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Introduction

The knowledge that microplastics (defined as plastics
smaller than 5mm in size), a pollutant of emerging concern,
can pose significant challenges to the ecosystem and hu-
man health due to its ubiquitous and persistent nature,
calls for urgent measures for its control. Identifying the
sources of pollutants and the extent of their contribution
is one of the first steps in their management. However,
the source apportionment is extremely challenging in mi-
croplastic pollution, due to diverse use of a single type of
polymer, multiple manufacturing techniques, use of differ-
ent additives in the same type of polymer by different in-
dustries, etc. (Kumar and Varghese 2021b). Use of robust
environmental forensic techniques and protocols, both at
the sampling and analysis stages can address this chal-
lenge to a great extent.

Gwinnett et. al (2021), in an earlier edition of this column
had explained the different sampling methods adopted for
microplastics with emphasis on the special considerations
required when sampling is carried out for forensic pur-
poses. Just as sampling for forensic purposes demands
certain procedures to be followed, so does its subsequent
analysis. Once the microplastic is sampled and brought to
the laboratory, it goes through distinct phases of analysis,
namely, drying of the samples (if the sample is wet), sep-
arating the microplastics from the matrix, classification,
microscopic observations, polymer identification and in-
terpretations regarding the sources. Brief explanations of
these phases are given below for the analysis of microplas-
tics from sand/sediment.

Drying of samples

When extracting microplastics from soil/sand/sed-
iment samples, these matrices regularly have high mois-
ture content and thus drying prior to microplastic separa-
tion is required. Drying is also required for preserving the
samples for future analysis. Depending on how wet the
sample is, the duration of drying can vary. For moderate-
ly wet beach sediment samples, 6 hrs drying at 60°C was

found to be suitable (Kumar and Varghese 2021a). When
the purpose of the analysis is to know the abundance of
microplastics or its impact on the ecosystem, keeping the
physical properties of the microplastic intact may not be
important. However, when the sampling is for forensic
application, this is not the case. Heating at higher temper-
atures is found to disfigure and change the colour of mi-
croplastic, resulting in the loss of characteristics which are
vital for forensic examination.

Separating microplastics from the sand matrix

There are different techniques followed for separation
of microplastics, based on the objective and the type of en-
vironmental matrix (Figure 1). The most commonly used
separation technique is density separation explained in the
manual by NOAA (Masura et al., 2015). A major problem
with this method is the possibility to leave out the denser
plastics, and also those with biofilms present on the sur-
face. Missing a particular type of microplastic from the
chain of analyses can prove costly, especially when the
analyses are for forensic applications. Sieving and separat-
ing the microplastics (Hidalgo-Ruz et al. 2012) is reported
to be useful in overcoming this problem when the matrix is
fine beach sediments and the microplastics targeted are
more than 1 mm in size (Kumar and Varghese, 2021a). Al-
though the method is cumbersome, involving manual sort-
ing of microplastics, it was seen to give good results for
forensic applications. If the focus of study is microplastics
below Tmm in size which are difficult to be handpicked,
density separation followed by filtration of the supernatant
and observation under a microscope is a possible tech-
nique (Windsor et al. 2019; Urban-Malinga et al. 2020). Mi-
croplastics may be freshly formed from the fragmentation
of accumulated macro plastics, rather than transported to
the sampling location as microplastics. Therefore, plastics
above 5mm, though not considered as microplastic, should
be preserved after separating it out from the matrix as they
could be of use in identifying the source if a matching
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FIGURE 1: Microplastics separated out from Beypore beach, Kerala, India.

part is retrieved from the samples (Ashwini and Varghese,
2020).

