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ABSTRACT: Raman spectral libraries speciﬁc to microplastics
demonstrated improved spectral matching results when weathered
plastics and a variety of particle colors and morphologies were
included. Here, we explore if this is true for Fourier transform
infrared (FTIR) spectroscopy as well. We present two novel
databases speciﬁc to microplastics using attenuated total reﬂection
(μATR-FTIR): (1) an FTIR library of plastic particles (FLOPP),
containing 186 spectra from common plastic items, across 14
polymer types and (2) an FTIR library of plastic particles sourced
from the environment (FLOPP-e), containing 195 spectra across
15 polymer types. Both libraries include particles from a variety of
sources, morphologies, and colors. We demonstrate the applicability of these libraries for microplastics research by comparing
spectral match results from two microplastic datasets. For this, we use diﬀerent combinations of libraries including: commercially
available reference libraries, an open-access polymer library, and FLOPP and FLOPP-e. Among tests, the greatest mean HQI result
was achieved when the greatest number of libraries was included. This work demonstrates that spectral libraries speciﬁc to plastic
particles found in the environment improve the accuracy of spectral matching and are best used in combination with commercial
libraries containing chemical components that are commonly found within plastics and other anthropogenic particles. Multivariate
principal component analyses of FLOPP and FLOPP-e spectra conﬁrmed diﬀerences among polymer types and higher variation in
principal component scores among weathered particles, but no patterns were observed among particle colors or morphologies. These
results demonstrate that ATR-FTIR analyses are sensitive to weathering of plastics but not to particle color and morphology.

■

INTRODUCTION
Currently, methods for monitoring microplastics in the
environment (sample collection, extraction, characterization,
and chemical identiﬁcation) are not yet standardized, although
steps toward this are being made.1−3 Method developments
are continuously published, and eﬀorts have been made to
increase their reproducibility via detailed method reporting.4 It
is now widely agreed that visual microscopy alone is an
unreliable form of identiﬁcation for smaller microplastic
particles. Below 500 μm, visual identiﬁcation becomes
challenging and the likelihood of human error increases,
leading to both false positive and false negative results.5−8
Chemical identiﬁcation is therefore required to conﬁrm if
suspected “anthropogenic particles” are indeed microplastics.
Chemical identiﬁcation has become an important component of microplastics research and is considered mandatory for
microplastic monitoring schemes.9 In addition to conﬁrming
whether a particle is indeed plastic, identifying particles by the
polymer type informs researchers about trends in prevalent
polymer types within speciﬁc areas, matrices, or taxa. This data
is useful for predictions about the physical behavior of
microplastics and their ecological impacts. It can also inform
source reduction. Chemical identiﬁcation of microplastics is
© XXXX American Chemical Society

