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Abstract

This study presents an in-depth analysis of small particles in snow samples collected from six sites in
Hopedale, Nunatsiavut, Newfoundland and Labrador, Canada. Eighteen samples (three per site) were
processed to assess the presence, size, concentration, and potential cellular effects of particles.
Samples were filtered and classified into two groups: Group A (particles <1 um, mean size 100—200 nm)
and Group B (particles >5 um). Particle characterization was performed using dynamic light scattering
and nanoparticle tracking analysis. Cellular assays were conducted to evaluate potential biological
impacts. Results showed that particle size was consistent across locations while particle concentrations
varied. The presence of larger particles suggested aggregation or sedimentation of smaller ones. These
larger particles showed minimal cellular effects, likely due to their low concentrations. No consistent
correlation was observed between particle number and cell viability. The study enhances our
understanding of particulate matter in snow and highlights the importance of considering the origin

and composition of particles in toxicity assessments.
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Introduction

The Arctic region plays a vital role in maintaining the overall health and dynamics of our planet's
ecosystems. With the ongoing challenge of climate change, understanding and monitoring the
environmental conditions in this ecosystem is of utmost importance.'? Industrial activities, including
pollution, large-scale fishing, and climate change, are significantly impacting Arctic marine ecosystems,
posing threats to Indigenous communities and the region's global importance.3* The intensification of
industrial uses, driven by factors like increased accessibility, is altering Arctic ecosystems and
compromising the delivery of vital ecosystem services, with pollution stemming from various sources,
including settlements, tourism, shipping, and resource extraction, further exacerbating these
challenges .>® Previously, a comprehensive assessment of anthropogenic particles (APs), including
microfibers and microplastics, was conducted in samples from across the Canadian Arctic between
2014 and 2017, onboard the Arctic research vessel CCGS Amundsen. The assessment revealed high
concentrations of APs, primarily composed of microfibers. It suggests that the Arctic serves as a
significant sink for these pollutants, highlighting the need for ongoing monitoring to assess temporal
trends and evaluate the impact of mitigation measures and climate change.” Environmental snow, ice,
or water samples contain diverse microplastics, such as fragments, fibres, and microbeads,?*! with
sizes ranging from nanometers to millimetres.*? In addition, microparticle pollutants, including heavy
metals such as mercury and lead,*3'4 persistent organic pollutants,®® black carbon from fossil fuel

combustion,®17 and radioactive contaminants from nuclear activities, have been identified.!®

Recent international efforts, including those led by the Arctic Council’s Arctic Monitoring and
Assessment Programme (AMAP), have underscored the importance of monitoring anthropogenic
particles, such as microplastic pollution, in polar environments due to their potential ecological and
human health impacts.1>2° These particulates have been shown to interact with biological systems and
elicit cellular responses, such as oxidative stress, inflammation, and cell death, depending on their size,
surface chemistry, and composition.?*2? In this context, cellular models can provide a valuable tool for
evaluating the biological reactivity of environmental particles. While chemical and physical
characterization remains essential, in vitro assessments of cell viability and inflammatory response

offer direct insight into the potential health relevance of real-world particulate exposures. Such
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approaches are particularly pertinent in the Arctic, where vulnerable ecosystems and subsistence
communities may be disproportionately affected by the accumulation of contaminants. Therefore, this
study aims to bridge particle characterization with biological assessment by evaluating the cellular
impacts of snow-derived particles in multiple mammalian cell types, contributing to a more

comprehensive understanding of their potential toxicity and environmental significance.

Here, we report on the significance and implications of micro- and nanoparticles in snow from
Hopedale, Nunatsiavut. This study attempts to bridge the gap between particle characterization and
biological response. Accordingly, we characterize the size and size distribution of micro- and
nanoparticles in the snow samples using microscopic examination, dynamic light scattering (DLS), and
nanoparticle tracking analysis (NTA) and assess their impact on cellular viability. Additionally, the
investigation aims to explore the correlations between the number and size of nano- and microparticles
from different sites and potential levels of inflammation. In this work, we define nano- and
microparticles in a broad sense as those with characteristic dimensions, such as hydrodynamic

diameter, smaller than 1 um and larger than 1 nm, respectively.

