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Abstract

In recent years, microplastics have been detected in fresh- and seawater, the atmosphere, sediments, soils, sewage
sludge, biota, and food. However, these microplastics can degrade into even smaller plastic particles in the sub-
micron range, referred to as nanoplastics. Due to their smaller dimensions and colloidal properties, nanoplastics could
pose an increased hazard to the environment, biota and humans. While there are methods for detecting microplas-
tics, the reliable detection and quantification of size and particle number concentrations of plastic particles less than a
micrometre in size are still difficult. In this study, we describe the development and validation of a method for detect-
ing nanoplastics using nanoparticle tracking analysis (NTA) and discuss the limitations of the method in the analysis
of nanoplastics. Our method proved accurate and precise for 102 nm polystyrene Nanospheres, with a linear con-
centration ranging from 5.0 x 10° to 2.0 x 107 particles/mL, and a particle size range from 46 to over 350 nm. How-
ever, several limitations of the NTA method became apparent. When measuring polydisperse particle mixtures, NTA
tends to underestimate the presence of smaller particles due to lower scattering intensity and overlapping signals.
Moreover, NTA cannot chemically discriminate between nanoplastics and other types of nanoparticles, such as natu-
ral organic matter, leading to potential overestimation of plastic particle concentrations. Despite these weaknesses,
the validated method was applied to eight brands of bottled mineral water. We detected particles with mean particle
sizes in the range of 110 to 170 nm, and particle number concentrations between 1.0x 10° to 2.2x 107 particles/

mL. Particle size distributions showed a particle size range of 50 to 500 nm. However, due to the limitations of NTA, it
was not possible to conclusively confirm that the detected particles were nanoplastics, and therefore, the reported
concentrations refer to the total particle content rather than specifically to nanoplastics.

Keywords Nano tracking analysis (NTA), Nanoplastics detection, Bottled mineral water, Method optimisation and
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Introduction

Microplastics (MPs) refer to small, microscopic solid

polymer particles with sizes <5 mm. Until recently
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years, MPs have been detected in fresh- and seawater,
atmosphere, sediments, soils, sewage sludge, biota and
food (Bouwmeester et al., 2015; Alexy et al. 2020; Bar-
bosa et al., 2020; van Raamsdonk et al., 2020; Zhang et al.,
2020; Vitali et al., 2022). However, these MPs can degrade
to even smaller plastic particles in the sub-micron range,
the nanoplastics (NPs). There is still some debate about
the definition of the term NPs, with some authors sug-
gesting particles smaller than 100 nm (Koelmans et al.
2015; Hernandez et al, 2017), while others suggest
smaller than 1000 nm (ISO/TR 21960:2020; Hartmann
et al., 2019; Frias and Nash (2019). In the present study,
we define NP as plastic particles in the size range of 1 to
1000 nm.

The presence of NPs was detected in seawater and only
very recently in soil (Ter Halle et al.,, 2017; Wahl et al,,
2021). However, only a few studies have confirmed NPs’
presence in other environmental samples (Materi¢ et al.,
2020; Cai et al,, 2021). In addition, several studies have
investigated the possibility of plastic debris fragmenting
into nano-sized plastic particles by UV radiation (Lam-
bert and Wagner, 2016a), mechanical energy (Ekvall
et al, 2019) and by digestive fragmentation (Dawson
et al., 2018). Furthermore, NPs have been demonstrated
to be released using personal care products (Hernandez
et al, 2017), boiling plastic teabags (Hernandez et al.,
2019), and using plastic infant bottles (Li et al., 2020).
Due to their smaller dimensions and colloidal properties,
NPs could pose an increased hazard to the environment,
biota and humans (Moiniafshari et al., 2025). Currently,
the risks associated with accidental exposure to humans
and wildlife is raising concern among the general public
and awareness of the regulatory authorities (Kiran et al.,
2022; Singh et al.,, 2022; Lai et al., 2022; Gruber et al.,
2022).

