Analytical and Bioanalytical Chemistry (2023) 415:2907-2919
https://doi.org/10.1007/500216-023-04636-4

PAPER IN FOREFRONT q

Check for
updates

Innovative reference materials for method validation in microplastic
analysis including interlaboratory comparison exercises

Elena Martinez-Francés’ - Bert van Bavel - Rachel Hurley' - Luca Nizzetto'? - Svetlana Pakhomova' -
Nina T. Buenaventura’ - Cecilie Singdahl-Larsen’ - Marie-Louise Tambo Magni? - Jon Eigill Johansen®- Amy Lusher'

Received: 7 November 2022 / Revised: 13 February 2023 / Accepted: 20 February 2023 / Published online: 22 March 2023
© The Author(s) 2023

Abstract

Reference materials (RMs) are vital tools in the validation of methods used to detect environmental pollutants. Microplastics,
a relatively new environmental pollutant, require a variety of complex approaches to address their presence in environmental
samples. Both interlaboratory comparison (ILC) studies and RMs are essential to support the validation of methods used in
microplastic analysis. Presented here are results of quality assurance and quality control (QA/QC) performed on two types of
candidate microplastic RMs: dissolvable gelatin capsules and soda tablets. These RMs have been used to support numerous inter-
national ILC studies in recent years (2019-2022). Dissolvable capsules containing polyethylene terephthalate (PET), polyvinyl
chloride (PVC), polyethylene (PE), and polystyrene (PS), in different size fractions from 50 to 1000 pum, were produced for one
ILC study, obtaining relative standard deviation (RSD) from 0 to 24%. The larger size fraction allowed for manual addition of
particles to the capsules, yielding 0% error and 100% recovery during QA/QC. Dissolvable capsules were replaced by soda tab-
lets in subsequent ILC studies and recovery test exercises because they were found to be a more reliable carrier for microplastic
RMs. Batches of soda tablets were produced containing different single and multiple polymer mixtures, i.e., PE, PET, PS, PVC,
polypropylene (PP), and polycarbonate (PC), with RSD ranging from 8 to 21%. Lastly, soda tablets consisting of a mixture of
PE, PVC, and PS (125-355 um) were produced and used for recovery testing during pretreatment of environmental samples.
These had an RSD of 9%. Results showed that soda tablets and capsules containing microplastics >50 pm could be produced
with sufficient precision for internal recovery tests and external ILC studies. Further work is required to optimize this method
for smaller microplastics (< 50 um) because variation was found to be too large during QA/QC. Nevertheless, this approach
represents a valuable solution addressing many of the challenges associated with validating microplastic analytical methods.

Keywords Microplastic reference material - Comparability - Comparison - Interlaboratory comparison study - Soda tablets -
Soda capsules

Introduction specifically produced to be small in size, are now recognized
as a global problem [1, 2]. Microplastics present a risk to the

Contamination of the environment with microplastics has
gained significant attention in recent years. Microplastics,
either generated through breakdown of larger plastic items or
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environment and human health via contamination of water,
food, soil, and air [2, 3]. They have been found in all envi-
ronmental compartments from the atmosphere to the deep
sea — in water, soil, sediments, and biota. Biota are exposed
directly to microplastics through feeding or trophic transfer
due to direct consumption and accumulation of plastic parti-
cles from consumed prey items [4—7]. Researchers therefore
need to understand the consequences that microplastics will
have on the environment, and have been working towards
the development and optimization of methods and reporting
protocols used for assessment in recent years [8—11].
Microplastics are a diverse suite of polymers, shapes,
sizes, and additives [12] and thus a diverse and persistent
pollutant [13]. Analytical methods and techniques available

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00216-023-04636-4&domain=pdf

2908

Martinez-Francés E. et al.

to identify and quantify microplastics in environmental
matrices are numerous, covering many different polymers
and size fractions. Widely validated and standardized meth-
ods are currently lacking [14, 15], and where similar meth-
ods are applied, there is often inconsistency between labo-
ratories in how they report data [9, 16]. Currently, there are
some tools available to help and support researchers ensure
they are reporting enough details to guarantee high-quality
outputs and produce comparable data and harmonization [9].
This includes sampling strategy, collection and preparation,
analysis, quality assurance and quality control (QA/QC) cri-
teria, and data management protocols [17], (www.EUROq
CHARM.eu). The aim of these tools is to provide cross-
comparable data that can be validated. One approach to
compare methods used by different laboratories, or research-
ers, is method validation, whereby the reproducibility of a
method can be assessed to return known, or spiked, reference
material.

Nowadays, there is a lack of reference materials (RMs)
for microplastic assessments to validate analytical methods.
RMs are crucial for identifying appropriateness of methods,
especially when accurate estimation or underestimation may
occur for microplastics in environmental samples [16]. To
date, there have been several attempts to generate RMs for
microplastic studies. These usually take the form of includ-
ing a known number of plastic particles into a sample and
counting their recovery. This method has limitations as par-
ticles are often more uniform in shape (beads or pellets)
and larger (> 1 mm) than microplastics typically found in
environmental samples. Furthermore, validation of RMs is
often lacking. More recently, researchers have been explor-
ing cryo-milling and sonification to achieve more environ-
mentally relevant particle shapes and size ranges in recovery
tests [2, 18]. These have been applied to studies working
with multiple laboratory methods and analytical approaches,
including Fourier transform infrared (FTIR) spectroscopy
and pyrolysis—gas chromatography—mass spectrometry (pyr-
GCMS). Accurately validating RMs is necessary before their
inclusion in microplastic studies. This can be done by con-
trolling purity of produced RMs using approaches such as
pyr-GCMS, Raman microscopy, or uFTIR analyses.

When performing spiking experiments and recovery tests,
there are challenges associated with transporting and accu-
rately dosing numbers of microplastic particles in different
matrices. This is due to their small size and low weight, which
can introduce errors. Moreover, manually counting small par-
ticles is time consuming, has potential for human error, and
increases in difficulty with smaller particle sizes. Microplas-
tics might also be influenced by static or adhere to vessels or
containers preventing them from entering the sample/medium
during spiking. An approach that encapsulates microplastics
in a way that is sufficiently precise and can be added directly
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into the target media is needed. After proof-of-concept and
suitability have been proven, the ultimate aim would be to
produce certified RMs of several types and size fractions that
have gone through a validation and certification process fol-
lowing the guidelines outlined in ISO 17034.

