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ABSTRACT

Discovered more than 40 years ago, microplastics have become a major environ-
mental issue. With increasing global plastic production, microplastics are of grow-
ing concern. Landfills have been pinpointed as primary sources of microplastics to
surface waters and they have, in fact, been identified and quantified as such. Due to
their small size, different polymers and interfering non-plastic materials, microplas-
tics are difficult to analyse in a complex matrix such as leachate. To elucidate the im-
pact of pre-treatment on the performance of the most common microspectroscop-
ical analytical methods employed, i.e., FT-IR and Raman, we re-examined previously
pre-treated and analysed leachate samples. Additionally, we subjected duplicates
of previously analysed samples to different concentrations of H,0, with varied reac-
tion times to digest and remove non-plastic organic matter. The pre-treated samples
were subjected density separation and (re-)analysed by means of FT-IR and Raman
microspectroscopy. Larger particles were also analysed by near-infrared (NIR) hy-
perspectral imaging. We found the concentration of H,0, to impact the possibility
of identifying and quantifying PET particles, with Raman scattering microspectros-
copy enabling more particles to be counted than with FT-IR. This is likely due to the
increased detectable particle size range, from around 50 pm for FT-IR to 1 pm for Ra-
man scattering microspectroscopy. Optimized H,0, concentration with subsequent
density separation enabled to clearly identify numerous PE particles, but also PP, PS,
and PET particles and carbon compounds with Raman scattering microspectrosco-

1. INTRODUCTION

Plastic pollution is one of the most pressing environ-
mental issues. Plastic production has been increasing
year by year and is projected to double in the next 20 years
(World Economic Forum et al., 2016). It is estimated that at
least 10% of plastic produced ends up in the environment;
through storm water, wastewater treatment plants, waste
management and littering, as well as by air deposition, it
reaches the oceans. Microplastic particles (MP) are de-
fined as plastic particles below 5 mm in size (Arthur, 2009;
Thompson et al., 2004), of mixed shape, size, colour, and
chemical composition that are present in air, soil, fresh-
water, seas, biota, and in several components of our diet
(Science Advice for Policy by European Academics -SA-
PEA-, 2019). Microplastic pollution is estimated to account
for 60-80% of marine litter (Derraik, 2002). Storm water

py. Hyperspectral imaging performed well for particles larger than 30 um.

from road run off and wastewater are regarded as the
main transport routes for microplastics to surface waters
(Blasing and Amelung, 2018, Eriksen et al., 2013; Barnes
et al., 2009; Horton et al., 2017). Landfilling and even lea-
chate has been suspected to be a significant source of mi-
croplastics to surface waters as well (Sundt et al., 2014,
Magnusson et al., 2016).

Leachate composition widely varies depending on the
age of the landfill, the type of accepted waste, operational
praxis, whether the landfill is capped, etc. Generally, landfill
leachates contain nitrogen, salts, and inorganic and organ-
ic micropollutants such as metals and persistent organic
substances (Kjeldsen et al., 2002; Haglund et al., 2015;
Modin et al., 2011).

Comprehensive information or data on the amount of
microplastic particles in leachate or their potential envi-
ronmental impacts is still scarce. The Nordic Waste Group
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and the Marine Group under the Nordic Council of Minis-
ters, therefore, commissioned the design and conduction
of a study on the occurrence of microplastics in landfill lea-
chates in Norway, Iceland and Finland, in order to elucidate
whether landfill leachates are potentially significant sources
of microplastics to surface waters (van Praagh et al., 2018).

Isolation of microplastic particles from the complex
environmental matrix that constitutes landfill leachates is
crucial. It typically includes sieving/filtration followed by
chemical treatments to remove non-plastic organic materi-
als that may obstruct further analysis (Zarfl, 2019). Identi-
fication of microplastics can be done by visual inspection
of the isolates. It allows estimating the amount of the mi-
croplastic particles, but misses information on the specific
polymers comprising them, which can be important for de-
termining the microplastics source and environmental im-
pact. Therefore, spectroscopy-based methods have been
utilized to characterize microplastic particles in various
environmental samples.

