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The Oldest Working 
Lighthouse in the 
United States:  
June 11, 1764 

1899: Guglielmo Marconi Chose 
the Twin Lights to Set Up History-
Making Wireless Telegraph. 

Gateway National Recreational Area 

Naval Weapons Station 
(EARLE) 

2.9 Mile Long Pier for Safe 
Loading & Unloading Ammunition  

Twin-Lights of Navesink Built in 1828/1862 

1841: The Towers Became the 
First Lighthouses in the U.S. to 
be Equipped with a Fresnel lens. 







 Different Chemistries 

 Different Properties and Applications 

 Different Fates and Effects 

 Different Management Practices 

It is important to note that.. 



Infra-Red 
Spectroscopy 

Raman  
Spectroscopy 

Mass 
Spectrometry 

Differential  
Scanning 

Calorimetry 



Infra-Red Spectroscopy 

Vibrational excitation of covalently bonded atoms and groups. 



Raman Spectroscopy 

1 in 107photons is scattered at frequencies 
different from, and usually lower than, the 
frequency of the incident photons. 

Monochromatic Laser  

Elastic Inelastic 



Heat Flow Versus Temperature 

Endothermic  
Glass Transition 

Exothermic Peak  
Cold Crystallization 

Endothermic Peak 
Due to Melting 

Polyethylene Terephthalate 

Differential Scanning Calorimetry (DSC) 

Heat flux DSC is comprised of a thermal cell 
with a sensor that registers temperature 
difference between sample filled pan and 
reference pan containing only air. 

Thermal Behavior of Polymers 



Only ions of a certain mass-to-charge ratio will 
reach the detector for a given ratio of voltages. 

CDS-2000 Pyroprobe 

Platinum Filament 

Pyrolysis GC-MS Analysis 

Pyrogram 

Polystyrene 

+ 

PMMA 

Quartz Tube  

750ºC 

= 
1382ºF 

CDS-1500  

GC-MS Interface 
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Polyester (PET) 
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Polystyrene (PS) 
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Polyurethane (PU) 
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Polyvinyl Chloride (PVC) 
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Nylon 6,6 

Example Pyrograms of a Few Commonly Used Plastic Polymers 
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Polyethylene(PE) 



 Pyrolysis GC-MS Pyrograms of commonly used plastic 
polymers are different. 
 

 Similar to Infra-Red and Raman Spectroscopy, different 
GC-MS pyrogram signatures will allow differentiation 
between different plastic materials. 
 

 Peak fingerprinting with Infra-Red, Raman, and Pyrolysis 
GC-MS appears to be qualitatively similar.  

Observations: 



Question? 

Try Exploring the  
Power of  

Mass Spectroscopy  

Why bother with … 
  so many techniques? 



Systematic and Sequential 

Identification of Marker Peaks  

That can be Later used for Polymer 

Characterization 

Creation of Pyrolysis  
GC-MS Database 

Involves  

Check Out How We can 
Go Above & Beyond 

Just Peak Comparisons 



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

Pyrolysis 



Total Ion Chromatogram (Pyrogram) of High-Density Polyethylene (HDPE) 
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Heavier Hydrocarbons 
Time 



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. 



High-Density Polyethylene (HDPE): “Zoom-In” Part of the Pyrogram 

? 
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These are not just any ordinary chromatographic peaks, they are the 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 



5 .6 05 .8 06 .0 06 .2 06 .4 06 .6 06 .8 07 .0 07 .2 07 .4 07 .6 07 .8 08 .0 08 .2 08 .4 08 .6 0

5 0 0 0 0 0 0

   1 e + 0 7

 1 .5 e + 0 7

   2 e + 0 7

 2 .5 e + 0 7

   3 e + 0 7

T im e -->

A b u n d a n c e

T IC :  2 0 1 7 0 1 1 7 _ 0 6 .D

High-Density Polyethylene (HDPE) 

1,8-Nonadiene 

Continue to identify other peaks in this section of the pyrogram.. 
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High-Density Polyethylene (HDPE) 
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PE pyrogram contains triplets of peaks that are comprised of 
double-bonded, single bonded, and saturated hydrocarbons. 