The aim of this work was to design, develop, and test easy-
to-use candidate RMs (hereafter, RMs) for microplastic anal-
ysis. We present the development of a new concept with two
different forms of RMs using soda tablets and soda capsules
as a convenient way to include known amounts of microplas-
tics into environmental samples. We include results of several
validation tests performed on RMs, which were produced
for different interlaboratory comparison (ILC) studies and
in-house recovery tests. RMs consisted of single or multiple
polymer mixes in size ranges from 50 um to 1 mm for the
most widely produced plastics: polypropylene (PP), poly-
ethylene (PE), polystyrene (PS), polyethylene terephthalate
(PET), polyvinyl chloride (PVC), and polycarbonate (PC).

Materials and methods

Microplastic RMs were prepared as soda tablets and cap-
sules. All information regarding production and polymer
types is explained in this section. A summary of the ILCs
and recovery tests where the RMs were used is presented
in Fig. 1. Specifics regarding the different polymer types
and size fractions added to the soda tablets and capsules are
presented in Table 1.

Preparation of microplastics

Microplastics used in the production of RMs were sourced
from commercially available material, purchased as powder
from Goodfellow, UK, and Cospheric, USA, or by cryo-
milling plastic pellets from Goodfellow, UK; Sigma-Aldrich,
Norway; and INEOS, Norway and Sweden (Table 1). All
microplastics in powder form purchased from Goodfellow
were a mixture of different size fractions, so sieving of each
polymer was required to separate them into size categories.
Polymers in powder purchased from Cospheric were already
size fractionated and were not sieved.

Cryo-milling was carried out for the later ILC study in
collaboration with Chiron AS (Trondheim, Norway) using
a SPEX® SamplePre Freezer/Mill®, Model 6875 D. This
allowed inclusion of different microplastic size fractions to be
generated from preproduction plastic pellets (Table 1). Cryo-
milling was introduced to prepare microplastics which would
be more similar to those found in environmental samples.

Microplastic RMs containing PET fibers were also made
and were obtained by washing polyester blankets (‘“Skogsk-
locka”, IKEA, Norway) in a Candy smart washing machine
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Fig. 1 Summary of interlabora-
tory comparison (ILC) studies
and in-house recovery tests
using candidate reference mate-
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“CS 1272D3/1-S” on a 15-min cycle program at 40 °C and cen-
trifuging at 1200 rpm. The newly purchased washing machine
was cleaned by running three washes on the same cycle as the
blankets. No detergents or softeners were added. The effluent
was then collected in a stainless steel pressure vessel and vac-
uum filtered through a 10-pm nylon membrane, which yielded
fibers of 101-2194 pm in length and 29 pm in width.

Preparation of microplastic RMs
Soda capsules

Dissolvable gelatin capsules produced for medical use
were purchased from Capsule Connection, USA, and also
kindly provided by Kragerg Tablet Production, AS, Nor-
way. They were filled with a mixture of sodium hydrogen
carbonate (NaHCO;) and malic acid (C,H;Os), provided
by Kragerg Tablet Production, AS, Norway. These ingre-
dients are stable when mixed in powder form but with the
addition of a small amount of water they will effervesce.
The mixture of ingredients is stoichiometrically balanced
so that the end products are water and carbon dioxide,
releasing particles into the medium in which they are
added. Single polymer mixtures were prepared for PET,
PE, PVC, and PS with different size fractions (from 3 um

to 1 mm) by weighing in known amounts of each polymer
and combining thoroughly with pre-mixed powder for-
mulation. This powder mixture was then transferred into
capsules. During this process, a purpose-built tray housed
one half of the capsule that was filled completely with
powder mixture and closed with the empty second half
of the capsule casing (Supplementary material, Fig. S1).
The powder mixture and microplastic particles were mixed
thoroughly using a shaker (300 rpm; 1 h) prior to filling
the capsules. Size fractions produced below 50 um were
regarded as experimental based on limited research and
development that had occurred in the research field and
challenges associated with weighing and handling very
small particles. Each combination of sizes and polymers
was produced in batches of a 100, totaling 600 capsules
per polymer and size fraction. Overall, 7200 soda capsules
were produced.

Soda tablets

Soda tablets were produced using a mixture of NaHCO,
(Kragerg Tablet Production AS, Norway), citric acid
(C¢HgO4, VWR, Norway), and lactose (C;,H,,0,,, Sigma-
Aldrich, Norway). An example of the production of these
pressed powder soda tablets is provided in Supplementary

Table 1 Microplastics used

Polymer type Plastic type Obtained from

Size fractions (um) Shape

in the production of candidate

microplastic reference materials  pg Powder  Goodfellow  50-100, 100-150, 150-355, and 425-500 Micro-fragments

g?j{i&g;&s‘b;ﬁ ddlssigiagrii’;ns PVC Powder  Goodfellow  50-100, 150-250, and 250-350 Micro-fragments

included in RMs PE Powder Cospheric 125-150, 425-500, and 850—-1000 Microspheres
Blue PS Powder Unknown 1000 Micro-fragments
PET Powder Goodfellow 50-150 and 250-355 Micro-fragments
PET fibers Fibers IKEA 101-2194 length Fibers
PE Pellets INEOS Norway 50-300 Micro-fragments
PET Pellets Sigma-Aldrich ~ 50-300 Micro-fragments
PS Pellets Sigma-Aldrich ~ 50-300 Micro-fragments
PC Pellets Goodfellow 50-300 Micro-fragments
PP Pellets Sigma-Aldrich ~ 50-300 Micro-fragments
PVC Pellets INEOS Sweden 50-300 Micro-fragments
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material, Fig. S1. A different formulation of tablet mixture
was produced for soda tablets compared to soda capsules
because a filler was needed. Lactose was used as a binder
needed for manufacturing tablets and compacts. Once the
mixture was prepared, microplastic particles of different size
fractions in single or combinations of polymers were added
and mixed thoroughly using a shaker (300 rpm; 1 h). Tablets
could be produced containing an approximate number of
plastic particles based on an initial dosing by mass, rela-
tive to the polymer density and particle size. Tablets were
packed in medical tablet strips to facilitate easy shipping and
storage (Fig. 2). At the beginning of the tablet production,
the mixture was pressed into shape using a tablet mold with
the help of a hammer. Later, a tablet press (Foshan Nanhai
Shanghang Technology Limited, Guangdong, China) was
purchased to assist in tablet production. This reduced tablet
preparation time, providing more reproducible results.