commonly performed using Fourier transform infrared (FTIR)
spectroscopy, Raman spectroscopy, and pyrolysis-gas chromatography-mass spectrometry. Of these methods, FTIR spectroscopy is the most popular approach.10 Traditional FTIR
techniques use a benchtop instrument to analyze plastic
particles down to 300−500 μm.11 Particles of this size are best
characterized with an attenuated total reﬂection (ATR)
accessory, often with a germanium or diamond crystal, to
analyze the particle via direct contact and measure changes that
occur in an internally reﬂected infrared beam (absorbance) to
produce an infrared spectrum.12 The benchtop ATR method is
size limited as particles must be large enough to be manually
picked up and placed onto the instrument for analysis. The
development of FTIR micro-spectroscopy (μFTIR) instruments has allowed researchers to analyze particles down to
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approximately 10 μm11 by combining an optical microscope
with the spectrometer. μFTIR instruments allow for analyses
using ATR with a crystal attachment, which is the most
appropriate for larger particles, but also have the capability for
reﬂectance and transmission modes to analyze smaller particle
sizes and do not require direct contact with the sample,
minimizing chances of sample destruction or loss.
The spectrum produced from particle analysis graphically
displays the chemical components within a sample, indicated
by a series of peaks. Each peak at a speciﬁc wavenumber
(cm−1), intensity (absorbance or % transmittance), and width
corresponds to a speciﬁc functional group.13 To identify
chemical components, the spectra can be sent through software
(e.g., library search via BioRad KnowItAll and OMNIC Picta),
which matches results to the reference spectra with an estimate
of similarity, often represented as the “hit quality index”
(HQI).14 Spectral similarity is often determined by correlation,
for which there are multiple approaches. Users can construct
correlation methods manually6,15−17 or use pre-programmed
methods within commercial software packages.
Spectral reference libraries can be purchased or rented;
however, these can be costly and unaﬀordable for many
researchers. In addition, commercial polymer libraries contain
numerous spectra from standard reference materials,18 which
are often white or clear fragments or powders. These diﬀer
from the plastic particles we ﬁnd in the environment.
Microplastic pollution is the result of mismanaged waste
from of a broad array of items of diﬀerent colors and shapes
(e.g., textiles or packaging) with diﬀerent sources and uses.
Colors are added to plastics via pigments, and chemical
additives (e.g., ﬂame retardants, plasticizers, UV stabilizers,
molding agents, and lubricants) are required to achieve speciﬁc
properties (e.g., shape, texture, and durability).19,20 This
variation within plastics can result in diﬀerent chemical
signatures. Once released into the environment, plastics also
undergo degradation and fragmentation,21 which can destroy
the physical integrity of the plastics and alter their chemical
properties.22 This includes the leaching of chemical additives
and the accumulation of chemicals from surrounding
waters,23,24 which change the original chemical structure of
the plastics25 and their spectra.26 Further, plastics in the
environment become colonized by microorganisms, creating a
bioﬁlm on the particle surface that impacts the quality of the
spectra acquired.23
To improve spectral matching success, researchers often
create their own in-house reference library of relevant
materials.27−30 A recent review revealed that over 50% of
research groups within a sample set developed in-house
spectral libraries speciﬁcally for microplastics, but most were
not shared with the wider scientiﬁc community, meaning they
were duplicating eﬀorts and rendering chemical identiﬁcation
results incomparable.4 Harmonization of analysis methods and
the libraries used for spectral matching is therefore vital for
comparable results.18 In 2018, Primpke et al. created an openaccess FTIR spectral library for microplastics,31 which was
used in the creation of a software tool for systematic and
harmonized identiﬁcation of microplastics in the environment
(siMPle).32 Primpke et al.’s FTIR library31 contains 326
spectra (collected using both ATR and transmission modes) of
common polymer types as well as natural materials often
present in environmental samples, such as natural ﬁbers. 48%
of particles within this library are white in color and 72% of
particles were sourced from polymer manufacturers. A previous
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study using Raman spectroscopy33 demonstrated that it is
beneﬁcial to incorporate a range of colors, morphologies, and
weathered particles within polymer spectral libraries as this is
representative of the types of plastics we ﬁnd in practice, in
microplastics research. In this work, we present two openaccess polymer spectral libraries for use with ATR-FTIR,
available in a variety of formats (.spa, .jdx, and .csv). First, an
“FTIR library of plastic particles” (FLOPP), containing spectra
from non-standard plastic materials and everyday plastic
objects. These items vary by source, use, color, and
morphology to include the variation in chemical components
and additives that is also present within diﬀerent plastic debris
items. Second, we created “FLOPP-e”, a library of spectra from
plastic particles sourced from the environment. FLOPP-e
provides reference spectra for particles that have undergone
alterations to their original chemical structure through either
environmental aging and weathering or chemical extraction
processes in the laboratory. The objectives of creating such
libraries are to provide a broader range of spectra for matching,
which are more representative of what we ﬁnd in the ﬁeld. In
doing this, we assess whether the use of these libraries
increases the likelihood of achieving an accurate spectral
match.