Materials and Methods

Snow sample processing

Eighteen snow samples were collected from the Hopedale region at six randomly selected sites by a
Nunatsiavut beneficiary familiar with the area. Locations include Dump Pond (DP), Ellen Island (El), Base
Hopedale (B), Berry Road (BR), Black Heads (BH), and Trout Ponds (TP). Three bottles (with approximately
500 mL each) of snow samples were collected from each site (melted to water upon receipt). Samples
were autoclaved and then subjected to vacuum filtration as the first step, where they were divided into
two main groups: Group A, consisting of filtrates, was obtained after filtering with a 1 um PTFE filter, and
Group B, comprising particles, was collected from a 5 um stainless steel mesh filter. It is important to
note that the particles in Group B (larger than 5 um) were left unsuspended, whereas particles in Group
A (smaller than 1 um) largely remained dispersed in water. In all the experiments detailed within this

report, the three bottles received from each site were randomly numbered and used sequentially,
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following an order where the second bottle was not employed until the completion of the first, and so

on. Both Groups A and B underwent distinct phases of analysis, i.e., concentration assessment, size

assessment, and cellular response evaluation, as shown in Figure 1.

Samples were vacuum filtered
and separated into two main
groups: (1) The particles with
sizes larger than 5 pm and (ii) the
filtrates consisting of the
particles smaller than 1 pm

Microscopic examination and
DLS to estimate particles
quantity and size.The filtrates
were concentrated via centrifugal
filter units. NTA and DLS were
used 1o determine the
concentration and size of
nanoparticles in filtrates.

24h, 48h, and 72h in vitro WST-B
assay using NIH/3T3, NB4s, and
Raw 264.7 cell lines

Eighteen Environmental Snow Samples from six different sites
For each sample:
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Figure 1. Schematic illustration of each of the six-sample processing workflow for 150 mL per sample.

Reagents

Cell media such as Dulbecco’s modified Eagle’s medium (DMEM) and F-12K, fetal bovine serum (FBS),

penicillin-streptomycin, and mouse enzyme-linked Assay (ELISA) kit of tumour necrosis factor-alpha

(TNF-a) were purchased from Gibco (Thermo Fisher Scientific Inc., Canada). NIH3T3 (mouse embryonic

fibroblasts, normal cells), NB4 (acute myelocytic leukemia cancer cells), and Raw 264.7 (male mouse-

induced monocyte/macrophage-like cells) were purchased from American Type Culture Collection

(ATCC, USA). Cell viability studies were performed in 96-well, flat-bottom plates (BD Falcon, purchased
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from VWR International LLC., Canada), using a WST-8 Cell Counting Kit 8 (2-(2-methoxy-4-nitrophenyl)-
3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt) (purchased from Cedarlane,

Canada).

Concentration of group A samples

To concentrate the filtrates for DLS measurements and further for cell viability assessments, centrifugal
filter units (Amicon® Ultra, 30 kDa MWCO, MilliporeSigma, USA) were used in a two-step concentration
process: five 10 mL aliquots were first concentrated to 1 mL each, then pooled and further reduced to
500 pL within 10 minutes at 4400 rpm. However, some membrane fouling occurred, likely due to the
use of centrifugal force to drive filtration rather than repeated recirculation through membranes and
tubing.?3 This method achieved a 100-fold concentration of the diluted, polydisperse samples with

minimal loss or contamination.
Characterization of group A samples by dynamic light scattering and nanoparticle tracking analysis

Dynamic light scattering and nanoparticle tracking analysis are commonly used techniques for assessing
the size of submicron particles and, to a varying extent, particle concentration. Both methods work
satisfactorily well for monomodal and monodisperse (or nearly monodisperse) samples but show
limitations with more complex ones, such as polydisperse samples of environmental origin. Combining

both techniques can overcome some of the limitations.

DLS measures fluctuations in scattered light intensity caused by the Brownian motion of particles,
yielding an intensity autocorrelation function, which provides information about the diffusion of
particles and, in turn, their size distribution via the Stokes-Einstein equation.?* Total scattered light
intensity expressed as a derived count rate (DCR) is proportional to particle concentration. Still, the
relationship is nontrivial, as the proportionality factor depends on size, refractive index, and other
properties of light-scattering particles. In this study, measurements were conducted using Zetasizer
Nano ZS (Malvern Panalytical, UK) at a fixed position (4.65 mm) and full laser power (attenuation level
11). Samples of autoclaved dispersions in disposable polystyrene semi-micro cuvettes (VWR, cat#