Soda tablets containing PET fibers were made manually.
PET fibers were individually isolated under a microscope
and were encapsulated into a small amount of soda tablet
mixture (NaHCO,, C¢H30O4, C|,H,,0,,) that was formed
into a dough with the addition of few drops of methanol.
This allowed the mixture to be wetted without the addition
of water, which would have started the effervescent reac-
tion. These small amounts of dough were then manually
combined with the “bulk” soda into a tablet mold before
pressing.

Contamination control

Microplastic and blank RMs were prepared in a semi-clean
room facility at the Norwegian Institute for Water Research
(NIVA) microplastic laboratory, which has a positive pres-
sure room with HEPA-filtered (class H13) air input. Sev-
eral contamination reduction procedures were in place. For
instance, the use of natural fiber scrubs worn under 100%
cotton laboratory coats and the removal of loose fibers
using a lint roller before entering the laboratory. Prior to
production, all surfaces and equipment were cleaned with
a 70% (filtered) ethanol solution. All laboratory RO water
was pre-filtered at 0.22 um. All containers were rinsed with

Fig.2 Production of candidate By "
microplastic reference materials form = e

(RMs) at the Norwegian Insti-
tute for Water Research (NIVA, Q
Oslo) -

filtered RO water. Entrance to this room was restricted and
background contamination monitored by setting a wet filter
on an open petri dish during the production. If background
contamination was higher than established to be normal
during routine monitoring, tablet production was stopped,
the batch or batches produced on that day disposed, and
the laboratory was cleaned before resuming production. In
addition, blank capsules and tablets were produced alongside
each batch for the different studies. This allowed tracking
of potential procedural contamination during production.
Results of blanks are presented in Supplementary material,
Table S1 and S5-S8.

Application of microplastic RMs in ILC studies
and in-house recovery tests

Microplastic RMs in the form of soda capsules

Microplastic RMs in the form of soda capsules were the first
type of RMs developed at NIVA. These were produced for an
international ILC study coordinated by the Southern Califor-
nia Coastal Water Research Project Authority (SCCWRP).
The aim of this study was to evaluate the performance of
widely used analytical methods for microplastic analysis in
drinking water, such as sample extraction, optical micros-
copy, FTIR, spectroscopy, and Raman. Twenty-two labora-
tories from six different countries participated in this study.
For more information, readers are referred to the follow-
ing publications [19, 20]. Three samples of simulated clean
water spiked with soda capsules — containing microplastic
RMs and laboratory blanks — were sent to all participants
with a prescribed standard operating procedure for particle
extraction, quantification, and characterization. RMs were
produced to contain known amounts of microplastics within
four size fractions 3-20 pm, 50-100 um, 100-300 pum, and
300-1000 pm of the following polymers: PET, PVC, PE, and
PS. The production of capsules containing the smallest size
fraction (3—20 um) was experimental due to limitations in
instrument optimization on validation in the analysis of RMs
in the size fraction < 50 um. The results of QA/QC for RMs
in size fractions > 50 um are presented in the results in the
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“Validation and QA/QC in the production of soda capsules”
section. Results of the ILC have been published in De Frond,
Hampton [20].

Microplastic RMs in the form of soda tablets

Microplastic RMs in the form of soda tablets were produced
for use in several international ILC studies as well as in-
house applications for recovery tests at NIVA. Briefly, the
international ILC studies in question were as follows:

1. WEPAL-QUASIMEME/NORMAN is a worldwide and
long-term ILC exercise that was set up to assess and
promote harmonization between laboratory results
when analyzing microplastics [21]. In the first round
of this study (2019), thirty-four institutes from sixteen
countries participated in the identification and quanti-
fication of different polymer types and/or mass of par-
ticles included in the tablets. For this exercise, six pre-
production pellets, PC, PS, PP, PET, LDPE, and EPS,
with size fractions ranging from 2000 to 4000 pm, and
six soda tablets containing microplastic were produced.
One soda tablet was a blank; three contained single pol-
ymer types and size fractions, i.e., PET (150-250 um),
PVC (250-355 pum), and PS (250-355 pm); another
tablet was a tri-polymer mix (of the aforementioned
polymers and size fractions); and the last one contained
PET fibers (101-2194 pm). Polymer quantification and
identification were carried out by either counting the
total number of particles in each tablet or determining
the mass of particles using different analytical methods
and techniques such as microscopy [22], mass spec-
trometry [23, 24], FTIR [25], and Raman spectroscopy
[26]. Results of the ILC study were published by Van
Mourik, Crum [21].

2. INOPOL/SINOPLAST are two international collabora-
tive projects led by NIVA that address capacity building
to reduce plastic pollution. One aim of the projects is to
harmonize and improve analytical methodologies used
for quantifying microplastics in India (INOPOL) and
China (SINOPLAST). The objective of the ILC across
these two projects was to identify polymer types of plas-
tic pellets in the size ranges between 3 and 5 mm, as well
as analyzing soda tablets containing microplastic RMs
in the form of single polymer types: PE (125-150 pm),
PS (250-355 pm), and PVC (150-250 pum). Seven labo-
ratories participated in this ILC, and the analyses were
conducted using different techniques such as micros-
copy, FTIR, Raman spectroscopy, laser direct infrared
(LDIR) imaging, and pyr-GCMS. The goal of this ILC
was to support ongoing training in microplastic analysis
and identify the root causes of any problems affecting
the quality of results.

3. EUROqCHARM is an ongoing EU H2020 project
focused on developing, optimizing, validating, and har-
monizing methods for the monitoring and assessment
of plastics in the environment, as well as blueprints for
standards and recommendations for policy and legis-
lation. Together with WEPAL-QUASIMEME and the
NORMAN network, an ILC study for the quantification
and identification of microplastics was carried out with
ninety participants from different countries. Two sets of
soda tablets containing microplastics produced by cryo-
milling were included in this study. One set contained
PE, PET, and PS (50-300 um) and the other contained
PC, PP, and PVC (50-300 um). Microplastic RMs were
sent to all participants as soda tablets as well as sedi-
ments and sand samples pre-spiked with soda tablets.
Samples were spiked individually in a slurry of sand or
sediment under controlled mixing conditions in glass
bottles covered with aluminum foil. All samples were
sent to participants to be analyzed using their chosen
analytical technique.