Classification

After separating the microplastics from the environ-
mental matrix, it is classified under various morpholog-
ical categories to draw useful conclusions regarding its
source, fate and effects. A frequently used classification
scheme classifies microplastics into fragments, film and
fibre (Karbalaei et al. 2019). However, this scheme of clas-
sification does not differentiate the regular 3D shaped frag-
ments from the irregular. Regular shapes for microplastics,
like spherical, cylindrical, etc., are indicative of specific
sources and cannot be missed when the purpose of anal-
ysis is source apportionment. Moreover, studies have also
shown that there is a significant effect for the shape on
the transport of microplastics in the environment (Jahnke
et al., 2017; Harrison et al., 2018). Hence, there needs to
be a classification scheme which distinguishes the regular
shaped 3D microplastics from the irregular shaped ones.
Another criteria for classification can be the colour. Classi-
fying microplastics based on colour may lead to sources in
some cases.Kumar and Varghese (2021a) were able to use
colour among other characteristics to identify the source
of the polyethylene fibres sampled from the Calicut beach
as fishing nets.

Microscopic observations

Microscopical observations of microplastics may en-
compass the morphological and optical properties of the
samples. Many microplastic studies limit their observa-
tions to colour, size and classification of the sample set as
a whole rather than fully characterizing each microplastic
as seen in forensic examinations (Gwinnett et al., 2021).
Much can be learnt from forensic fibre analysis, where pol-
ymer fibres are examined for their colour, width, cross-sec-
tional shape, presence of inclusions and optical properties
such as its birefringence and sign of elongation (Robertson
et al,, 2018). The latter can also provide an initial polymer
identification (Johri and Jatar, 1979). Gwinnett et al. (2021)

have proposed a new workflow for the recovery and analy-
sis of microplastics, particularly fibres for plastic pollution
monitoring using forensic approaches. This new workflow
allows greater differentiation between samples and aids in
source identification.

Observing degradation patterns of microplastics under
an optical microscope can provide a basic idea on the res-
ident time of microplastics in the environment (Kumar and
Varghese, 2021a). Such observation will help in answering
the questions if the microplastics are recently formed or
are quite old. Sharp edges of a fragment indicate freshly
formed microplastic when compared to a microplastic with
blunt edges. Also, crack formation, loss of material from
the surface, etc. are indications of longer residence time in
the environment (Figure 2).

Polymer identification

One of the important steps in microplastic analysis is
the identification of the polymer type. The most common
polymer types noticed are polyethylene (PE), polypropyl-
ene (PP), polystyrene (PS), and polyethylene terephtha-
late (PET), the polymers of common commodity plastics
used for packing, containers, carry bags, fishing nets, etc.
Some plastics may have a combination of polymers like
polyethylene and polypropylene. Fourier Transform Infra-
red Spectroscopy (FTIR) is the most widely used technique
for polymer identification (Figure 3). Micro-Fourier trans-
form infrared (UFTIR) microscopy, which is also an FTIR
technique, uses a microscope to analyse smaller samples,
some set-ups also automatically detect and count the mi-
croplastics of different polymer types (Li et al,, 2021). A
particle finder software identifies particles which is fol-
lowed by the generation of IR spectra of all the identified
particles. This method is suitable for smaller microplastics
that do not cover the diamond aperture of the FTIR with At-
tenuated Total Reflection (ATR) mode in the sample hold-
er. Not covering the diamond aperture in the instrument
results in obtaining an IR spectrum with high background
noise. Once the spectrum of the polymer is obtained, pol-
ymer spectral libraries can be used to match and identify
the polymer analyzed. Other popular methods for polymer
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FIGURE 2: a) Low residence time plastic pellet, b) Higher residence time plastic pellet.

identification include Raman spectroscopy (Frére et al,
2016) and pyrolysis-gas chromatography with and without
mass spectrometry (Jung et al, 2021).

Procedural Contamination Prevention

It is standard practice in forensic examinations to in-
clude strict anti-contamination protocols when handling
small particulates. This is also true for microplastic analy-
sis although many studies still only report crude or limited
procedures far less comprehensive than those that would
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be used in criminal investigations. The potential for con-
tamination of samples is high though, therefore protocols
which limit exposure of the sample to the air and sources
of plastic should be incorporated in all of the stages de-
scribed above. Prata et al. (2021) describe the protocols
that should be in place during the analysis stages of mi-
croplastic studies, these include; comprehensive washing
of equipment before and between samples, controlled air
flow in the laboratory and wearing of non-synthetic cloth-
ing during analysis. Protocols adapted from those used
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FIGURE 3: Example of FTIR spectra of suspected source and sample.
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for the forensic examination of fibres, such as those devel-
oped by Woodall et al. (2015), are likely to be the most ef-
fective as they must stand up to the scrutiny of the courts.

