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Abstract: Primary microplastics, known as microbeads (uBs), are found in
personal care and cosmetic products (PCCPs) being used as an ingredient for
physical abrasion on human body surface. Due to the fact that uBs has sizes less than
0.8 mm, sometimes even less than 0.1 mm, they can be ingested by many organisms,
being transmitted in the food chain. The development of a method for isolating the
microplastics from the matrix of branded PCCPs samples (i.e., shower gel, body
spray) using ultrasound technique at constant temperature and pressure, high-
performance vacuum filtration method with various high-purity filtration
membranes (e.g., cellulose) was the first objective of this study. The second
objective was to combine vibrational spectroscopy techniques (i.e., Fourier-
transform infrared p-spectroscopy) with optical microscopy, to investigate the
morphology and chemical composition of MPs. Microplastics were identified in all
five brands of analyzed products. Thus, an average value of 420 uBs/100 g in shower
gel and 200 uBs/100 mL in body sprays was determined; the identified colors were
black (mostly), blue, yellow, brown, green, and red. The observed sizes varied from
tens of micrometers to a few centimeters in some cases and the thickness reached 10
um. From visual (microscopy) and chemical (u-FTIR spectroscopy) point of view
the structure was mostly like polypropylene fibers, smaller and having glossy mate
appearance.
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INTRODUCTION

In the last decade, several studies have reported that microplastics (MPs) have been found
in a variety of personal care and cosmetic products (PCCPs), including toothpastes,
shampoos, cosmetics and shaving products, emulsion stabilizers and skin conditioning
products [1 - 7]. MPs are found in matrices having different levels of complexity and due
to this fact, the protocols of physicochemical analysis are greatly different. In this respect,
MPs particles from PCCPs have different morphology such as fibers, pellets, fragments,
and microbeads, from different types of polymers, at different sizes, sharps, color and
forms [8]. The most common polymer types found in PCCPs composition are
polyethylene (PE) but polyethylene terephthalate (PET), polypropylene (PP), polymethyl
methacrylate (PMMA), nylons (PA), polyester (PES), and polyurethanes (PU) [2, 9, 10].
Primary microplastics, from PCCPs, called microbeads (uBs), are the ingredients able to
offer abrasive properties on human body surfaces, such as teeth and skin [5]. During the
times, uBs with sizes less than 0.8 mm and sometimes even less than 0.1 mm [11] and
well-established durability, have replaced natural materials (inorganic powders, naturally
introduced fruit peels and seeds) from various PCCPs [12]. Unfortunately, the uBs are
easily found in the environment, can be ingested by various organisms, and finally are
transferred in the food chain [13 - 16].

On the other hands, MPs contain of approximately 4 % chemical additives (e.g.,
phthalates, bisphenol A etc.) and have the capacity to adsorb several emerging toxic
contaminants (e.g., PCBs, pesticides, PAHs, dioxins, perfluorinated alkyl compounds,
synthetic musk, metals toxic, etc.) from the environment [15, 17, 18], amplifying the risk
to humans’ health, especially to children [19, 20].

Currently, the consumer demand for PCCPs is linked harmoniously by modern aesthetic
practice and foretimes these products must be safety in terms of synthetic chemical
compounds. In this regard, this study aims to provide a brief description of sampling,
isolation, detection, and quantification of MPs from two categories of skin care products.
In addition, preliminary investigations such as optical microscopy (OM) and micro-
Fourier transform infrared spectroscopy (u-FTIR) are performed in order to characterize
the MPs matrix, in terms of morphology and chemical composition.

