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fume hood or standard laboratory environment for 
detecting air MPs to reduce blank levels. Blue-green 
and Black-Grey were the dominant colors; fiber was 
the predominant type of MPs seen, and most of them 
fall under the size range from (1—1000 µm) in differ-
ent indoor environments and blanks. Common MPs 
seen were PP, PVA, PTFE, PVC, and HDPE. Thermal 
treatment of fresh unused filters at 450 °C for 4 h was 
effective as it reduced the MP count by 50%. Work-
ing solutions are mainly contaminated, and their pre-
filtration is essential. The average deposition of MPs 
in blank samples during seven days was around 55 
MPs. There is an urgent need for studies on develop-
ing quality control and quality assurance of airborne 

Abstract Microplastics (MPs) in the air and indoor 
environments are of growing concern and have led to 
increased testing for MPs. This study draws attention 
to the quality and quantitative measures of MP studies 
by conducting laboratory experiments (on solutions, 
filters, and blank samples) that were rarely or were 
not adopted in the airborne and indoor MP literature. 
Experiments have been conducted to identify contam-
inations that may come from experimental procedures 
while determining MPs in the air samples. MPs in dif-
ferent matrices during experiments were counted and 
categorized by their shapes. Chemical characteriza-
tion was performed by Raman Spectroscopy. Results 
showed that laminar flow is the best option over a 

Highlights.

• The lack of contamination control measures hinders 
comparisons of data. Therefore, contamination control 
measures were assessed for their significance, and without 
proper control measures, contamination may occur.

• Laminar flow should be used to minimize the impact of 
airborne contamination.

• Small-size MPs (1 - 1000 µm) should not be neglected as 
their contamination may be higher.

• Combining washing glass materials with Milli-Q-DI 
water, methanol, and thermal treatment can almost remove 
all MPs if present.

• Thermal treatment for fresh, unused filters (450°C for 4 
hours) can reduce MP contamination by 50%.
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and indoor MPs. Hence, a standard protocol needs to 
be accepted; by harmonizing procedures, comparable 
results can be found, uncovering the correct levels of 
MP contamination, as required for risk assessment.

Keywords Microplastics · Polymeric Particles · 
Laboratory Blanks · Prevention Measures · Cross-
contamination · Laboratory Contamination

Introduction

Plastics have become the predominant element of the 
modern economy and combine unparalleled practical 
characteristics with low cost. In the last half-century, 
their use has grown 20-fold; today, almost everyone is 
in touch with plastics daily. Nowadays, it is not easy 
to imagine a world without plastics: also, the dis-
posal and breakup of consumer products and indus-
trial waste in environmental areas can result in tiny 
pieces of plastic debris, called microplastics (MPs), 
ranging from a few microns to five millimeters in 
length (Thompson et  al., 2004). In the last decade, 
environmental problems caused by MPs have been 
at the center of scientific interest (Bhat et  al., 2022, 
2023a, 2023c; Eraslan et  al., 2023). MPs have been 
detected globally in a wide range of environmental 
compartments. The number of studies in this area is 
rapidly increasing, especially regarding aquatic and 
marine environments (Bhat et  al., 2023b; Thacha-
rodi et al., 2024; Yu et al., 2020). Still, the knowledge 
gap on the contribution of MP to outdoor and indoor 
air contamination or quality remains significant 
compared to oceans, seas, lakes, rivers, and estuar-
ies (Bhat et  al., 2023a, 2023b, 2023c; Bhat, 2023b; 
Wright et al., 2021). Currently, MPs are considered a 
substantial environmental threat due to their overuse, 
omnipresence, permanence, and toxic potential (Bhat 
et al., 2021, 2023b; Engler, 2012; Eraslan et al., 2021; 
Thacharodi et al., 2024).

Most environmental plastics research focuses on 
MPs. Moreover, there can be no exclusion of the pres-
ence of smaller particles (nanoplastics). Analyses 
show that field investigations are not easy to conduct 
due to the vast array of samples and analytical pro-
cedures available to identify and quantify plastics. 
The wide variety of sampling approaches makes it 
difficult to meet the need for more and higher-qual-
ity data. There is no standardization of procedures 

for MP sampling in airborne and indoor environ-
ments, causing significant problems in comparing 
data (Bhat, 2023a, 2023b; Enst, 2021; Wright et al., 
2021). Plastics are classified by shape (fragments, 
pellets, cosmetic beads, lines, fibers, films, foams) 
and type of polymer (polypropylene (PP), polyethyl-
ene, polystyrene, etc.). While the latter is often well 
determined, the shape characterization criteria are not 
always obvious. Hence, there is no uniformity in col-
lecting, processing and analyzing samples and data. 
This makes a direct comparison between studies chal-
lenging and even leads to ambiguity between results. 
A considerable challenge remains in developing and 
implementing procedures for collecting, analyzing, 
and characterizing MPs following sound quality con-
trol (QC)/quality assurance (QA) procedures. This is 
because MPs are a vast group of contaminants that 
vary significantly in morphology, chemical proper-
ties, texture, color, density, and size.