The most common methods include infrared absorp-
tion (IR) and Raman scattering microspectroscopy (Kép-
pler et al., 2016), as well as near-infrared (NIR) hyperspec-
tral imaging (Shan et al., 2018). IR spectroscopy and NIR
hyperspectral imaging have been found to be suitable to
characterize larger (>50 pm) particles, but spectral analy-
sis can be hindered by contributions of contaminants on
microplastic particles’ surfaces. Furthermore, only thin
(<10 pm) particles can be analysed in transmission mode
of IR spectroscopy, and the reflection spectra can be af-
fected by baseline artefacts resulting from scattering from
wavelength-scale sized, irregular shaped particles (Rass-
kazov et al., 2019). Meanwhile, Raman microspectrosco-
py provides higher spatial resolution (down to 1 pm), but
it is more sensitive to sample pre-treatment as organic
contaminants can yield fluorescence masking the Raman
signal. Therefore, further comprehensive studies are nec-
essary to identify the most suitable sample pre-treatment
and analytical techniques for microplastic identification
and characterization in landfill leachates.

The work presented here aims at providing guidelines
in support of the identification of microplastic particles in

landfill leachate, paving the way for scalable applications
aimed at better understanding the typology and size of
microplastic particles emitted by landfill leachates. This
is a fundamental aspect for dealing with plastic-waste
management in any context, including the minimization
of plastic-waste production at the source. This scope is
pursued through the further analysis of samples collected
and pre-treated in the aforementioned project (van Praagh
et al., 2018), by comparing three different techniques for
microplastic analysis while studying the effects of sample
preparation on analytical results.

2. METHODS AND MATERIAL
2.1 Leachate samples

As part of the study commissioned by the Nordic Waste
Group and the Marine Group under the Nordic Council of
Ministers, leachate samples were collected by pumping lea-
chate through three different stainless-steel filters of differ-
ent mesh size (5000, 411, 47 ym). Subsequently, filters were
rinsed with deionized water, re-filtered and subjected to a hy-
drogen peroxide solution (15% H,0,) in order to remove or-
ganic and non-organic materials. Screening of split samples
(particles of >500 and >50 um), showed no or few particles
>500 um (see van Praagh and Liebmann, 2019, for details).

For this study, we chose those samples available from
the aforementioned investigation that exhibited the highest
number of MP particles with relatively low particle density
for Raman scattering microspectroscopy analysis (see Fig-
ure 1). All samples, except for u1 and u2, had been previ-
ously treated and analysed at the Austrian EPA’s laboratory
in Vienna by means of p-FT-IR (Fourier transform infrared)
microspectroscopy and imaging (see van Praagh and Lieb-
mann, 2019).

2.2 Sample treatment
2.2.1 Hydrogen Peroxide Treatment

Selected samples were treated with 15 or 30% H,0,
solution, see Table 2. Sample 9, already treated with a 15%
solution of H,0, at the laboratory in Vienna, underwent
treatment in 30% solution of H,O, for 6 days. Nuelle et al,,

& B o 4 N\ 4 h
b — 1l / \_ — e/ — e S\ — 1l J \_ —sm /
Sample 3 Sample 4 bis Sample 5 Sample 7 Sample 8 Sample 9 Sample ul Sample u2®
¢ Iceland ¢ Iceland ¢ Finland *  Finland * Finland * Finland *  Finland +  Norway
*  Non-hazardous *  Non-hazardous *  Non-hazardou: Non-t * N k landfill * N *  Non-t dous
landfill landfill landfill landfill landfill * Treated leachate landfill landfill
*  Raw leachate *  Raw leachate *  Raw leachate *  Raw leachate * Raw leachate * 60 microplastic * Raw leachate * Raw leachate
* 0 microplastic * 60 microplastic * 0 microplastic + 88 microplastic * 138 microplastic detected - -
detected detected detected detected detected * P, PS, previously
*  SBR previously * PE, PS, PET, PU +  None previously *  PE,PVC,PS,PET, *  PE,PS previously identified polymer
identified previously identified polymer PA,PU,PMMA identified polymer
polymer?) identified polymer previously
" N [ P QT U\ U\ AN /

1) Plastic polymers included in the screening: Polyethylene (PE), Polypropylene (PP), Polyvinylchloride (PVC),
Polystyrene (PS), Polyethylene terephthalate (PET), Polyamide (PA), (PU), (PC), PMMA

(F ylate), POM (P! SBR (Sty the main in
tyre rubber, and PMB (Polymer-Modified Bitumen, an admixture in asphalt paving); 2) SBR identified in screening; 3)
duplicate of 4bis

FIGURE 1: Samples background information: type and location of landfills covered in this study, microplastics (MP) count and polymers
detected previously by FT-IR microspectroscopy (see van Praagh and Liebmann, 2019).
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2013, found that this removes as much as 50% of non-plas-
tic organic matter.