97000-586) were equilibrated in a sample compartment for 300 s before the measurements were
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conducted at 25 °C. Three indications were recorded for each measurement, each consisting of a
minimum of ten 10-s-long runs. Data analyses were performed using Zetasizer Software (versions 7.13
and 8.0 Pro) with the default water viscosity and refractive index values of 0.8872 mPa-s and 1.330,
respectively, and an assumed material refractive index value of 1.59 equal to that of polystyrene.
Preliminary analyses revealed that the obtained samples were too dilute to conduct DLS
measurements, as even at the maximum laser power, the mean scattered photon count rates were
significantly below the manufacturer's recommended minimum value of 150 kcps (kilocounts of
photons per second). Consequently, all samples were concentrated 16-fold for the final measurements.
The DLS analysis results are reported as the average intensity-weighted particle size distribution
calculated for each site from three indications, with the particle size defined as a sphere-equivalent
hydrodynamic diameter. For monomodal and (nearly)monodisperse samples, cumulants analysis is
usually conducted, and results are reported as a sphere-equivalent intensity-weighted harmonic
average (Z-average, Z-avr) hydrodynamic diameter and polydispersity index (Pdl). However, neither of
the six samples satisfied the monodispersity requirement; consequently, the cumulants analysis was

not applicable.

NTA follows the Brownian motion of light-scattering particles using a camera.?>26 Tracks of individual
particles are recorded and analyzed to determine particle diffusion rates and particle sizes via the
Stokes-Einstein relationship. By tracking and counting multiple particles simultaneously, sample size
distribution and particle concentration are determined.?® The reported measurements were conducted
using NanoSight LM10-HS (Malvern Panalytical, UK) with the instrument operated and data analyzed
using NanoSight NTA 3.0 software. The instrument covers a nominal particle size range from 10 nmto 1
um, with the lower size limit strongly depending on the physical nature and properties of the
investigated particles. It is usually somewhat higher in the (10 to 50) nm range for complex,
polydisperse samples.?’” Since NTA simultaneously tracks multiple individual particles, size distribution
and concentration measurements are typically conducted with particle concentrations lower by two to
three orders of magnitude than those required for DLS.?8 The manufacturer recommended sample
concentration in the (107 to 10°) particles/mL range, which correlates with (20 to 100) particles/frame.

Accordingly, the Group A samples were analyzed as obtained.
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Each measurement consisted of five 60-s-long video acquisitions at an optimized camera level of 11,
with new aliquots advanced manually between acquisitions. Sample temperature was measured for
each of the five runs and recorded manually. During the analysis, the detection threshold was adjusted
so that all recognizable particles were successfully identified. Auto settings for blur, maximum jump
distance, and minimum track length were used. Water viscosity was set by NanoSight NTA 3.0 according
to the measured temperature. Results are reported as the average particle size distribution and

number concentration calculated from five acquisitions for each site.
Microscopic count for concentration assessment of Group B samples

The collected particles of Group B on filters were visually examined, and images were captured using an
optical microscope (Echo Revolve RVL-100, Echo Laboratories, USA) with a 10x objective in bright field
imaging mode. Particles from six images per site were counted, and calculations were performed to
approximate the number of particles per filter, considering the actual areas of view and filter size. This

value was then used to derive a rough estimate of particle concentration per site.
Cell culture

NIH3T3, NB4, and RAW 264.7 cells were cultured in DMEM supplemented with 10% fetal bovine serum
(FBS) at 37°C in a humidified atmosphere containing 5% CO,, with media changes every 48 hours. This

culture medium was chosen for its compatibility with all three mammalian cell lines, providing essential
nutrients and a stable environment to assess particle-induced effects on cell viability and inflammatory

responses.
WST-8 assay for assessment of cell viability

Cell viability assays evaluate the cytotoxic potential of substances by measuring their ability to inhibit
cell growth or induce cell death via necrosis or apoptosis, ensuring materials do not pose significant
risks to human health.? In this study, the WST-8 assay was used to assess cell viability. This assay is

based on the enzymatic reduction of the tetrazolium salt WST-8 to a water-soluble formazan dye by
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mitochondrial dehydrogenases in viable cells. The amount of formazan produced is directly

proportional to the number of metabolically active cells, resulting in higher absorbance at 450 nm.3°

Concentrated Group A samples were re-dispersed in DMEM supplemented with 10% FBS for testing at

various concentrations. Two sets of comparisons were performed:
o Set 1:0.1x, 1%, and 3x concentrations of Group A samples, tested on NIH3T3 and NB4 cells.

o Set 2:0.1x, 1%, and 5x concentrations of Group A samples, tested on NIH3T3, NB4, and RAW
264.7 cells.

NIH3T3 fibroblasts, derived from mouse embryos, were used as representative healthy adherent cells.
NB4 cells, a human suspension cell line from acute promyelocytic leukemia, were selected to model a
cancerous cell response. RAW 264.7 cells, a semi-adherent macrophage cell line from a mouse tumor,

were included in Set 2 due to their phagocytic nature and potential for particle uptake.