Since MPs are everywhere, including indoor air 
(Catarino et al., 2018; Dris et al., 2017) and outdoor 
air (Abbasi et  al., 2019; Dris et  al., 2016; Tunahan 
Kaya et  al., 2018), if no substantial contamination 
control procedures are taken, they can potentially 
contaminate samples, resulting in overestimated 
data. Several possible sources of contamination with 
microfibers might result from synthetic clothing abra-
sions, improper cleaning of lab equipment, plastic 
instruments used in treatment, bad sealing specimens, 
or ambient air. Different researchers have focused on 
the importance of blanks, like Hermsen et  al., who 
visually evaluated samples from an artificial source 
under a microscope for the presence of particles 
(Hermsen et al., 2017). As this step could not be done 
in a laminar flow chamber, two clean Petri dishes 
were put on the opposite side of the sample as pol-
lution controls during a visual examination. Su et al. 
investigated MP incidence in fish intestines and gills 
(Su et al., 2019). Hung et al. examined the possibility 
of introducing micro particles due to sampling col-
lection, transportation, extraction, and quantification 
by collecting field and laboratory blanks (Hung et al., 
2021). Recently, Paiva et  al. highlighted the impor-
tance of airborne contamination control protocols in 
laboratory analyses of MPs (Paiva et al., 2022).

Air samples are usually collected by active sam-
pling methodology. Active samplers draw air through 
a filter or other collection medium, such as sorb-
ent tubes, using a pump. These samplers can collect 
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particulate matter and gaseous pollutants (Habibi 
et  al., 2022; Seethapathy et  al., 2008; Woolfenden, 
2010). Separating MPs from atmospheric samples 
requires careful sample preparation. When a filter/
substrate is used for aerosol collection, it becomes 
more vital. The aerosol is a complex mixture of 
inorganic (mineral), organic (pollen, fungi, micro-
organisms, etc.), and MPs (Habibi et al., 2022). The 
removal of MPs from this complex composition often 
necessitates chemical processing, including the diges-
tion of organic matter using potassium hydroxide, 
sodium hydroxide, and hydrogen peroxide (Allen 
et  al., 2019; Dris et  al., 2016; Renner et  al., 2018). 
Different studies have used various solutions, such 
as sodium chloride (NaCl), sodium iodide, and zinc 
chloride, for the density separation of MPs in the 
aerosol (Habibi et al., 2022). Typically, the MP con-
centration in atmospheric samples is low, making 
sample preparation challenging and involving a multi-
step process. Consequently, the risk of contamina-
tion is extremely high. Accordingly, handling these 
samples with extreme care and accuracy is essential. 
Although research has shown the presence of MPs in 
the air, the amounts identified are typically minimal. 
Dris et al. found 1—60 fibers  m−3 in apartments and 
offices (Dris et  al., 2017), Vianello et  al. 1.7—16.2 
particles  m−3 in apartments (Vianello et  al., 2019), 
Prata et  al. found six fibers  m−3 in the house (Prata 
et al., 2020), Gaston et al. found 3.3 ± 2.9 fibers and 
12.6 ± 8.0 fragments  m–3 in universities and hospitals 
(Gaston et al., 2020), Xie et al. found 16—93 MP  m−3 
in living and office rooms (Xie et  al., 2022), Chen 
et al. found 46 ± 55 MPs  m−3 in the nail salon (Chen 
et  al., 2022), and Choi et  al. found 0.49—6.64 MPs 
 m−3 in the house (Choi et al., 2022). The low concen-
tration of MPs in atmospheric samples demonstrates 
the need for adequate QC in atmospheric research.

This study aims to contribute to QC protocols for 
airborne and indoor MP research. Contamination of 
air samples for MP’s during sample preparation and 
analysis in the fume hood, laboratory, and laminar 
flow were investigated. Besides, the best indoor envi-
ronment for MP sample preparation and analysis was 
also formulated. Meanwhile, different working solu-
tions, filters, and laboratory equipment often used 
during sample preparation and analysis were also 
analyzed as to how they can contaminate MP sam-
ples and what measures should be taken to minimize 
them. The contamination of MPs in solutions, filters, 

and blank samples was analyzed first qualitatively 
under a stereo microscope and further verified and 
characterized under a Raman microscope.

