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ABSTRACT: Human uptake of microplastic particles (MPs) is causing increasing
health concerns, and there is mounting pressure to evaluate the associated risks. While
MPs can be ingested, breathed in, or drank in, a very direct entrance channel is
available through ingress into the bloodstream. Intravenous infusion usually proceeds
from plastic bottles. Many are made of polypropylene (PP), and filtering is applied to
limit particle contamination. In this study, we examined the MPs’ content of filtrates
using a combination of surface-enhanced Raman spectroscopy and scanning electron
microscopy. We find that the number of PP particles is significant (∼7500 particles/L).
The MP sizes range from 1 to 62 μm, with a median of ∼8.5 μm. About 90% of
particles ranged between 1 and 20 μm in size, with ∼60% in the range 1 to 10 μm. We
then discuss the potential number of such particles injected and the consequences of their presence in the bloodstream. We highlight
the organs for potential deposition, and we discuss possible clinical effects. Our quantitative data are important to help evaluate the
toxicity risks associated with MPs and to accurately balance those risks versus the benefits of using intravenous injections.
KEYWORDS: MPs, intravenous infusion, health concerns, PP, particle contamination, SERS

1. INTRODUCTION
Plastic pollution has become a global challenge. Plastics started
to be mass-produced in the 1950s,1 and in the last 50 years,
production has increased over 20 times,2 reaching 359 million
tons in 2018.3 Each year, between 8 and 10 million tons of
plastic are estimated to enter the global ocean, for a total
plastic waste approximating 5 billion tons, for now.1,4,5 In the
oceans, plastic accounts for 73% of debris,4 which was first
reported to affect marine living organisms in 1972.6,7 The most
abundant forms of debris are nanoplastics (<0.1 μm) and
microplastics (<5 mm).8 There are two types of microplastic
particles (MPs). Primary MPs are intentionally manufactured
small polymer particles, such as preproduction pellets or
microbeads, which are used in products like abrasives, paints,
and other industrial applications.9 However, recent regulations
have restricted the use of primary MPs in cosmetics, drastically
reducing their presence in these products.10 Secondary MPs,
on the other hand, are formed through the degradation of
larger plastics due to factors like UV light exposure, physical
abrasion, temperature changes, hydrolysis, or biodegradation.11

Although various analytical techniques, such as Fourier
transform infrared spectroscopy (FT-IR) and Raman spectros-
copy, as well as other methods like pyrolysis gas chromatog-
raphy−mass spectrometry (PyGC-MS) and liquid chromatog-
raphy−tandem mass spectrometry (LC-MS/MS), have been
widely applied in plastic pollution analysis, they differ in
sensitivity, resolution, and operational complexity.12−14 More-
over, these methods often lack sufficient sensitivity and

specificity for detecting micro- and nanoscale particles.
Consequently, data obtained from different studies using
these techniques may be challenging to compare directly,
affecting the consistency and standardization of MP data.
Surface-enhanced Raman spectroscopy (SERS) has emerged as
a promising analytical technique for the detection and
characterization of MPs and nanoplastic particles (NPs).15

SERS combines the advantages of Raman spectroscopy with
plasmonic effects induced by metallic nanostructures, resulting
in significantly enhanced signal intensities.16 This technique
enables the detection of low concentrations of plastic particles
and provides valuable chemical information regarding the
molecular composition of the detected particles.17

While MPs can serve as vectors for chemical toxins,18 many
of their effects are due to physical properties, such as shape and
size.19 Once ingested, MPs can translocate into the circulatory
system and the tissues, where their effects include inflamma-
tory responses and necrosis.20 As these particles can be
ingested,21,22 inhaled,23,24 or imbibed by humans, there is
increasing concern for human health.1,3,25,26 The reason for
concern is acute in the case of the direct intravenous injection
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of MPs. Although plastic particles in commercially available
infusion fluids were reported in 1970,27 this pioneering work
has attracted very little attention. Evidence for the clinical
significance of such particles in the human bloodstream was
already available in the 70s,28 and recent reports concur.29 In
2022, Leslie et al. were the first to detect micro/nanoplastic
particles (M/NPs) larger than 700 nm in the blood of healthy
individuals using Py-GC/MS, with a concentration of 1.6 μg/
L, predominantly composed of polyethylene (PE), polystyrene
(PS), and polyethylene terephthalate (PET),30 and their
presence has been confirmed in infusion systems and
bottles.14,31 Gopinath et al. also described the administration
of M/NPs and additives through ingestion, inhalation,
infusion, and dermal routes via medical devices and reviewed
the mechanisms of interaction between pharmaceutical
ingredients and M/NPs additives. They highlighted that M/
NPs or their leachates can interact with blood components,
such as red and white blood cells, platelets, and plasma
proteins, potentially causing cytotoxic and genotoxic effects.32

