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Credit: Tsuge, Ohtani and Watanabe

pyrolysis-GC/MS 

• 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.

Pyrogram



CDS 1500 GC-MS Interface
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Systematic and Sequential 

Identification of Marker Peaks 

That can be later used for 

Polymer Characterization

Creation of Pyrolysis 
GC-MS Database

Involves 

Going Above & Beyond
Just Peak Comparisons



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

Pyrolysis



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

Our goal is to identify all peaks, 
working with a section at a time.
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High-Density Polyethylene (HDPE): “Zoom-In” Part of the Pyrogram

?

These are not just any ordinary chromatographic peaks, they are ion chromatograms.
There is a wealth of molecular structural information embedded underneath each peak.
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High-Density Polyethylene (HDPE)

Mass Spectrum of
Peak at 5.751 min



Library Search: Find Best Match for Mass Spectrum in the NIST Library

1,8-Nonadiene

Mass Spectrum of Unknown Peak

Mass Spectrum in Library Database

Library Match
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High-Density Polyethylene (HDPE)

1,8-Nonadiene

Continue to identify other peaks in this section of the pyrogram..



5.605.806.006.206.406.606.807.007.207.407.607.808.008.208.408.60

5000000

   1e+07

 1.5e+07

   2e+07

 2.5e+07

   3e+07

Time-->

Abundance

TIC: 20170117_06.D

High-Density Polyethylene (HDPE)
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This pyrogram contains triplets of peaks that are comprised of 
double-bonded, single bonded, and saturated hydrocarbons.



With a little more patience and perseverance, 

characterize remaining peaks in the entire pyrogram..



High-Density Polyethylene (HDPE)
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Polyester
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Polystyrene
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Polyurethane
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PVC
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Nylon 6,6

Examples of Pyrolysis GC-MS Pyrograms of Plastic Polymers
(Note that different polymers have different signatures)
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High Density Polyethylene
(HDPE)



We have to do this hard work only once to create the library!!!



Common Plastic Items
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12-Inch Hard Plastic Ruler

Styrene Styrene Dimer

Styrene Trimer

Polystyrene
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Micropipette Tip (100 µl)

2,4-Dimethyl-1-heptene

(A Marker Compound of Polypropylene)

Polypropylene
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Foam

2,4-Diisocyanato-1-methylbenzene

(Polyurethane Monomer)

Polyurethane



Hair Comb

Polypropylene
Polystyrene

2,4-Dimethyl-1-heptene

(A Marker Compound of Polypropylene)

Styrene

(A Marker Compound of Polystyrene)

Mixed polymer





Weathered plastics



Plastic from the Beaches



Weathered Plastic bottle

Found on the beach by Clean Ocean Action

Polyethylene

Evenly spaced triplets containing dienes, 
monoenes, and saturated alkanes The Fist & Fury 

of Mother Nature



American Plastic Toy found in Long Branch, NJ 

Toy Mesh Bag

Polyethylene

Evenly spaced triplets containing dienes, 
monoenes, and saturated alkanes



Purple piece of beach plastic 

Polypropylene 

Found on Long Branch, NJ Beach

2,4-Dimethyl-1-heptene

(A Marker of Polypropylene)



Weathered Pen Barrel

Found on the beach by Clean Ocean Action

Polypropylene

2,4-Dimethyl-1-heptene

(A Marker of Polypropylene)



Alaska Beach - Black Foam

Styrene

Styrene Dimer

Styrene Trimer

Polystyrene



Polyethylene

Alaska Beach - Blue Tape

Polyethylene Hydrocarbons

Tricresylphosphates

Para-

Meta-

Ortho-

Plasticizers/Flame Retardants

OPCl3 + 3 HOC6H4CH3 → 
OP(OC6H4CH3)3 + 3 HCl

Steroids?
(Cholesterol 
Derivatives)



Alaska Beach - Orange Foam

Polyvinylchloride
(PVC)

PVC Marker Hydrocarbons

Di-n-Octylphthalate



Polyoxymethylene 
(POM)

Formaldehyde
(POM Marker Compound)

Alaska Beach - BIC Lighter
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Microplastics from the Raritan and Passaic Rivers in New Jersey

Dr. Keith Cooper and Dr. Beth Ravit

Dr. Brian Buckley

Raritan 
Bay

NY 
Bay

Newark 
Bay



Rutgers Sample RR3 8/25
off-white nurdle

E:\Microplastics\Rutgers II\20180830_36.D

PolyethyleneEvenly spaced triplets containing dienes, 
monoenes, and saturated alkanes



Rutgers Sample RR3 8/25
semi-transparent nurdle

E:\Microplastics\Rutgers II\20180830_37.D

2,4-Dimethyl-1-heptene
A marker compound of polypropylene

Polypropylene
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Polystyrene

Rutgers Sample RR3 8/25
small round off-white foam

E:\Microplastics\Rutgers II\20180830_35.D



Dr. Frank Hernandez
University of Southern Mississippi

Microplastics in Sargassum Mats
(Proxy for Presence and Movement of Marine Debris)

NOAA Restore Cruise
Gulf of Mexico



NOAA Restore Cruise PS-17-07 Sample 7

Gulf of Mexico Surface Water Dip Net

Polypropylene

2,4-Dimethyl-1-heptene
(A marker of polypropylene)



NOAA Restore Cruise PS-17-07 Sample 3

Gulf of Mexico Surface Water Dip Net

Polyethylene

Evenly spaced triplets containing dienes, 
monoenes, and saturated alkanes



NOAA Restore Cruise PS-17-07 Sample 5

Gulf of Mexico Surface Water Dip Net

Polypropylene

2,4-Dimethyl-1-heptene

(A Marker Compound of Polypropylene)



NOAA Restore Cruise PS-17-07 Sample 1

Gulf of Mexico Surface Water Dip Net

Polyethylene



Collaborative Studies

It takes a village..
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