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Microplastics (MPs) released from food packaging have attracted widespread attention. In this study, drip bags
made from polyethylene (PE), polypropylene (PP), polyester (PET), and rayon selected from eight brands were
employed to investigate MPs releasing. Fourier-transform infrared microspectroscopy (u-FTIR), optical micro-
scope and scanning electron microscope (SEM) were used to study the effects of brewing time and temperature
on the release of MPs. The results showed that a single plastic coffee bag steeped at 95 °C for 5 min could release

Intake more than 10,000 MPs particles into a cup of coffee. Irregular blocks, long strips, and size range of 10-500 pm
MPs were easier to be released, implying that consuming 3—4 cups of coffee will lead to an intake of 50 thousand
MPs particles daily. Rayon was the primary type of released MPs, accounting for over 80% of the total amount of
the released MPs. Our results are hoped to provide evaluation standards of material selection for processing

coffee bags.

1. Introduction

Plastics have a broad application in the industrialized world for
many advantages, including their convenience, low cost, anti-corrosion,
insulation, and stable physio-chemical properties (Gao et al., 2021).
According to the latest report, the utilization of plastics increased by
2.5% in 2019 compared with that in 2018 (Plastics Europe, 2020).
However, only 10% of plastics are recycled or incinerated, with the rest
being released into the environment or landfills (He et al., 2021). These
wasted plastics are mostly converted into tiny particles through various
external factors, such as mechanical abrasion, weathering, ultraviolet
(UV) radiation, and biological metabolism (Liu et al., 2021). Among
these, small particles with a size of 5 mm were defined as microplastics
(MPs) (Thompson et al., 2004).

As widely used food packaging materials, plastics are extensively
adopted in the food industry, which causes an increasing food safety
concern (Bouwmeester et al., 2015). Kedzierski et al. (2020) found that
the contamination level of extruded polystyrene MPs (MP-XPS) in
packaged foods ranged from 4.0 to 18.7 MP-XPS/kg. The MPs content in
eggs even reached 11.67 + 3.98 particles/egg (Liu et al., 2022). Mason
et al. (2018) investigated the distribution of MPs in 27 different bottled
water from 11 different brands in 9 other countries and found that 93%
of the individual bottles (including all the brands and batches) were
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contaminated by MPs, 13% of which were microfibers particles. Sur-
prisingly, bottled water was detected to have a two-fold amount of MPs
particles compared with tap water on average. Diaz-Basantes et al.
(2020) detected MPs with various sizes and quantities in honey, milk,
soft drinks, and beer from Ecuador. The researchers reported that the
number of MPs distributed was 20-80 mL™! for beers, 10 mL™! for
bottled mineral water, and 200-500 g*1 for teas (Li et al., 2022).
Nowadays, it is convenient for white-collar workers to order take-out.
However, the take-out containers have the risk of containing some
released MPs. It was previously reported that MPs were found in all
take-out containers, ranging from 3 to 29 pieces/container (Du et al.,
2020). The weight of MPs released by take-out containers varies by
shape (round-shaped: 12 + 5.12 mg; rectangular-shaped: 38 + 5.29 mg;
disposable plastic cups: 3 + 1.13 mg) (Fadare et al., 2020). Notably, MPs
could also be released from feeding bottles and silicone-rubber baby
teats (Li et al., 2020; Su et al., 2021). MPs residues in foods may affect
human health. Research revealed that infants within 12 months old
might have an average consumption of 1.6 million polypropylene plastic
particles per day (Li et al., 2020; Su et al., 2021). Zhang et al. reported
the presence of PET and polycarbonate (PC) MPs in the feces of the
newborn. Moreover, the concentration of PE in infant feces was signif-
icantly higher than that of adults (Zhang et al., 2021). Kannan and
Vimalkumar (2021) found that MP exposure in laboratory animals was
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linked to various forms of disorders, including inflammation, immuno-
logical response, endocrine disruption, alteration of lipid and energy
metabolism, etc.