However, as we have seen above, the toxicity of MPs is related
to their size. Yet understanding of the size distribution of MPs
in infusion bottles is currently lacking.
Here, we employed a combination of optical and electron

microscopy techniques to identify, count, and measure MPs
from infusion bottle fluids; six polypropylene (PP) bottles were
studied from two brands. Specifically, SERS was used to

confirm that the counted particles were made of PP. We report
the presence of ∼7,500 such microparticles per liter of fluid.
The vast majority (∼90%) of particles ranged between 1 and
20 μm in size, with ∼60% of the particles in the range 1 to 10
μm. Crucially, our analysis was performed after the fluids were
filtered by a common filtration system used for intravenous
injections; therefore, the particles observed here have direct
access to the human bloodstream. We discuss the importance
of our findings in terms of the usual volumes of infusion fluids
administrated, presence into the human bloodstream, deposi-
tion in various organs and resulting clinical effects.

2. METHODS AND MATERIALS

2.1. Chemicals and Materials
The filter consisted of polycarbonate filter paper (0.2 μm) purchased
from Whatman. (The filtering material is consistent with the
commonly used filtering material in clinical intravenous infusion.)33

Medical saline solution (sodium chloride, 0.9%) packed with PP
material was purchased from Henan Kellen Pharmaceutical Company
and Guangxi Yuyuan Pharmaceutical Company. MPs detected from
the above two brands were named 1 and 2, respectively. Deionized
water was used after filtration throughout the experiments.

2.2. MPs Sample Preparation
Two brands (1 and 2) of saline infusion bottles made of PP material
were used (250 mL in volume) and infused into a beaker at a
common intravenous infusion rate of 40−60 drops/min through an

Figure 1. Procedure for detecting microplastic particles (MPs) inside fluids from infusion bottles. (a) The experiment follows the clinical
intravenous infusion process. Particles were enriched on a filter membrane. Then, after ultrasonication, the solution was heated and concentrated in
an oven, prior to being dripped onto the homemade substrate for surface-enhanced Raman scattering (SERS) analysis. (b) Top-view scanning
electron microscopy (SEM) image of the V-shaped Si−Au substrate. The structure of the substrate is that of an inverted pyramid. (c) The Raman
spectrum of the infusion bottle itself, which is made of polypropylene (PP).
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infusion tube to mimic the intravenous infusion process in clinical
settings. During the infusion process, the beaker was consistently
covered with aluminum foil, preventing interference from other
particles. Subsequently, the collected injection solution from the
beaker was filtered using a vacuum filtration setup with a 0.2 μm
polycarbonate membrane. The membrane after filtration was carefully
picked up with the cleaned tweezer and placed in a beaker containing
10 mL of deionized water for infiltration, followed by 5 min of
ultrasonication. The resulting samples were transferred in an oven at
50 °C for 4 h to be further concentrated to 1 mL. Finally, the
concentrated samples were deposited using a glass pipet to a V-shaped
Si−Au substrate, followed by drying for subsequent measurements.
The homemade V-shaped Si−Au substrate was applied as the

surface-enhanced substrate for Raman detection in medical devices. It
possesses a well-organized, compact grid structure comprising cavities,
or “pits”, configured as inverted pyramids. Each pit structure has a
depth of approximately 1.77 μm. Notably, on the inverted pyramid
structure of the gold-sprayed substrate, clear Raman signals of
individual PP particles are readily detected.