MATERIALS AND METHODS
Materials and reagents

In the present study where chosen products from the personal care and beauty category
(shower gels and body spray — Table 1). The selection of cosmetic samples was based on
(1) the use predominance, (2) the aspect of the product, (3) the purchase costs and (4)
brand notoriety. Samples were coded and stored at room temperature until analysis.
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Table 1. Studied samples description

Sample | Product

code type Active ingredients (declared by producer)

water, sodium laureth sulfate, acrylates copolymer, cellulose, perfume
(fragrance), PEG-7 glyceryl cocoate, TEA-laurly sulfate, lauryl betaine,
Prunul armeniaca (apricot) seed powder, Pyrus malus (apple) fruit extract,
Viola odorata leaf extract, sorbitol, citric acid, phenoxyethanol,
triethanolamine, sodium benzoate, a—isomethyl ionone, propylene glycol, CI
17200 (red 33, pigment), CI 61570 (green 5, pigment).
water, sodium laureth sulfate, glycerin, coco-glucoside, sodium chloride (salt),
cocamidopropyl betaine (from coconut oil), PEG-40 hydrogenated castor oil,
perfume, Aloe barbadensis (aloe vera) extract, panthenol (provitamin Bs),
betaine, citric acid, sodium benzoate, potassium sorbate, coumarin, CI 42090
(blue 1, pigment), CI 19140 (yellow 5, pigment), CI 42051 (blue 5, pigment).
water, sodium laureth sulfate, cocamidopropyl betaine, acrylates copolymer,
PEG-7 glyceryl cocoate, perfume, Helianthus annuus seed oil, glycerin,
glyceryl glucoside, PEG—40 hydrogenated castor oil, sodium chloride, PEG—
200 hydrogenated glyceryl palmate, benzophenone—4, lactose,
microcrystalline cellulose, sodium lauryl sulfate, trisodium EDTA,
phenoxyethanol, ethylparaben, methylparaben, geraniol, linalool, butylphenyl
methylpropional, benzyl alcohol, limonene, CI 77492 (yellow 11, pigment),
CI 42090 (blue 1, pigment).
denatured alcohol, water, perfume, diethylhexyl, homosalate, butyl
methoxybenzoylmethane, ethylhexyl, crosspolymer-6 polyacrylate, limonene,
hydroxycitronellal, alpha-isomethyl ionone, coumarin, linalool, calcium
titanium borosilicate, titanium dioxide, CI 14700 (red 4, pigment), CI 17200
(red 33, pigment).
denatured alcohol, water, fragrance, polyacryldimethylammonium, taurate,
benzyl salicylate, linalool, limonene, citronellol, alpha-isomethyl ionone,
coumarin, calcium borosilicate, tin oxide, silicon, CI 77891 (white 6 piment),
CI 77491 (red iron oxide, pigment).

CtGD

NaGD

NiGD

personal care products (shower gels)

IBS

(body sprays)

BBS

beauty skin products

To avoid possible contamination with airborne microplastics, all the actions were carried
out in the laboratory on surfaces previously cleaned with 70 % ethanol (according to the
procedure described by Zhang et al. [21]). In the initial stage of the research, the used
materials (Erlenmeyer beakers, graduated cylinders, pipettes, watch glass, Petri dishes,
etc.) were sanitized in the first phase by washing with distilled water and washing acid
(Nitric acid 2 %) and then sterilized at a temperature of 100 °C for 48 h in a forced
convection oven, Venticell® type (BMT Medical Technology). The reagents used in the
present study were of high purity: sodium dodecyl sulfate (< 98.5 %) (Merck) and
hydrogen peroxide 30 — 31 % (Merck) and nitric acid 65% (Lachner). Liquid reagents
were also filtered before use.

The samples were filtered using filter paper with a porosity of 12 - 15 um, VWR® Grade
413 (VWR International). They were stored in Petri dishes previously sterilized in an
oven. The ultrasonication of the samples was carried out in an ultrasonic bath type VWR®
Ultrasonic Cleaner USC — TH (VWR International LLC.), and the filtration was carried
out using a three-station filtration system and having a vacuum pump with a flow rate of
18 L-min’!,
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Isolation/Extraction of microplastics

Chemical digestion is an optimal method for highlighting microplastics present in
cosmetic products because it allows the destruction of the organic matrix in an efficient
way. The present study used chemical treatments to obtain efficient and rapid methods
for separating microplastics. Chemical digestion can be classified into two categories:
alkaline and acid treatments; both treatments were effective in degrading the organic
matrix without distorting the structure of the microplastics [22].

