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Introduction
The use of plastics in health care raises concerns about potential
leaching of endocrine-disrupting plasticizers1 and micro- and
nanoplastics (MNPs). The leaching of particles from plastic health
care equipment in the blood of intensive care patients has been
associated with several health risks,2 and as such, similar health
risks could occurwith leaching ofmicroplastics.

To estimate the risk ofMNPs administered via parenteral nutri-
tion (PN) in premature neonates in the neonatal intensive care unit
(NICU), more knowledge on the size, composition, and concentra-
tion of MNPs that can end up in the patients is needed.3 Therefore,
this pilot study aimed at estimating the migration of microplastics
(MPs; >25 lm) from an infused PN circuit (both crystalloid and
lipid) using an ex vivo experimental setup mimicking the clinical
application as used in the NICU of the Antwerp University
Hospital, Belgium.

Methods
An ex vivo experiment was set up to closely simulate the in vivo sit-
uation of neonatal PN administration, including both lipid emul-
sion (Neolipid) and crystalloid solution (Neobin), as described in
Panneel et al.4 (“Supporting data –Methods.docx”). We considered
a premature neonate of 1 kg, postnatal day 0–5, with a mean daily
fluid requirement of 120 mL=kg=d.4 Samples were collected from
each solution before infusion (T0, collected with prerinsed steel
needle) and after 12 (T12), 24 (T24), 48 (T48), and 72 (T72) hours of
running through the infusion circuit. Experiments were repeated
five times, with the last replicate only run for 48 h—collecting no
sample at T72 due to practical problems. The samples were col-
lected in prerinsed glass bottles covered with aluminum foil and
stored [4°C, potassium hydroxide (KOH) added] until processing.

The ability of in vivo, in-line filters, standard practice during
lipid administration, to prevent passage ofMPswas tested in dupli-
cate. Two filters (pore size: 1:2 lm) of different circuits of the lipid
emulsion simulation were flushed with ultrapure water, both retro-
and antegrade, and analyzed forMPs in the rinsingwater.

MPs (>25 lm) were filtered (pore size: 10:0 lm, ø 25 mm;
Omnipore Membrane filter; Merck) and analyzed using Fourier-

transform infrared (FTIR) spectroscopy (Nicolet iN10 FTIR
Spectrometer; ThermoFisher) for polymer identification, using
methodology similar to that described before by Semmouri et al.5

with the proper precautions such as cotton lab coats to avoid con-
tamination.5 Procedural blank samples (deionized water, n=4)
did not contain any microplastics. The MP concentrations were
used to calculate the minimal and maximal administered dose for a
1 kg neonate in a clinical situation, based on the flow of the admin-
istered fluids (4:2 mL=h for crystalloid solution and 0:8 mL=h for
lipid emulsion). Graphs were produced using the ggplot2 package
(version 4.0.3) available in R Studio.

Results and Discussion

Microplastics in Parenteral Nutrition
The crystalloid solutions (n=24) contained MPs with maximum
concentrations found at T0 and lowest at T72 (Figure 1). The most
common polymer type was polyethylene terephthalate (PET, 71%,
49 particles), and 79% (53 particles) of MPs ranged between 25 and
175 lm, with the majority (41.8%) ranging between 75 and 125 lm
(Figure 1). An interesting finding was that T0 samples contained rel-
atively more MPs of larger size (>200 lm) than samples at other
time points. This finding could indicate that bigger MP particles
could be present in the starting solution, either from contamination
in the fluid or leaching from the infusion bag during storage.

The lipid emulsion (n=24) contained 0:80± 0:65MP=mL
(excluding one of the T24 replicates showing a concentration of
10MP=mL). These MP concentrations were higher compared to
the crystalloid samples, which could indicate that a more lipophilic
environment not only enhances the leaching of plasticizers6 but
alsoMPs. At T0, themost dominant polymer type in the lipid emul-
sion was polypropylene (PP; 76%; 13 particles), the material of the
syringe used in the circuit (Supporting data, “Supporting data –
Analysis of the circuit.docx”). However, after infusion, PET was
most dominant. In general, 80% (163 particles) of MPs had a
length between 25 and 175 lm,with 32.5% between 25 and 75 lm
(Figure 2).