While there are methods of detecting microplastics,
the reliable detection and quantification of size and par-
ticle number concentrations of plastic particles less than
a micrometre in size is still difficult (Caputo et al., 2021).
Currently, there is no method available that is inexpen-
sive, builds on existing techniques and can be automated
for high-throughput analysis of nanoplastic particle sus-
pensions. Both dynamic light scattering (DLS) and nano-
particle tracking analysis (NTA) are suitable methods to
determine the particle size distribution in aqueous sus-
pension. DLS and NTA are complementary techniques;
they depend on Brownian motion and light scattering
and apply the Einstein-Stokes equation. However, there
is also a difference: DLS is an intensity-based method
that requires high concentrations, or particles with
high scattering cross-sections, while NTA is number-
based because of its particle-by-particle analysis. NTA
can access lower particle concentrations and give better
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results for polydisperse samples (Kestens et al.,, 2017).
According to Roesch et al. (2022), NTA also gives a bet-
ter resolution between different particle sizes and more
accurate quantification of particle concentrations. Con-
sidering the abovementioned aspects, NTA poses a better
technique for analysing MPs or NPs. Still, despite their
advantages over DLS, both techniques can only deter-
mine the total particle concentration and their hydro-
dynamic sizes, and are unable to chemically distinguish
the types of detected polymers, nor differentiate between
plastic particles, organic matter, or other scattering parti-
cles. Nevertheless, NTA, despite its limitations, may be a
suitable method for characterizing particles in validation
and standardization studies where the chemical composi-
tion of the analyzed polymers is known.

NTA consists of three steps: particle(s) visualisa-
tion, recording particle movement and processing the
recorded video. Particle visualisation is achieved by
directing a laser beam at the particles that scatter the
laser beam’s light. The camera level adjusts the bright-
ness of the view. Recording the Brownian motion of the
particles is generally done with a capturing time of 60
s. After recording, the Brownian motion of the parti-
cles is tracked by analysing the shift of a particle’s cen-
tre between two video frames. Setting the detection
threshold, particles are included or excluded based on
a minimum value of light scattering intensity. Particle
movement can then be used to estimate the particle size.
The particle concentration can be assessed by counting
the number of tracked particles.

Only a limited number of studies focus on applying
NTA to analyse nano- and microplastics. Lambert and
Wagner (2016a) applied NTA to prove the degradation
of polystyrene disposable coffee cup lids. This study was
part of another study where NTA was applied to indicate
the formation of particles in the range of 30-2000 nm
due to the degradation of different polymers (Lambert
and Wagner, 2016b). Oelschligel et al. (2018) investigated
the weathering of microplastics in the marine environ-
ment by imitating these conditions and applying NTA
for the analysis of particles smaller than 1.2 um. These
limited studies show that NTA can be applied to small
MPs and NPs. Our study aims to develop a method for
determining particle size distributions in bottled water
using NTA. To achieve this, the research is based on
three building blocks: NTA analytical optimization for
polystyrene nanoparticles (NPLs), determining the per-
formance characteristics of NTA for polystyrene NPLs
analysis, and the sample preparation of bottled water. The
goal of this study is to provide an easy-to-follow proto-
col that outlines all steps necessary for method validation
for the analysis of polystyrene NPLs using NTA. In the
final step of the study, the developed method is applied
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to a real-world scenario in which bottled drinking water
is analyzed for the presence of particles in the nanometer
size range, which, due to the limitations of the method,
can not be concluded to be nanoplastics (NPs).