■

METHODS
Particle Preparation. Items included in both spectral
libraries encompassed a total of 19 materials, including 15
plastics, rubber, silicone rubber, cotton, and cellulose (Table
S1). Particles used to create the FLOPP library include
common polymer types sourced from a variety of products
with diﬀerent uses, morphologies, and colors. Particles >1 mm
in size were cut from products, mounted on double-sided tape
(ethylene-vinyl acetate), and laid upon a clear projector paper
(polyethylene terephthalate). Due to the size of the particles,
no signal from the tape or the projector paper was observed. In
total, 186 particles were analyzed via μATR-FTIR for inclusion
in FLOPP (Tables S2 and S3). Many particles used to create
the FLOPP library were also used in the creation of the SLoPP
library, previously published for Raman spectroscopy.33
Particles previously used in the creation of the SLOPP-e
library33 were <200 μm in size and mounted on double-sided
tape for Raman analyses. Due to the use of double-sided tape,
many of these particles were not suitable for FLOPP-e as
pressure from the ATR crystal caused particles to sink into the
tape’s adhesive layer, collecting a signal from the tape rather
than the particle of interest. Alternatively, plastics used to
create FLOPP-e were sourced from environmental samples
collected from 2017 to 2020: surface water and mussel samples
from San Francisco Bay (California, United States),34 surface
waters from Mimico Creek (Etobicoke, Ontario, Canada)35
and Lake Simcoe (Ontario, Canada),36 and the contents of
Seabins installed around Toronto Harbor (Ontario, Canada).37
Particles within these samples were larger in size (>200 μm),
so mounting on double-sided tape was suitable for ATR-FTIR
analyses in this instance. Some particles from San Francisco
Bay had undergone chemical extraction using 20% KOH;
however, the eﬀect of this procedure on chemical signature is
expected to be minimal,38 and the number of these particles
included in the FLOPP-e library was low (n = 3). In total,
spectra of 195 particles were included in the FLOPP-e library
(Tables S4 and S5).
μ-FTIR ATR Analyses. Spectra were collected with a
Nicolet iN10 infrared microscope (Thermo Fisher Scientiﬁc)
B
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particles from Toronto streams were recovered using density
separation (CaCl2). Any resulting alterations to the spectra
from chemical extraction are considered representative of
spectra in general microplastics research, where similar
methods are used. Spectra were correlated against commercial
libraries (Table S6), the Primpke polymer library, and the
FLOPP and FLOPP-e libraries in diﬀerent combinations using
OMNIC Picta software (Thermo Fisher Scientiﬁc). The full
range of each spectrum (4000−675 cm−1) was included for
each search, and spectral correlations were determined using
methods installed within OMNIC Picta software. In short,
spectra were converted to derivatives, and a dot product
calculation was used to determine similarities among spectra.
From each search result, the top spectral match, corresponding
library, and HQI were recorded reported by OMNIC Picta as a
percentage ranging from 0−100%. Because these were
environmental samples, the true material type of each
spectrum was unknown. Thus, rather than comparing spectral
assignments among tests to the “true” material, the top spectral
matches and HQI scores were compared among tests as metric
in comparing the eﬀectiveness of diﬀerent libraries and their
combined use for “real world” samples.
Principal Component Analysis. Principal component
analyses (PCA) were used to reduce the dimensionality of the
large dataset in order to assess diﬀerences or similarities among
spectra within both libraries. Spectra from the FLOPP/e
libraries were compared via PCA using TQ Analyst software
(Thermo Fisher Scientiﬁc). Spectra were path-length-corrected
by standard normal variate processing prior to PCA
calculation. Spectra were compared with the aim of assessing
(1) diﬀerences among spectra of diﬀerent polymer types, (2)
diﬀerences between unaged (FLOPP) and environmentally
aged (FLOPP-e) spectra of the same polymer type, and (3)
diﬀerences among spectra of the same polymer type between
diﬀerent colors and morphologies. Spectra were compared
among diﬀerent colors to determine if the presence of diﬀerent
colorants and dyes was responsible for variations among
spectra. Spectra were compared among morphologies as
diﬀerent additives are used to produce diﬀerent kinds of
plastics such as molding agents, extrusion agents, lubricants,
and heat stabilizers. For example, a fragment from a PET cable
cover can be expected to contain largely diﬀerent additives
than a PET (polyester) clothing ﬁber due to the diﬀerences in
intended use and purpose. Diﬀerences between colors and
morphologies were only compared for spectra from the
FLOPP library as this library included more variability within
each polymer category. As particles for the FLOPP-e library
were collected from the environment, we had less control over
the variety of particle characteristics that were available, for
example, most polystyrene particles were white in color and
categorized as foam.