2.3. Experimental Setup and Procedure
PP infusion bottles are common on the market because of their
transparency, chemical corrosion resistance, and sealing proper-
ties.34,35 For our study, we selected two types of intravenous infusion
bottles (brand 1 and brand 2), each containing 250 mL of saline
solution (salt water that contains 0.9% salt, matching the salt and
water composition of human blood). The fluid was extracted at a flow
rate of 40−60 drops/min, corresponding to an injection flow rate
commonly used in hospitals. The fluid was then filtered using
polycarbonate filter paper (0.2 μm) purchased from Whatman.
Subsequently, the filtrate was collected and concentrated prior to
oven-drying and transferred onto a custom-made SERS substrate; see

Figure 1a. Our method was previously demonstrated as a successful
tool for investigating MPs in human tissue and in rainwater.36,37

The SERS substrate is key for identifying and characterizing the
detected particles. Given their small size, MPs present very weak
intrinsic Raman signals. To enlarge these signals, our SERS substrate
employs inverted-pyramid-shaped nanostructures; see Figure 1b. The
substrate is made of Si, with each pit measuring 1.5 × 1.5 μm2, and it
is covered with a Au layer. It is the surface plasmon resonance and the
lightning rod effect at the edges of the inverted-pyramid shapes that
serve to concentrate the electric field of light and ensure the SERS
effect. In the process, the detection limit for MPs is lowered,
considerably.38 Figure 1c presents the Raman spectrum from the
bottles themselves. As expected, this spectrum matches the well-
known spectrum of PP and serves as a reference signal for our study.
Our hypothesis is that the PP bottles are the source of MPs in the
fluid.

2.4. Morphology Analysis and Composition
Characterization
Scanning electron microscopy coupled with energy-dispersive spec-
troscopy (SEM-EDS) was conducted to characterize the MPs. The
SEM-EDS analysis was performed using a TESCAN VEGA3 scanning
electron microscope (Shanghai Life Science International Trading
Co., Ltd.). Instrument model: VEGA3SBU0304070202. A V-shaped
Si−Au substrate coated with the prepared sample was mounted on
the platform with a conductive adhesive. Measurements were carried
out using a 15 kV beam, and the collected SEM images were further
analyzed to determine the length and width of PP MP samples and
their size distribution accordingly. Specifically, the resulting samples,
after filtration, were first dispersed into ethanol solvent in an
ultrasonication bath for 10 min. In the subsequent step, one or two
drops of the dispersed sample were deposited onto the V-shaped Si−

Figure 2. Detection of MPs and nanoplastics from intravenous injections. (a) Raman mapping image and optical, bright-field microscopic image
(the squared area is mapped via the characteristic peak at 2800−3200 cm−1) and the corresponding Raman spectrum after magnification (from the
brand 1 sample). (b) Raman mapping image and optical, bright-field microscopic image (the squared area is mapped via the characteristic peak at
2800−3200 cm−1) and the corresponding Raman spectrum after magnification (from the brand 2 sample). (c) SEM images and energy dispersive
X-ray spectroscopy (EDS) map of PP particles (from PP plastic bottles). PP1‑1, filamentous; PP1‑2, block; PP1‑3, granular. EDS spectra correspond
to the respective particles mentioned above.
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Au substrate. After air-drying, the samples were examined by using
SEM-EDS equipment.

2.5. Raman Measurement and Data Analysis

We employed an XploRA Plus confocal Raman spectrometer,
manufactured by Horiba Jobin Yvon, for Raman spectroscopy
analysis. The spectrometer was equipped with a 100× objective lens
(Olympus, numerical aperture of 0.90) and a 50 mW, 532 nm solid-
state laser. The diffraction grating had a density of 1200 gr/mm, with
a wavelength of 532 nm. The spectroscopic signals were collected
using a thermoelectrically cooled open-electrode charge-coupled
device (CCD) detector, with a minimum of 1024 pixels and a
maximum full-width at half-maximum (FWHM) of 1.4 cm−1.
Prior to the experiment, a calibration of the Raman signal was

performed using a silicon wafer ((110) crystal face) at 520.7 cm−1 for
the Stokes Raman signal of pure Si. During single-point measure-
ments, the spectral range collected was from 600 to 3200 cm−1 with
40 spectra accumulations and a 3 s acquisition time per spectrum.
Raman mapping imaging was conducted by performing single-point
measurements within a selected area, using the same acquisition
parameters as the single-point measurements (positive MPs were set
to red, and the background was set to black).39 The laboratory-
simulated sample had a step size of 11.3 μm. All acquired Raman data
were processed by using commercial software LabSpec 6.0.
In addition to detecting signals from individual particles in the

infusion solution, we applied the software “ImageJ” to determine the
particle sizes of the MPs identified by the Raman image.

2.6. Quality Assurance and Quality Control

Experiments were carried out in a high cleanliness laboratory with
latex gloves and plastic-free fiber lab coats worn throughout to avoid
collecting unwanted particles. Pipette tips, etc. were made of glass
(Nichiryo), and all glass instruments were sonicated three times with
ultrapure water (Direct-Q) for five min each time, interspersed with
three rinses. All glass containers used in the experiment were washed
three times with ultrapure water, covered with aluminum foil, and
stored until the next use to prevent contamination of the surrounding
environment.