Methods and materials
Chemicals
Chemicals used in this study were ethanol (Emsure
grade, Merck, Germany), mainly for instrument cleaning,
and MilliQ water generated by a MilliPore system (Mil-
liPore, USA) for the preparation of suspensions and blank
control samples. Sodium dodecyl sulphate (Acros Organ-
ics, Belgium) and Triton X-100 (BioXtra grade, Sigma,
USA) were used to prepare stable particle suspensions.
The particle standards used were 3000 series polystyrene
(PS) nanospheres, 1% solids, with certified sizes (mean
diameters) determined by TEM: 350 +6 nm, 203 +5 nm,
102 +3 nm, 46 +2 nm, 40 +1 nm and 30 *1 nm (Thermo
Fisher Scientific, USA).

Cans (500 mL) with purified compressed air to clean
and blow dry instrument surfaces were from Dataflash
(Germany) and Kontakt Chemie (Belgium).

Samples

Samples used in this study were still mineral water in
single-use plastic bottles from eight different brands
obtained from one single retail shop in the Netherlands
(later abbreviated A-H). The volumes of these bottles
ranged from 500 to 750 mL.

Instrumentation

The analytical instrument used in this study was a
NanoSight NS300 obtained from Malvern Panalytical
(UK), equipped with a 405 nm laser module, an O-ring
top-plate and a low flow-cell top-plate. The low flow-cell
top-plate was combined with a NanoSight syringe pump
obtained from Malvern Panalytical (UK). The data were
processed using NTA software version 3.4 (Build 3.4.003).
The NTA method for NPs was developed by optimis-
ing the camera level, capturing the time and detection
threshold of the NanoSight NS300 (NS300). Optimal
detection parameters were selected and used to deter-
mine the performance characteristics. The NS300 allows
for working with different measuring cells: the O-ring
top-plate or a low flow-cell top-plate, which is applica-
ble in both flow and static mode. These three instrument
modes were compared by assessing their repeatability,
within-laboratory reproducibility and accuracy.

In the default method, the low flow-cell top-plate was
used. Before insertion of the sample into the cell, the
syringe was rinsed with 0.5 mL sample and checked for
air bubbles. The measuring cell was then rinsed with
3 mL MilliQ water and 0.5 mL sample. Once the sample
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was inserted, the image position was adjusted till the laser
beam was centred in the field of view. Shutter and camera
gain were set to automatic. Focus and camera levels were
set with auto-setup and checked manually. Each sample
was recorded five-fold with a capturing time of 60 s and
a flow speed of 50 a.u. The experiments described in this
paper were performed in a temperature-controlled labo-
ratory, with the temperature maintained at 20 °C. During
analysis, the NS300 temperature sensor was not used (set
to the "off" setting), and the temperature was manually
set to 20 °C. At this temperature, the dynamic viscosity
of water is 1 mPa-s. Since the samples were prepared in
MilliQ water, this viscosity value was used as the input
parameter in the NS300 software. After analysis, the vid-
eos were processed. Blur, minimum expected particle
size and minimum track length were set to automatic.
The detection threshold was adjusted until most particles
were marked with a red cross, and no more than five blue
crosses (i.e. noise) were visible per frame. The size distri-
bution graphs were obtained by the NTA software via the
"finite track-length adjusted” (FTLA) algorithm.

Results and discussion

Camera level (CL) and detection threshold (DT)
optimisation

At first, the PS nanoparticles detection with the NS300
using different camera levels (CL) and detection thresh-
olds (DT) settings was optimised. To do so, an aqueous
suspension of 102 nm Nanospheres with a particle con-
centration of 4.0 X 10% particles/mL was prepared, ana-
lysed with varying CL settings (9-14), and processed
with three different DT settings (5, 10, 15). The influence
of both parameters on the particle concentration is illus-
trated in Fig. 1.

Figure 1 shows no strong overall correlation between
CL and DT and particle concentration; however, sig-
nificant differences were observed for CL levels 12 and
14. A slight underestimation of the particle concentra-
tion is generally seen with CL levels 10 and 11. Notably,
from CL 11 and up, the particle concentration increases
with camera level. Based on the particle’suspensions’pre
paration, it was expected that the particle concentration
should be within the range of 80-110% of the prepared
value, and that is indeed the case for all CL and DT levels,
except for the settings CL 13 and 14 with DT 5 where the
particle concentration is slightly overestimated. There-
fore, CL 12 with DT of 5 or 10 were selected as the most
optimum settings giving the closest to the prepared parti-
cle concentration value with the lower standard deviation
(SD) in the determined particle concentration.

