USERS IN YOUR MUNICIPALITY?




EPA INVOLVEMENT?



EPA INVOLVEMENT

Trash Free Waters Program & Partnership
Grants to reduce aquatic plastic trash pollution

Species and human health impact published
research synthesis and analysis

Conduct new research: species impact; human
nealth impact; new materials

nstruct/support citizen science

Review/comment MS4 general permits and
WWTP SPDES discharge permits




EPA REGION 2 GOAL?

TRASH FREE WATERS BY 2025
(zero point source trash discharge to surface waters)



THE END

Joshua Kogan, PE
Coordinator, Trash Free Waters Program
US EPA
212.637.3733
kogan.joshua@epa.gov