In order to test potential impact of H,0, on microplastic
particles, PET and PP particles from reference materials
were treated with a 30% solution of H,0, for 3, 8 and 15
days.

2.2.2 Density separation

Particles were separated by dispersion in a NaCl solu-
tion (35 g of NaCl in 100 ml of milliQ deionized water), see
for example Quinn et al., 2017. The solution was mixed with
a magnetic stirrer for at least 5 minutes, after which NaCl
grains were undissolved on the container bottom, indicat-
ing saturation. The solution was left to rest, allowing densi-
ty separation. To remove the floating particles (plastic par-
ticles, except for PET and PVC, exhibit a lower density than
a saturated NaCl solution), two different methods were
used, see Table 1. Subsequently, particles were deposited
onto Anodisc©® (Whatman) aluminium oxide filters with a
polypropylene support ring (25 mm, pore size 0.2 pm)

2.3 Sample analysis
2.3.1 Raman microspectroscopy

Raman microspectroscopy measurements on all sam-
ples were performed using a LabRAM HR Evolution Raman
system (Horiba Scientific), equipped with a front illuminat-
ed thermoelectrically deep cooled Charge-Coupled Device
(CCD), called Syncerity (Horiba Scientific). Raman scatter-
ing spectra were recorded with a 50/0.5 LWD (Long Work-
ing Distance) objective and a diffraction grating of 600 gr/
mm.

Microplastic identification in leachate samples requires
the setting of specific optical measurement parameters to
successfully apply Raman spectroscopy. Thus, initial anal-
ysis was carried out on single particles within the samples,
chosen randomly and with a diameter larger than 10 pm. In
addition, several spectral maps of multiple particles were
recorded, showing areas with a size of 1 cm x 0.5 cm, easily
discoverable for later analyses.

The defined measurement parameters used were as
follows: excitation wavelength was 632.8 nm (He-Ne la-
ser), with an acquisition time of 5-18 seconds; 5-8 scans
were averaged for a single spectrum, a wavenumber range

1800 to 800 cm™; excitation power set to 5-10% of the total
laser power (17 mW).

In case of fluorescence when using the 632.8 nm ex-
citation, the spectra were recorded with 785 nm (diode
solid-state laser) excitation wavelength; acquisition time of
60 seconds, 12 scans for a single spectrum and an excita-
tion power set to 100% of the total laser power (100 mW).
Spectral analysis was performed by comparing the record-
ed Raman spectra of particles in the samples with spectra
of references (microplastics of PE, PP, PS, etc.).

2.3.2 FT-IR Microspectroscopy

FT-IR microspectroscopy measurements on samples 7
and 8 were performed with a Hyperion 3000 microscope
connected to a Tensor 27 IR spectrometer (Bruker) in re-
flection mode. Either a single channel mercury cadmium
telluride (MCT) detector was used to obtain a single spec-
trum, or a focal plane array (FPA) detector, with a 64x64 ar-
ray size, was used to obtain an IR multispectral image. The
field-of-view of the x15/0.4 Cassegrain objective that was
used in these measurements is 250x250 pm. The spectra
were recorded with 4 cm™ spectral resolution. 64 interfero-
grams were averaged and the result was Fourier-trans-
formed into a spectrum applying the Blackmann—Harris 3
apodization function and zero filling factor 2.

Additionally, a x20 Attenuated Total Reflection (ATR)
objective (field-of-view 100x100 pm) combined with the
single channel MCT detector was used to record IR spec-
tra of single particles. Spectral analysis was performed
by comparing the recorded IR spectra of particles in the
samples with spectra of microplastic (PE, PP, PS, etc.) ref-
erences.