1,8-Nonadiene 

1-Nonene 

Nonane 



With a Little More Patience and Perseverance 
Characterize All Peaks in the Entire Pyrogram 



High-Density Polyethylene (HDPE) 
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HDPE Pyrogram Fully Characterized!!! 



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



Peak Fingerprint 

Mass Spectrum 

What is the polymer? 
What is the Co-Polymer? 
Any Chemical additives?? 

Microplastics  
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Micropipette Tip (100 ml)  

2,4-Dimethyl-1-heptene 

(A Marker Compound of Polypropylene) 

Polypropylene 



Polypropylene 
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CD Storage Case  

Styrene 
Styrene Dimer 

Styrene Trimer 

Polystyrene 



Polystyrene 



Hair Comb 

Polypropylene 

2,4-Dimethyl-1-heptene 

(A Marker Compound of Polypropylene) 

Styrene 

(A Marker Compound of Polystyrene) 

Polystyrene 



Weed-Wacker Trimmer Line 

Ɛ-Caprolactam 
(A Nylon-6 Marker) 

Nylon-6 



Amide Linkage 

Amide Linkage 

Nylon Syntheses: 
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Foam Sample  

2,4-Diisocyanato-1-methylbenzene 

(A Polyurethane Monomer) 

Polyurethane 



Polyurethane 

Methylene diphenyl diisocyanate 



bai Beverage Bottle 

Polyethylene terephthalate 
(PET) 
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Polyethylene terephthalate (PET) 



PVC Standard 

F:\Sandy Hook\MSDchem-1\Data\MICRO PLASTICS\2019\U Toronto\20190820_01.D 

HCl 

Benzene 

Toluene 

Xylenes 

Naphthalene 

Indene 
Methylnaphthalenes 

Biphenyl 
Methyl biphenyl 

Fluorene 

Anthracene 
Phenanthrene 



Polyvinyl chloride (PVC) 



Pyrolysis of PVC 

Pyrolysis = High Energy Environment 

Plenty of Energy Available for the 
Breaking and Making of New Bonds 
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Rubber Band  

Isoprene 

Limonene 

(Marker Compounds of Natural Rubber) 

Natural Rubber 



Natural Rubber 
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Styrene-Methyl Methacrylate (S-MMA) 



Collaborative Studies 

It literally takes a village.. 



Polymer IDs in Textiles Dr. Steve Carr 



Fabric Sample 1 

Polyethylene 
Terephthalate 

(PET) 

Cotton 
5000 x (Cellobiose = 2 glucose units) 

Terrycot 
(Polyester + Cotton) 
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Vendor: Fusion Furniture 
Cover: 52% Olefin 48% Polyester 

Polypropylene 
Polyester (PET) 

Polyethylene 
Terephthalate 

(Polyester) (PET) 

Polypropylene 

2,4-Dimethyl-1-heptene 

(A Marker Compound of Polypropylene) 
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Fabric 
Blend 

Fabric Sample 2 



Polyester throw pillow 

Polyethylene 
Terephthalate (PET) 

Fabric Sample 3 Polyester (PET) 

A
c
e
ta

ld
e
h
y
d
e
 

 

B
e
n
z
e
n
e
 

 

V
in

y
l 
b
e
n
z
o
a
te

 
 B

e
n
z
o
ic

 a
c
id

 
 

D
iv

in
y
l 
te

re
p
h
th

a
la

te
 

 

4
-(

V
in

y
lo

x
y
c
a
rb

o
n

y
l)

b
e
n
z
o
ic

 a
c
id

 
 



Cindy Zipf 

Dr. Swarna Muthukrishnan 

Plastics from New Jersey 



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 



Weathered Ball Point Pen Barrel 

Found on the beach by Clean Ocean Action 

Polypropylene 

2,4-Dimethyl-1-heptene 

(A Marker of Polypropylene) 



Microplastics from the Raritan and Passaic Rivers in New Jersey 

Dr. Keith Cooper & 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 

Polyethylene 

Evenly spaced triplets containing dienes, 
monoenes, and saturated alkanes 

Nurdle = Pre-Production Plastic Pellet 



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 Nurdle = Pre-Production Plastic Pellet 
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Polystyrene 