The influence of CL and DT on both the mean and
mode hydrodynamic particle size was also determined
using the 102 nm Nanospheres. The reference value for
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Fig. 1 The influence of camera levels (CL) and detection thresholds (DT) on the particle concentration expressed in particles/mL as determined
for an aqueous suspension of 102 nm Nanospheres with a particle concentration of 4.0 x 10 particles/mL. Bars indicate + 1 standard deviation
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Fig. 3 The influence of the camera levels (CL) and detection thresholds (DT) on mode particle size expressed in nm as determined for an aqueous

suspension of 102 nm Nanospheres. Bars indicate + 1 standard deviation

exposure to the light scattering of the particles, making
it more difficult for the processing software to locate the
particle centre and track the particle motion. In practice,
the determined particle size was expected to be within
90-110% of the reference value of the particle, which
means that all particle sizes between 92 and 112 nm
would be acceptable. While CL 9 best agrees with the ref-
erence value, CL 10 gives a lower SD for both mean and
mode particle size. In Figs. 2 and 3, one can also observe
that a higher DT gives a larger particle size; however, this
impact is insignificant since the impact is generally more
negligible than the SD. Based on the particle concentra-
tion and size measurements, the optimal settings for fur-
ther experiments were chosen as CL 11 in combination
with DT 15.

Capturing time (CT) optimisation

The capturing time (CT) may also influence the results.
Therefore, the 102 nm Nanosphere suspension with a
particle concentration of 4.0 x10® particle/mL was also
analysed with capturing times of 30, 60 and 120 s to opti-
mise this parameter. The effect of the capturing time on
the determined particle concentration is presented in
Fig. 4.

Figure 4 shows an increase in accuracy and precision
with increasing capturing time. The increase in preci-
sion results from longer capturing time due to a higher
analysis volume. Figure 5 overviews the influence of
increasing capturing time on both the mean and the

median particle size. The precision of the mean particle
size decreases with increasing capturing time, with no
significant impact on the accuracy. The precision of the
mode particle size was highest at a capturing time of 60 s.
Somewhat surprisingly, the accuracy of the mode particle
size increased with a longer capture time. Regarding both
particle size and concentration, a capturing time of 60 s
was selected for further experiments as a compromise
between precision and accuracy.

Sample flow optimisation

As the last parameter, the influence of the sample flow in
the flow cell was determined with the flow speed varying
between 25, 50 and 75 a.u. Figure 6 shows the influence
of the flow speed on the determined particle concentra-
tion. Results show that the most accurate concentration
is found at a flow speed of 50 a.u. At the time, the pre-
cision is best at a flow speed of 75 a.u. This is expected
since a higher flow speed increases the total analysed
sample volume; however, a too high flow speed makes
it harder for the processing software to track the parti-
cle motion, which could decrease the number of tracked
particles.

An overview of the influence of flow speed on par-
ticle size is given in Fig. 7. The impact of flow speed is
relatively small and shows no correlation to the particle
size in both mean and mode size. For the mean size, the
highest accuracy is found at a flow speed of 25 a.u., while
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Fig. 4 The influence of capturing time on particle concentration expressed in particles/mL as determined for an agueous suspension of 102
nm Nanospheres with a particle concentration of 4.0 x 10 particles/mL was analysed five-fold with CL 11 and DT 15. Bars indicate + 1 standard

deviation

for mode size, the highest accuracy was found at a flow
speed of 50 a.u. The precision was highest at a flow speed
of 75 a.u. for mean particle size and 50 a.u. for mode par-
ticle size.