After performing the preliminary tests in order to obtain the most optimal extracting
method of MPs from the analyzed samples, the recipe identified as the most favorable is
presented in the following: in a vessel (Erlenmeyer beaker) - covered to avoid
contamination with airborne MPs - 5 g shower gel sample or 10 mL body spray sample
were mixed with 0.5 g or 1 g of sodium dodecyl sulfate (98.5 %) and 500 mL of distilled
water. The samples thus obtained were stirred for 10 min at 200 rpm at room temperature
and left to stabilize for 10 min. In the next phase it was performed the ultrasonication for
30 min at 40 — 45 °C, followed by vacuum filtration. The filters used for filtration process
were dried in a desiccator for 48 h and stored in Petri dishes until physicochemical
investigation.

Analytical techniques

Depending on the size of the samples and the need to highlight certain important details,
the magnification factors used were 10X, 20X, 40X, and 100X, respectively. In this
regard, the samples were examined using both transmitted and reflected light work modes
using Primo Star (Carl Zeiss) and Stemi 2000c optical microscopes. These two
microscopes were chosen due to the fact that they can be easily adapted to different types
of samples, regardless of their nature. Image acquisition was performed using Zen
proprietary software and Axiocam 105 digital video camera, both also manufactured by
Carl Zeiss, Jena, Germany.

In FTIR microscopy and chemical imaging, HYPERION represents maximum sensitivity
at the highest spatial resolution. It is specifically designed to provide the highest
performance for visual examination and infrared analysis of any sample [23]. Before any
material can be studied using FTIR microscopy, the region of interest must be identified.
However, many microscopic samples lack contrast in the visible image. The microscope
offers a variety of contrast enhancement strategies for visual inspection of samples in
transmission and reflection.

The image of the sample is displayed not only on the computer's OPUS software, but also
on an LCD screen built into the microscope. This second LCD panel allows sample
placement and identification of the region of interest in the sample more easily. All visual
images are recorded along with measured infrared spectra and sampling areas. Eyepieces
are always accessible, providing a high-quality view of the sample. The region of interest
can be detected even on samples with very low visual contrast [24 - 26].

Most microscopic samples should be between 5-15 um in size for transmission p-FTIR
examination. Samples are measured in reflection if they are deposited on reflective
substrates (KBr) [27]. However, many samples are neither transparent nor blocking the
beam, so they can be easily studied using the attenuated total reflection (ATR) mode. As
a result, the quality and utility of the ATR lens are critical for most applications [28, 29].
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The spectral range can be extended from mid-infrared to near-infrared (NIR) and even
visible (VIS, up to 25,000 cm™) and far-infrared (FIR, up to 80 cm™) [30]. The
microscope is developed to achieve maximum sensitivity while maintaining maximum
lateral resolution. In both transmission and reflection, apertures can be positioned in
conjugate image planes separately before and after sampling [31, 32]. The spatial
resolution of FTIR microscopic investigation is limited only by the diffraction of the input
light [30].

The microscope's custom ATR objective (20X) ensures a good observation of the material
without reducing the infrared light emission. The ATR crystal is positioned on the high-
precision column mechanism to enable infrared acquisition once sample locations are
established in the visual image. During data acquisition, the internal pressure sensor
ensures repeatable sample-to-crystal contact [33, 34]. By combining automatic ATR
mapping with the optional automatic z unit for the motorized x-y stage, even large sample
regions can be studied with high spatial resolution. Different pressures at the ATR
objective can be adjusted to suit soft to very hard samples. They are built from materials
with a high refractive index (germanium or silicon), allowing them to investigate even
dark materials. In addition, the ATR crystal functions as a solid immersion lens,
increasing the spatial resolution achievable with ATR by a factor equal to the refractive
index of the ATR crystal (germanium = 4) compared to transmission or reflection
measurements [35 - 37].