Rutgers Sample RR3 8/25 
A Small, Round Off-White Foam 

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



Plastics from the Remote Alaska Beaches 

Kimberly A Kloecker 

Ecologist, USGS  
Alaska Science Center  

Anchorage, Alaska 



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 Markers 

Di-n-Octylphthalate 



Polyoxymethylene (POM) 

Formaldehyde 
(POM Marker Compound) 

Alaska Beach - BIC Lighter 



 Pacific Islands Program  
Island of Oahu 

Dr. Jennifer M. Lynch 

Plastics from the Hawaiian Beaches Kayla Brignac 



Hawaii- Midway 30 
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Sample 20180705_04 

Acrylonitrile 
Butadiene 
Styrene  

Copolymer 
 (ABS) 
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Dioctyl isophthalate 

Sample 20180711_03 

Latex (Natural Rubber) 
+ 

Phthalate Additive 
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Kihei #1 27 
Dark Red Foam 





H
yd

ro
ge

n
 S

u
lf

id
e

 
2

-B
u

te
n

e
 

Is
o

p
re

n
e

 

B
en

ze
n

e
 

Th
io

p
h

en
e

 

3
-M

et
h

yl
 T

h
io

p
h

en
e

 

To
lu

en
e

 

Kihei #1 27 
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Benzothiazole 

Benzothiazole 

2-Mercapto benzothiazole 
(Vulcanization Accelerator) 

Pyrolysis Heat 

+ H2S? 



Butylated hydroxytoluene (BHT)? 

Antioxidant 



Hydrogen Sulfide 

Isoprene – Isoprene Rubber 

Butene 

Thiophene & Other Sulfur Compounds 

Styrene & Other Aromatic Compounds 

Styrene-Butadiene Rubber 

Benzothiazole + possibly BHT?  

Presence of Vulcanized Rubber 

Vulcanized rubber 

Possibly: Styrene-Butadiene Rubber with Natural Rubber 

Charles W. Goodyear  

Inventor of Vulcanized Rubber 



Simultaneous Analysis of Sulfur Compounds in Rubber Using Detector Splitting System 

Application News: M257.N 

Pyrolysis GC-MS and Flame Photometric Detector in Sulfur Mode 

Pyrolysis Product Mixture 

Detector Splitting System 

FPD-S Mode 
FPD-S Mode 

Pyrolysis GC-MS 
Pyrolysis GC-FPD (S-Mode) 



Win Cowger 

Dr. Andrew Gray 

Microplastics in California Streams 



Sample 121 

Polyethylene 

Evenly spaced triplets 

containing dienes, 

monoenes, and 

saturated alkanes 



Sample 122 

Polypropylene 

2,4-Dimethyl-1-heptene 

(A Marker of Polypropylene) 
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Polystyrene 
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Sample 135  

Methylmethacrylate-Butadiene-Styrene (MBS) 
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Dr. Chelsea M. Rochman  

Department of Ecology &  
Evolutionary Biology 

University of Toronto, Canada 

Particles in San Francisco Bay 

Did the particles arise 
from the tire treads? 



The main polymers used for tires are as follows: 

 Natural Rubber (NR) 
 Styrene-Butadiene Rubber (SBR) 
 Butadiene Rubber (BR) 
 Isoprene Rubber (IR) 
 Halogenated Butyl Rubber 
 

All of the above are Synthetic Rubbers except 
for the Natural Rubber.  

Main Use for Tire: 

 Natural Rubber (NR) ···General Use, TB Tread 
 Styrene-Butadiene Rubber (SBR) ···PC Tread 
 Butadiene Rubber (BR) ···Sidewall 
 Isoprene Rubber (IR) ···Partially Used to Replace NR 
 Halogenated Butyl Rubber ···Inner Liner 



U Toronto Sample 5 
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2-Butene 

Isoprene 
Benzene 

Toluene 

Styrene 

Xylenes 

Methylstyrene 

Indene 

Styrene-Butadiene Rubber (SBR) 
+ 

Natural Rubber (NR) 

Naphthalene 

Methylindene 

Biphenyl 

Limonene 

Tire Tread? 