Material and methods

The QC parameters and analytical methods adopted 
in this study include washing, thermal treatment, 
preparation of blank samples, drying filters in a des-
iccator overnight, and stereo and Raman microscopic 
analysis.

Washing

The purpose of washing is often to eliminate dirt, 
organic substances, and other impurities from the 
sample. This procedure aids in the precise isola-
tion and analysis of the MPs by minimizing inter-
ference from other chemicals in the sample. During 
the experimental analysis, the use of plastic items 
was minimized as much as possible; only powder-
free latex examination gloves and micropipettes were 
used. These gloves and micropipettes were washed 
three times with filtered Milli-Q-DI water to reduce 
the plastic contaminants if attached. However, mainly 
glass materials were used during the experimental 
process. Glass materials were washed three times 
with filtered Milli-Q-DI, then once with methanol 
(HPLC ≥ 99.9%), and thermally treated at 150 °C for 
3 h. If needed, the materials were used only once in 
the analysis (forceps, spoon, spatula, and small glass 
stirring rods); they were washed at least three times 
with filtered Milli-Q-DI and once with methanol.

Thermal treatment of filters and filtration of working 
solutions

Thermal treatment of filters and filtration of working 
solutions play a pivotal role in reducing the risk of MP 
contamination during the production or handling of these 
materials. Whatman filters have been utilized in prior 
studies focusing on MPs (Dris et al., 2017; Gaston et al., 
2020; Prata et al., 2020; Soltani et al., 2021). The What-
man glass microfiber filters (1.6  μm) were thermally 
treated at 450 °C for 4 h before use. The working solu-
tions (100 mL Milli-Q-DI water and 20-g NaCl + 100 mL 
Milli-Q-DI water) were prefiltered through the thermally 
treated glass microfiber filters (1.6 μm). NaCl was easily 
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available; other salts should also be analyzed for contam-
ination. The main aim was to minimize plastic contami-
nation from filters, materials, and working solutions. The 
solutions filtering was done through the same filter type 
with the same pore size (1.6 µm).

Preparation of blank samples

Due to microplastic contamination, blank samples 
are essential for any analytical method, especially 
MP analysis. Blank samples, which include all sam-
ple components except the analyte (MPs), serve 
numerous important purposes. During the sample 
analysis, seven petri dishes as a blank/control were 
kept open in the laboratory to check the MPs depo-
sition in the laboratory for seven days. Petri dishes 
were also kept open in laminar flow, fume hood, 
laboratory, and stereo microscope laboratory to 
study the deposition of MPs during analysis. The 
supplementary file (SI) mentions detailed informa-
tion about these workplaces. The filtration labora-
tory blanks were also taken to check the deposition 
of MPs during vacuum filtration from indoor air. 
The upper lid of the vacuum filtration was kept open 
to contact the filters with indoor air. The three ther-
mally treated glass microfiber filters were put in the 
vacuum filtration device for 5 min at 20 kilopascals 
(kPa) to check the deposition of MPs during vacuum 
filtration. We used a Millipore filtering device in this 
study. All the materials were covered with aluminum 
foil and kept in laminar flow until the analysis and 
were taken out only when needed. Thus, all the 
experimental investigation was done in laminar flow. 
A cotton laboratory coat was worn throughout the 
research to prevent secondary contamination from 
clothes worn by researchers. All the Petri dishes 
were washed two times with 10 mL of filtered Milli-
Q-DI water and vacuum filtered through thermally 
treated Whatman glass microfiber filters (1.6  μm) 
to collect the deposited MPs. The filters were stored 
in Petri dishes and dried in a desiccator (overnight). 
Filtration laboratory blanks were measured to check 
the contamination during the filtration processes.

Stereo microscopic analysis

For the identification (or confirmation) of MPs from 
filters, a stereo microscope (Carl Zeiss microscopy 

GmBh) Stemi 508 was used. The stereo microscope 
was operated by Axiovision SE64 Rel.4.9.1 soft-
ware embedded with Axiocam 105 color camera. 
The microscope has different power of magnifica-
tion like 0.63x, 0.8x, 1x, 1.25x, 1.6x, 2x, 2.5x, 3.2x, 
4× and 5x. This microscope typically achieves a 
resolution that allows for the differentiation of par-
ticles down to around 10  µm in diameter. During 
the stereo microscope analysis, unwanted materials 
were removed with the help of tweezers if present 
without harming the filters. Under a stereo micro-
scope, Petri dishes were closed immediately after 
the analysis to minimize air contact.