2.7. Quantification of PP Particles
We examined six random regions (each with an area S1 of 340 × 340
μm2) of the whole sample, while the total area of the sample (St) was
4000 × 4000 μm2. The average number of 250 mL bottles injected
per person per year is represented by Q. The average particle count
obtained from the six regions is denoted as N1, while the overall
average number of particles entering the human body annually
through infusion is denoted as Nt.

= × ×N
S
S

N Q
6t

t

1
1 (1)

3. RESULTS AND DISCUSSION

3.1. Detection of MPs from Intravenous Injections
The presence of MPs in the fluid is unambiguously established
in Figure 2. Figure 2a shows wide-field optical reflection
microscopy and Raman imaging of the SERS substrate. Several
particles are readily observed. They are labeled PPx‑y, indicating
PP particle from the bottle of brand x with particle number y.
PP1‑9 is a representative example, and its Raman spectrum
matches well the reference PP spectrum in Figure 1c
(reproduced here for the sake of convenience). Specifically,
the characteristic peak at 965 cm−1 corresponds to the CH3
rocking and C−C stretching vibrations. Additionally, the
prominent peak at 1480 cm−1 is associated with the bending
vibrations of CH2 and CH3.

40 Signals observed at 2843, 2895,
and 2987 cm−1 can be attributed to the stretching vibrations of
C−H (CH3) bonds. The prominent peak at 1480 cm−1 can be
attributed to the bending vibrations of CH2 and CH3 groups,
and those signals observed at 2832, 2900, and 2990 cm−1 are
indicative of the stretching vibrations of C−H (CH3) bonds.
The presence of PP particles in the liquid is not brand-

specific. As Figure 2b illustrates, particles were observed also
from brand 2. Moreover, all the above-mentioned, well-known
Raman spectral features were also revealed in these particles, as

Figure 3. Size distributions of the PP particles extracted from intravenous fluid bottles. (a and c) Size distribution of the PP particles from brand 1
infusion bottles in two different ranges. (b and d) The corresponding size distributions for brand 2.
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exemplified by PP2‑1.
41,42 Further evidence is provided in

Figure S1.
To gain more insight into the particle morphology, SEM and

EDS images are provided in Figure 2c. EDS reveals that the
primary elemental constituent of these particles is carbon, as
expected for PP.43 Moreover, the shape of the particles is
irregular, which is not unexpected for PP. As Figure 2c
illustrates, we can distinguish filamentous particles with an
approximate size of 15 μm, block-like particles, and granular
particles with sizes approaching 5 μm (Figure 2c). More SEM
images are given in Figures S2 and S3.
3.2. Determination of Size Distribution and Quantification
of PP MPs

To investigate the distribution of particle sizes, we measured
the contents of six 250 mL infusion bottles, three from brand 1
and three from brand 2. Following filtration, the particles from
these bottles were deposited on six corresponding SERS
substrates, each with an area of 4000 × 4000 μm2. From each
SERS substrate, a random region of 340 × 340 μm2 was
Raman mapped to confirm the PP composition of the particles.
Each confirmed particle was then counted and measured. This
procedure resulted in six tables with individual particle
measurements; see Tables S1 and S2. According to their size
(measured across the longest end-to-end), the particles were
classified into six groups: 1−3, 3−6, 6−10, 10−20, 20−30, and
>30 μm. The results are summarized in Figure 3. We find that
the particles range from 1 to 62 μm. For brand 1, over 52% of
the PP particles were in the size range of 1−10 μm, followed
by 35% and 7% in that of 10−20 μm and 20−30 μm,
respectively, with the lowest abundance determined for the
particles larger than 30 μm in size. A similar distribution was
recorded for brand 2, with over 68% of particles ranging from 1
to 10 μm, followed by 24% in the size range of 10−20 μm.
Figure 3 also shows the size distributions in the 1 to 10 μm
range. These data allowed us to estimate the concentrations of
PP particles in each bottle.
PP particle concentration was calculated by establishing the