In-Line Filtration
Antegrade and retrograde flushing resulted in 0:10± 0:14MP=mL
and 0:35±0:21MP=mL, respectively. On the filters, both PET
(56%, 5 particles, mainly retrograde flushing) and PP (44%, 4 par-
ticles, mainly antegrade flushing) were found. Antegrade flushing
showed MPs with smaller size (87:5± 59:7 lm) in comparison
with retrograde flushing (150:9±66:9 lm), although the number
of MP (antegrade: 2 MPs; retrograde: 7 MPs) was quite low, mak-
ing it impossible to draw any conclusions.

These results suggest that, as hypothesized, the in-line filter
prevented a portion of MPs from entering neonates intrave-
nously. However, the infused samples and the antegrade fil-
trates also suggested that still some MPs can end up in the
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patients—either via plastic sources distal to or by leaching
through the filter. Previous studies showed up to 95% reduction
of particle matter with the use of 0:2-lm filters in parenteral
nutrition circuits,7 therefore corroborating our results. An im-
portant conclusion is that the observed variability is inherent
because the release of MPs is assumed to be dependent on
many factors, such as connections, positioning and handling of
tubing, filters, storage conditions, etc. Moreover, only a limited
number of samples was analyzed in this study, so more data are
necessary.

Microplastic Exposure Assessment
Despite the presence of an in-line filter (0:2 lm), based on our
data 1 to 52 MP particles (>25 lm) could be administered over a
course of 72 h via the crystalloid solution to a neonate of 1 kg.
Nonetheless, if the solution would not be filtered—considering
extrapolation from the maximum T0 MP concentration
(0:80MP=mL at a flow of 4:2 mL=h for 72 h)—the maximum
number of MP particles could be around 241 MP particles.
During lipid administration, based on our data, exposure is esti-
mated to be 8–115 MP particles in a 1-kg neonate over 72 h,
despite the presence of a 1:2-lm in-line filter.

The MP size ranges found in PN in this study exceeded the di-
ameter of lung and tissue capillaries.8 Therefore, these MPs may
cause obstruction and subsequent granulomatous microvascular
and pulmonary inflammation as already demonstrated by other
types of particles.9 However, the direct health effects of MPs are

currently unknown.10 It is important to note that, because of analyt-
ical size limitations, no information is available on particles
<25 lm, which could cross cellular barriers and cause systemic
effects.11

In conclusion, our data indicated, for the first time, that expo-
sure to MPs (>25 lm) leaching from intravenous lines might be
an additional and direct exposure route in humans and in neo-
nates in particular. Nonetheless, to understand the importance of
this exposure route, increased MP concentration measurements
are needed to decrease variability in the observations. In-line fil-
ters seem capable of reducing the number of microplastics enter-
ing the patients intravenously, although no absolute filtration was
observed.
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Figure 1. Overview of microplastic concentration (A), polymer composition (B), and size distribution (C) in the crystalloid solution collected in a simulated
parenteral nutrition circuit and administered over a course of maximum 72 h with samples at time 0 (T0), T12, T24, T48, T72. The T0 measurements represent
information on microplastics in the original fluid, without transition through the circuits. The number of samples per time point is indicated in panel A with
“N=.” Two particles (size 976 and 1,274:9 lm) are not included in the figure of the size distribution (Figure 1C). Plastic polymer types (Figure 1B), are poly-
acrylamide (PAM), polyester (PES), polypropylene (PP), polyethylene (PE), polyethylene terephthalate (PET), and polystyrene (PS). Corresponding numeric
data of the figure can be found in Supplementary data at https://zenodo.org/records/10102884 (“Supporting data – Numeric data.docx”).
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