The tested flow speeds have only a minor influence on
particle concentration and size. There is no clear corre-
lation between accuracy and precision. A flow speed of
50 a.u. was chosen as optimal because of sample volume
reduction compared to a flow of 75 a.u.

Analytical method validation characteristics

Now that the different parameters are optimised, the
performance characteristics of the entire method were
determined at particle concentrations of 4.0 x 10® and 2.0
x 107 particles/mL using the same 102 nm Nanospheres.
The accuracy, repeatability (RSD,) and within-laboratory
reproducibility (RSDg;) were determined using the low
flow-cell top-plate and the O-ring top-plate (no flow). To
determine repeatability, measurements were carried out
in seven-fold in one day. To determine within-laboratory
reproducibility, these measurements were repeated on
two more days, totalling three days. One-way ANOVA
was performed to determine the accuracy, RSD, and
RSDyg;, and the results are presented in Table 1.

At the higher particle concentration, the NS300 NTA
instrument shows reliable results for the analysis of 102
nm Nanospheres. The accuracy of the particle concen-
tration is well within the expected 80-110% range, while

the results for particle size are well within the 90-110%
range. Except for the accuracy, the low flow-cell and the
O-ring top-plate results are comparable, with those using
the O-ring top-plate slightly better. At the lower parti-
cle concentration, it is clear that the low particle count
influences repeatability and within-laboratory reproduc-
ibility. Except for the accuracy of particle concentration
measured with the O-ring top-plate, the results for the
accuracy are within the expected range. In this case, the
configuration with the O-ring top-plate is overestimat-
ing the particle concentrations. It is also visible that the
repeatability and within-laboratory reproducibility are
higher with the O-ring top-plate than with the low flow-
cell top-plate. While the differences between the low
flow-cell and O-ring top-plate were minimal at the higher
particle concentration, the results at the lower particle
concentration seem to suggest that using the low flow-
cell is beneficial at low particle concentrations. There-
fore, the low flow-cell configuration was used in most
experiments.

In order to determine the working range for particle
size, a calibration curve with particle sizes ranging from
30 to 350 nm was established. The calibration curves of
both the mean and mode particle size are presented in
Fig. 8. This figure represents a five-fold analysis of each
standard, with on the x-axis the reference value and on
the y-axis the determined particle size. Both calibration
curves met the criterion of R*> 0.99, indicating linearity.
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Fig. 5 The influence of the capturing times (CT) on mean and median particle size expressed in nm as determined for an aqueous suspension
of 102 nm Nanospheres analysed five-fold using CL 11 and DT 15. Bars indicate +1 SD

The accuracy and repeatability for the mean and mode
particle size of each calibration point are also given in
Table 2. If the accuracy of 90-110% is used as the crite-
rion for the working range for particle size of the NS300,
then the lower limit of particle size detection is 46 nm.
The upper limit of particle size is >350 nm, and with the
technique of NTA, the particle size determination is lim-
ited to the nano-range, i.e. <1000 nm. Recently, Caputo
et al. (2021) have determined this for various techniques
and gave an upper limit of 800 nm for NTA.

In order to determine the working range for particle
concentration, a calibration curve with particle concen-
trations ranging from 5.0 x10° to 2.0 x10° particles/
mL was prepared. The calibration curve is presented in
Fig. 9, again as a five-fold analysis for each standard. The
x-axis shows the reference value, and on the y-axis, par-
ticle concentration is determined. The calibration curve
meets the criterion of R*> 0.99, meaning the response is
linear in the calibration range. The accuracy and repeat-
ability of the particle concentration are given in Table 3.
The working range criterion for particle concentration is

an accuracy of 80-110%, and a maximum repeatability
according to the Horwitz equation (RSD, max =2 C~1°
where C is expressed as an exponent of 10). From this,
it can be concluded that the working range for the parti-
cle concentration ranges from 1.0 X 107 to 2.0 x 10° part./
mL.