In both sets, cells were seeded at 10,000 cells/well in 96-well plates with 100 pL of media containing
Group A samples. For Set 1, viability was assessed at 24 and 48 h post-treatment. For Set 2, absorbance
was measured at a single 72 h time point. In all cases, 10 pL of WST-8 reagent was added per well and

incubated for 2 h at 37 °C before measuring absorbance at 450 nm. Milli-Q water served as the vehicle

control.
Table 1. Average count of particles > 5 um per 500 mL.
Site in Group B samples Estimated # of particles per well
DP 12780 102
B 17040 136
El 17040 136
BR 154780 1238
BH 8520 68
TP 8520 68

NIH3T3 and NB4 cells were seeded at 10,000 cells/well in 96-well plates. Group B particles from each

site were directly dispersed in 4 mL of complete DMEM, and 100 uL of the treated media was added to
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each well at the concentrations listed in Table 1. WST-8 assays were conducted at 24, 48, and 72 h post-

treatment using the same protocol described above.

All WST-8 viability assays were conducted with appropriate quality controls. Each treatment condition
was performed in biological triplicates with technical triplicates. Media-only blanks (without cells or
particles), treatment blanks (media with particles but without cells), and untreated cell controls were
included on every plate to account for background absorbance and to establish baseline viability. All
pipetting steps were performed using sterile, low-retention tips to minimize variability and prevent
particle loss. Absorbance at 450 nm was normalized against the corresponding blank wells, and inter-

assay consistency was ensured by repeating key treatment conditions across independent experiments.
ELISA assay for assessment of inflammation levels

Inflammation assays measure the immune response by assessing the release of inflammatory
mediators, aiding studies on inflammatory diseases and the efficacy of anti-inflammatory drugs. Unlike
cell viability assays, inflammation assays, such as ELISA, evaluate biomarkers of inflammation in serum,
plasma, and cell culture medium supernatants.3? An ELISA kit was used to detect and quantify the
inflammatory cytokine TNF-a, one of the most abundant biomarkers of inflammation.3? Group A
samples from Site B at 0.1, 1, and 5x concentrations were tested in Raw 264.7 cells. After 48 and 72 h
of treatment, the cell culture media was collected and centrifuged at 2000 g to remove any cell debris.
Approximately 100 uL the cell culture supernatant was used to perform the assay per the

manufacturer’s instructions.
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Results and Analysis

Particle size distribution and concentration assessment of group A samples by DLS and NTA

Figure 2 shows the normalized intensity-weighted hydrodynamic diameter distributions, along with one
standard error interval, determined for Group A samples from each of the six sites by averaging three
individual DLS measurements. The distributions are rather broad, spanning, to a varying degree, nearly
the entire size range from 10 nm to 1 um. Since the sample concentrations barely exceeded the
minimum threshold for DLS analysis, a large variation was observed between distributions from each of

the three indications at each site, as evidenced by rather broad one-standard-error intervals.
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Figure 2. Normalized intensity-weighted hydrodynamic diameter distributions measured by
dynamic light scattering. Solid lines and gray bands represent the average distribution,

calculated from three indications, and the corresponding standard error interval, respectively.

NM-2025-0004 11



Normalized number-weighted hydrodynamic diameter distributions determined by NTA are shown for
each site in Figure 3, together with corresponding one standard error intervals. The number-weighted
distributions appear to span (20 to 500) nm size range generally, thus narrower as compared to the
intensity-weighted ones determined by DLS, with very few particles also observed between 500 nm and

1 um, far too few to measure their statistically significant concentration.
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Figure 3. Normalized number-weighted hydrodynamic diameter distributions measured by
nanoparticle tracking analysis. Solid lines and gray bands indicate the average distribution
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Quantitative comparison of the DLS and NTA native particle size distributions is shown in Tables 2-4,
where d; and dn are intensity-weighted and number-weighted arithmetic average hydrodynamic
diameters, respectively; S and Sy are spans of the distributions defined as (D90-D10)/D50 with D10,
D50, and D90 being the hydrodynamic diameters corresponding to the 10, 50t", and 90t percentile of
the respective distribution; DCR is the derived count rate; and Cy is the number concentration. DCRs
represent scattered photon counts corrected for laser attenuation; therefore, monodispersed samples

are proportional to particle number concentration.

Table 2: Summary of characterization of Group A samples by dynamic light scattering (DLS)
and nanoparticle tracking analysis (NTA).