One petri dish was kept open close to the stereo 
microscope throughout the analysis to check the 
background contamination during analysis. The 
filter was divided into eight equal parts to count 
all the MPs correctly, and each part was counted 
at least three times to reduce human error, which 
might occur when taking a single photograph of the 
filter. Based on the samples, the selected magnifi-
cation power was between 1.0x to 2.5x. MPs were 
identified according to Hidalgo-ruz et al. (Hidalgo-
ruz et al., 2012). The MP fibers have to be equally 
thick throughout their entire length; Fibers should 
not be entirely straight, which indicates a biologi-
cal origin; No cellular or organic structures should 
be visible to consider fiber as MP. Plastic pellets 
can have tablet-like, oblong, cylindrical, spherical, 
and disk shapes, mostly spherical to ovoid, with 
rounded ends: films (transparent and thin (thinner 
than fragments)) and foams (sponge-like texture). 
Fragments have sharp, broken edges and are round, 
subrounded, subangular, and angular. MPs were 
classified according to color as white-transparent, 
yellow-orange, red-pink, blue-green, or black-grey, 
and with the aid of ImageJ free version software 
(Bhat, 2023b, 2024), MPs were categorized accord-
ing to size as follows: 1—100  μm; 101—250  μm; 
251—500 μm; 501—1000 μm; 1001—4000 μm.

Raman microscopic analysis

A Renishaw inVia Raman microscope with a laser 
excitation wavelength of 532 nm, 1–5 mW laser power 
(mostly four mW and no obvious damage to MPs was 
seen), and 1—5  s acquisition time with a grating of 
2400  l/mm and spectrum range 500—2400 was used. 
50x (NA = 0.5; WD = 8.20  mm) objective lens was 
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used. Raman spectra were recorded randomly from 
several points from the filters. For better illustration, 
smoothing, and baseline correction were done. The 
spectra obtained in the Raman microscope were com-
pared with reference spectra from the Raman polymer 
database (Cowger et  al., 2021). The spectrums were 
cross-checked with the previously published research 
(Cabernard et  al., 2018; Käppler et  al., 2016; Mark, 
2009; Nava et al., 2021). The matching score of MPs 
was also analyzed; MPs with matching scores above 
50% were considered MPs. Very few studies have dis-
cussed the matching score, and given it, in their results, 
their scores varied from 27 to 97% (Liu et al., 2019a; 
Song et al., 2021; Tunahan Kaya et al., 2018). Matching 
scores can be significantly boosted by using complete 
commercial libraries if the algorithm leverages multi-
component correlations in the matching process. Per-
haps part of the difficulty is that commercial and cus-
tom libraries only include spectra from polymers that 
the environment has not degraded.

Statistical analysis

In the present study, Microsoft Excel, SPSS, and Origin 
were the computational tools for performing statistical 
analysis on the collected data and generating graphs 
based on those analyses. The study used methodologi-
cal approaches, including applying an ANOVA single-
factor analysis. To guarantee the highest possible levels 
of precision and dependability in the study findings, 
we used meticulously and methodically all of the most 
stringent analytical procedures.

Results and discussion

Contamination during sample preparation and 
analysis

The wind/airflow is a typical vector for spreading 
tiny particles, including plastics; consequently, air 
transport and deposition may be a direct and signifi-
cant route of MPs from consumer items to the envi-
ronment. The prevalent presence of airborne MPs 
certainly poses a novel challenge for the QC of MP 
detection in environmental matrices. It needs to be 
addressed to safeguard data consistency. Petri dishes 
were kept open for MP analysis to calculate the air 
contamination during the sample preparation and 

analysis in the fume hood, laboratory, and laminar 
flow. Petri dishes were also kept open during stereo 
microscope analysis to check background contamina-
tion during the filter analysis. Blanks were prepared 
and analyzed per the standard sample and examined 
qualitatively under a stereo microscope and chemi-
cally characterized by a Raman microscope. To mit-
igate air pollution, we have shifted our experiments 
from the laboratory, where access was restricted, and 
ventilation was regulated, to fume hoods and ulti-
mately to laminar flow systems, intending to reduce 
airborne contamination. Such facilities are necessary 
for MP investigation; handling samples outside pure 
air is highly susceptible to airborne contamination. 
Most studies achieve this by performing all analy-
sis stages in the laminar flow (Bordós et  al., 2019; 
Hermsen et al., 2017; Scopetani et al., 2019; Wiesheu 
et al., 2016), fume hoods (Aliabad et al., 2019; Col-
lard et al., 2015; De Witte et al., 2014; Santana et al., 
2016; Van Cauwenberghe et  al., 2013), and ultra-
clean laboratories (Liu et  al., 2019b; Wagner et  al., 
2017). Preventing air contamination is essential when 
dealing with MPs and, more precisely, microfibers. 
Shedding these fibers from clothes and home textiles 
with loose structures, such as knitted sweaters and 
fleece blankets, is prevalent (Bhat et  al., 2021; Nap-
per & Thompson, 2016). 100% cotton fabric is rec-
ommended with a single bright color. Identifying the 
presence of contamination in the real sample will be 
readily achievable.