OPUS software is an easy-to-use, powerful, all-in-one program that provides easy control
over the microscope. It has the most extensive set of data capture, processing and
evaluation features. The software user interface can be adapted for routine laboratory
analysis as well as specialized research and development applications. To preserve data
integrity and ease data processing, all resulting spectra, visual images, IR images, spectra
are kept in a single file. Data collection with the pu-FTIR is straightforward as it is driven
by the OPUS Software (OPUS 7.5). OPUS includes a number of algorithms for extracting
useful information from simple or 3D measured data. The resulting infrared images can
be displayed in various 2D and 3D viewpoints on top of or alongside the visible image
[38].

Technical data of the HYPERION 2000 microscope: detector MCT D326 0 25 (SN J-
19374), cooled with liquid nitrogen; motorized table with the size of 75 x 50 mm; 4X
objective for visual observation; 15X transmission objective; 20X ATR objective;
objective for self-calibration of all gratings and all laser lines.

RESULTS AND DISCUSSION

Through optical microscopy technique were identified MPs on the surface of the filters
used in the filtration process. It served not only for identification purposes but also to
characterize MPs according to shape and size. Thus, from the point of view of shape, MPs
were identified in a remarkable number, having a cylindrical, rectangular, filiform/
thread-like or irregular appearance, etc. Some of the analyzed filters presented MPs of
irregular shape, most likely obtained through actions of a mechanical nature, probably
intentional (the main arguments being their nature and the target population for which the
cosmetic product was intended).
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In the case of CtGD sample were identified not less than 22 MPs in which case the highest
number is represented by the black ones (18) followed by blue (2), red and yellow (1)
(Table 2, Figure 1).

Table 2. Identification by color of the MPs discovered on the surface of the analyzed
filters (personal care products)

Color and number of MPs Total
Sample number of
code | Black Red Blue Yellow | Pink | Grey | Brown MPs
CtGD 18 1 2 1 nd* | nd* nd* 22
NaGD 20 nd* 4 1 1 1 3 30
NiGD 4 nd* 6 nd* nd* | nd* 1 11

nd* = unidentified

Figure 1. Optical microscopy for CtGD sample (Primo Star 40X)

On the other hand, in the case of NaGD the total number of MPs overpass the previous
sample and recording a number of 30 MPs with an even higher number of black (20) and
blue (4) but with the same quantity of yellow, pink, grey and brown (1) but with no red
whatsoever (Table 2, Figures 2 and 3).
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Figure 3. Optical microscopy for NaGD sample (Primo Star 100X)

For the last sample NiGD, shown in the Table 2 and Figures 4 and 5, it was highlighted a
reasonable difference of MPs content, as the total number was with nineteen MPs less
than NaGD and eleven than CtGD, furthermore, the color distribution shown that only
four were black MPs but an increased number of blue ones (6) and just only one brown.

Figure 4. Optical microscopy for NiGD sample (Primo Star 40X)

Figure 5. Optical microscopy for NiGD sample (Primo Star 100X)
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The total number of the MPs observed on the filtered sample from the personal care
products and the overall distribution by color of the MPs are presented in Figures 6 and
7.

Figure 6. Total number of the MPs Figure 7. Overall distribution by color of
discovered on filters surface (for the the MPs identified on filters surface (for
personal care products studied) the personal care products studied)

In the case of IBS sample (Table 3, Figure 8) were identified 19 MPs for which the highest
number is represented by the black ones (15) followed by red and brown (2).

Table 3. Identification by color of the MPs discovered on the surface of the analyzed
filters (beauty products samples)

Sample Color and number of MPs Total number of
code Black Red Blue Brown | Yellow MPs
IBS 15 2 nd* 2 nd* 19
BBS 14 2 2 2 1 21

nd* = unidentified

3 )
-

igr 8. ptical microscopy for IBS sample (Stemi-ZOOc 4 0X)
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On the other hand, in the case of BBS (Table 3, Figure 9), the total number of MPs
overpasses just a bit the previous sample and records a total number of 21 MPs with an
equal color distribution for red, blue and brown but with only fourteen ones black and
only one yellow.

4 F 74 '
Figure 9. Optical microscopy for BBS sample (Stemi-2000c 40X)

The total number of the MPs observed on the filtered sample from the beauty products
category and the overall distribution by color of the MPs are presented in Figures 10
and 11.