2.3.3 Hyperspectral Imaging

Hyperspectral imaging was performed on sample 8,
by using the SISUChema XLTM Chemical Imaging Work-
station (Specim, Finland), equipped with ImSpectrorTM
N25E imaging spectrograph. It works in the short-wave in-
frared (SWIR) range (1000-2500 nm). The device has been
equipped with a macro lens, that has a field-of-view of 1
cm, since the particles in these samples are very small.
One pixel corresponds to about 30 pm. The spectral reso-
lution was 6.3 nm.

TABLE 1: Sample and reference treatment type and duration prior to spectroscopic analyses.

Previous treatment

Floating particles

ID code Vienna Treatment Solution Duration Density separation removal method Comment
Unit H,0, (%) H,0, (%) d Yes/no
3 15 Yes Vacuum pump
5 15 Yes Syringe filter Particles moved by
tweezers
9 15 30 6 No
ul - 30 6 Yes Vacuum pump
u2 - 15 6 Yes Vacuum pump
PET - 30 3/8/15 No Reference material
PP 30 3/8/15 No Reference material
PP 30 3/8/15 No Reference material
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The analysis of environmental samples with hyperspec-
tral imaging requires building a hierarchical model based
on pre-defined plastic polymers. Six polymers were select-
ed - PA, PET, PE, PP, PS, PVC - their raw spectra acquired
and carefully analysed to observe and compare character-
istics, due to the different absorption of light of molecules
in the SWIR range. Applying the procedure described by
Bonifazi et al. (2018) a hierarchical Partial Least-Squares
Discriminant Analysis (PLS-DA) model was built and repre-
sented by a dendrogram.

PLS-DA is a supervised classification technique that
requires a prior knowledge of the data. In order to provide
a better discrimination of each variable (wavelength), sam-
ples are classified with PLS-DA into predefined groups, by
forming discriminant functions from input variables (wave-
lengths) to yield a new set of transformed values providing
a more accurate discrimination than any single variable
(wavelength) (Ballabio and Consonni, 2013). A discrimi-
nant function is then built using reference samples to be
later utilized to classify samples belonging to an unknown
set. Once the model is obtained, it can be applied to an en-
tire hypercube and for the classification of new hypercubes
(Bonifazi et al., 2018).

To create a hierarchical model, objects are progressive-
ly divided into a first and successive levels of subsets, until
each subset contains a single object (Monakhova et al.,
2016), with the main objective of isolating the most differ-
ent object, for each step.

3. RESULTS AND DISCUSSION

3.1 Raman Scattering and FT-IR microspectroscopy
results

Raman scattering spectra of particles within random-
ly chosen areas (see example in Figure 2) of five samples
were acquired. A total of 465 points were analysed within
2 to 3 areas per sample. Distribution and spectral analysis
results are shown in Table 2.

From the results displayed in Table 2, the following can
be derived:

+ Many spectra identified as stemming from PET exhib-
ited two unidentified bands at 1370-1399.3 cm-1 in the
spectrum (see Figure 2), which are potentially due to
external contamination, as they are not observed after
treatment with 30% H,0, and density separation (see
Table 2 and Section 3.4 for more details).

26% of all detected particles are made of PET ("PET"
and “PET + unidentified spectra”), 78% of which show
the unidentified spectral bands at 1370-1399.3 cm-1.
Sample 8 appears to have the highest number of PET
particles (“PET” and “PET + unidentified spectra”) relat-
ed to the total number of analysed particles within the
sample itself (about 41% of all the detected particles of
the sample).

+  36% of particles are made of undefined materials; for
37% of the particles’ spectra were too noisy or ob-
scured by fluorescence to analyse.

—— 500 um

FIGURE 2: Example of mapping areas. Mapping areas within sample 8 with measurement points on randomly selected particles highlight-

ed on the right (70 points in total).
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TABLE 2: Type and number of particles detected with Raman scattering microspectroscopy within the mapped areas.

sample Area ID No signal® PET !’ET+ Unidentified Undef_'lned Particles P_Iastics ident. / .
unident.? spectra materials® analysed Particles analysed (%)
1 20 7 16 3 19 65 35
’ 2 39 5 9 6 6 65 22
19 4 26 30
4bis
2 11 4 15 30
1 16 3 1 5 5 30 13
2 9 1 2 2 11 25 12
/ 3 9 1 4 1 14 25 20
4 3 4 23 30 13
1 21 2 23 15 9 70 36
8 2 5 0 12 6 7 30 40
3 4 1 15 3 7 30 53
19 9 0 4 0 7 20 20
9 2 11 1 6 3 9 30 23
39 9 1 2 4 9 25 12
Sum 14 170 26 94 52 167 465 26

+ No other plastic polymers have been detected. This re-
sult is unexpected, since the analysis carried out during
the previous study by using FT-IR microspectrosco-
py (see Figure 1) showed the presence of several mi-
croplastic polymers.