The results of MP contamination found in the ste-
reo microscope laboratory, laboratory blank, fume 
hood, and laminar flow based on their color, size, 
and shape are shown in Fig.  1. MPs deposition was 
higher in the stereo microscope laboratory (90), fol-
lowed by laboratory blank (46), fume hood (29), and 
laminar flow (15). The presence of these MPs in the 
blank samples like stereo microscope laboratory, lab-
oratory, fume hood, and laminar flow represents that 
contamination can occur during the analysis. These 
blank contaminations should be regarded to get the 
accurate number of MPs in the sample. It was seen 
that a fume hood reduces the contamination by 61.3% 
and laminar flow by 75.4% compared with a labora-
tory blank; however, the laminar flow reduces the 
contamination by 65.9% compared with a fume hood. 
Looking at the background contamination results, the 
laminar flow was the least contaminated compared to 
the other indoor environments. Both laminar flow and 
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fume hood were present in the same laboratory where 
the analysis was done. The access to the laboratory 
was limited, and the doors and windows were kept 
closed to reduce external and secondary contamina-
tion. However, the stereo microscope laboratory was 
in the other department, where we could not limit 
human access. It is a common laboratory for use, and 
other instruments are also present; doors and win-
dows were mostly open. This might be the reason for 
the higher deposition of MPs. These MPs had five 
colors: White-Transparent, Yellow-Orange, Red-Pink, 
Blue-Green, and Black-Grey (Fig. 1). Blue-Green and 
Black-Grey were the dominant colors of MPs.

Moreover, these MPs were identified as fibers, 
pellets, film, foam, and fragments; fiber was the 
dominant type of MP seen in all indoor environ-
ments. Fibers are ubiquitous; the clothes worn by 
researchers or other textiles in the laboratory can 
be a dominant source of MPs, especially fibers. 
Looking at MPs’ size distribution, the abundance 
of MPs decreased as the size increased, indicating 
MPs lesser than 1000 µm were more abundant. This 
implies that small-size MPs should not be ignored 

during the analysis of MPs. There is a high chance 
that their number may surpass the bigger size MPs. 
In all the indoor environments, 11 MPs were found 
in (1—100 µm), 68 in (101—250 µm), 38 in (251—
500 µm), 37 in (501—1000 µm), and 26 in (1001—
4000 µm). In total, 154 MPs were seen under the size 
range from (1—1000 µm) while just 26 were in the 
size range of 1001—4000 µm (Fig. 1). Least number 
of MPs were seen in the size range of (1—100 µm); 
there is a chance that MPs (< 1.6 μm) can also come 
from the working solutions as the pore size of the 
filters through which the solutions were filtered 
(1.6 µm); this can contaminate the actual sample by 
increasing the number of small-size MPs (< 1.6 μm). 
The Anova single factor of the data for the size distri-
bution of the identified MPs in the stereo microscope 
laboratory, lab blank, fume hood, and laminar flow 
does not show a significant difference (P = 0.27).

Contamination of filters

In some stages of sample preparation, the sample is 
filtered to separate MPs from other components, such 

Fig. 1  Number of MPs according to their type, size, and colors found in different indoor environments during sample analysis (a: 
type, b: size, c: color) (NI* not identified)
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as organic (digestion solutions) or inorganic matter 
(density separation solutions). Apart from filtering 
the sample, the filter choice also influences the limit 
of detection determined by its pore size. There are 
chances that these filters can get contaminated during 
the manufacturing processes or due to their produc-
tion in non-controlled environments or from packag-
ing materials (plastic bags).

In this study, thermal treatment of fresh unused 
glass microfiber filters (1.6 μm) 47 mm was done at 
450 °C for 4 h, aiming to minimize plastic contamina-
tion from filters if present. Three fresh unused filters 
were assessed before and after thermal treatment. The 
average number of fibers and pellets present before 
thermal treatment was 4 ± 1 and 2.66 ± 0.57; how-
ever, after thermal treatment, an almost 50% reduc-
tion in the average number of MPs was 2 ± 1.73 and 
1.33 ± 0.57 (Fig. 2). This indicates thermal treatment 
at 450 °C for 4 h can be an excellent option to reduce 
the MPs contamination of unused filters. A minimum 
of 2 fibers and 1.33 pellets should be considered 
blank background contamination after thermal treat-
ment (450  °C for 4  h) of Whatman filters. Thermal 
treatment not only reduces the number of MPs but 
also the size of MPs. Before thermal treatment, MPs 