in ATR mode (15× objective, 0.7 numerical aperture), with a
germanium ATR crystal. All spectra were obtained with a
resolution of 4 cm−1 and 32 co-added scans using a cooled
MCT (mercury cadmium telluride) single-point detector. The
crystal was cleaned with ethanol, and a background spectrum
was taken of the crystal itself before analysis of each particle.
The interferometer was realigned before use at the start of each
working day. Spectra were recorded in % transmission with a
spectral range of 4000−675 cm−1. The aperture within the
software was set to 150 × 150 for all fragments, ﬁlms, and
foams. For ﬁbers, the aperture was adjusted to ﬁt the width of
the ﬁber. Manual baseline correction and atmospheric
suppression were applied to spectra where necessary, although
eﬀorts were made to retain the original spectra as often as
possible to retain the “imperfections” that would be seen in
practice when analyzing plastic particles from environmental
samples. The material type of each particle was additionally
conﬁrmed via Raman (HORIBA Xplora Plus) before being
added to a library. Spectra were only included in the FLOPP
and FLOPP-e libraries if the material assignment was
consistent when using both FTIR and Raman spectroscopy
as this provided high certainty that the material identiﬁed was
the true material for each particle.
Library Validation. The ability of the FLOPP and FLOPPe libraries to improve spectral matching success for plastic
particles was validated by comparing spectral matching results
to those using existing commercial spectral libraries (Table S6)
and an open-access polymer library31 (hereafter referred to as
the Primpke polymer library) in diﬀerent combinations (Table
1). Two datasets were used for the library validation to
Table 1. Libraries Included within the Reference Search List
for each Library Validation Test
Test

Libraries included in the validation test

1
2

Commercial
FLOPP
FLOPP-e
Primpke polymer
Primpke polymer
FLOPP
FLOPP-e
Commercial
FLOPP
FLOPP-e
Commercial
Primpke polymer
Commercial
FLOPP
FLOPP-e
Primpke polymer

3
4

5

6
7
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RESULTS
The FLOPP library contains a total of 186 spectra across 14
diﬀerent polymer types. Particles range across 13 colors
(Figure 1a), with the most common colors being white (n =
40), clear (n = 23), and black (n = 22). Fragments were the
dominant particle morphology used to create the library
(Figure 2a, n = 102) in addition to spectra from 52 ﬁbers, 18
foams, 13 ﬁlms, and 1 sphere. The FLOPP-e library contains a
total of 195 spectra across 15 polymer types. Particles range
across 12 colors, with the most common colors being white (n
= 26), blue (n = 16), and orange (n = 15) (Figure 1b).

demonstrate the applicability of the FLOPP and FLOPP-e
libraries for diﬀerent sample and particle types. In total, 88
spectra were sourced from particles extracted from surface
water from the Chesapeake Bay (Maryland, USA)39 and 50
spectra were sourced from particles collected in urban streams
around the city of Toronto (unpublished work). Both datasets
are distinct from the spectra included within FLOPP and
FLOPP-e libraries and included a variety of polymers and
some non-plastic particles, according to their assignment using
commercial libraries only. Particles from Chesapeake Bay were
recovered using wet peroxide oxidation (H2O2 + FeSO4), and
C
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Figure 1. Number, color, and polymer types of spectra included in (a) FLOPP (N = 186) and (b) FLOPP-e (N = 195) libraries.

Figure 2. Number, morphology, and polymer types of spectra included in (a) FLOPP (N = 186) and (b) FLOPP-e (N = 195) libraries.

Chesapeake Bay dataset (84%) and 8% for the Toronto dataset
(81%) (Table S7, test 7). When FLOPP and FLOPP-e were
used alone, the mean HQI increased slightly within the
Chesapeake bay dataset compared to using commercial
libraries only (Table S7, test 2), however no increase in the
HQI was observed compared to using the Primpke polymer
library (Table S7, test 3). When the FLOPP and FLOPP-e
libraries were used alone, the top spectral match was provided
equally between FLOPP and FLOPP-e among the two datasets
(Table S8, test 2). For other tests, the proportion of top
spectral matches that came from each library diﬀered between
the two datasets. For example, in test 3, 83% of top matches
within the Chesapeake Bay dataset were from the Primpke
polymer library, whereas for the Toronto dataset, the
proportion of top matches was near equally split among