In Figure 3, an example of identifying PET from Ra-
man spectra is shown. Most of the spectral bands of the
analysed particle in the sample (“PET sample”) coincide
with the ones observed in the spectrum from the “PET ref-
erence” particle. Two unidentified bands at 1370-1399.3
cm-1 in the spectrum of the particle do not correspond to
any of other plastic materials; we tentatively associated
the occurrence of these bands with contaminations result-
ing from sample treatment. This is discussed more in de-
tail in section 3.4 of this work.

For comparison and clarification of Raman microspec-
troscopy analysis results, sample 8 was re-analysed via FT-
IR microspectroscopy. The main results from this analysis
are as follows.

+ A visible particle in sample 8 shown in Figure 4 was
clearly identified as PE (see Figure 5).

- Spectra from other particles were recorded; however,
they were distorted by the effects such as refractive in-
dex dispersion (see for example Korte, 1990). This phe-
nomenon distorts the shape of the absorption bands,
thus complicating or hindering the identification of ma-
terials from smaller particles.

+  For the aforementioned reasons, only the PE largest
particle was clearly identified through FT-IR analysis.

>
>

Raman scattering intensity

e e a1 T —

T :
Unidentified
—— PET reference
——PET sample
PET sample+unidentified

1 = 1
800 900 1000 1100 1200

1
1300

1 1 1 1
1400 1500 1600 1700 1800

Raman shift, cm™

FIGURE 3: Raman scattering spectral analysis results. Results for PET reference material (blue); undefined spectrum (pink), PET particle
in the sample (green), and PET with undefined spectra (cyan); spectra are shifted on the y-axis for clarity.
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Absorbance

T ¥ T ¥ T

—— PE reference
Sample: PE+PU

1 1
3500 3000 2500

1 1 1
2000 1500 1000

Wavenumber, cm™

FIGURE 5: PE spectra. Spectrum of a reference material (blue) and PE particle spectrum acquired with FT-IR microspectrometer (red);

spectra are shifted on the y axis for clarity.

After identifying the chemical composition of the
large particle in sample 8 by using FTIR microspectros-
copy, the same particle was re-analysed with the Raman
scattering spectrometer and used to determine optimal
parameters for recording its spectrum. The identified pa-
rameters were 785 mm excitation laser, acquisition time
of 60 seconds, and 12 accumulations (see paragraph
Materials and Methods). The newly identified spectral
acquisition parameters were then used to collect spectra
using Raman microspectroscopy from other particles on
the sample. However, that signal was still overwhelmed by
broad spectral bands of unidentified material(s) that we
assign to contaminations that have not been removed by

the initial treatment. Therefore, new samples (ID u1 and
u2) were re-treated with higher concentration of H,0, and
density separation.

3.2 Hyperspectral Imaging results

The results of hierarchical PLS-DA applied to landfill
leachate sample 8 are shown in Figure 6 as prediction
maps. Sample 8 was selected for the larger size of some
particles. In fact, particles larger than 30 um in size are the
key aspect for the correct implementation of hyperspectral
imaging method, which includes also the removal of the
sample background (i.e. the aluminium oxide filter) needed
to highlight and better detect the particles.
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PE
particle

PA
PE
PET
PP
PS
PVC

NC

FIGURE 6: Hyperspectral imaging results. Results shown in terms of prediction maps for sample 8 with the largest particle highlighted.

The sample was divided into 3 areas (named A, B and
C from left to right) for a better acquisition, as shown in
Figure 6.