were quite visible at low magnification (1.0× to 1.2x); 
however, after thermal treatment, MPs were seen at 
high magnification at 2.5 × magnification, which indi-
cates a decrease in MP size. Applying thermal treat-
ments to fresh, unused filters can be a good option for 
cleaning the filters. Once the filters are combusted, 
they should be stored in washed glass petri dishes free 
from MPs. The petri dishes should be covered by alu-
minum foil or parafilm and stored in a laminar flow. 
The filters should only be taken out during the analy-
sis. However, the lid of the Petri dishes should be cov-
ered as soon as possible whenever we take the filters 
out or store them in them to minimize contact with 
air, and all these steps should be done in laminar flow. 
Looking at the filter thermal treatment, two works on 
airborne MPs thermally treated their glass fiber filters 
at 450 °C for four hours (Li et al., 2019) or overnight. 
Prata et al. applied Nile Red staining to the new glass 
fiber filters, revealing various fibers and particles 
incorporated into the glass fiber matrix (Prata et  al., 
2021). These fibers and particles might cause the 
MPs in ambient samples to be overestimated. Prata 
et al. gave thermal treatment to these unused filters to 
resolve this problem (Prata et al., 2021). The results 
show that a 15-min treatment at 450 °C is inadequate, 

Fig. 2  Analysis of thermal treatment of filters for microplastic studies (NI* not identified, (filter 3 after thermal treatment))
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while a three-hour treatment at 450  °C may effec-
tively eliminate plastics or fiber contamination from 
filters. Compared to lower-quality filters, high-quality 
glass fiber filters appear less contaminated. Failure to 
treat the filters might result in high blank levels.

Contamination of working solutions

Sample treatment regularly involves digestive and 
density separation reagents and distilled or Milli-Q-
DI water used for rinsing materials and equipment, 
as mentioned previously. However, these solutions 
may be contaminated with MPs; they can be manu-
factured or processed in contaminated environments 
or packaged in plastic packaging, leading to sample 
overestimation. An effective way to overcome con-
tamination in work solutions may be to prefilter all 
working solutions used during sample processing 
using clean vacuum filtering equipment and store 
the filtered solutions in tightly sealed sterile glass 
flasks.

In this study, contamination of filters, work-
ing solutions, vacuum filtration device, and glass 
materials were assessed in triplicate form, and 
their results are shown in Fig.  3. The washed and 

thermally treated glass materials (Petri dishes) 
were evaluated under the stereo microscope. None 
of the MPs were seen, which implies that washing 
and thermal treatment used simultaneously can be a 
good option for removing polymeric particles from 
the glass materials. The deposition of MPs during 
vacuum filtration from indoor air was also assessed 
(Fig. 3 A). The filtration laboratory blanks showed 
the presence of MPs. The maximum numbers of 
fiber (10) and pellets (9) were seen in filtration 
laboratory blank 1, while the minimum number of 
fiber (5) and pellets (4) was seen in filtration labora-
tory blank 2 and 3, respectively. The average num-
ber of fibers and pellets deposited during 5 min was 
7.66 ± 2.51 and 6.33 ± 2.51. This implies that dur-
ing vacuum filtration, contamination might occur 
from the indoor air; to minimize this contamination, 
the lid of the vacuum filtration device should be 
covered, or a blank sample should be taken to meas-
ure the background contamination.

100 mL of Milli-Q-DI water was also filtered, and 
the blanks in triplicate form were assessed (Fig.  3 
B). A maximum of 9 fibers and pellets were found 
in 100 mL Milli-Q-DI water blank samples 3 and 2. 
However, a minimum of 6 fibers and five pellets were 

Fig. 3  Microplastic contamination of filters and working solutions (a: filtration lab blank, b: milli Q water, c: NaCl solution)
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seen in 100 mL of Milli-Q-DI water blank samples 2 
and 1, while the average number of fibers and pellets 
was seen in 100 mL of Milli-Q-DI water blank sam-
ples 7.66 ± 1.52 and 7.33 ± 2.08, respectively. Lastly, 
20  g NaCl was diluted to 100  mL with Milli-Q-DI 
water and filtered; the filters were assessed under a 
stereo and Raman microscope. Results showed that a 
maximum number of fibers (34) and pellets (14) were 
seen in 20% NaCl blank samples 3 and 1, respec-
tively, while the minimum number of fibers (23) and 
pellets (11) were seen in 20% NaCl blank sample 1 
and 3. The average number of fibers and pellets was 
29.33 ± 5.68 and 12.33 ± 1.52. Looking at all the 
cases, the number of fibers was predominantly more 
than pellets, and the 20% NaCl has the higher number 
of fibers and pellets (Fig. 3 C). There is a high chance 
that this background contamination may come from 
the indoor environment (laminar flow, fume hood, or 
laboratory). Filters, solutions, or reagents are com-
monly manufactured in uncontrolled conditions and 
packed in plastic materials, increasing the possibil-
ity of contamination. Apart from these working solu-
tions, water may also be contaminated with MPs, so 
importance should be given to reducing the contami-
nation from work solutions and filters in the future. 
Solutions should be filtered through thermally treated 
filters and then used. They should be analyzed for MP 
contamination to get accurate results. Working solu-
tions should be stored in properly sealed, clean glass 
bottles, while the filters should be wrapped with alu-
minum foil and stored in laminar flow.