Interpreting source

This is the phase in forensic analysis, where the infor-
mation generated in the previous phases are used to identi-
fy the possible sources and pathways of the microplastics
sampled from the site. Along with analysis data, informa-
tion collected during sampling such as geographical fea-
tures, proximity of harbor, influence of river, type of beach
activities, etc. (Lippiatt et al.,2013) are also used to identify
the source. Kumar and Varghese (2020) have proposed a
forensic framework for the source apportionment of mi-
croplastic in beach sediments that utilizes the information
collected during the sampling and the data generated in
the various stages of analyses. The framework was used
to reach different levels of conclusion regarding the source
of microplastics; in some cases it was possible to identify
the exact source, whereas in other cases only the pathway
through which the microplastic reached the marine envi-
ronment could be identified.

Concluding Remarks

Environmental forensic investigations leading to the
identification of the source of contamination requires ro-
bust protocols starting from the sampling stage to the
analysis stage. Based on the information acquired during
sampling and analyses, different degrees of confirmation
about the source of microplastics are possible. Though the
scientific literature is scarce on the analysis of microplas-
tics for environmental forensic applications, the current
understanding is that analyses for forensic applications
demand special considerations such as those mentioned
above. More studies are needed and the ultimate aim of
such studies should be the development of a comprehen-
sive forensic analysis protocol for microplastics.

REFERENCES

Frére. L., Paul-Pont.l., Moreau.J., Soudant.P, Lambert.C., Huvet. A,
Rinnert.E., 2016. A semi-automated Raman micro-spectroscopy
method for morphological and chemical characterizations of mi-
croplastic litter, Marine Pollution Bulletin, 113 (1-2), pp. 461-468

Gwinnett, C., Harrison, E., Osborne, A., Pivato, A. and Varghese, G.,
2021. Environmental Forensic: Sampling microplastics for Envi-
ronmental Forensic applications. Detritus, 14, pp.I-lll.

Gwinnett, C., Osborne, A.O., Jackson, A.R.W., 2021. The application of
tape lifting for microplastic pollution monitoring, Environmental
Advances, 5.

Harrison, J.P, Hoellein, T.J., Sapp, M., Tagg, A.S., Ju-Nam, Y., Ojeda, J.J.,
2018. Microplastic-associated biofilms: a comparison of freshwa-
ter and marine environments, Handbook of Environmental Chemis-
try. doi:https://doi.org/10.1007/ 978-3-319-61615-5_9

Hidalgo-Ruz, Valeria, Lars Gutow, Richard C. Thompson, and Martin
Thiel. 2012. “Microplastics in the Marine Environment: A Review
of the Methods Used for Identification and Quantification.” Envi-
ronmental Science & Technology 46 (6): 3060-75. https://doi.
org/10.1021/es2031505.

Jahnke, A., Arp, H.PH., Escher, B.I., Gewert, B., Gorokhova, E., Kiihnel, D.,
Ogonowski, M., Potthoff, A., Rummel, C., Schmitt-Jansen, M., Toor-
man, E., MacLeod, M., 2017. Reducing uncertainty and confronting
ignorance about the possible impacts of weathering plastic in the
marine environment. Environ. Sci. Technol. Lett. 4, 85-90. https://
doi.org/10.1021/acs.estlett.7b00008.

Johri, M.C and Jatar, D.P, 1979, Identification of some Synthetic Fibres
by their Birefringence, Journal of Forensic Science, 24 (3), pp. 692-
697

Masura, J., et al. 2015. Laboratory methods for the analysis of mi-
croplastics in the marine environment: recommendations for
quantifying synthetic particles in waters and sediments. NOAA
Technical Memorandum NOS-OR&R-48

Jung, S., Cho. S-H., Kim. K-H., Kwon. E.E., 2021, Progress in quantita-
tive analysis of microplastics in the environment: A review, Chemi-
cal Engineering Journal, 422.