Coffee and tea belong to the “three major beverages” in the world.
Their consumption seems to be safe within usual intake levels. Because
of the popularity of these two beverages, the health risk posed by their
plastic packaging (e.g., non-woven) cannot be ignored. Non-woven
materials not only provide the required gas/aroma barrier to maintain
tea/coffee properties throughout the shelflife, but also can withstand
certain brewing temperatures while allowing the coffee to pass through
(Buntinx et al., 2014; Kellie, 2016). Teabags can release a large number
of MPs during high-temperature immersion. A single plastic teabag
could release approximately 11.6 billion microplastics and 3.1 billion
nano plastics at 95 °C of brewing temperature (Hernandez et al., 2019).
Coffee consumers have reached 350 million in China (https://www.
coffinance.com/detail/4550). People around the world drink 1.6
billion cups of coffee every day. Considering the great demand for cof-
fee, various kinds of coffee have sprung up, especially drip bag coffee, a
convenient and popular beverage product among young people. How-
ever, the release of MPs from the coffee bags and the influence of
brewing temperature and time are often overlooked.

This research aimed to explore whether MPs can be released from
drip coffee bags into the water during brewing a cup of coffee. Drip
coffee bags were steeped in 95 °C hot MilliQ water for different periods,
and the tested particles were measured using microscopy techniques.
The composition and morphology characterization of MPs particles were
analyzed by p-FTIR and SEM. Moreover, the leaching components of the
drip bag coffee steeped at different times were classified. The result of
this research may provide evidence for food package or environmental
risk assessment.

2. Materials and methods
2.1. Materials and chemicals

To examine the MPs abundance in different drip coffee bags, the drip
bag coffee from eight popular commercial brands was purchased from
JD.com on March 17-18th, 2021. These coffee bags were named A, B, C,
D, E, F, G, and H (Table S1). Each experiment contained three parallel
drip coffee bags. The main description on the label is the nutritional
composition of the coffee, while the compositions of drip bags were
rarely described. The standards of polyethylene (PE, 96%), poly-
propylene (PP, 97%), polyester (PET, 95%), and rayon (95%) were ob-
tained from HuaChuang plastic and chemistry company (Dongguan,
China). Ethanol (AR) was purchased from BoNuo company (Dalian,
China). All chemicals were used without further purification.

2.2. Sample pretreatment

The drip bag coffee was ripped along the crease, and the coffee
powder was removed. The plastic outer package was emptied to ensure
that the detected MPs particles were released from the coffee bags
without other interfering factors. The empty coffee bags (referred to as
A-H) were thoroughly washed three times with ultrapure (MilliQ) water
at room temperature to remove the residual coffee powder or other
plastic debris. All samples were then dried with a suitable flow rate of
nitrogen. Coffee bags (A-H) were put in the experimental coffee cup and
brewed with hot MilliQ water (95 °C; pH ~ 6.9, ultrapure water). Ac-
cording to the most typical coffee brew time (Maille et al., 2021), three
different steeping periods, including 1 min, 3 min, and 5 min, were used
to treat eight drip bags, respectively. The hot water was filtered through
a metal filter membrane (Stainless steel, Beijing JiuDing, China) with a
pore size of 10 pm. Subsequently, the membrane was put into a beaker
containing 15 mL of absolute ethanol. As the density of ethanol is
smaller than MPs and it cannot dissolve MPs, ethanol (GR) just acted as a
solvent for dispersing and settling MPs without any effect on the
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physical and chemical properties of MPs (Li et al., 2018) (Fig.S3). After
ultrasonic treatment (60 w) for 1 h, the released MPs can be dispersed
well in the ethanol solution. Then, ethanol extract was added into a 15
mL conical glass tube and stood for half an hour. Heated nitrogen was
used to concentrate the ethanol to 200 pL, which was then transferred
into a 1 mL glass bottle and stored at 4 °C. Triplicate samples were
prepared for all experiments.