In-house application for recovery tests

NIVA routinely carries out microplastic analyses for vari-
ous projects or clients. A method to validate modifications in
analytical methods and ensure reproducibility of microplastic
extraction and quantification from different environmental
matrices was needed. Tablets produced at NIVA were used
for several in-house QA/QC recovery tests. Here, QA/QC
results for tablets produced and used in two projects are pre-
sented: NANOCARRIERS, which studied the effects related
to micro- and nanoplastics released through wastewater treat-
ment plants; and MIKRONOR, which has the goal to provide
information on the level and type of microplastic pollution in
different geographical areas in Norway. For this purpose, soda
tablets containing a mixture of PE, PS, and PVC (125-355 pm)
were spiked into three matrices: water, sediments, and biota.
For each recovery, tablets were dissolved into the different
matrices under controlled conditions in glass beakers, cov-
ered with aluminum foil. For water, after tablets were com-
pletely dissolved, they were sieved through a 90-um mesh
and filtered through GF/A filters. Tablets containing micro-
plastic RMs were added to biota samples in the first step
during processing, i.e., when potassium hydroxide (KOH)
was added to the soft tissue samples. Thereafter, samples
were treated with 10% acetic acid, sieved at 90 um, and then
filtered. The same principle was applied for sediment sam-
ples, tablets were added at the beginning of processing and
mixed into the sediment samples. Density separation with
sodium iodide (Nal) followed by sieving and filtration was
performed. For all recoveries in all matrices, beaker walls
were properly rinsed to ensure all particles were transferred
onto the filters prior to analysis. Analytical techniques used
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for characterizing the tablets were pyr-GCMS in NANO-
CARRIERS, and microscopy and FTIR in MIKRONOR.

Validation of the capsules and tablets: quality
assurance and quality control (QA/QC)

All capsules and tablets, irrespective of their content, under-
went full QA/QC before being used in ILC studies and
recovery tests. QA/QC of microplastic RMs is crucial for
the use in ILC studies and the evaluation of in-house meth-
ods. It is also important for ILC studies where the variance
between the tablet is smaller than the variance between the
participating laboratories.

The quality of soda tablets and capsules was examined
by dissolving approximately 10-20% of the total produc-
tion for each batch individually in 30 mL RO water, using
100-mL beakers (one beaker per tablet). These beakers were
previously cleaned and covered with aluminum foil, then the
tablets or capsules were added, and placed in an incubator at
40 °C and 100 rpm for approximately 1 h, until completely
dissolved. Thereafter, filtration on a 47-mm Whatman®
glass microfiber filter (GF/F) with a pore size of 0.7 um was
carried out and the number of particles on each filter was
counted under a stereomicroscope (Nikon, SMZ745T). The
average number of particles, standard deviation (SD), and
relative standard deviation (RSD) were calculated for each
batch produced in each study and test. For some ILC stud-
ies, preproduction pellets were also included for analysis
and their corresponding QA/QC was examined at NIVA’s
laboratory.

Three statistical tests were performed on the capsule data-
set, regarding average number of particles for each polymer
type and size fraction, to assess the normal distribution of
the data, evaluate whether there were significant differences
between the different batches and to find out where the spe-
cific differences were. For this Kolmogorov—Smirnov, one-
way ANOVA and Tukey—Kramer tests, respectively, were
conducted and the results for each test are presented in the
Supplementary material.

Characterization of the particle size distribution

After QA/QC, 10% of the production of two batches in the
last ILC study (EUROqCHARM) were subjected to a full-
size distribution characterization. For this purpose, all par-
ticles on a filter were gathered with tweezers and pictures
were taken using Infinity Analyze software. Particles were
numbered and the longest and shortest sides were measured
based on Feret’s diameter, which is defined as the distance
between two parallel tangents on opposite sides of the image
for a randomly orientated particle [27]. The number of par-
ticles in these tablets was also expressed as the total number
of particles in each size fraction per sample.

@ Springer

Results

Validation and QA/QC in the production of soda
capsules

SCCWRP For this study, a total of 600 capsules, divided
into six sub-batches of 100 per polymer type and size frac-
tion, were produced using a capsule maker with capacity
for making 100 capsules at a time. The following polymer
types and size fractions were added to each batch: PVC:
50-150 um, 150-250 um; PET: 50-150 um, 250-355 um;
PE: 125-150 um, 425-500 pm, and 850-1000 pm; EPS
blue: 850-1000 um; and PS: 100-150 pm, 250-355 um,
and 500 pm; 600 blank tablets were also produced. QA/
QC for all batches was performed by dissolving 10% of the
total production for each batch (“Validation of the capsules
and tablets: quality assurance and quality control (QA/QC)”
section), and results are presented in Fig. 3A-K. Further
information on the average number of particles, SD and RSD
for all batches including blanks is provided in the Supple-
mentary material, Table S1. Two experimental batches con-
taining PE: 3-16 um and PS: 14-20 pm were also produced
but were not subjected to QA/QC due to limitations of the
analytical technique available (PerkinElmer Spotlight 400
FTIR, optimized for working from 50 pum).

The QA/QC results for PVC in the size fractions of
50-150 pm and 150-250 pm showed a maximum RSD
of 24% and 22% and a minimum RSD of 12% and 14%,
respectively (Fig. 3A and B and Supplementary material,
Table S1). Different batches were produced on different days
using the same recipe. The repeatability of producing these
batches is displayed in Fig. 4 and Supplementary material,
Table S1 and presents an average number of particles of
32 +4 with a RSD of 21% for PVC (50-150 pm), and 24 + 5
particles with a RSD of 19% for PVC (150-250 um).