To test if NTA can distinguish between different par-
ticle sizes in the same sample, i.e. analyse polydisperse
samples, three different mixtures with two particle sizes
were analysed: a mixture of 46 and 102 nm particles, a
mixture of 102 and 203 nm particles, and a mixture of 46
and 203 nm particles. In all mixtures, the particle num-
ber concentration of the two types of particles was equal
and about 1.0 X 10® particles/mL. All mixtures were ana-
lysed five-fold, and the results are expressed as accuracy
and relative standard deviation in Table 4.

While the accuracy and particle size of the larger par-
ticles in a mixture are as expected, the particle number
concentrations of the smaller particles in a mixture are
largely underestimated. The particle size of the smaller
particles in a mixture is as expected, at least if these
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Fig. 6 The influence of flow speed on the particle concentration expressed as particles/mL as determined for an aqueous suspension of 102 nm
Nanospheres with a particle concentration of 4.0 x 10° particles/mL analysed five-fold with CL 11 and DT 15 and with a capturing time of 60 s. Bars

indicate + 1 standard deviation

particles are observed. The reason for these differences is
that large particles scatter light much more strongly than
small particles. The intensity of the scattered light relates
to the particle size to the power of six. In the mixture of
46 and 203 nm particles, the 203 nm particle scatters light
4.4% (= 7400) times more strongly than the 46 nm parti-
cle. Consequently, in the mixture, the 46 nm particle, a
particle size already on the limit of detection, is virtually
invisible and undetected. In the mixture of 46 and 102
nm particles, we can only observe the 46 nm particles. In
the case of the mixture of the 102 and 203 nm particles,
both particles are well observed, but the concentration of
the smaller-sized particle is still underestimated by a fac-
tor of 2. In real samples, this is a serious problem since
the particle numbers of small particles may be strongly
underestimated when large particles are present.

Analysis of bottled water samples

Finally, the validated method was used to determine
the presence of nanosized particles in bottled water. It
was expected that the concentration of particles in bot-
tled water was low. Therefore, it was decided to use the
maximum video capturing time of 180 s to count more
particles and thus lower the linear range of the particle
number concentration. In addition, it was expected that
there might be largesignificant differences between the
particle content in individual bottles of the same brand.
Therefore, ten individual bottles were analysed from each

brand. It was also assumed that all particles detected by
NTA were of plastic origin, although this cannot be con-
firmed using this technique. Particle sizes were calculated
assuming the particles were spherical and had a density
of 1 g/cm?®. In total, eight brands of mineral bottled water
samples (A-H) were analysed. After opening each bottle,
a subsample was collected and measured with the NTA
instrument directly without any sample processing. The
results of the particle number concentration and average
particle size (mean and mode) are given in Table 5. Gen-
erally, the particle number concentration is between 1.0
% 10° and 4.0 x 10° particles/mL, which is actually on the
verge of the lower limit of the linear concentration range,
taking into account the longer video capturing time. Two
samples did show higher particle number concentra-
tions of 1.5 X 107 (A) and 2.2 X 107 (E) particles/mL, and
are clearly within the linear concentration range of the
NS300. For the other samples the concentration values
are indicative since the repeatability at those low concen-
trations is probably higher.

Considering particle sizes, the mass-based parti-
cle concentrations are in the range of 0.01 to 0.06 mg/L
(ppm). The relative standard deviation (RSD in Table 5)
reflects not only the reproducibility (in the validation
37% at a particle number concentration of 2.0 x 10”) but
also the difference in particle content in the ten different
bottles from one brand. This is particularly clear from
brand A where we found an RSDy; of 165%, indicating
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Fig. 7 The influence of flow speed on mean and median particle size expressed in nm as determined for an aqueous suspension of 102 nm
Nanospheres analysed in five-fold using CL 11 and DT 15 and with a capturing time of 60 s. Bars indicate £ 1 SD