particle surface density on each one of the six measured 340 ×
340 μm2 areas. For instance, under measurement 1 in Table
S1, there are 80 identified and measured PP particles. The
corresponding particle surface density is 80/(340 × 340)
particles/μm2. Therefore, we can estimate the total number of
particles on the 4000 × 4000 μm2 SERS substrate at ∼1846.
All six particle number estimates are provided in Table S3. We
found a narrow distribution of counts. For brand 1 and brand
2, the mean numbers of particles are ∼1977 and ∼1754,
respectively. We conducted blank measurements and randomly
selected 10 regions (160 × 126 μm2) and five magnified
regions (30 × 30 μm2) under SEM for analysis. No interfering
particles were observed, ensuring that our quantitative results
remain unaffected. More details can be seen in Figure S4.
Given the 250 mL volume of each bottle, the corresponding
particle concentrations are ∼7900 and ∼7020 particles/L. In
the following, we will take an average of 7500 particles/L. Who
is likely to receive these particles?
3.3. Human Health Risks Associated with Intravenous
Exposure to MPs

Almost all hospitalized patients require hydration and diluents
for drug administration, both of which are provided by
intravenous fluids.44 Crystalloid fluids (such as normal saline,
Ringer’s lactate, and Hartmann’s solution) are among the most
commonly used fluids worldwide, typically available in 0.5 and

1 L polymer bottles. Dehydration is defined as the loss of over
2% of body weight, and severe dehydration is defined as the
loss of over 7% of body weight.45 With an estimated average
human weight of 60 to 80 kg, severe dehydration requires
replacing 4.2 to 5.6 L of water, which could correspond to
between 31,500 and 42,000 particles per person. Intravenous
treatment can also be indicated in cases such as exertional heat
illness, nausea, emesis, or diarrhea, as well as in cases where
patients cannot ingest oral fluids.46 Assuming an average
weight of 65 kg, intravenous fluid therapy (13−16 bottles of
250 mL 0.9% NaCl in 1 day) is required for hospitalized
patients to maintain fluid balance,47 which could correspond to
24,375 to 30,000 particles. During abdominal surgery, ∼7 L of
fluid is administrated to each patient on the day of the
surgery,48 which amounts to up to 52,500 PP particles in the
blood of each patient. Dehydration is particularly important
during labor and especially during prolonged labor.
A study on the importance of intravenous hydration found

that mothers could receive ∼240 mL/h during labor of ∼4.1
h,49 which could correspond to ∼7380 particles in the
bloodstream of the laboring mothers. Furthermore, to correct
hypotensive shock, rapid infusion of at least 500 mL of fluid is
required, which corresponds to 3750 particles administered in
15 min. During fluid resuscitation, 0.5 to 1 L of crystalloid fluid
is infused, which would correspond to a dose of up to 7500
particles in 30 min.50,51 Beyond hospitals, hydration by
infusion is sometimes practiced in sports, where large sweat
rates are defined as >1.5 L/h.52 These rates would correspond
to 11,250 particles/h. Next, we must consider the con-
sequences of particles being injected into the human
bloodstream.
MPs have already been clearly identified in human blood.9

As further evidence, in a recent study, plaque was removed
from the carotid arteries of 304 individuals and PE was
detected in the plaque of 58.4% of the patients.53 Patients with
detected polymers in their plaque were found to be at >4.5
times higher risk for a fatal event (over the 34 months follow-
up). Additionally, a recent study investigated the presence of
MPs in human thrombus (a pathological structure formed
within blood vessels).41 Twenty-six thrombi were examined,
and 16 contained particles, that ranged in size from 2.1 to 26.0
μm, with 69% of particles being smaller than 10 μm. The
majority of particles identified were pigments and iron
compounds, but the presence of MPs (PE) was also confirmed.
From blood, MPs can also be deposited inside the organs.
MPs injected into the bloodstream have been observed to

accumulate in organs, such as the lungs, liver, kidneys, and
spleen. However, although these findings suggest the potential
for MPs to interact with these organs, the exact mechanisms
and causality remain unclear and require further investigation.
Polystyrene microspheres with diameters 1.27 and 15.8 μm, as
well as cellulose microspheres with diameters 40−160 μm,
were injected into the bloodstream of rabbits, and the organ
deposition was studied.54 The 1.27 μm particles were localized
mainly in the liver but also in the spleen and lungs. The 15.8
μm particles were deposited mainly in the lungs, much fewer in
the liver, and none in the spleen. The cellulose microspheres
were also deposited in the lungs, with small quantities in the
liver and kidney. In humans, MPs have been reported in
several organs. In a study of 11 patients, six with end-stage liver
cirrhosis and five without, MPs of six different polymers were
found in the liver of patients with cirrhosis but not in the
healthy patients.55 The particles detected in the liver ranged
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from 3.0 to 29.5 μm with a median of 9.8 μm compared to our
median of 9.2 μm (brand 1) and 7.7 μm (brand 2).
Furthermore, the human placenta has been shown to be
permeable to PP particles, 5 to 10 μm in size.56 What is the
impact of such particles on the human body?
Particulate matter inside intravenous solutions is considered