2.3. Mps identification and characterization

Within the spectral range of 4000 to 750 cm ™! in total reflection
mode, all MPs were confirmed with a PerkinElmer Spectrum Spotlight
400 micro-Fourier transform infrared spectroscope (pu-FTIR; Perki-
nElmer Inc., USA) under the average of 15 scans for each spectrum. It is
equipped with a liquid nitrogen-cooled mercury cadmium telluride
(MCT) array detector attachment consisting of a germanium (Ge) crys-
tal. The resolution and pixel size were set as 8 cm ! and 25 pm,
respectively. Four standards of plastic were scanned with the image
mode of p-FTIR, and the generated standard infrared spectra were im-
ported into the software spectrum to establish a standard library for
subsequent sample identification. The total absorbance infrared images
of MPs extracted from different brands of drip coffee bags were then
imported into Spectrum IMAGE and compared with standard infrared
spectra to export corrected images for PE, PET, PP, and rayon. The
detected match rates for PE, PET, PP, and rayon were obtained,
respectively. When interpreting FTIR output, only readings with a match
rate greater than 70% were considered to have a reliable spectral match
(after visual inspection). Finally, the detected target plastic components
were further counted with the ImageJ software (version 1.48v, National
Institutes of Health, USA). The obtained total absorbance infrared image
of the MPs was the indistinguishable components of the mixed MPs. By
combining the total absorbance infrared with each standard infrared
spectrum of MPs in the self-built database, each component image of
MPs could be obtained. The particles with high response values were
selected and counted with ImageJ to calculate the amount of each MP
component.

2.4. Estimation of MPs exposure

The ethanol concentrate of MPs (200 pL) was dispersed by the ul-
trasonic cleaner for 5 min until the particles in the bottle were dispersed
evenly in the solution. Then 10 pL solution from each group was sampled
with a glass pipette three times, then placed on a coverslip waiting for
evaporation. The types of plastics were identified by the p-FTIR method,
and the number of corresponding MPs components was counted by
Image J software. Each sample was measured three times, and the
average was taken as the final result. Data were multiplied by 20 (cor-
responding multiple) to obtain the final result. The number of total MPs
was obtained by summing up the amounts of the identified MPs.

2.5. Microstructure of MPs

A scanning electron microscope (SEM) (JSM-7800F, JEOL, Japan)
was used to observe the fiber surface morphology adhered to the drip
coffee bag before steeping, along with the size and morphology of the
MPs released from the drip coffee bag after steeping at different times
periods. Briefly, 10 uL of water was drop-casted onto a coverslip and
viewed under microscopy (Nikon Ti-S, Tokyo, Japan) and SEM. SEM
observation provides information about the morphological characteris-
tics of the MPs and IR spectra reflect the specific composition of the MPs.
The combination of these two methods well determined the particular
composition of the MPs and improved the accuracy of the experimental
results. Subsequently, each component of MPs was particularly identi-
fied by p-FTIR, and its characteristics were observed. Briefly, each MP
component was picked up with tiny tweezers and placed on a unique
small glass slide, which was then measured by SEM. Triplicate sets of
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experiments with parallel repetitions were carried out.

2.6. Quality assurance and quality control

Nitrile gloves and cotton lab coats were used throughout the exper-
iment to exclude the influence of exogenous pollution. All test tubes and
beakers used in the experiments were glassware and washed with ul-
trapure water. A blank control group was also set to reduce the possible
interference from the reagents used in the investigation and the air
environment in the laboratory. All solutions (including MilliQ water)
were filtered through glass fiber filters with a pore size of 1.6 pm before
use. During the experiment, plastic and air exposure were limited to the
greatest extent. In the experiment, glassware was used throughout to
avoid any potential plastic contamination from the atmosphere. In
addition, the pipette tips were also cleaned three times with ultrapure
water and ethanol (GR) to ensure their cleanness. Before the experiment,
the test-bed was also cleaned. The samples were covered by a clean glass
beaker to prevent MPs pollution from the air. These measures signifi-
cantly reduced the external interference factors of MPs and ensured the
accuracy of the experimental results.