Table 1 Accuracy, repeatability and within-laboratory reproducibility results with optimised analyses parameters at particle

concentrations of 4.0 x 10% and 2.0 x 107 particles/mL

Cell type Evaluated parameter Particle concentration [particles/mL]
4.0x10° 2.0x107
Accuracy [%] RSD, [%] RSDg, [%] Accuracy [%] RSD, [%] RSDg, [%]
Flow-cell 50 [a.u.] Particle concentration 84 84 15 101 34 37
Mean size 98 038 14 102 34 57
Mode size 95 1.1 1.2 93 46 47
O-ring (no flow) Particle concentration 96 8.6 11 134 47 62
Mean size 97 1.2 13 97 4.5 4.7
Mode size 95 12 13 96 6.0 6.4

large differences between individual bottles. This is not
unusual and often encountered in the analysis of MPs in
bottled water, for instance Ofimann et al. (2018) reported
2689 +4371 MP (163%) in bottled water, while Schyman-
ski et al. (2018) reported 118 +88 MP (75%) in mineral
water of reusable bottles. Comparing the results of this

study with other observations is difficult since all other
studies were limited to MPs with minimum particle sizes
of 1 um. However, a higher number of particles can be
expected when smaller particle sizes are included because
of the degradation of larger plastic particles into a higher
number of smaller particles. This trend is also clear from
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Fig. 8 Calibration curve of the mean (A) and mode (B) particle size of six standards in the range of 30-350 nm, analysed five-fold. The determined

particle size is plotted against the reference particle size

Table 2 Accuracy and repeatability for mean and mode particle
size of the calibration standards within a size range of 30-350 nm

Particle size of
particle standard

Mean particle size Mode particle size

the MPs studies that were reported. While Kosuth et al.
(2018) report 3.57 particles/L with a smaller particle size
of 100 pm, Kankanige et al. (2020) report 140 particles/L
with a smaller particle size of 6.5 um, and OfSmann et al.

[nm] Accuracy [%] RSD, [%] Accuracy [%] RSD,[%]  (2018) report up to 8339 particles/L with a smaller parti-
20 137 3 195 4 cle size of 1 pum. Zuccarello et al. (2019) even report up to
20 197 5'8 "o 2'0 1.1 x 10® particles/L using a particle size range of 1.28—
" 103 3‘2 o ]‘3 4.2 pm. So, finding an even higher number of particles in
0 9 O' . o1 0'8 this study may not be surprising. It is also important to
503 o7 1' 0 o 1‘4 note that the NS300 is capable of detecting low-reflecting
350 o 0'4 o7 1'4 particles, such as plastic particles, down to approximately
' : 40 nm. However, it is unable to chemically discriminate
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Fig.9 Calibration curve for 102 nm PS particles with a particle concentration in the range of 5.0 x 10°to 2.0 x 10° part./mL
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Table 3 Accuracy and repeatability for 102 nm PS particles with
particle concentrations in the range of 5.0 x 10°and 2.0 x 10°
part/mL

Particle Accuracy [%] RSD, [%] RSD;iteron.
concentration [part./ max [%0]
mL]

20x10° 86 32 16
1.0x10° 89 28 18
50x10° 88 9.1 20
20x108 % 52 22
1.0x108 97 98 25
50x107 107 14 28
20x107 91 16 32
1.0x107 106 24 35
50x10° 133 36 39
plastic components from non-polymeric particles,

which can lead to possible overestimations. Therefore,
the obtained results should be further evaluated using
alternative methods, such as AFM-IR (Nguyen-Tri et al.,
2020), which allow for chemical characterization of the
detected particles.

The mean particle size in all bottled water samples is
in the range of 110 to 170 nm, while the mode size is
between 60 and 90 nm. This means that the most abun-
dant particle size is <100 nm in all bottled water samples.
The higher value for the mean particle size compared to
the mode particle size indicates the presence of larger
particles. The NS300 can also produce a particle size dis-
tribution of an analysed sample. The particle size distri-
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of 60 s combined with a cell flow speed of 50 a.u. showed
an acceptable balance between accuracy, precision and
analysis time.