Results derived from this analysis show that the largest
particle (in area A in Figure 6), was clearly identified as a
PE particle (as with Raman and FT-IR microspectroscopy
previously), confirming the validity of the technique and
the possibility to obtain successful results also on smaller
particles changing the optics of the hyperspectral device.
Hyperspectral imaging results suggest that most of the
particles in this sample should be made of PE. However,
these results are not reliable because the particles are sig-
nificantly smaller than 30 pm.

3.3 Effect of sample treatment on results and new
treatment protocol

Results from the analyses with Raman scattering mi-
crospectroscopy of two retreated samples are reported in
Table 3. As can be derived from Table 3, retreating samples
does not have a clear, discernible positive effect on identi-
fying PET with Raman scattering microspectroscopy, apart
from that PS particles could be identified.

Thus, samples u1 and u2 were treated. They are
shown in Figure 7 from which it can be derived that still
a considerable amount of recalcitrant material is on the
filter plates, indicating that digestion with H,0, (respec-
tively 30% and 15%) and density separation was not suffi-
cient. A multi-step pre-treatment approach, as for exam-
ple developed to analyse microplastics in sewage sludge
and described by Simon et al.,, 2018, is at hand. After the
treatments, both samples were analysed with Raman
scattering microspectroscopy, and results are shown in
Table 3.

The following can be derived from the results shown
in Table 3:

Unlike the results of the analyses on the previous sam-
ples, in sample u1 it was possible to identify PS, PP, PE
and carbon particles and not only PET particles.

The most abundant identified polymer was PE (23% of
particles in sample u1) whereas not a single PE particle
had been detected in all previous observations.

Only the floating particles from sample u1 (top) con-
tained microplastics, thus confirming the need of a den-
sity separation treatment.
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TABLE 3: Type and count of particles detected with Raman microspectroscopy within the mapped areas, of samples 3 and 9 before and
after the treatment and of samples u1 and u2 treated with the new protocol.

. Plastics
PET + U{:If:‘:: - l:_lr:‘tiz- Particles ident. /
Sample Area ID Noise” PE PP PET PS uni- N Carbon Particles
2 spec- materi- analysed
dent.?) 3 analysed
trum alP o
3 previous 2 59 - - 12 - 25 9 25 - 130 28
1 9 - - 2 0 10 10 14 - 45 27
3 retreated
2 7 - - 1 0 21 8 18 - 55 40
3 retreated 2 16 0 0 3 0 31 18 32 0 100 34
Subtotal
9 previous 3 29 - - 2 0 12 7 25 - 75 19
1 10 - - 4 0 - 13 23 - 50 8
9 retreated
2 17 - - 2 2 2 16 11 - 50 12
oretreated -, 27 0 0 6 2 2 29 34 0 100 10
Subtotal
Samples with new treatment
19 6 16 - - 1 B g 5 2 30 57
24 1 - - - 4 - - 25 - 30 13
ul 3 22 24 - - - - - 11 - 57 42
(top)
4 52 23 2 - 1 - - 21 - 99 26
5 86 19 - 1 - - - 32 - 138 14
ul 1 20 - - - - - - 10 - 30 -
(bottom) 2 2 _ _ _ _ _ _ 28 _ 30 -
1 24 - - 7 - 2 - 12 - 45 16
u2
2 30 - - 5 - 4 1 30 - 70 7
Total 9 243 82 2 13 6 6 1 174 2 529 21

+ Sample u1 did not show any kind of contamination in with the reference materials, the PE spectrum exhibited a
terms of the two bands in the spectra observed previously.  contribution from several unidentified spectral bands as
+  Results from analysis of sample u2 showed the same compared to the reference.
result as for the samples pre-treated (i.d 7,8,9,3,4bis):
only spectra of PET particles and unidentified contami- 3.4 Comparison of spectroscopic methods

nations could be recorded. The use of the three different methods for microplastic

An example of identifying PP and PE with reference  analysis in landfill leachate samples clearly showed that all
spectra is shown in Figures 8 and 9 for particles in sample  of them are suitable to identify microplastics, but that they
ul. The PP spectrum of the sample was strictly matching all have their limitations. When it comes to a direct com-

ny

I cm

FIGURE 7: Samples u1 and u2. Samples after density separation treatment (A: u1 top, B: u1 bottom), and without treatment (C: u2).
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—— PP reference
—— PP sample
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1 " 1 " 1 " 1 i 1 " 1 " 1
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1500 1600 1700 1800
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FIGURE 8: Example of a PP particle found in the sample u1 and its Raman spectrum. PP spectrum of a reference material (blue) and PP

particle spectrum (green).

