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Fate of Plastics
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Lifetime of Plastics

Decomposition Rates
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Plastic Debris in Marine Environments

* Weathering of
plastics causes
fragmentation

» Detrimental effect
on oceans,
wildlife, and
potentially humans

» Evidence of
plastics on
coastlines, in
Arctic sea ice, and
on the sea surface
& floor

NOAA Marine Debris Program
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Technigues for Chemical Identification

Raman ATR-FTIR Pyrolysis GC-MS
Scattering technique Absorption technique Chromatographic
Sensitive to molecular Sensitive to molecular technique
vibration based on vibration based on Sensitive to molecular
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How well did the three technigues match for
different polymers of marine debris?
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Perfect Matches

TR FTIR GC MS

Ka ehu T1 #2

Ka'ehu T1 #4 PS PS PS

Ka'ehu T1 #31 nylon 6/6 nylon nylon 6/6
Kahuku T2 #518 PE/PP PE/PP PP

Kihei T1 #15 cellulose cellulose
Maui sea surface #43 PE unknown PE unknown PE
Midway #30 ABS ABS ABS
Waianae T1 #1 PMMA PMMA PMMA
Waianae T2 #22 PVC PVC PVC w/lycoxanthin
Waikiki T1 #1 PET PET PET

Walikiki T1 #12 PVC N/A PVC

Walkiki T2 #14 HDPE HDPE PE

Walikiki T3 #7 PP/CaCo, PP
Waimanalo T3 #35 CA CA CA
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Ka’ehu T1 #2

EXCLUDE RANGE BAR

Experimental
parameters: " ’><‘\)O
785 nm, 10 s int. time o | 1o O O |
n
S/N ratio: 48:1 (900 cm1) . ‘ | | ;.
500 — | I |l il
I |‘|;'r\ A ‘||‘.‘ .‘l'l :|| ." I[ a
od /,-’H; i "L"" LW g - AV '-V-'”"‘w% /.'n"""“__/\m"' A S
Database Search Result:
polycarbonate
) o E CO str
0)
97.65% hit quality index 0CO str
1000 | arom
GC Pyrolysis Result: “°
polycarbonate A T T e

ATR-FTIR Result:

polycarbonate

© 2019 HORIBA, Ltd. All rights reserved. 9



Ka'ehu #1 31
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Good Matches

ATR-FTIR
Lanal T2#2 HDPE LDPE
Lanai T3 #12 copolymer PP/PS mix PP/PS copolymer

Waikiki T3 #2 cis-polyisoprene Latex Latex w/phthalate
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Lanal T3 #12
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Walikiki T3 #2
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Poor Matches

Polymer  |[Raman|ATR-FTIR Gc MS

Ka ehu T2 #5 PE EVA
Waianae T3 #26 PU PABM
Waikiki T1 #14 PET phthalate PVC w/phthalate derivative
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Walikiki T1 #14
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Walikiki T1 #14 - Results comparison

Results from GC pyrolysis
suggest PVC while results
from Raman suggest
poly(ethylene terephthalate)

Comparison of reference
spectrum of PVC with
recorded Raman spectrum
show clear spectral

differences
Unknown sample has bands at

1725 and 1610 cm* that are
not present in the reference

Bands below 500 cm1 in
reference spectrum are not
observed in unknown

Band at ~850 cm! in unknown
spectrum is not in reference
spectrum
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Ka’ehu T2 #5

HORIBA

Experimental parameters:

785 nm, 10 s int. time
S/N ratio: 3860:1 (CH str)

Database Search Result:
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ATR-FTIR Result:
poly(ethylene vinyl alcohol)
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Ka'ehu T2 #5 - Results comparison

HORIBA

Results from ATR-FTIR
suggests EVA while results
from Raman suggest
poly(ethylene)

Comparison of reference
spectrum of EVA and PE
with recorded Raman
spectrum show some subtle
spectral differences

Band at 1450 cm! resembles
bands from both EVA and
PE — confident assignment
using Raman spectroscopy
alone is not possible
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Ka'ehu T2 #5 ATR-FTIR Results
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Single Techniqgue Matches

ATR-FTIR [GC-MS

n-cyclohexyl-2-
Kihel T1 #27 benzothiazole

sulfonamide
Waianae T2 #30 SBS
PS
possible
Waikiki T1 #77 polymethylstyrene
copolymer

w/phthalate der.

© 2019 HORIBA, Ltd. All rights reserved. 20



HORIBA

Kihel T1 #27
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Kihel T1 #27 — Additives

Microscopy provides spatial
selectivity to probe 35001
individual components in

heterogeneous samples 3 000
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Conclusions

* 70% of measurements recorded with Raman, ATR-
FTIR, and pyr. GC-MS agreed (good or perfect)

« All three methods gave good results with coarse
accuracy
 Each method has its own strengths/weaknesses

« |deally, a lab would be equipped with multiple
technigues for plastic characterization

23
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