Figure 10. Total number of the MPs Figure 11. Overall distribution by color
discovered on filters surface (for the of the MPs identified on filters surface
studied beauty products) (in the case of beauty products)

One of the known analytical methods used for both morphological and chemical
identification of microplastic particles is u-FTIR. Briefly, this imagining technique highly
used in MPs investigation combines IR spectroscopy with IR microscope. Even that p-
FTIR spectroscopy takes more time to obtain the desired imagines in terms of MPs, this
method represents one of the best choices to characterize the specific bonds present in a
polymeric molecule type, based on vibrational frequency. In this regard, in this study
transmission mode/attenuated total reflection (ATR) mode, depending on MPs sample,
was applied. The FTIR spectra obtained for MPs collected from both skin beauty product
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and skin care products (i.e., shower gels and body sprays), the overlaps spectra
(comparative with blank filter), the possible assignments and MPs images, are presented
in Figures 12 - 19 and Tables 4 - 6. At first glance of blank filter (Figure 12 and Table 4)
most particles are of natural origin such as cellulose. Particularly, fibrous particles can be
seen and are of cellulosic origin.
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Figure 12. IR spectrum and u-FTIR image of cellulosic filter

Table 4. Infrared transmittance peaks [cm™ Jand relative intensity of cellulosic filter

Peaks [cm']and relative intensity Assignments
664s NH bending, C=0 bending
895w C—C stretching
1033m C—C stretching
1057m aromatic CH bending/C—O stretching
1110m C—C stretching
1163m CH bending, CHj; rocking, C—C stretching
1206w CHj; rocking, C—C stretching
1315w CH; bending
1335w CHj; bending
1429w Aromatic ring stretching
2898w C—H stretching
2945w C-—H stretching
3338w cellulosic structure
s-strong, m-medium; w-weak

Figures 13 - 15 show the IR spectra and p-FTIR images for samples CtGD, NaGD and
NiGD. From the above-mentioned figures and Table 5 were identified several functional
groups assigned mainly to polypropylene (PP), polyethylene terephthalate (PET),
cellulose acetate (CA); the overlaps of IR spectra for CtGD, NaGD and NiGD samples
compared with cellulose filter (Figure 16) show several similitudes excepting NiGD
sample.
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Figure 13. IR spectrum and pu-FTIR image of MP isolated in CtGD sample
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Figure 14. IR spectrum and u-FTIR image of MP isolated in NaGD sample
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Figure 15. IR spectrum and u-FTIR image of MP isolated in NiGD sample
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Table 5. Comparative IR data for the samples from the personal care products category

CtGD | NaGD | NiGD Assignments Possibly from
Aromatic CH out of plane High density polyethxlene (HDPE) /
- - 724s bend/CH; rocking Low density
Polyethylene (LDPE)
CH rocking, C—C stretching, High density polyethxlene (HDPE) /
- - 793s C_CH stretching Low density
Polyethylene (LDPE)
814w | 813w - CH, rOCCl_(glﬁ’ Si@iﬁ;;:Chlng’ Polypropylene (PP)
896w | 896w | 873m Aromatic ml;g stretchmg or CH Cellulose acetate (CA)
ending
- - 971w CH3 rocking, C—C stretching Polypropylene (PP)
1031w | 1033w | 1018s Aromatic CH bending Polystyrene (PS)
1053w | 1056w | 1098s C—O stretching Polyethylene terephthalate (PET)

- 1107w | 1117w C-O stretching Polyvinyl chloride (PVC)
116Im | 1161m - CH bendglgs,tr(;ti{ﬁir;)gckmg, & Polypropylene (PP)
1205w | 1206w - CF; stretching, CH; bending Polytetrafluorethylene (PTFE)
1245w - 1245s C-O stretching Polyethylene terephthalate (PET)
1315w | 1315w - C—O stretching Polyethylene terephthalate (PET)
1336w - 1339m CH bending Polyvinyl chloride (PVC)
1430w | 1430w | 1408m CH, bending Polymethyl methacrylate (PMMA)