>
>

Raman scattering intensity

T T T

—— PE reference
—— PE sample

k/\/d\/L_\ 20 ym
1 1 1 1 1

800 900 1000 1100 1200 1300 1400

Raman shift, cm™’

1500 1600 1700 1800

FIGURE 9: Example of PE particles found in the sample u1 and its Raman spectrum. PE spectrum of a reference material (pink) and PE

particle spectrum (red).

parison between analysing the same filtered landfill lea-
chate samples with Raman microspectroscopy and FT-IR
microspectroscopy, it appeared that, even though Raman
microspectroscopy was clearly more effective for particles
smaller than 20 ym, FT-IR was the more suitable solution
to identify the spectra of some types of polymers (i.e. PE),
affected by environmental or treatment distortion.

He et al.,, 2019, and Xu et al.,, 2020, found that FT-IR
microspectroscopy worked well for analysing microplas-
tics in landfill leachates with particles larger than 25 and
20 pm, respectively, after sample treatment with 30% H,0,
and Fe (l1) followed by density separation, and treatment
with 30% H,0, (=48h) and filtration, respectively. Su et al,,
2021, applied Raman microspectroscopy on treated lea-
chate samples (30% H,0, for 72h, and NaCl density sepa-
ration) to analyse microplastic particles down to a size of
20 pym. However, microplastics with much smaller sizes
down to nanoscale have been observed in the environ-
ment (Gigault et al., 2016). In order to cover the full scale

of microplastics in landfill leachates, particles below 20
pum have to be targeted, as well. Considering that, by using
high magnification objectives, Raman microspectroscopy
can work down to 1 um, and it appears to be promising for
identifying these smaller microplastic particles in landfill
leachate.

Raman scattering microspectroscopy in our study ena-
bled to identify more microplastic particles than FT-IR but
appeared to be very sensitive to sample preparation. This
evidence is clearly shown in Figure 10, in which a synthesis
of samples, treatment procedure and spectroscopic meth-
ods applied is described, as well as the results of analysis
related to the identification of plastic polymers.

3.5 Recommended procedure for sample prepara-
tion and microplastic analysis

During this study, samples from landfill leachate were
analysed and, in some cases, treated. It has been evident
that environmental samples, especially leachate ones, re-
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u2 New treatment protocol
I PET

ul New treatment protocol

T PET, PE, PS, PP

9(1) Retreated

- PET, PS

9 Pre-treated
S PET

I Pt
8 Pre-treated I PE

7 Pre-treated  none
I PET

5(1) Retreated
I PET

Samples code and treatment

5 Pre-treated
I PET

4bis Pre-treated
I PET

3(1) Retreated
I PET

3 Pre-treated
I PET

0

(1) retreated samples with the same name as the pre-treated ones

1 2
Number of different polymers detected

Iy PET, PE

W HSI

mFT-IR

® Raman

FIGURE 10: Sample treatment, spectroscopic method applied to each sample and results in terms of detected polymers.

quire an accurate treatment to avoid any kind of contami-
nation that can influence the spectra. Thus, recommenda-
tions for future studies are suggested below, only related to
sample treatment and techniques for the analysis.

Firstly, it is strongly suggested to pay much attention
for potential sources of plastic contamination during the
samples management (e.g., clothes, plastic equipment,
gloves etc) and especially during the samples treatment.
Moreover, the following procedure for sample preparation
is recommended:

Treatment: Selected samples should be treated with
30% H,0, solution.

- Density separation: Particles should be separated by
dispersion using saturated salt solutions, e.g. NaCl (35
g of NaCl in 100 ml of milliQ deionized water). The solu-
tion should be mixed with a magnetic stirrer for at least
5 minutes. Saturation is indicated by NaCl grains undis-
solved on the container bottom. An adequate period of
rest should be allowed for a correct density separation.

+  Particle’s collection: The most suitable method for the
specific case should be selected to remove the majori-
ty of floating plastic particles. Both vacuum pump and
syringe filter appeared to be effective for the collection.
Eventually, particles should be properly deposited onto
aluminium oxide filters with a polypropylene support
ring, of adequate size and pore size.