2.7. Statistical analysis

The particle size and counts were established by using ImageJ soft-
ware (version 1.48v, National Institutes of Health, USA) (Schneider
et al., 2012). Data were represented as mean =+ standard deviation (SD)
of three individual experiments. The figures were plotted and imported
by Origin 2021pro (Originlab Corporation, USA) and Spectrum IMAGE.
Principal component analysis (PCA), heat map analysis, and hierarchical
cluster analysis (HCA) were conducted by MetaboAnalyst (Chong et al.,
2018). P < 0.05 was considered statistically significant.
3. Results and discussion

3.1. Abundance of MPs in drip coffee bags

The total amounts of MPs in drip coffee bags from different com-
mercial brands after steeping at different periods are shown in Fig. 1 and
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Table S2. As shown, the MPs abundance of eight brands of drip coffee
bags increased in a time-dependent manner. After steeping for 1 min and
3 min, MPs abundance of brand C drip coffee bag was the highest
compared with the other brands (5407 + 921 items and 7607 + 722
items, respectively). However, the brand B drip coffee bag released the
highest MPs (12807 + 1139 items) when all brands of drip coffee bags
were steeped for 5 min. In contrast, brand E and G drip coffee bags
showed the lowest MPs release in the three periods. Overall, the total
amount of MPs increased with the steeping time.

It has been reported that these polymer materials (e.g. PET) were
degraded at 95 °C or even high temperatures, due to the destruction of
their molecular structures (Holland and Hay, 2000). Hydrolysis of the
polymer might be the cause of this degradation. The cleavage of
chemical functional groups reacting with water was a hydrolytic
degradation. As a reduction in the molecular weight of polymer mac-
romolecules, chain scission could result in structure loosening. The
abundance of MPs in drip coffee bags might vary with material prop-
erties (Du et al., 2020). Some drip bags were made from staple fibers,
which might contain MPs, causing the release of MPs from drip bags.

As shown in Fig. S1, the components of MPs were detected from the
bags before steeping. It means that under slight mechanical force, the
MPs particles might easily be peeled off into the water and adhere to the
coffee powder. However, the drip bag itself was equivalent to a small
filter device, which could keep some non-edible substances (including
MPs) in the drip bag and prevent them from entering the water.
Therefore, we only considered the MPs generated on the outer surface of
the drip bag under high-temperature immersion in water. In our daily
life, the friction between plastic tableware and the outer surface of the
drip coffee bags is consistent with the flushing of water used in our
experiments, so the abundance of MPs in real life can also be considered
to match with the above results. Non-disposable tableware may produce
fewer “flaking MPs” as they are usually made of non-plastic materials
including glass, ceramic, or stainless steel (Du et al., 2020). Moreover,
the other parts of the MPs, such as atmospheric MPs pollution, should
also be considered. Atmospheric MPs pollution is a global environmental
problem. It is possible that the air MPs pollution was not only presented
during the production process of drip coffee bags but also detected in
some food packages. The fact is that some food packaging itself produces
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Fig. 1. Total MPs in drip coffee bags of different commercial brands after different steeping time. Different letters indicate significant difference (P < 0.05).
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MPs, as well as the other MPs pollution in the atmosphere during pro-
duction and processing (Cai et al., 2017; Dris et al., 2017). In other
words, the sources of MPs in coffee bags include the flaking of the coffee
bag itself and atmospheric pollution.

During the production process of food packaging, although only a
small amount of MPs can be mixed with the food, food packaging can
release more MPs under high-temperature conditions. Both tea and
coffee require high-temperature water to brew, which provides viable
conditions for MPs release. Other beverage packages (such as cola or
juice) release a limited amount of MPs under normal temperatures.