Particles from FLOPP-e were sourced from the environment
surrounding urban areas (city of Toronto and San Francisco
Bay) and are 59% polyethylene and polypropylene, likely due
to their common use in plastic packaging and other single-use
items common in urban litter. The morphologies represented
within FLOPP-e are dominated by fragments (61%) and ﬁlms
(16%) (Figure 2b), which are characteristic of plastic debris
often found nearby urban locations, such as plastic cutlery,
packaging, and food wrappers.40,41
Library Validation. Spectra from two datasets (the
Chesapeake Bay [n = 88 spectra] and Toronto [n = 50
spectra]) were matched using diﬀerent combinations of
reference libraries (Table 1). Using commercial libraries
alone, the mean HQI of matched spectra was 73% for each
dataset (Figure 3; Table S7, test 1). When all available libraries
were included, the mean HQI increased by 11% for the
D
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Figure 3. Average Hit Quality Index (HQI) score of the top spectral
library matches. Each test involved a spectral match search against
diﬀerent combinations of libraries, as described in Table 1. For both
datasets, the greatest average HQI was achieved in test 7, where a
combination of both commercial and open-access polymer spectral
libraries were used for spectral matching.

Article

Figure 4. Principal component analysis of FLOPP and FLOPP-e
spectra by polymer type. FLOPP = circle, FLOPP-e = triangle. All
uncommon abbreviations: AC = acrylic, CA = cellulose acetate, CE =
cellulose, CO = cotton, R = rubber, SR = silicone rubber.

Supporting Information (Figures S3 and S4). Generally,
particles of the same polymer type received similar principal
component scores (Figure 4), which was expected as particles
of the same polymer type will contain the same functional
groups. This was also true for diﬀerent polymers containing the
same spectral characteristics. For example, acrylonitrile
butadiene styrene (ABS) and polystyrene (PS) both contain
styrene, and therefore both demonstrate similarities within
their spectra, resulting in similar principal component scores.
There was also some variation among spectra of the same
polymer type, leading to overlap between diﬀerent polymer
groups. There were notably more variations in principal
component scores for spectra from environmentally aged
particles (FLOPP-e) compared to spectra from unaged
particles (FLOPP). This is clearly visible for PE, where spectra
from the FLOPP library (bright purple circle markers, Figure
4) are grouped closely together (mean PC1 score = −26, mean
PC2 score = −9), but several spectra from FLOPP-e (bright
purple triangle markers, Figure 4) were found in a diﬀerent
area in the score plot, with scores ranging up to 13 for PC1 and
14 for PC2, resulting in a broader spread of results.
When FLOPP spectra were compared by morphology,
principal component scores showed similarities based upon
polymer types with characteristic morphologies, for example,
all acrylic spectra within the FLOPP library were sourced from
ﬁber particles. With these patterns considered, no similarities
or consistent patterns in principal component scores were
observed among spectra from particles of the same
morphology (Figure S1). When categorized by color, again,
no patterns were observed relevant to particle color (Figure
S2).

FLOPP, FLOPP-e, and the Primpke polymer libraries (Table
S8).
In addition to changes in the HQI, changes to the top
spectral assignments were recorded (Supporting Information;
Library validation results) and compared across tests. Several
spectra were assigned as a singular polymer type using
commercial libraries only (test 1). Of these, all spectra from
both datasets originally assigned as PE (n = 34), PP (n = 17),
and PET/polyester (n = 4) in test 1 were identiﬁed as the same
polymer within all other tests. For other spectra originally
identiﬁed as a single polymer, there were some discrepancies
among the top match throughout tests (Tables S9−S12). Of
these discrepancies, two spectra were assigned as a natural
material rather than a polymer in tests where the Primpke
polymer library was used (Table S9), and 11 spectra were
assigned a diﬀerent polymer type or other synthetic material
when FLOPP, FLOPP-e, and Primpke libraries were used
(Table S10). Also, four spectra assigned as a natural material in
test 1 were assigned as a polymer within other tests where
FLOPP, FLOPP-e, and the Primpke polymer libraries were
used (Table S11). For 20 results where the original assignment
in test 1 was inconclusive (i.e., a chemical that cannot be
assigned as natural or synthetic), the results were mixed
throughout diﬀerent tests (Table S12). In 19 of these 20 cases,
the spectra were identiﬁed as a speciﬁc polymer with the use of
the FLOPP/e libraries.
Principal Component Analysis. Spectra from FLOPP
and FLOPP-e libraries were compared using PCA to observe
similarities and diﬀerences among spectra. Due to the large
amount of spectral variation within the FLOPP and FLOPP-e
libraries, the number of principal components required to
explain 100% of the variation among spectra was extensive. To
simplify analyses, the scores of the ﬁrst two principal scores
that explained 52% of the variance are plotted in Figure 4. The
resulting scores plot was used to examine variation among
polymer types and diﬀerences in spectra among the two
libraries and to determine if there were diﬀerences in spectra
among diﬀerent particle colors and morphologies. The ﬁrst 10
principal components and loadings for all spectra within the
FLOPP and FLOPP-e libraries can be found within the

