Microplastics Quest By Using Pyrolysis GC-MS

HDPE
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Raman Spectroscopy

Infra-Red Pyrolysis
Spectroscopy GC-MS



PYROLYSIS-GC/MS
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Credit: Tsuge, Ohtani and Watanabe
* Microplastic sample is heated at high temperature in the pyrolyzer.

« Thermal degradation results in a unique and reproducible signature
of fragment molecules that is characteristic to a given polymer.



Anatomy of Pyrolysis GC-MS
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Creation of Pyrolysis

Going Above & Beyond GC-MS Database
Just Peak Comparisons

M |

Systematic and Sequential
|dentification of Marker Peaks
That can be later used for

Polymer Characterization




Ethylene Polyethylene

Pyrolysis

C-C bonds at different sites along the polymer chain break
due to intense heat to yield a variety of short-chain molecules



Total lon Chromatogram (Pyrogram) of High-Density Polyethylene (HDPE)
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Pyrogram of High-Density Polyethylene (HDPE)

Abundance
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Our goal is to identify all peaks,
wbBtking with a section at a time.

“Zoom-In” View is Depicted in the Next Slide
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High-Density Polyethylene (HDPE): “Zoom-In” Part of the Pyrogram

Abundance
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These are not just any ordinary chromatographic peaks, they are ion chromatograms.
There is a wealth of molecular structural information embedded underneath each peak.

TIC: 20170117_06.D
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High-Density Polyethylene (HDPE)

Abundance
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Library Search: Find Best Match for Mass Spectrum in the NIST Library
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High-Density Polyethylene (HDPE)

Abundance  cniinye to identify other peaks in this section of the pyrogram..

TIC: 20170117_06.D
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High-Density Polyethylene (HDPE)

Abundance
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This pyrogram contains triplets of peaks that are comprised of
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donitistiop now, youjge ﬂh@@g

With a little more patience and perseverance,

characterize remaining peaks in the entire pyrogram..



High-Density Polyethylene (HDPE)

Abundance
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Examples of Pyrolysis GC-MS Pyrograms of Plastic Polymers

(Note that different polymers have different signatures)
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We have to do this hard work only once to create the library!!!



COMMON PLASTIC ITEMS




12-Inch Hard Plastic Ruler
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Micropipette Tip (100 nl)

Abundance

S5e+071

4 . 5e+07

de+07"

3. 5e+07"

3e+07"

2.5e+07

2e+07"

1.5e+07

1e+07

5OOOOOOMMWM

! 4

TIC: 20161205_01.D

2,4-Dimethyl-1-heptene

(A Marker Compound of Polypropylene)

Polypropylene




Foam
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Hair Comb
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WEATHERED PLASTICS




Plastic from the Beaches




Weathered Plastic bottle
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Toy Mesh Bag
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Purple piece of beach plastic
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Weathered Pen Barrel
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Alaska Beach - Black Foam
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Alaska Beach - Blue Tape
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Alaska Beach - Orange Foam
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Alaska Beach - BIC Lighter
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Hawaiil-Lanai
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Microplastics from the Raritan and Passaic Rivers in New Jersey

NJPEDS Permitted Raritan Dischargers Within 5 Miles of Water Sample Locations

LEGEND
=

0 12525

1:250,000

S hiles
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Rutgers Sample RR3 8/25
off-white nurdle
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Rutgers Sample RR3 8/25
semi-transparent nurdle

Abundance
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. Rutgers Sample RR3 8/25
small round off-white foam
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NOAA Restore Cruise PS-17-07 Sample 7
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NOAA Restore Cruise PS-17-07 Sample 3

ibundance
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NOAA Restore Cruise PS-17-07 Sample 5

2,4-Dimethyl-1-heptene
4 (A Marker Compound of Polypropylene)

Polypropylene

Gulf of Mexico Surface Water Dip Net




Gulf of Mexico Surface Water Dip Net
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