The NS300 proved to be accurate and precise for a 102
nm Nanospheres suspension with concentrations of 4.0
x10% and 2.0 x 10 particles/mL. The repeatability and
reproducibility of the determination of the particle num-
ber concentration were 8.4% and 15%, with an accuracy
of 84% at the higher concentration. At the lower concen-
tration, the accuracy was 101%, while the repeatability
and reproducibility were 34% and 37%, respectively. The
concentration range was linear from 5.0 X 10° to 2.0 x 10°
particles/mL. For particle size, the instrument’s response
was linear from 46 to > 350 nm. The accuracy, repeatabil-
ity and reproducibility for particle size were 95%, 1.1%
and 1.2% at a particle number concentration of 4.0 x 103
particles/mL. At the lower concentration of 2.0 X107
particles/mL these numbers were 93%, 4.6% and 4.7%,
respectively. From the measurements of mixtures of par-
ticles, it can be concluded that NTA has difficulties with
polydisperse mixtures, resulting in an underestimation of
the smaller particle sizes.

When eight brands of bottled mineral water were
analysed, the particle number concentrations ranged
from 1.0 x10° to 2.2 x 107 particles/mL, with mean

Table 5 Particle number concentrations and particle size (mean
and mode) in bottled water samples analysed in ten-fold and
with a video capturing time of 180 s

Bottled water  Particle number concentration Particle size

samples

R . X Concentration RSD Mean Mode
bution of the samples A and E are shown in Figs. 10 and [particles/mL] %] [nmi Inmi
11, respectively.

A 1.5%107 165 121 75
Conclusions B 4010 45 13 81
. 6
In the current study, the performance characteristics of ~ C 2'9X106 34 163 29
NTA for the detection of nanoplastics in water using an P 1010 20 114 8>
. . 7
NS300 instrument were determined. A camera level of £ 22x10 13 114 3
. . . 6
12 combined with a detection threshold of 14 was deter- 3110 62 19 76
. . . . 6
mined as an optimal NS300 setting for observing the pre- ~ © 29x10 62 132 9N
. . . . . 6
viously mentioned 102 nm suspension. A capturing time " 13x10 72 142 84
Table 4 Accuracy and RSD, results for particle number concentration and mode particle size of three polydisperse suspensions.
Fraction 1 describes the smaller-sized particles, while fraction 2 describes the larger-sized particles
Mixture Fraction 1 Fraction 2
Concentration Size Concentration Size
Acc. [%] RSD, [%] Acc. [%] RSD, [%] Acc. [%] RSD, [%] Acc. [%] RSD, [%]
46:102 nm 1.1 105 99 9.7 107 84 97 25
102:203 nm 52 10 103 31 106 7.1 95 19
46:203 nm <1 na na n.a 104 84 96 0.7
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Fig. 10 Averaged particle size distribution (n = 10) of brand A bottled water captured with a CL of 16 and video capturing time of 180's,
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Fig. 11 Averaged particle size distribution (n = 10) of brand E bottled water captured with a CL of 16 and video capturing time of 180,

and processed with a DT of 5. The grey area indicates +1 SD

particle sizes in the range of 110 to 170 nm. Since all
mode particle sizes were <100 nm, larger particles
are also present. The particle size distributions of two
brands of bottled mineral water showed a particle size
range of 50 to 500 nm.

Since the NTA technique is unable to recognize or
identify plastics, the obtained results reflect the total
number of particles, which may include non-plastic
particles and lead to an overestimation in bottled water
samples. From the results, we conclude that the NTA
method is suitable for the detection of monodisperse
nanoplastic standards in simple matrices but fails to
detect nanoplastics in real world samples due to the
inability to distinguish plastics from other reflective
particles (e.g., organic matter), resulting in a method
prone to overestimation.
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