■

DISCUSSION
Library Validation. Microplastics are diverse in their
sources, morphologies, colors, and chemical additives.42 Based
upon previous results from the creation of Raman spectral
libraries of plastic particles,33 it was hypothesized that the
inclusion of diversity in particle characteristics (diﬀerent
sources, colors, and morphologies) would improve spectral
matching when using FTIR spectroscopy to analyze microE
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this would generally be assumed as a more accurate match. In
cases where the assignment diﬀered among tests but the HQI
did not change, further visual observation of spectra is likely
required to determine the most accurate match. It is probable
that a more precise HQI may be achieved via the use of
alternative spectral correlation methods, as outlined in a recent
study,17 and this is an important consideration for studies
using automated techniques.
Principal Component Analysis. Creation of the FLOPP
and FLOPP-e libraries provided an opportunity to directly
assess the eﬀect of environmental aging and the color and
morphology of plastic particles on spectral output using ATRFTIR, and to compare diﬀerences between spectra from
diﬀerent polymer types via PCA. Variation among spectra, and
thus PC scores, from the same polymer type were observed.
This was expected as diﬀerent items with diﬀerent uses will
contain diﬀerent additives dependent on their source and
intended purpose.18 For example, a polypropylene fragment
from food-grade packaging will contain diﬀerent additives
compared with a polypropylene fragment from an electrical
appliance, leading to variations in spectra. Although some
similarities existed between diﬀerent polymer types, evident as
visual overlap between groups, similarities were not evident
among spectra from particles of the same color or morphology,
indicating that the visible appearance of particles (related to
the chemical additives used in production) does not
signiﬁcantly aﬀect their spectral output. This may be a beneﬁt
of using ATR-FTIR analyses over other techniques, as it is
often reported that when using Raman spectroscopy, bright
colors can lead to particle ﬂuorescence and signal overlay from
pigments and dyes.43,44
The PCA revealed that spectra from the FLOPP-e library of
environmentally aged particles had a broader range of principal
component scores, in contrast to spectra from the FLOPP
library, which had very similar principal component scores and
were grouped closely together within each polymer group. This
is likely due to diﬀering degrees of environmental degradation
among particles, which alters the polymer composition through
leaching and denaturing of chemical components and thus
alters its chemical ﬁngerprint.18 When spectra from the
environmental polymer library (FLOPP-e) were studied,
multiple spectra had diﬀerent principal component scores
compared to others of the same polymer type (Figure 4).
When these spectra are visually observed, some diﬀerences
between aged and unaged spectra are apparent. In general,
spectra within the FLOPP-e library had less pronounced peaks,
an uneven baseline, and increased spectral noise, which are all
indicative of environmental weathering.45 Within both PP and
PE spectra, a number of wavelengths were studied that are
known to be indicative of environmental degradation and
oxidation.46 Changes in peaks between unaged (FLOPP) and
environmental particles (FLOPP-e) were observed within PE
spectra (Figure S5) and PP spectra (Figure S6) at 3300−3400
cm−1 (hydroxyl), 1550−1810 cm−1 (carbonyl groups), and
1000−1200 cm−1 (carbon−oxygen). No formal drying was
conducted prior to spectroscopy; therefore, the new peak at
around 3300 cm−1 in spectra could be due to residual water on
these particles. However, laboratory studies of plastic weathering report this as a common spectral change due to
oxidation.47−49 Overall, the results from both changes in
spectral peaks and PCA conﬁrm that variations among spectra
of the same polymer type exist, and these diﬀerences are likely
due to environmental degradation altering the chemical