The results for the QA/QC for PET (50-150 um) in
batches 1 to 3 were more similar regarding the number of
particles, while batches 4 and 5 presented significantly fewer
particles. Maximum RSD for this polymer and size frac-
tion was 23% and the minimum was 12%. Differences in
the number of particles between batches may be explained
by a possible loss of particles on the walls of the shaker
during the mixing process, or by some unknown error dur-
ing weighting of the polymer (Fig. 3C and Supplementary
material, Table S1). Due to these differences in the number
of particles between batches, the repeatability of produc-
ing PET in the fraction of 50-150 um had an error of 37%
(Fig. 4 and Supplementary material, Table S1). On the other
hand, for PET in the size fraction 250-355 pum, the maxi-
mum and minimum errors in the production of the individ-
ual batches were 19% and 14%, respectively (Fig. 3D and
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Fig.3 Quality assurance and quality control (QA/QC) results for
the candidate microplastic reference material (RMs) produced for
SCCWREP interlaboratory comparison (ILC) study as soda capsules.
Graphs A to K present the number of particles and relative standard

Supplementary material, Table S1). The repeatability of the
production of these batches presented an average number of
particles of 20 +3 with a 17% RSD (Fig. 4 and Supplemen-
tary material, Table S1).

The results for PE in the three size categories:
125-150 pm, 425-500 pm, and 850-1000 um presented
a maximum RSD for their individual batches of 21%,
23%, and 0%, and a minimum RSD of 14%, 15%, and 0%,
respectively (Fig. 3E, F and G and Supplementary mate-
rial, Table S1). The reason for a 0% RSD in the biggest size
fraction was due to the particle size, which was big enough
to be put into capsules manually with low risk of particle
loss. The same principle applies to the capsules containing

deviation (RSD) for each batch and polymer type in this ILC study.
Where letters are the same on an individual graph there was no signif-
icant difference (p>0.05) between these batches (one-way ANOVA
with Tukey—Kramer tests)

expanded polystyrene (EPS) particles in the size fraction
of 850-1000 um (Fig. 3H and Supplementary material,
Table S1). The repeatability of the three fractions for PE
presented an average number of particles, SD and RSD of
25+5 and 20% for the 125-150-um size fraction, 19 +4
and 19% for the 425-500-um size fraction, and 8 +0 and 0%
for the biggest size fraction. Similarly, EPS (850-1000 pm)
had an average number of particles of 5+0 and a 0% RSD
(Fig. 4 and Supplementary material, Table S1).

Regarding PS in the three size categories: 100-150 um,
250-355 pum, and 500 pm, results showed a maximum RSD
of 21%, 19%, and 0% and a minimum RSD of 12%, 9%,
and 0%, respectively. Similar to other polymers, there was
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Fig.4 Repeatability in the pro- 80
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no error for the larger fraction due to their manual addi-
tion to the capsules (Fig. 3K and Supplementary material,
Table S1). The repeatability for the three fractions of PS
presented an average number of particles, SD and a RSD
of 20+ 5 and 27% for the 100-150 um size fraction, 26 +5
and 18% for the 250-355 pm size fraction, and 5 +0 and
0% for the 500 um size fraction (Fig. 4 and Supplementary
material, Table S1).

The Kolmogorov—Smirnov test verified that all data, with
respect to the average number of particles in all the batches,
were normally distributed (p >0.001). When capsule produc-
tion was assessed, for single polymers, significant differences
(p <0.05) were identified by ANOVA between batches for
some polymers. Differences were seen for PVC (50-150 um),
PET (50-150 pm), PE (125-150 pum), PS (100-150 ym), and
PS (250-355 pum) (Fig. 3). The smaller the particles in the
tablets, the more variation was seen between batches. There
were no significant differences for the larger particles because
they were individually spiked: PE (850-1000 um), EPS
(850-1000 pm), and PS (500 um) (Fig. 3). This is also true
for the larger fractions of PVC, PET, and PE. However, there
were significant differences in both lower size ranges of PS.
Considering there were no significance differences in batches
for the larger size, this is likely a consequence of working
with smaller particles. As a result, this highlights that when
using this method of capsule spiking, dosing should be batch
dependent and the RSDs consulted.

Validation and QA/QC in the production of soda
tablets in ILC studies

WEPAL/QUASIMEME/NORMAN All participants in this ILC
study received a twelve-spot blister pack with six preproduc-
tion pellets and six soda tablets. QA/QC for the soda tablets
(“Validation of the capsules and tablets: quality assurance
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and quality control (QA/QC)” section) was calculated by
dissolving 10% of the total production for each polymer type
and size fraction and counting the total number of particles
in the single polymer tablets and polymer mixture under a
microscope.

The results for the single polymer soda tablets presented
a maximum RSD of 21% for PET fibers, and a minimum
RSD of 11% for PS (250-355 pm), with several particles
with a number varying from 50 to 22 (Fig. 5A). QA/QC for
the mixed soda tablet had a better RSD for the total particle
number compared to when separated for each individual
polymer (Fig. 5B). This can be explained by the fact that
a smaller number of particles will always present a higher
RSD than a bigger number of particles. Results, including
blank tablets (+3 particles), are presented in the Supple-
mentary material, Table S5.

INOPOL/SINOPLAST QA/QC results for the three batches
produced for the INOPOL/SINOPLAST ILC study presented
an average number of particles, SD and RSD of 28 +4 and
14%, 29 +5 and 17%, and 29+ 3 and 11%, for PET (125-
150 um), PS (250-355 um), and PVC (150-250 pm), respec-
tively (Fig. 5C). Results, including blank tablets (+2 fibers),
are presented in the Supplementary material file, Table S6.

EUROqCHARM /QUASIMEME/NORMAN QA/QC performed
for the two RM batches produced for the EUROqCHARM
ILC study contained PE, PET, and PS and PVC, PP, and PC
in size fractions between 50 and 300 um showed an average
number of particles of 45+ 5 with a 10% RSD and 49+ 6
particles with a 13% RSD, respectively (Fig. 5D). Results,
including the blanks (containing an average of + 2 fibers),
are shown in the Supplementary material, Table S7.
Particle size distribution in ten tablets of each batch, i.e.,
PE, PET, and PS and PVC, PP, and PC, is presented in the
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Supplementary materials, Figures S2 and S3. Histograms
are also presented in the Supplementary material, Figure S4
and S5.