hazardous contamination by the United States Pharmacopoeia
(USP) and the European Pharmacopoeia (EP).57,58 While
plastics are generally considered inert, their MPs can lead to
deleterious physical and chemical effects.59 The physical effects
of MPs primarily depend on their size and shape. These
particles may induce biological responses, such as inflamma-
tion, genotoxicity, apoptosis, and necrosis, which could
potentially lead to tissue damage and fibrosis. However, the
evidence regarding carcinogenesis remains limited, and further
research is needed to clarify any potential relationship.59 Other
MPs (including drug precipitates, glass, rubber, etc.) with
comparable size and shape have previously been identified in
infusion fluids, and their detrimental effects have been
reported.28 In critically ill children, it has been reported that
infused particles are associated with significant complications,
such as inflammation or organ dysfunctions.60 Lungs can be
particularly affected by the intravenous administration of
particles. This is easy to understand, given the size
distributions we report�median of 9.2 μm (brand 1) and of
7.7 μm (brand 2) and that the mean diameter of pulmonary
capillaries is approximately 2 to 15 μm.60 An example of
respiratory obstruction due to infused particles was reported by
McNearney et al.61 Following total parenteral nutrition (TPN)
(a method of providing nutrition directly into the bloodstream
intravenously), a 26-year-old woman presented fever (up to
38.9 °C) and shortness of breath (88−91% oxygen saturation
in room air). A lung biopsy revealed widespread blood clots
(thromboses) in artery branches, damage to the blood vessels,
and the formation of granulomas (immune cells encapsulated
in fibrous tissue). The cause was particulate matter ranging
from 0.5 to 650 μm; upon discontinuing the TPN, the patient
recovered. Because of their trigger coagulation, infused
particles could also lead to organ malfunction; for instance,
during cardiac surgery.29 Chemical effects are due to the
composition of the polymers. Accordingly, MPs can decom-
pose to monomers and release undesirable chemicals, added
during their production processes, such as plasticizers. Such
chemicals can be toxic and can trigger a localized immune
response.59

4. CONCLUSIONS
In summary, our findings highlight an aspect of plastic
pollution that affects humans most directly, as MPs are being
injected into the bloodstream. This pathway was identified
years before the landmark report on the effects of plastic
pollution on marine life; yet, it has received much less
attention. We found that, after filtering, infusion solutions from
PP bottles contain approximately 7500 particles/L. The
particles ranged in size from 1 to 62 μm, with ∼90% of
particles between 1 and 20 μm in size and ∼60% of the
particles in the range 1 to 10 μm. We note that our estimations
are based on quantitative results obtained from laboratory-
based experiments in a controlled environment. Hence, there
are further factors that need to be considered in follow-up
studies, such as variations between additional brands, batch
discrepancies, disparities across manufacturing facilities,
disparities in PP quality, postproduction duration depend-

encies, and dependencies on storage conditions. Especially
important conditions are temperature and UV light exposure.
UV radiation is known to catalyze the photo-oxidation of
plastics, causing them to become brittle. Moreover, when the
temperature rises from 23 to 40 °C, the stiffness of PP (and
that of other common polymers) decreases by 20%. All of
these factors affect the degradation of plastics into MPs. MPs
in infusion products primarily originate from raw materials and
packaging components, requiring strict quality control to
ensure compliance with pharmacopeial standards and to avoid
insoluble particles. Potentially effective measures include the
use of highly efficient micrometer- or submicrometer-level
filtration systems during intravenous infusion and enhanced
monitoring across the medical device and pharmaceutical
supply chain to meet stringent safety standards. Additionally,
innovative infusion system designs using materials resistant to
MP shedding and optimized closed systems may significantly
minimize external contamination. Future research should focus
on more direct toxicological studies to comprehensively assess
the potential toxicity of MPs and their associated health risks.
These findings will provide a scientific basis for formulating
appropriate policies and measures to mitigate the potential
threats posed by MPs to human health.
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