DLS NTA
Site di S DCR dn S Cn
(nm) ' (kcps) (nm) N (108 mL?)
DP 158 1.83 143 130 1.11 5.1 (4)
B 138 1.42 205 137 2.15 9.2 (6)
El 186 1.51 128 126 1.32 4.7 (5)
BR 238 1.77 241 154 1.33 15.4 (5)
BH 337 0.68 112 158 1.34 5.6 (3)
TP 225 1.01 673 164 1.17 25.1(10)

Note: d, is intensity-weighted arithmetic average hydrodynamic diameter from DLS measurements; dx
is number-weighted arithmetic average hydrodynamic diameter from NTA measurements; S, and Sy
are spans of the distributions defined as (D90-D10)/D50, where D10/D50/D90 are hydrodynamic
diameter values corresponding to 10", 50%, and 90™ percentiles of the respective distributions; DCR is
derived count rate; and Cy is number concentration measured by NTA; see main text for explanation
of site acronyms.

Table 3. Summary of particle size characterization of Group A samples by dynamic light
scattering (DLS).

Site di D|10 D50 D90 s, DCR
(nm) (nm) (nm) (nm) (keps)

DP 158 49 140 305 1.8 143

B 138 57 127 237 1.4 205

El 186 59 176 325 1.5 128

BR 238 60 223 454 1.8 241

BH 337 250 336 478 0.7 112

TP 225 134 209 345 1.0 673

Note: d, is a sphere-equivalent intensity-weighted arithmetic average hydrodynamic diameter; D10,
D,50, and D,90 are particle diameter values at 10", 50", and 90" percentile of the particle size
distribution; S, is defined as (D,90-D,10)/D,50 characterizes the relative width of the intensity-weighted
particle size distribution; DCR is the derived count rate.
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Table 4. Summary of particle size characterization of Group A samples by nanoparticle tracing
analysis (NTA).

Site dn Dn10 Dn50 Dn90 S Cn
(nm) (nm) (nm) (nm) (102 mL?)
DP 130 70 119 202 1.1 5.1 (4)
B 137 64 93 264 2.2 9.2 (6)
El 126 67 100 199 1.3 4.7 (5)
BR 154 70 137 252 1.3 15.4 (5)
BH 158 76 137 259 1.3 5.6 (3)
TP 164 80 149 255 1.2 25.1(10)

Note: dy is a sphere-equivalent number-weighted arithmetic average hydrodynamic diameter; Dy10,
Dn50, and D90 are particle diameter values at 10™, 50, and 90" percentile of the particle size
distribution; Sy defined as (Dn90-Dn10)/Dn50 characterizes the relative width of the number-weighted
particle size distribution; Cy is the number concentration; and the numbers in parentheses in the Cy
column are one standard error in the units of the last digit of the concentration value.

The DLS- and NTA-determined size distributions, shown in Figures 2 and 3, respectively, appear
significantly different for each site, and in fact, they are. The native DLS particle size distribution is
intensity weighted as the total scattered light intensity is being measured; it emphasizes larger particles
within a population since larger particles have, on average, a larger scattering cross section per particle.
In NTA, light scattered by particles is also detected, but particles are counted individually, resulting in a
number-weighted particle size distribution. However, not all particles are counted with the same
efficiency. Due to the larger scattering cross section of larger particles, it is difficult to observe in a
single laser instrument, such as used here, the smallest particles within a broad particle size
distribution, short of running large acquisition sequences with samples diluted to a level of just a few

particles per image frame (screen).

To facilitate a meaningful comparison of the reliability of the DLS- and NTA-determined distribution,
both distributions were converted to volume-weighted ones. Conversion of a DLS-native intensity-
weighted hydrodynamic diameter distribution to volume-weighted or number-weighted ones is not a
trivial task as the per particle scattering cross section strongly varies with particle size and depends on
particle refractive index and morphology. It is important to note that such conversions frequently lead
to unreliable results and are generally strongly discouraged. Conversion of an NTA-native number-

weighted distribution to a volume-weighted one, although a somewhat simpler process, may also lead
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to unreliable results, particularly for oddly shaped particles with inhomogeneous morphology. Since the
nature and properties of the particles analyzed in this work are poorly understood, the converted
volume-weighted size distributions shown in Figure 4 are only crude representations of the actual ones.
For hydrodynamic diameters greater than 100 nm, the DLS- and NTA-originating volume-weighted
distributions show a satisfactory agreement, perhaps except those for the BH site where the DLS-
determined distribution peaks at a somewhat larger particle size. It is worth noting that since particle
volume increases with the cube of particle diameter, the volume-weighted distribution functions from
NTA are significantly magnified for large diameters. In some cases, they may seem to dominate the