Validation and QA/QC for in-house recovery test
in NANOCARRIERS and MIKRONOR

NIVA has used two different sets of soda tablets for in-
house recovery tests, one containing PE, PET, and PS
(50-300 um), and the other containing PE (125-150 pm), PS
(250-355 pm), and PVC (150-250 pm). Results for the first
and second sets of soda tablets presented an average number
of particles, SD and RSD of 45 + 5 particles and 10% for the
first set containing PE, PET, and PS (50-300 um), and 29 +5
particles and 17%, 35 +5 particles and 14%, and 36 + 3

particles and 8% for PE (125-150 um), PS (250-355 pm),
and PVC (150-250 um), respectively, in the second set of
soda tablets (Fig. 5D and E). Results for the blanks of each
batch (42 particles, + 2 fibers) are shown in the Supplemen-
tary material, Table S7 and S8.

Discussion

The production of microplastic RMs provides a new approach
for easy-to-use RMs as single or mixtures of different poly-
mer types in size fractions from 50 um to 1 mm. It is cru-
cial to validate analytical methods and reach harmonization
between laboratories while performing microplastic analyses.
Microplastic RMs produced in this study were used in several
ILC studies worldwide with many laboratories participating.
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Specific results of the ILC studies are reported elsewhere and
showed that the variation between laboratories was larger
than the variation between capsules and tablets.

In this study, all batches of microplastic RMs, contain-
ing single and mixtures of polymer types and size fractions,
were QA/QC by NIVA’s microplastic laboratory. Results
for single polymer soda capsules and tablets showed RSDs
varying from 0% (for the larger particles added manually)
to 24% and from 8 to 21%, respectively, for single batches.
The repeatability of soda capsules showed a variation from
0 to 37% depending on the size. Moreover, RSD values
varied from 8 to 38% for the multiple polymer soda tab-
lets when individual polymers in a combined tablet were
counted, and below 11% when all polymers were counted
as total number of particles. Although the manual approach
for making tablets containing fibers was successful, it is not
feasible to make large amounts of tablets with fibers because
it is time consuming. Therefore, the method presented here
requires further modification and optimization to address
more challenging particle types, such as microplastic fibers.
Furthermore, the highest RSDs were seen in the beginning
of capsule and tablet production, and subsequently improved
and reduced the variation in the reference materials. Capsule
production was discontinued and replaced by tablets. The
driving reason behind this was that during the ILC when
capsules were spiked into different matrices, the gelatin was
seen to not dissolve completely when using some analytical
methods [20]. On the other hand, the analytical techniques
were not hindered by soda tablets. Based on the overall QA/
QC presented here and continued improvements, microplas-
tic RMs in the form of soda tablets will be suited for certi-
fication in the near future, as a tool to support and validate
analytical methods and protocols.

Other attempts for microplastic RMs production include
Seghers, Stefaniak [2] who made a PET batch from 30 to
200 um by cryo-milling and wet sieving to obtain a suspen-
sion containing 800 particles/mL. NaCl was then added to
obtain a salt solution, and aliquots of 1 mL of NaCl/PET
were transferred to 10-mL amber glass vials. QA/QC for this
batch was carried out by two different laboratories and RSDs
of 16.4% and 17.9% were obtained. This is in concordance
with our QA/QC results, where we consider as acceptable a
RSD value <20%. Von der Esch, Lanzinger [18] also produced
microplastic RMs with a rapid sonication-based fragmentation
method for PS, PET, and polylactic acid (PLA) to produce
high-purity microplastic reference particles in aqueous media.
Fragments were produced in the range from 100 nm to 1 mm,
yielding up to 10° per 15 mL microplastic particles in aque-
ous media. RSD values regarding the total number of particles
are not reported and thus cannot be compared to our QA/QC
results. In another study, Matsueda, M. [28] prepared a mixture
of eleven common polymers: PE, PP, PVC, PC, PS, PET, poly-
methyl methacrylate, acrylonitrile butadiene styrene, nylon 6,
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nylon 66, and polyurethane that could be used as reference
sample for microplastics analysis in environmental samples by
pyr-GCMS. Results showed that the proposed mixture could
be used in pyr-GCMS analyses of microplastics as a reliable
reference material for at least nine of the eleven investigated
polymers. It is not possible, however, to compare to our study
because these results are reported in mass.

Soda tablets with MPs > 50 um were made with sufficient
precision to be used successfully both for internal recovery
tests and for external ILC studies. However, for smaller MPs
(<50 pm), the variation was still too large to be used as a
QC/QC tool at present. It has been shown that the number of
particles in the lower size range increases exponentially in
some environmental samples. It is therefore important that
the concept is expanded to smaller microplastics in the future.

Conclusion

Easy-to-use microplastic RMs (> 50 um) using soda tablets
were successfully demonstrated for several ILC studies and
internal evaluation of microplastic recovery tests related to
different sample preparation methods. The use of medical
gelatin capsules was also tested, and although capsule pro-
duction requires less resources, and showed good repeatabil-
ity, the use of gelatin caused some practical problems espe-
cially in the lower size range and more specifically in the
final analysis. The concept of using soda tablets worked well
for several polymers: PP, PE, PS, PET, PVC, and PC, both
individually and as a mixture. This was achieved for small
and large quantities of MPs; RSDs were satisfactory for both
individual polymers and mixtures. Reference materials are
a vital tool for validation and harmonization of analytical
methods for microplastic analysis and further development
into the smaller MP range < 50 pm and nano range using
soda tablets is urgently needed.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00216-023-04636-4.

Acknowledgements The authors acknowledge the help of Kragerg
Tablet Production AS in capsule production and colleagues at NIVA
and Chiron AS for constructive discussions in the development of this
manuscript.

Author contribution EMF contributed as lead author and worked on
all aspects of the study, including concept and method development,
production, analysis (QA/QC), and interpretation of results, and led the
manuscript writing. RH, LN, BVB, and NTB developed the concept
of reference materials. RH, SP, MTM, CSL, and NTB contributed to
the production of the tablets and capsules. RH, SP, and CSL contrib-
uted to analysis of QA/QC. SP and CSL were responsible for in-house
methods testing. BVB, LN, and JEJ contributed to funding acquisition
and reviewing the document. AL contributed to supervision, funding
acquisition, concept development, manuscript preparation, reviewing,
and editing.


https://doi.org/10.1007/s00216-023-04636-4

Innovative reference materials for method validation in microplastic analysis including...