3.2. Size and area distribution of MPs in drip coffee bags

Compared with the characteristics of MPs in the drip coffee bags,
boxplot, and Gaussian distribution curve were used to describe the size,
shape, and distribution of MPs. The size and area maximum, minimum,
average value, and distribution of MPs in all commercial brands (A-H)
are presented in Fig. 2a-f, respectively. The amount of MPs with the size
of 10-500 pm from the coffee bags (brands B and D) exceeded 5000 in
each steeping stage. MPs with a size below 20 pm accounted for more
than 50% of the total. The content of < 20 pm MPs in brand B drip coffee
bag during steeping 5 min was the highest compared to the other seven
brands. Similarly, for brand B and D, the amount of MPs with the main
area (<2000 pm?) was the highest. The size and area distributions are
consistent with the Gaussian distribution, which also agrees with the
report of Li et al. (Li et al., 2021). When MPs are exposed to humans and
other organisms, a potential ecological risk in response to human and
nutrient levels should be concerned (Hernandez et al., 2019).
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MPs with a size of greater than 10 pm could be accumulated in the
digestive tract of animals, inducing oxidative stress, damaging intesti-
nal, liver and gill tissues, and increasing the heart rate and swimming
speed of animals. The percentage of animal mortality ranged from 6.7 to
21.6 caused by MPs with particle size greater than 10 pm (Visalli et al.,
2021). Therefore, most current research focused on the MPs (particle
size >10 pm) (Sun et al., 2021; Wang et al., 2022). More than 80% of
MPs particles detected in the steeped drip coffee bag were smaller than
80 pm, which poses a potential safety risk and should deserve the pub-
lic’s attention.

With further differentiation and degradation of MPs particles, the
size of MPs will be further reduced to<10 pm. This study focused on MPs
particles larger than 10 pm, on the one hand based on the toxicity of
these MPs (greater than10 pm) and the other hand the accuracy of the
detection instrument. In recent years, many researchers have explored
the toxicity of these MPs (<10 pm) (Liang et al., 2021; Sun et al., 2021).
These studies indicated that MPs (<10 pm) damaged the intestinal
barrier and induced mild immune response in the colon. That is the
limitation of our study which not focused on MPs < 10 pm. However,
MPs (<10 pm) can’t be ignored and even more important in terms of
toxicity. Therefore, we need to study and make a breakthrough in other
toxicity problems of MPs with different sizes in the future.

3.3. Identification of MPs polymer types
The infrared imaging system is a microscopic analysis technology

developed on the basis of FTIR microscope and step-and-scan interfer-
ence technology, which can scan the mixed sample quickly and obtain a
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Fig. 2. Frequency distribution of MPs released from different brands drip bags coffee during the different steeping time. (a-c) the size distribution and (d-f) the area
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large area infrared images containing spectral information (Oh and
Koenig, 1998). As shown in Fig. 3, the total absorbance infrared images
(Fig. 3a) of the MPs extraction solution of different drip coffee bags and
the standard infrared spectrum of PE, PET, PP and rayon (Fig. 3b) were
obtained. The detected similarity rate of PE, PET, PP and rayon was
91%, 86%, 93%, and 85%, respectively (Fig. 3c-f). In the component
images, the correlation coefficient increased with the gradation of red.
In Fig. 3, it can be seen that the color transition from purple-black to red-
pink suggested a gradual increase in the correlation coefficient. The
larger the correlation coefficient, the higher the precision of the detected
component. The results confirmed that the drip coffee bags were a blend
of PE, PP, PET, and rayon, or a blend of PET and rayon.

Ding et al. (2019) and Lin et al. (2021) detected the components and
characteristics of MPs in bivalves, fish, and coastal sediments of the East

Food Chemistry 415 (2023) 135717

China Sea using p-FTIR equipped with attenuated total reflection
(p-ATR-FTIR), respectively. The transmission was also selected mode
when using p-ATR-FTIR. Therefore, Fourier-transformed infrared
coupled with microscopes (u-FTIR) is considered a convenient, fast, and
non-destructive technology for MPs identification. It can not only pro-
vide accurate spectral maps with defined and characteristic peaks of
each polymer but also exhibit the shape of MPs particles. However,
when the amount of MPs increases, the detection of MPs components
becomes extremely cumbersome and time-consuming, which reduces
the accuracy of analyzing MPs distribution. Fast and large-area molec-
ular level scanning can be performed and combined with the plastic
standard infrared spectrum, which can analyze the composition of MPs
expediently and accurately (Fig. 3).
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Fig. 3. The detected method of MPs in drip bags coffee. (a) The total absorbance infrared image of the total MPs; (b) Standard infrared spectrum of PE, PET, PP and
rayon; (c-f) Detected specific components of MPs in the sample and corresponding similarity, respectively.
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3.4. Percentage of MPs component