Analysis of environmental samples often states chal-
lenges, especially if the analytical targets are of microscop-
ic (or smaller) sizes. All three proposed methods are the-

oretically suitable for microplastic analysis in leachate or
other effluents. However, due to the variable and unknown
characteristics of the case-specific microplastics, a combi-
nation of techniques is recommended.

In addition, the following settings of instruments are
recommended:

- Raman microspectroscopy: it is recommended to de-
fine the measurement parameters on a smaller section
of the sample before starting the overall acquisition of
the spectra. This allows to identify the most suitable
and context-tailored set of parameters. However, this
work highlighted that the following parameters are like-
ly to be suitable for this kind of leachate sample stud-
ied:

+ excitation wavelength of 632.8 nm (He-Ne laser),
with an acquisition time of 5-18 seconds; 5-8 scans
in average for a single spectrum, a wavenumber
range 1800 to 800 cm ; excitation power set to
5-10% of the total laser power (17 mW).

- In case of fluorescence, excitation wavelength of
785 nm (diode solid-state laser); acquisition time
of 60 seconds, 12 scans for a single spectrum and
an excitation power set to 100% of the total laser
power (100 mW).

+  FT-IR microspectroscopy: Either a single channel mer-
cury cadmium telluride (MCT) detector may be used
to obtain a single spectrum, or a focal plane array
(FPA) detector, with a 64x64 array size, to obtain an
IR multispectral image. A good response has been ex-
periences by using a 250x250 pm field-of-view of the
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x15/0.4 Cassegrain objective. The spatial resolution
for recording the spectra was 4 cm™, with 64 interfero-
grams averaged. The result was Fourier-transformed
into a spectrum applying the Blackmann—Harris 3 apo-
dization function and zero filling factor 2. Furthermore,
a x20 Attenuated Total Reflection (ATR) objective
(field-of-view 100x100 pm) combined with the single
channel MCT detector showed to be suitable to record
IR spectra of single particles but paying particular at-
tention to the physical contact that could damage the
sample.

+ Hyperspectral Imaging: this analytical technique should
be further explored in future studies. It is suggested to
build a broader hierarchical model in order to detect
a wider range of particles in the short-wave infrared
(SWIR) range (1000-2500 nm). During this study, a sat-
isfactory response has been experienced by equipping
the device with a macro lens of a field-of-view of 1 cm,
and with spectral resolution of 6.3 nm.

In Table 4, the advantages and disadvantages of sam-
ples treatment and analysis are listed, according and limit-
ed to the direct experience and findings of this study.

4. CONCLUSIONS

During this study, more than 1000 particles from landfill
leachate samples were analysed with Raman microspec-
troscopy and partially re-analysed with FT-IR microspec-
troscopy and Hyperspectral Imaging, to determine the best
approach for analysis. Results indicate that with the appli-
cation of the three methods it was possible to identify mi-
croplastic particles of different polymers. However, the sam-
ple treatment is fundamental to avoid contamination that
can influence the spectra, especially in leachate samples.
Both digestion with H,0, and density separation are invalu-
able sample treatments, but they should be optimized and
complemented to remove more recalcitrant organic matter
without impacting the plastic polymers. In fact, replicating

a H,0, treatment (with either the same or higher concentra-
tion) on a pre-treated sample did not improve at all the qual-
ity of results, supporting the hypothesis that the treatment
itself could cause the undefined bands in the spectra.

In addition, the efficacy of pre-treatment has to be tak-
en into regard for finding the optimal adjustment of key pa-
rameters for the FT-IR and Raman spectroscopic methods
in order to avoid unwanted fluorescence or other spectral
distortion phenomena. It is confirmed that microplastics
in environmental samples are extremely difficult to detect
since the spectra of particles are strongly affected by en-
vironment and treatments, which strengthen the need of a
clear and efficient treatment protocol.

As a conclusion, the 30% H,0, treatment with a density
separation is the best one to identify plastic particles with
an acceptable time of acquisition.

Eventually, hyperspectral imaging, a fast and promis-
ing analytical technique, should be developed for particles
smaller than 30 pm, so that a direct comparison to FT-IR and
Raman scattering microspectroscopy can be carried out.
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