Methyl Naphthalenes 
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Tire Tread Pieces Cut from a Used "Touring" Tire 
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Naphthalene 

Biphenyl 

Methyl Naphthalenes 

Used 
Weathered 

Tire 

Styrene-Butadine (SBR) 
+ 

Natural Rubber 

Limonene Peak Not Found  







Microplastics from the Raritan and Passaic Rivers in New Jersey 

Drs. Keith Cooper & Beth Ravit 

Dr. Brian Buckley 

Raritan 
Bay 

NY 
Bay 

Newark 
Bay 
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Rutgers Sample RR6 6/29 
Very tiny pink fragments 

Polyethylene 

Evenly spaced triplets containing dienes, 
monoenes, and saturated alkanes 



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

Polypropylene 

Rutgers Sample RR4 5/17/17 
small green fragment 

E:\Microplastics\Rutgers II\20180830_74.D 
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Polyethylene 

Rutgers Sample RR8 5/29/17 
very tiny pink fragment 

Evenly spaced triplets containing dienes, 
monoenes, and saturated alkanes 
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Polyethylene 

Rutgers Sample RR8 5/23/17 
dark blue fragment 

Evenly spaced triplets containing dienes, 
monoenes, and saturated alkanes 





Benefits of Using Pyrolysis GC-MS: 

 Mass Spectrometry is a gold-standard for the analytical chemistry data quality, and 
it provides the most accurate identification of chemical composition and structure. 

 Many laboratories already have and routinely use the various GC-MS systems. 
 No need to learn a new trade or find funds for the new instrument purchases. 
 Addition of Pyrolysis component to the GC-MS is simple and cost-efficient. 
 Inserting a sample in the quartz tube is as easy as threading a needle. 
 Pyrolysis GC-MS provides a two-tier confirmation approach: (1) unique peak 

fingerprint of a given polymer, and (2) mass spectrum of each individual peak. 
 Two-tier confirmation approach provides higher confidence in the data quality. 
 No sample preparation is required except for cutting a tiny piece for the analysis. 
 No effect of shape/size/density/texture/surface/color/brightness/opacity. 
 Information on chemical additives can be obtained in the same sample run. 
 Additional Distinct Benefit - MS Library is really really huge. NIST Library contains a 

mass spectral database on 267,376 unique compounds. Therefore, the 
identification of co-polymers, additives, and other chemicals is easily possible. 





Katama Bay Oyster Katama Bay Oyster 



Mass Spectrometry 

Not enough sample weight 
for pyrolysis GC-MS analysis? 



Suggestions on how to improve the detection limits: 
 

 Increase the mass spectrometer autotune voltage. 
 

 Experiment with the GC injector port split ratios. 
 

 If accessible, switch the analyses from a single 
quadrupole to triple quadrupole mass spectrometer. 
 

 For target polymer analyses and target additive analyses, 
switch from full-scan mass spectrometry to select ion 
monitoring mass spectrometry. 
 

 If nothing works, then switch to FT-IR or Raman 
Spectroscopy as the potential exploratory tools. 



Raman spectra showing the detection of polyethylene (PE). A) from the rock oyster 
(Saccostrea forskalii) collected from Bangsaen, B) from the reference library spectra. 

Polyethylene 

Thushari et al. 2017. A Great Potential!!! 



High Resolution 
Mass Spectrometer 



Unlimited Money = 0.05 µg Detection Limit  

Thermo Scientific Application Note: 10643 

Jörn Logemann1, Eystein Oveland2, 
Ørjan Bjorøy2, Wibke Peters3, 
Cristian Cojocariu4, and Tanja Kögel2 

 
1Thermo Fisher Scientific, Dreieich, 
Germany 
2Institute of Marine Research, 
Bergen, Norway 
3S+H Analytik, Mönchengladbach, 
Germany 
4Thermo Fisher Scientific, Runcorn, 
United Kingdom 

Pyrolysis-GC-Orbitrap MS - a powerful 
analytical tool for identification and 
quantification of microplastics in a 
biological matrix 
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