2917

Funding Open access funding provided by Norwegian Institute For
Water Research. This manuscript was developed as part of several
projects: under the frame of the collaborative international consor-
tium (IMPASSE), financed under the ERA-NET WaterWorks 2015 co-
funded call through the Research Council of Norway (271825); EURO-
qCHARM, which received funding from the European Union’s Horizon
2020 Coordination and support action program under Grant agreement
101003805; India-Norway Cooperation Project on Capacity Building
for Reducing Plastic and Chemical Pollution in India (INOPOL); and
the China-Norway Capacity Building for Reducing Plastic and Micro-
plastic Pollution (SINOPLAST). This output reflects only the authors’
view and the European Union cannot be held responsible for any use
that may be made of the information contained therein.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ritchie H, Roser M. “Plastic Pollution”. Published online at Our-
WorldInData.org. Retrieved from: ‘https://ourworldindata.org/
plastic-pollution’ [Online Resource]

2. Seghers J, Stefaniak EA, La Spina R, Cella C, Mehn D, Gilli-
land D, et al. Preparation of a reference material for microplas-
tics in water—evaluation of homogeneity. Anal Bioanal Chem.
2022;414(1):385-97.

3. van Raamsdonk LW, van der Zande M, Koelmans AA, Hoogen-
boom RL, Peters RJ, Groot MJ, et al. Current insights into moni-
toring, bioaccumulation, and potential health effects of microplas-
tics present in the food chain. Foods. 2020;9(1):72.

4. Devriese LI, van der Meulen MD, Maes T, Bekaert K, Paul-Pont I,
Frere L, et al. Microplastic contamination in brown shrimp (Cran-
gon crangon, Linnaeus 1758) from coastal waters of the Southern
North Sea and Channel area. 2015;98(1-2):179-87.

5. Frias J, Otero V, Sobral P. Evidence of microplastics in samples
of zooplankton from Portuguese coastal waters. Mar Environ Res.
2014;95:89-95.

6. Lusher A, Mchugh M, Thompson R. Occurrence of microplastics
in the gastrointestinal tract of pelagic and demersal fish from the
English Channel. Mar Pollut Bull. 2013;67(1-2):94-9.

7. Huang W, Song B, Liang J, Niu Q, Zeng G, Shen M, et al. Micro-
plastics and associated contaminants in the aquatic environment: a
review on their ecotoxicological effects, trophic transfer, and poten-
tial impacts to human health. J Hazard Mater. 2021;405: 124187.

8. Lusher AL, Munno K, Hermabessiere L, Carr S. Isolation and
extraction of microplastics from environmental samples: an
evaluation of practical approaches and recommendations for
further harmonization. Appl Spectrosc. 2020;74(9):1049-65.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Cowger W, Booth AM, Hamilton BM, Thaysen C, Primpke S,
Munno K, et al. Reporting guidelines to increase the reproduc-
ibility and comparability of research on microplastics. Appl
Spectrosc. 2020;74(9):1066-77.

Primpke S, Christiansen SH, Cowger W, De Frond H, Desh-
pande A, Fischer M, et al. Critical assessment of analytical
methods for the harmonized and cost-efficient analysis of micro-
plastics. Appl Spectrosc. 2020;74(9):1012-47.

Brander SM, Renick VC, Foley MM, Steele C, Woo M, Lusher
A, et al. Sampling and quality assurance and quality control: a
guide for scientists investigating the occurrence of microplastics
across matrices. Appl Spectrosc. 2020;74(9):1099-125.
Rochman CM, Brookson C, Bikker J, Djuric N, Earn A, Bucci
K, et al. Rethinking microplastics as a diverse contaminant
suite. Environ Toxicol Chem. 2019;38(4):703-11.

Andrady AL. Persistence of plastic litter in the oceans. Marine
anthropogenic litter. Cham: Springer; 2015. p. 57-72.

Liu M, Lu S, Chen Y, Cao C, Bigalke M, He D. Introduction:
overview of analytical procedures. Analytical methods for
microplastics in environments: current advances and challenges.
The handbook of environmental chemistry: Springer Berlin Hei-
delberg Germany; 2020. p. 1-22.

Zhang Y, Kang S, Allen S, Allen D, Gao T, Sillanpdd M. Atmos-
pheric microplastics: a review on current status and perspec-
tives. Earth Sci Rev. 2020;203: 103118.

EFSA CONTAM Panel (EFSA Panel on Contaminants in the
Food Chain). Statement on the presence of microplastics and
nanoplastics in food, with particular focus on seafood. EFSA
J. 2016;14(6):4501, 30.

Aliani S, Lusher AL, Galgani F, Herzke D, Nikiforov V, Primpke S,
Roscher L, de Silva VH, Strand J, Suaria G, Vanavermaete D, Verle
K, de Witte B, van Bavel B. Reproducible pipelines and readiness
levels in plastic monitoring. In press, Nat Rev Earth Environ.
Von der Esch E, Lanzinger M, Kohles AJ, Schwaferts C, Weis-
ser J, Hofmann T, et al. Simple generation of suspensible sec-
ondary microplastic reference particles via ultrasound treat-
ment. Front Chem. 2020;8:169.

Kotar S, McNeish R, Murphy-Hagan C, Renick V, Lee C-FT,
Steele C, et al. Quantitative assessment of visual microscopy as
a tool for microplastic research: recommendations for improving
methods and reporting. Chemosphere. 2022;306(3):136449.
De Frond H, Hampton LT, Kotar S, Gesulga K, Matuch C, Lao
W, et al. Monitoring microplastics in drinking water: an inter-
laboratory study to inform effective methods for quantifying and
characterizing microplastics. Chemosphere. 2022;298: 134282.
Van Mourik L, Crum S, Martinez-Frances E, van Bavel B, Leslie
H, de Boer J, et al. Results of WEPAL-QUASIMEME/NORMANSs
first global interlaboratory study on microplastics reveal urgent
need for harmonization. Sci Total Environ. 2021;772: 145071.
Wang Z-M, Wagner J, Ghosal S, Bedi G, Wall S. SEM/EDS and
optical microscopy analyses of microplastics in ocean trawl and
fish guts. Sci Total Environ. 2017;603-604:616-26.