Karbalaei, Samaneh, Abolfazl Golieskardi, Hazilawati Binti Hamzah,
Samiaa Abdulwahid, Parichehr Hanachi, Tony R. Walker, and Ali
Karami. 2019. “Abundance and Characteristics of Microplas-
tics in Commercial Marine Fish from Malaysia.” Marine Pollu-
tion Bulletin 148 (July): 5-15. https://doi.org/10.1016/j.marpol-
bul.2019.07.072.

Kumar, A.S., Varghese.G.K., 2021a. Microplastic Pollution of Calicut
Beach - Contributing Factors and Possible Impacts. Marine Pollu-
tion Bulletin 169 (May): 112492. https://doi.org/10.1016/j.marpol-
bul.2021.112492.

Kumar, A.S., Varghese.G.K., 2021b. “Source Apportionment of Marine
Microplastics: First Step Towards Managing Microplastic Pol-
lution.” Chemical Engineering and Technology 44 (5): 906-12.
https://doi.org/10.1002/ceat.202000482.

Kumar.A.S., Varghese. G.K., 2020. Environmental Forensic Analysis of
the Microplastic Pollution at ‘Nattika’ Beach, Kerala Coast, India.
Environmental Forensics 21 (1): 21-36. https://doi.org/10.1080/1
5275922.2019.1693442.

Li, Siyang, Yilin Wang, Lihong Liu, Houwei Lai, Xiancan Zeng, Jianyu
Chen, Chang Liu, and Qijin Luo. 2021. “Temporal and Spatial Dis-
tribution of Microplastics in a Coastal Region of the Pearl River
Estuary, China.” Water 13 (12): 1618. https://doi.org/10.3390/
w13121618.

Lippiatt, Sherry, Sarah Opfer, and Courtney Arthur. 2013. “Marine Debris
Monitoring and Assessment. Recommendations for Monitoring
Debris Trends in the Marine Environment.” NOAA Technical Mem-
orandum NOS-OR&R-46. http://marinedebris.noaa.gov/sites/de-
fault/files/Lippiatt_et_al_2013.pdf.

Prata, J.C., Reis, V., Da Costa, J.P, Mouneyrac, C., Duarte, A.C., Ro-
cha-Santos, T. 2021. Contamination issues as a challenge in quali-
ty control and quality assurance in microplastics analytics, Journal
of Hazardous Materials, 403.

Robertson, J., Roux, C., Wiggins. K., 2018. Forensic Examination of Fi-
bres (3rd edn.), CRC Press, Boca Raton.

Urban-Malinga, Barbara, Mariusz Zalewski, Aneta Jakubowska, Tyc-
jan Wodzinowski, Maja Malinga, Barbara Patys, and Agnieszka
Dabrowska. 2020. “Microplastics on Sandy Beaches of the South-
ern Baltic Sea.” Marine Pollution Bulletin 155 (April): 111170.
https://doi.org/10.1016/j.marpolbul.2020.111170.

Windsor, Fredric M., Isabelle Durance, Alice A. Horton, Richard C.
Thompson, Charles R. Tyler, Steve J. Ormerod, Alethia Vazquez, et
al. 2019. “Standardised Protocol for Monitoring Microplastics in
Seawater.” Marine Pollution Bulletin 90 (February): 96. https://doi.
org/10.13140/RG.2.2.14181.45282.

Woodall, L. C., Gwinnett, C., Packer, M. P, Thompson, R. C., Robinson,
L. F. & Paterson, G. L. J. 2015. Using a forensic science approach
to minimize environmental contamination and to identify microfi-
bres in marine sediments. Marine Pollution Bulletin. 95 (1). pp.
40-46.

\% Environmental Forensics / DETRITUS / Volume 16 - 2021 / pages I-IV