- - 1505w Aromatic ring stretching Polycarbonate (PC)

- - 1716s C=0 stretching Polyethylene terephthalate (PET)
2895w | 2896w - C=0 stretching Polypropylene (PP)
3338w | 3337w - Cellulosic structure Cellulose acetate (CA)
s-strong, m-medium; w-weak
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Figure 16. Overlap of IR spectra for personal care products: blue=cellulosic filter,
green= NaGD; red = CtGD; black = NiGD
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Figures 17 and 18 show the IR spectra and p-FTIR images for samples BBS and IBS.
From these figures and Table 6 were identified several functional groups assigned mainly
to polypropylene (PP), polyethylene terephthalate (PET), and cellulose acetate (CA); the
overlaps of IR spectra for BBS and IBS samples compared with cellulose filter (Figure
19) show similitudes regarding the obtained peaks (same signals).
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Figure 17. IR spectrum and p-FTIR image of MP isolated in IBS sample
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Figure 18. IR spectrum and u-FTIR image of MP isolated in BBS sample
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Table 6. Comparative IR data for samples from the beauty products category

IBS BBS Assignments Possibly from
- 813w CH; rOCkl(I:lIg_'I’ sCtrefc}sltir;;Chmg, ¢ Polypropylene (PP)
895w | 895w Aromatic ring str.etchmg or CH Cellulose acetate (CA)
bending
1000w - C—C stretching Polypropylene (PP)
1031w | 1032w Aromatic CH bt}nding/C—O Polystyrene (PS) / Ethylene vinyl acetate
stretching (EVA)
1054w | 1055w C-O stretching Polyethylene terephthalate (PET)
- 1108w C—C stretching Polyvinyl chloride (PVC)
1160w | 1162m CH bendlnfgrgilﬁi;(;cklng , &C Polypropylene (PP)
1242w | 1245w CF; stretching, CH, bending Polytetrafluorethylene (PTFE)
) 1313w C-O stretching/C(=O)O Polyethylene .terephthalate (PET) / Ethylene
stretching vinyl acetate (EVA)
- 1430w CH, bending Polymethyl methacrylate (PMMA)
2890w | 2896w C—H stretching Polypropylene (PP)
- 2943w C—H stretching Polypropylene (PP)
3337w | 3337w Cellulosic structure Cellulose acetate (CA)
s-strong, m-medium; w-weak

Transmittance [%o]

T T T
3500 3000 2500

2000

Wavenumber [cm™]

T T T
1500

Figure 19. Overlap of IR spectra for beauty products: blue=cellulosic filter,
green=BBS; red = IBS

The current study could not be completed if the correlation between the analytical results
obtained by optical microscopy and pu-FTIR techniques would prove incongruous. MPs
identified by optical microscopy were quantified and characterized accordingly to the
shape and color but also by means of u-FTIR analyses was possible the identification of
the specific bonds which to confirm the presence of MPs in all studied samples (i.e.,
shower gel, body spray).
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CONCLUSIONS

These studies allowed to investigate the morphology and chemical composition of MPs
from two categories of personal care products (i.e., shower gel, body spray) by using
optical microscopy (OM) and p-FTIR. It can be noticed that in this study a series of
sample preparation methods as well as related analytical methodologies were developed.
This research is a first step to identify and quantify microplastics in organic compound-
rich samples such as personal care products. Based on the results of the study it can be
concluded that some polymer structures (e.g., polypropylene, polyethylene terephthalate
etc.) are present in all analyzed samples. pu-FTIR spectroscopy is a strong and valuable
method in microplastic analysis, allowing further study and understanding of
microplastics in PCCPs. In addition, p-FTIR imaging, combined with optical microscopy,
proved to be an accurate way to identify and quantify microplastics in cosmetic samples.

Acknowledgement: This work was supported by the Ministry of Research, Innovation
and Digitization, (Institutional Development Projects - RDI Excellence Financing
Projects), through the project 43PFE/30.12.2021.
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