Pre-filtration of solutions is essential for MP 
analysis. For instance, for every kilogram of NaCl 
salt employed in the density separation of MPs from 
sediments, 50 to 280 MP particles were identified 
(Iñiguez et  al., 2017). Solutions for density separa-
tion, such as NaCl, sodium iodide, zinc chloride, etc., 
should always be filtered. Ideally, filtering of work-
ing solutions should also be performed in a laminar 
flow or clean room with controlled airflow and human 
access, as mentioned before.

Cumulative deposition of microplastics in the 
laboratory

Seven Petri dishes were kept open in the air pollution 
laboratory during this study to check the cumulative 
deposition of MPs. The MPs were identified based 
on their color, type, size, and number (Fig.  4). The 

increasing trend was seen in the deposition of the 
MPs from day one to day seven. Day one had the low-
est number of MPs (16), followed by day two (43), 
day three (46), day four (48), day five (56), and day 
six (80), while day seven had the highest (99). The 
average was 55.42 ± 26.94 MPs each day. Five dif-
ferent color MPs were seen: White-Transparent, 
Yellow-Orange, Red-Pink, Blue-Green, and Black-
Grey. Blue-Green and Black-Grey were the dominant 
colors. However, fiber, pellet, film, foam, and frag-
ment-shaped MPs were seen, and fiber was the pre-
dominant type of MPs, followed by pellets during all 
seven days (Fig. 4). Clothes worn by researchers and 
textiles present in the laboratory can be the source of 
fibers. However, the pellets might have formed by the 
breakdown of larger plastic materials. Size distribu-
tion of MPs seen in laboratory blanks showed that 
most of the MPs had a size lesser than 1000 µm like 
64 MPs in (1—100 µm), 132 in (101—250 µm), 75 in 
(251—500 µm), 71 in (501—1000 µm) and just 46 in 
(1001—4000 µm). It was seen that most of the MPs 
(342) fall under the size range of (1—1000 µm) while 
just 46 were seen from (1001—4000 µm). The Anova 
single factor of the data for the size distribution of the 
identified MPs during one week showed a significant 
difference (P = 0.02).

Small-size MPs should be taken into account 
when analyzing the MPs as their background 
contamination may be high. For example, a 
comprehensive study of MPs in blanks indicates 
higher average concentration in smaller size classes: 
22 MPs in the blank in the size range of 20 and 
50  μm, 11 MPs in the 50—100  μm class, 3 in the 
100—500  μm class, and ultimately 1 in the 500—
1000  μm class (Frei et  al., 2019). Therefore, no 
contamination in the blanks will be detected when 
considering big MP-size classes. Since smaller 
MPs are more common in the environment, the 
rising evaluation of smaller particle sizes demands 
stringent contamination control methods to generate 
valid findings. This contamination in the samples 
can come from various places, including sample 
collecting equipment, field and laboratory personnel 
clothes, air and dust in the collection site, etc. Air 
deposition controls and procedural blanks should 
be conducted simultaneously and evaluated jointly. 
If laboratory procedural contamination is not 
thoroughly evaluated, sample results will likely 
be overstated. As a result, we highly encourage 
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future research on airborne and indoor MPs to 
include laboratory blanks as a routine procedure. 
There is an urgent need to record standardized QC 
measures, including blank measurement recovery 
rate experiments. The typical MPs seen in the study 
are shown in Fig. 5.

Recent meta-analyses of MP quantification in 
several matrices, including sediments (Hanvey 
et  al., 2017), surface water (Erni-Cassola et  al., 
2019), and marine biota (Erni-Cassola et al., 2019; 
Hermsen et  al., 2018) found that many researchers 
did not identify procedural contamination correctly. 
Only 7 of the 43 studies examined by Havey et  al. 
used laboratory blanks somehow (Hanvey et  al., 
2017). None of them had field blanks to account for 
contamination brought on by sampling collection, 
transportation, and analysis. Some of these 
studies do not mention the final concentration of 
MPs in controls, although the analysis is carried 
out (Lorenz et  al., 2019; Scopetani et  al., 2019; 
Wright et  al., 2021). Others claim variable MP 
concentrations in blanks, while others claim no 
contamination (Aliabad et  al., 2019; Fan et  al., 
2019; Zhang et al., 2019), while some average claim 
values up to 36 MPs per blank (Frei et  al., 2019). 