The thickness of the lines indicated the amounts of MPs (Fig. 4). The
number of MPs detected from each treatment for each product is shown
from the left column to the middle column. The number of MPs in
different types of treatment and for each product is shown from the
center column to the right column. The changes in the proportions of
MPs types from various groups are shown in the Sankey diagram
(Fig. 4a). The percentage of 4 different polymer types was detected in
eight commercial brands drip coffee bags (Fig. 4b-d). The main com-
ponents of brand G and H drip coffee bags were PET and rayon. Brand A-
F coffee bags contained all types of polymer. The percentage of each
plastic polymer varied in brands of coffee bags. Regardless of brand or
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steeping time, the proportion of rayon was the highest among the tested
samples. In all brands, the rayon released accounted for 97.38%,
95.73%, and 89.64% (brand H) after steeping for 1 min, 3 min, 5 min,
respectively, followed by PE (26.17%, 25.41%, 18.91%, brand D), PP
(15.63%, 13.66%, 11.87, brand D), PET(14.14%, 10.33%, 12.54%,
brands G) after steeping different periods (Fig. 4b-d). However, PE and
PP were not found in brand G and H.

Rayon is an artificial textile material with many advantages (Kauff-
man, 1993), which is often mixed with other fabrics (such as polyester
and cotton) and applied in food packaging. It has been reported that
rayon is defined as a primary component of MPs in food and the envi-
ronment (Bessa et al., 2018; Lusher et al., 2015; Mohsen et al., 2022).
According to previous research, rayon was mainly concentrated in
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aquatic products. Lusher et al. (2015) also reported that 53% of the
polymers found in the stomachs and intestines of deep-diving Meso-
plodon mirus on the northern and western coasts of Ireland were rayon.
Rayon was also found in the deep sea (Woodall et al. 2014). Recently,
rayon was mainly detected in plastic products, such as food packaging,
fast food boxes, or plastic containers (Du et al., 2020). Although the use
of rayon is widespread nowadays, it has disadvantages in the properties
of low crystallinity, low degree of orientation, and standard machine
washing (Park et al., 2004), which is easy to stretch, shrink, or bleed
onto other media (https://www.whowhatwear.com/what-is-rayon).
Therefore, rayon products could be disintegrated rapidly and leached
out the higher amounts of rayon, which also verifies our research.

3.5. Micro-image of MPs in drip coffee bags

SEM, Nikon microscopy, and p-FTIR spectra observations of the
collected MPs particles presented different shapes in drip coffee bags
(Fig. 5). The morphology of MPs could be satisfactorily presented using
microscopic techniques, and the morphology discrepancies of different
types of polymers were also observed. The results showed that frag-
mented MPs accounted for the majority. Before steeping, SEM was used
to observe the filament interpenetrations of the drip bag, and the par-
ticles of different sizes adhered to the fibers (Fig. S2). MPs were
dispersed in water by steeping for different periods. The small pieces of
MPs attached to the drip bag filaments were easy to elute, and the drip
bags had strong heat resistance stability. The filaments were not readily
broken by boiling water in a short time. However, a few parts of
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filaments could also be soaked fracture due to the poor processing
technology of the drip bag fabrication. The MPs particles released after
steeping appeared as an irregular block-like structure attached to a
wrinkled strip (Fig. 5d). The surface of the MPs was wrinkled and rough,
which possibly could be coffee bags deformed under hot water brewing
(Fig. 5a-c).