distributions, despite having a low particle count in that diameter range.
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Figure 4. Comparison of volume-weighted hydrodynamic diameter distributions measured by

dynamic light scattering (red) and nanoparticle tracking analysis (black). Solid lines indicate

average distributions from three (DLS) and five (NTA) measurements. The light red (DLS) and

gray (NTA) bands correspond to one standard error interval. Volume-weighted distributions

were converted from the native distributions of DLS and NTA, intensity- and number-

weighted, respectively.
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A notable feature observed in Figure 4 across all six sites is the peak of volume-weighted distributions
from DLS at hydrodynamic diameters below 100 nm, while the distribution functions from NTA
decrease to zero as the diameter decreases. The presence of small particles, some as small as 10 nm in
diameter, is evident in the intensity-weighted distributions in Figure 3. Considering that the scattering
cross-section scales for small particles with the sixth power while their volume scales only with the
cube of particle diameter, it is understandable that the volume-weighted distributions (Figure 4) peak
in the diameter range below 100 nm. Furthermore, this indicates that the majority of particles with
diameters smaller than 100 nm, particularly below 50 nm, were not observed or counted in the NTA

experiments (Figure 3), resulting in a severely underestimated number concentration.
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Figure 5. Comparison of number concentrations determined by NTA (open circles) with derived

count rates measured by DLS (closed circles). Error bars indicate three standard errors.

Particle number concentrations measured by NTA and derived count rates of the six Group A samples
are illustrated in Figure 5. Given the high polydispersity of the Group A samples, it was not expected
that DCR values would exhibit proportionality with particle number concentration, Cy. Surprisingly, the
DCRs appeared to be as good indicators of particle number concentration, with the proportionality

factor of 4125 showing strong agreement with CN for five out of six sites, as evident in Figure 5. Such

NM-2025-0004 16



good agreement may suggest similarities in the origin, composition, and/or morphology of the particles

detected at these sites.

Size and concentration assessment of Group B

Size measurements of Group B proved challenging due to their limited number and lack of dispersion in
solution. Attempting to disperse them was deemed impractical as it risked losing a portion of the
particles, particularly considering they couldn't reach an optimal concentration for measurement using
DLS. An attempt was made to measure the sample without any size separation; essentially, a solution
encompassing all particles from Groups A and B was prepared. Nevertheless, the combination of
polydispersity, low sample concentration, and the presence of particles possibly larger than 10 um in a
heterogeneous sample contributed to very wide and irreproducible size distributions, as well as a low
signal-to-noise ratio. Consequently, the data obtained was deemed unreliable, and including it in the

report would be misleading.

Figure 6. Representative Microscopic images of particles collected on 5 um stainless steel mesh filters
used in vacuum filtration from six sites: Base Hopedale (a), Bevy Road (b), Black Heads (c), Dump Pond

(d), Ellen Island (El), and Trout Pond (TP).
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Figure 6 displays microscopic images of particles filtered from 150 mL samples of six sites with 5 um
mesh stainless steel filters. By manually counting the number of particles from six images for each
sample, an average number of particles was calculated, and an approximate count of particles per filter
(also per site) was determined, listed in Table 1. The filtrates were subsequently filtered through 1 um
PTFE filters and imaged; however, they revealed a minimal quantity of particles, indicating that the size
range (between 1 and 5 um) may not hold significant relevance within the scope of the following
experiments. Similar to the findings of low particle concentrations in Group A samples, the particle
counts in Group B samples were also low. Among the sites, BR showed the highest particle count,

followed by B, El, DP, BH, and TP, in descending order.
Viability assessment of cells treated with Groups A and B

Several studies have reported the risks associated with anthropogenic nanoparticles such as zinc
oxides, carbon nanotubes, cellulose, and nanoplastics.333* Accumulation of these particles has been
reported in wildlife such as mammals®® and birds3® and is a growing concern, particularly in remote and
pristine regions where local human populations are dependent on wildlife for sustenance. These
particles have been shown to negatively affect cell viability, cause increased apoptosis, and induce

inflammation in in vitro culture systems.3
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Figure 7. Viability assessment of NB4 (a,b) and NIH3T3 (c, d) cells treated with 0.1x, 1x and 3x of Group
A samples in media after 24 h (a, c) and 48 h (b,d). Statistical significance was determined with two-way
ANOVA test. P < 0.05 was considered significant. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.
Although comparisons were made between the mean of 6 wells from each group and the control for all

data, these are not depicted on the graph unless they demonstrate a statistically significant difference.
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To explore the effects of particles in the population of Group A particles, concentrated (10x) particles

were dispersed in the treated medium to obtain 0.1, 1, and 3x of Group A (Set 1), respectively, and
tested against two controls at two different time points (24 and 48 h) across all six sites with two cell
lines, namely NB4 and NIH3T3 (Figure 7). The medium control refers to cells growing in an untreated

medium. Water control refers to cells growing in a medium to which water was added, matching the

aqueous composition of the treated samples but without any dispersed particles. It was observed that

cell viability did not show any significant decrease at treatment with 0.1 and 1x of Group A when

compared to the controls.