Dierkes G, Lauschke T, Becher S, Schumacher H, Foldi C,
Ternes T. Quantification of microplastics in environmental
samples via pressurized liquid extraction and pyrolysis-gas
chromatography. Anal Bioanal Chem. 2019;411(26):6959-68.
Duemichen E, Eisentraut P, Celina M, Braun U. Automated
thermal extraction-desorption gas chromatography mass spec-
trometry: a multifunctional tool for comprehensive characteriza-
tion of polymers and their degradation products. J Chromatogr
A.2019;1592:133-42.

Primpke S, Wirth M, Lorenz C, Gerdts G. Reference database
design for the automated analysis of microplastic samples based
on Fourier transform infrared (FTIR) spectroscopy. Anal Bioanal
Chem. 2018;410(21):5131-41.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://ourworldindata.org/plastic-pollution
https://ourworldindata.org/plastic-pollution

2918

Martinez-Francés E. et al.

26. Araujo CF, Nolasco MM, Ribeiro AMP, Ribeiro-Claro
PJA. Identification of microplastics using Raman spectros-
copy: latest developments and future prospects. Water Res.

2018;142:426-40.

27. Merkus HG. Particle size measurements: fundamentals, prac-
tice, quality. Springer, Science & Business Media. 2009;532.

28. Matsueda M, Mattonai M, Iwai I, Watanabe A, Teramae N, Rob-
berson W, et al. Preparation and test of a reference mixture of eleven
polymers with deactivated inorganic diluent for microplastics analy-
sis by pyrolysis-GC-MS. J Anal Appl Pyrol. 2021;154: 104993.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer

Elena Martinez-Francés is
Research Assistant at the Norwe-
gian Institute for Water Research
(NIVA). She has been working on
the development, production, and
quality assurance and control of
microplastic reference materials
in the form of soda capsules and
tablets since 2018. She has expe-
rience in analyzing microplastics
in different matrices using a vari-
ety of analytical techniques and is
participating in several EU micro-
plastic projects.

Bert van Bavel is Professor and
Chief Scientist at the Norwegian
Institute for Water Research
(NIVA) and an internationally
leading researcher in the field of
chemical analysis of environmen-
tal pollutants and quality control.
He is currently Coordinator of
the EU H2020 project EURO-
qCHARM (European Quality
Controlled Harmonization
Assuring Reproducible Monitor-
ing and Assessment of Plastic
Pollution).

Rachel Hurley is Researcher at the
Norwegian Institute for Water
Research (NIVA). She has worked
on the development of microplas-
tic reference materials since 2017.
Her research focuses on the fate of
(micro)plastics in terrestrial and
freshwater environments and she
is Scientific Deputy of the EU
H2020 project PAPILLONS
(Plastic in Agricultural Produc-
tion: Impact, Lifecycles and
LONg-term Sustainability).

Plastic Pollution).

J

Luca Nizzetto is Lead Researcher
at the Norwegian Institute for
Water Research (NIVA). He
worked on the first development
of microplastic reference materi-
als at NIVA in 2017, including
the encapsulation in soda tablets,
and continues to work on the
production of reference materials
today. He is Coordinator of the
EU H2020 project PAPILLONS
(Plastic in Agricultural Produc-
tion: Impact, Lifecycles and
LONg-term Sustainability) and
Co-founder of IKHAPP (Interna-
tional Knowledge Hub Against

Svetlana Pakhomova is
Researcher in the field of marine
chemistry at the Norwegian Insti-
tute for Water Research (NIVA).
Her research is focused on bio-
geochemical processes in water
and sediments, including model-
ling of the fate of pollutants in the
marine environment. In recent
years, she has studied microplas-
tic pollution in the ocean and has
contributed to the development of
plastic analysis methods.

Nina T. Buenaventura is a PhD
candidate at the Norwegian Insti-
tute for Water Research (NIVA).
She has over 6 years of experi-
ence in analyzing microplastics
in an array of different environ-
mental matrices and participated
in the first development of
encapsulation of reference mate-
rials at NIVA. Today, her
research focuses on the optimi-
zation of methods for isolating
microplastics from soil samples
and the fate of microplastic in
soil environments.

Cecilie Singdahl-Larsen is Head
Engineer at the Norwegian Insti-
tute for Water Research (NIVA).
Her work is focused on validat-
ing methods to extract micro-
plastics from environmental
matrices. She has experience
analyzing microplastics in differ-
ent matrices using a variety of
analytical techniques.



Innovative reference materials for method validation in microplastic analysis including...

2919

Marie-Louise Tambo Magni is
Research Scientist at Chiron AS,
a reference material producing
company and partner in the EU
project EUROqCHARM. She
has a background in natural pol-
ymer science and is currently
working on the development and
production of microplastic refer-
ence materials, as well as quality
control and the certification of
these.

Jon Eigill Johansen is Managing
Director of Chiron AS, a Norwe-
gian company that has been in
the forefront of supplying
sophisticated reference materials
for the scientific community for
more than 40 years. Currently, he
is leading the microplastic pro-
ject MicroPRefs and is the insti-
gator of the PFAS and CP pro-
jects CHLOFFIN and REVAMP
supported by the EU.

Amy Lusher is Senior Research
Scientist at the Norwegian Insti-
tute for Water Research (NIVA)
and an internationally recog-
nized researcher in the field of
microplastics. Currently, her
research focuses on efficiencies
and workflows in the analysis of
microplastics to inform monitor-
ing and assessment. She is the
Scientific Project Manager of
EUROqCHARM.

@ Springer



	Innovative reference materials for method validation in microplastic analysis including interlaboratory comparison exercises
	Abstract
	Introduction
	Materials and methods
	Preparation of microplastics
	Preparation of microplastic RMs
	Soda capsules
	Soda tablets

	Contamination control
	Application of microplastic RMs in ILC studies and in-house recovery tests
	Microplastic RMs in the form of soda capsules
	Microplastic RMs in the form of soda tablets
	In-house application for recovery tests

	Validation of the capsules and tablets: quality assurance and quality control (QAQC)
	Characterization of the particle size distribution


	Results
	Validation and QAQC in the production of soda capsules
	Validation and QAQC in the production of soda tablets in ILC studies
	Validation and QAQC for in-house recovery test in NANOCARRIERS and MIKRONOR

	Discussion
	Conclusion
	Anchor 22
	Acknowledgements 
	References