3.6. Different classification methods analysis

Principal component analysis (PCA) is a mathematical tool to
represent the variation in the dataset using a small number of factors
(Granato et al., 2018). As a result, four plastic components (PE, PET, PP,
and rayon) were detected in drip coffee bags from eight different com-
mercial brands. The first three principal components were exported and
highly contributed to the total variance: 82.9%, 10.7%, and 4.4%,
respectively. The data implicated that PC1 was the main factor in
differentiating the difference between drip coffee bags. The sum of these
three contribution rates was 98% (higher than 85%). As shown in
Fig. 6a, circles of different colors indicated the same time of steeping
drip coffee bags from different brands. The distance between the points
reflected the similarity of their detected MPs components. It could be
seen from the score scatter diagram (Fig. 6a) that the extracts of eight
brands of drip coffee bags steeped at different times could be well
divided into group one (brand A-F) and group two (brand G, H). The
biplot of different brands steeped times and MPs components were
shown in Fig. 6b, as the loading plot showed the location distribution for
the MPs components. Group one was related to PE and PP, and group
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Fig. 5. Infrared spectra and microstructure of the most frequently observed MPs. (a) PE fragment; (b) PET fragment; (c) PP fragment; (d) Rayon; (a-c) Scanning
electron microscope (SEM) and (d) Nikon microscopy images of the extracted MPs, respectively.
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Dendrogram of HCA of MPs from the 8 commercial brands; (d) Heatmap of MPs components in drip bag coffee of different commercial brands.

two was associated with PET and rayon. Hence, different drip coffee
bags could be distinguished by the various components of MPs.

Based on the result of PCA, hierarchical cluster analysis (HCA) was
used to classify the eight different drip bags, which illustrated a more
intuitive and straightforward result of the grouping. As shown in Fig. 6c,
the two clusters suggested brand G&H and brand (A ~ F), respectively.
HCA was the same as the distribution of different brands in Fig. 6a,
assuming that PC1 and PC2 played an essential role in the model. The
HCA and PCA mutually proved the precision of the classification of eight
different brands of drip coffee bags with varying times of steeping.

The heat map is another method to express different profiles
(Bergkvist et al., 2010). As shown in Fig. 6d, plastic compounds from
various brands of drip bags were analyzed at different steeping times
with a clustering heat map. Four major plastic compounds were shown
on the heat map. The difference in color depth represented the number
of detected compounds on the heat map. Four main compounds were
also increased with the extension of the steeping time. The eight
different brands of drip bags could be divided into two groups according
to the component clustering, which was proved by the PCA and HCA
analysis.

3.7. Estimation of MPs intake by humans drinking coffee

According to previous research, humans drink 3-4 cups of coffee
with an advantage to their health (Poole et al., 2017). Based on the re-
sults of this study, we could make the following calculations: if people
brew three to four cups of coffee through a drip bag every day, they
would at least intake 18,140 MPs (at most 51227) every day on average.
Inferred from this, more than millions of MPs particles would be
ingested each year. As a new brewing material, coffee bags could better
release the flavor of coffee and were favored by consumers. Therefore, it
is also vital to replace the fabricated drip bags with other harmless
materials.

4. Conclusions

In the current research, we quantitatively investigated MPs releasing
from drip coffee bags with eight brands at different steeping periods. The
total absorbance infrared image of MPs generated by p-FTIR combined
with the standard plastics spectrum could generate a distribution map of
each detected MP, which was convenient and fast to quantify the content
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of the components. At least four types of plastic polymers (PE, PET, PP
and rayon) were detected in the six brands of drip coffee bags. The other
two brands mainly contained PET and rayon. According to the plastic
components released from drip coffee bags, all the experimental brands
could be classified into two clusters. More than 10,000 MPs were found
in the drip coffee bag after steeping for 5 min. The loose structure and
the rough surface of drip coffee bags were likely to result in more MPs.
Based on these preliminary studies, it is also crucial to further investi-
gate the potential toxic mechanisms of MPs from drip bags of different
sizes and structures.
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