plastics samples and that the creation of the FLOPP/e libraries
would be complementary to the libraries already available for
microplastics research. Results of our library validation exercise
show that the inclusion of spectral libraries speciﬁc to plastic
particles we ﬁnd in the environment did improve spectral
matching success for the particles tested, compared to using
commercial libraries alone. The results also showed that the
greatest mean HQI scores were achieved where such libraries
are used in combination with commercial libraries rather than
as a standalone library. Although spectra contained within
FLOPP and FLOPP-e libraries were very relevant to the
particle types generally found in microplastics research,
matching spectra with FLOPP and FLOPP-e did not provide
an increase in the mean HQI in either dataset compared to
using the Primpke polymer library, which contained numerous
polymer spectra from standard reference materials. This was
unexpected based upon results from Raman spectroscopy33
and indicates that in addition to the content of libraries used,
there are likely more factors involved in achieving an accurate
spectral match using FTIR spectroscopy, for example,
measurement parameters, spectral noise, and spectral preprocessing.
When comparing library validation results between the two
datasets (particles from Chesapeake Bay and Toronto), the
proportion of top matches from each library within each test
(Table S8) indicates that the reference spectra within certain
libraries are more appropriate for certain sample types. This is
dependent on the dominant material types found in that
speciﬁc location or matrix. When matching spectra from the
Chesapeake Bay dataset, the Primpke polymer library provided
the most top spectral matches whenever it was included in the
search list (Table S8). When looking at the proportion of
material types in the Chesapeake Bay dataset, 19% of spectra
were non-plastic materials. The Primpke polymer library
includes spectra from many natural materials that are often
mistaken for microplastic particles during visual identiﬁcation.
Thus, this library was most valuable to include in the search list
for this dataset. When matching spectra from the Toronto
dataset, top spectral match results were near equally split
between the FLOPP, FLOPP-e, and Primpke polymer libraries.
This dataset included fewer natural particles and several
particles identiﬁed as rubber, so here, the variety of both
polymers and rubber spectra available in both the FLOPP and
Primpke polymer libraries is likely the reason behind this
result.
When comparing results among FLOPP and FLOPP-e
(Table S9, test 2), the proportion of top spectral matches was
equal among the two libraries across the two datasets used.
This is likely due to a combination of factors. First, each library
contains some materials that are not present in the other, e.g.,
ABS spectra are present in the FLOPP library but not in
FLOPP-e. In cases where spectra match this material, the
library that contains a reference spectrum for this material will
be a match, whereas the other will not appear in the search list.
Second, the degree of environmental aging of each particle in
question may determine which library proves to be an accurate
spectral match. This is further discussed within the results of
the PCA.
Within the library validation tests, several results showed a
change in material assignment across tests where diﬀerent
libraries were included (Table S9). While we cannot discuss
each result in detail, in many cases the change in spectral
assignment was also accompanied by an increase in HQI, and
F

https://doi.org/10.1021/acs.analchem.1c02549
Anal. Chem. XXXX, XXX, XXX−XXX

Analytical Chemistry

pubs.acs.org/ac

https://pubs.acs.org/10.1021/acs.analchem.1c02549

structure of plastic particles. Although we cannot determine
how long each particle used for the FLOPP-e library had been
in the environment, from these results, we can presume that
spectra for which the eﬀects of environmental aging are more
evident within their spectra may have been in the environment
for a longer period before sampling.
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CONCLUSIONS
Our results show that the creation and inclusion of spectral
libraries speciﬁc to plastics used in everyday life and plastics
that are found in the environment are beneﬁcial for
microplastics research as they improve spectral matching
success and accuracy. Here, we introduce two new open-access
libraries for microplastics using ATR-FTIR. Our ﬁndings
demonstrate that many currently available commercial spectral
libraries are not best suited to identify microplastic particles.
Inclusion of a variety of polymer types is valuable within a
polymer reference library as is the inclusion of spectra from
both environmentally aged and unaged particles. However,
some characteristics of plastic particles are less important when
building an FTIR library as spectral analyses via ATR-FTIR are
not sensitive to particle color or morphology.
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