A size restriction is also associated with the lack 
of MPs in the blanks. Contamination is typically 
produced by tiny polymeric particles that pass 
through materials or settle in the air.

Blank measurements enable us to quantify the 
MP concentration in the background via proce-
dural contamination. For MP analysis, the sample 
should be proposed to allow the ambient count of 
particles. For each color morphology combination, 
or even for each color morphology polymer type 
combination, the level of procedural contamination 
may be evaluated if spectroscopy is employed on 
all particles. These particle classes may be thought 
of in the same manner as distinct congeners in the 
chemical classes, and concentrations in blanks can 
be removed from the sample counts. As a standard-
ized quantification technique of MPs, those blank 
samples should be provided to verify that proce-
dure contamination does not overstate ambient 
concentrations.

Raman microscope evaluation

Raman microscope analysis of samples has shown 
the presence of different MPs. Under the Raman 

Fig. 4  One-week cumulative deposition of microplastics in the air pollution laboratory (a: type, b: size, c: color) (NI* not identified)
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microscope, 71 spectrums were taken randomly 
from all the samples, and 40 particles were identi-
fied as MPs. These 40 MPs were categorized into 
ten types of MPs like poly(trimethyl hexamethylene 
terephthalamide) (Nylon 6(3)T), polymethylpentene 
(PMP), polyacrylamide (PAM), PAM carboxy modi-
fied, PP, poly(vinyl alcohol) (PVA), polytetrafluoro-
ethylene (PTFE), Varnish, polyvinyl chloride (PVC), 
and high-density polyethylene (HDPE). These 10 
MPs are plotted in Fig.  6, while the rest, 30 MPs, 
are given in the supplementary file (Fig. S1-S2). The 
presence of these MPs shows that there were indoor 
sources present for these identified MPs. There might 
be many different sources of these polymers, includ-
ing laboratory equipment, paper making, textiles, 
etc. (Chanda & Roy, 2008; Elias, 2009; Mark, 2009), 
and all of these were identified in these indoor envi-
ronments. Identifying these MPs in different indoor 
environments, filters, and solutions shows a need to 
continuously take blanks (field and laboratory) during 
MP sampling, preparation, and analysis. Apart from 
taking the blank samples, strict precaution measures 
should be taken to minimize the contamination from 
solutions, filters, indoor environments, researcher 
clothes, etc.

Conclusions and recommendations

Washing of glass materials three times with 
the Milli-Q-DI water, then once with methanol 
(HPLC ≥ 99.9%), and thermally treated at 150  °C 
for 3  h can almost remove all MPs if present. New 
filters and working solutions can be highly contami-
nated with MPs. Prefiltering solutions using the same 
or smaller pore size of the filter used for analysis can 
significantly minimize MP count. In contrast, ther-
mal treatment of fresh unused filters at 450 °C for 4 h 
reduced the fibers and pellets by 50%. This indicates 
that thermal treatment at 450  °C for 4  h can be an 
excellent option to reduce the MP contamination of 
unused filters. For all seven days, a total of (342) fall 
under the size range from (1—1000 µm), while just 
(46) MPs were seen between (1001—4000 µm); this 
indicates the calculation of small size MPs in samples 
can not be ignored. Raman analysis identified 40 MPs 
divided into ten different types of MPs like Nylon 
6(3)T, PMP, PAM, PAM carboxy modified, PP, PVA, 
PTFE, Varnish, PVC, and HDPE.

Small-size classes of MPs should be more empha-
sized since they are more prevalent in the environ-
ment, and less or no contamination in samples and 

Fig. 5  Typical representation of microplastics found in the study (fiber: a-f, fragments: g-i, pellets: j-k, foam: l-m and film: n–o)
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blanks should be recorded when considering big-
sized classes of MPs. Future studies are needed on 
nanoplastic contamination. Hence, evaluating smaller 
particle sizes requires rigorous control methods to 
control contamination and obtain valid results. Labo-
ratories, clean rooms, fume hoods, and laminar flow 
must be regularly maintained and cleaned to preserve 
a low pollution profile. MP technique guides should 
highlight the necessity of procedural checks. Fume 
hoods do poorly control the background air contami-
nants, while laminar flows are preferred and are a 
good option for minimizing background air contami-
nation. Apart from laminar flow, isolated rooms with 
regulated airflow and access, like microscope rooms 
or working in laboratories with constant airflow and 
minimal individual circulation, can also be a good 
option for analyzing MPs.
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