However, a clear and consistent decrease in cell viability became apparent at the 3x of Group A
treatments. Interestingly, this decrease was strongly linked to the water content present in the
treatment rather than the nanoparticles themselves. This was indicated by the similar results in the
controls with equivalent volume of water as 3x treatments. This dilution of cell culture media may
lower the concentration of nutrients such as growth factors and amino acids, which may impair cell
metabolism, leading to loss of homeostasis and reduced viability. Previous reports have shown that
dilution of one part media with five parts of diluent can reduce cell viability by up to 17%.3” These
findings suggested that the particles may not have a negative impact on cell viability. To confirm this

hypothesis, a revised experiment with lower water content was conducted.
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Figure 8. Viability assessment of NIH3T3, NB4, and Raw 264.7 cells after 72 h treatment with 0.1x, 1x,
and 5x of Group A in cell culture media. Statistical significance was determined with one-way
ANOVA. P < 0.05 was considered significant (*P < 0.05). The visualization only displays pairwise

comparisons that indicate a statistically significant difference among means.

A different set of treatments (Set 2), characterized by lower water content and higher particle
concentrations, was tested on three distinct cell lines with samples from two sites each, over 72 h: Raw
264.7 (Sites BR and BH), NB4 (DP and El), and NIH3T3 (B and TP), as shown in Figure 8. The Group A
samples were concentrated by a factor of 100 and added to cell culture media to create suspensions
containing 0.1, 1, and 5x concentrations of Group A samples. Unlike the conditions in Figure 7, the
revised setup included an additional 24-hour treatment period to allow sufficient time for particle
uptake. After 72 h, no significant reduction in cell viability was observed, even at the highest
concentration of 5x. The particle concentrations at each site were also presented in Figure 8. Notably,
despite higher particle concentrations at sites B, BR, and TP, no significant decrease in cell viability was

detected.
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Figure 9. Viability assessment of NIH3T3 and NB4cells after 24h, 48h and 72h treatment Group B.
Statistical significance was determined with one-way ANOVA. P < 0.05 was considered significant (*P <
0.05). The visualization only displays pairwise comparisons that indicate a statistically significant

difference among means.

To explore the effects of particulates in Group B, NB4 and NIH3T3 cells were treated with Group B
solution mixed with cell culture media and monitored at intervals of 24, 48, and 72 h. As can be seen
from Figure 9, Group B solutions did not perturb cell viability for NB4 cells for any of the time points
tested. Similar observations were also made for NIH3T3 cells, where no adverse effect on cell viability
was observed for any of the sites or time points tested, except for the 24 h treatment with Group B
solution from site DP. Additionally, microscopic observations depicted in Figure 10 present four
microscopic images showcasing NIH3T3 cells after 48 h of growth in treated media compared to the
control. These images provide a visual representation of cell growth around the particles, highlighting

that the particles do not appear detrimental to the cells apart from occupying physical space.
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Figure 10. Microscopic images of NIH3T3 cells (48 h) after being treated with Group B (b-d) and the

cells in control media(a).

Additionally, an attempt was made to examine the potential correlation between the particle count and
percent viability. However, no discernible trend was observed in either Group A (Figure 7) or Group B
(Figure SI-4) samples. This absence of correlation suggests that factors beyond particle number—such
as particle composition, surface properties, or cell-specific metabolic responses—may influence the
observed variability in cellular outcomes. Investigating these factors is critical for improving the
interpretability and reproducibility of biological assays that involve heterogeneous environmental
particle exposures. Further studies focused on dissecting the mechanisms underlying cell response
variability may yield deeper insights into how complex particulate mixtures interact with cellular
systems.While this study did not detect a statistically significant correlation between particle count and
cell viability, this may be due in part to the limited sample size and number of experimental replicates.
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Smaller sample sizes inherently reduce statistical power, making it more challenging to identify subtle
but potentially meaningful biological trends. However, these findings highlight an opportunity for
future work: increasing the sample size, incorporating additional replicates, and exploring a broader
range of particle concentrations. All together this can substantially enhance the sensitivity and
robustness of the analysis. Furthermore, employing statistical methods optimized for small-sample
datasets could further refine the interpretation of emerging patterns. By building on this foundation,
future investigations are well-positioned to more fully characterize the relationship between particle
exposure and cell viability, contributing to a deeper understanding of cellular responses under varying

experimental conditions.

Inflammation level assessment of cells treated with Group A

In recent years, there has been a growing concern about chronic inflammatory conditions, such as
Inflammatory Bowel Disease (IBD), due to exposure to anthropogenic particulates.333* A positive
correlation has been reported between the concentration of microplastic particles in feces and the
severity of IBD.3* Similarly, environmental cellulose nanomaterials have been shown to cause acute
lung inflammation.3® While exposure to the particles in Group A did not directly affect cell viability, it
may pose a risk of inflammatory conditions. The concentration of TNF-a, a pro-inflammatory cytokine,
was measured to evaluate any potential for inflammation. TNF-a, produced by both epithelial cells and
immune cells upon exposure to microorganisms and foreign entities, is a robust biomarker of
inflammation and is responsible for activating other inflammatory cytokines, such as interleukin-8 and
matrix metalloproteinases.3%4! Results of the inflammation assay, as shown in Table 5, indicated a low
extrapolated concentration of TNF-a (all smaller than 4 pg/mL), similar to the control tests (48 h: 3.3
pg/mL; 72 h: 3.6 pg/mL). This indicated that Group A samples, which contain up to 2.5x10° (Figure 8, 5x
concentrated) smaller than 1 um particles, did not elicit an inflammatory response in the Raw 264.7

macrophages, suggesting a healthy, viable cell population that is not under stress or damage.*?
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Table 5. The concentration of TNF-a after treatment with Group A.

Control Group A 1x Group A 5x Control Group A 1x Group A 5x
(Cell) (BH) (BH) (Cell) (BH) (BH)
48 h 48 h 48 h 72 h 72 h 72h
TNF-a
33 3.1 3.1 3.6 3.2 3.6
(pg/mL)

*TNF-a level was measured at 2.9 pg/mL after 72 h of treatment with 10% MilliQ in the media.

Considering the above analyses, the particles in Group A collected from the Hopedale region did not
elicit any negative cellular response, including inflammation, even after a fivefold concentration with a
72 h treatment. However, realistic long-term or chronic exposures to these APs may still pose a risk to
human or animal health. Thus, longer-duration treatments in animal and in vitro models may be

warranted.

Conclusion

This study provides new insights into the dynamics of small particles within snow samples collected
from six distinct sites in the Hopedale region of Nunatsiavut, Canada. Analysis of eighteen snow
samples revealed consistent particle sizes across locations, but notable variations in concentration.
Trout Ponds exhibited the highest particle concentrations, followed by Berry Road, suggesting the

influence of localized environmental factors on particle accumulation.

Our findings emphasize the importance of examining particle sources in environmental samples when
evaluating their potential biological effects. Using cell models representing fibroblasts (NIH3T3),
macrophages (RAW 264.7), and blood-derived cells (NB4), we assessed particle-induced changes in cell
viability. Larger particles may reflect the aggregation or settling of smaller counterparts, but their
relatively low abundance appeared to exert limited biological impact. Notably, no direct correlation was
observed between particle concentration and cellular response, suggesting that complex

physicochemical and biological factors modulate cell-particle interactions.
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Particles smaller than 100 nm, especially those below 50 nm, were likely underrepresented due to
instrumental limitations in NTA. However, these smaller particles still contributed to the cellular
responses observed, highlighting the need for improved detection methods and more comprehensive

particle characterization in future studies to better inform dose—response assessments.

Through the use of analytical tools such as DLS and NTA, this study enhances our understanding of the
interactions between environmental particulates and cellular systems. These insights contribute to a
broader understanding of how snowborne particles may influence biological systems in northern

environments.

Looking ahead, continued research is essential to uncover the mechanisms governing particle—cell
interactions and to inform strategies for minimizing potential health risks. A nuanced understanding of
snow particle dynamics is particularly relevant for protecting environmental and human health in snow-

rich regions such as Hopedale.

In light of the absence of any observed toxic effects on cellular viability, it could be argued that
pinpointing the specific type of particles might not be imperative. Since the primary concern revolves
around the potential harm to cellular functions, the identification of particle types may not significantly
alter the study's outcome. This stance is supported by the fact that regardless of the particle
composition, their presence did not correlate with detrimental effects on cellular viability. Thus,
prioritizing the understanding of how these particles interact with biological systems and their
subsequent impact on cellular responses could be deemed more pertinent than focusing solely on

particle identification.
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