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The existence of nano sized plastic (NP) has been discussed heavily in recent years, however 5 physical proof from environmental samples and direct comparisons to characterized 6 microplastics is limited. Here we compare microplastic (MP) particles and counts (>10µm) to 7

NP particle (<0.45µm) mass concentrations from deposition at a remote field site in the French 8

Pyrenees (elevation 1425 m a.g.l.). Using Thermal Desorption Proton Transfer Reaction 9

Mass Spectrometry (TD-PTR-MS) analysis, the data shows that NP is present in atmospheric 10 deposition in quantities up to 2.0x10 5 nanograms m -2 day -1 , comparable to that of the >10µm 11 microplastic (up to 1.1 x10 5 nanograms m -2 day -1 ). This comparison indicates the quantity of 12 NP and MP may be similar in this atmospheric deposition, however the estimated particle 13 count for NP is understandably multiple orders of magnitude greater compared to MP. 14

Backward trajectory modelling was used to consider the transport of these MP and NP 15 particles. This highlighted the extended spatial influence of NP and its propensity to remain 16 elevated over a 7-day period. 17

Introduction 21

The issues surrounding plastic pollution are currently receiving multidisciplinary attention, with 22 its discovery in all environmental matrices and in some of the most remote locations (for 23 example, the Arctic, Antarctic, Alps and Ecuadorian Andes)(S. [START_REF] Allen | Evidence of free tropospheric and long-range transport of microplastic at Pic du 346 Midi Observatory[END_REF]Ambrosini et 24 al., 2019;[START_REF] Bergmann | 365 White and wonderful? Microplastics prevail in snow from the Alps to the Arctic[END_REF][START_REF] Brahney | Plastic 370 rain in protected areas of the United States[END_REF]Cabrera et al., 2020;Huntington et al., 25 2020; [START_REF] Kim | Importance of Seasonal Sea Ice in the Western Arctic Ocean to the Arctic 410 and Global Microplastic Budgets[END_REF][START_REF] Materic | 430 Nanoplastics measurements in Northern and Southern polar ice[END_REF]. While research has focused on finding, quantifying 26 and assessing the environmental impact of microplastics (MP, 1µm-5mm plastic particles), 27

there is a growing interest in nanoplastic occurrence in the environment. 28

Nanoplastics have been describes as plastic particles smaller than 1 µm and also confusingly 29 as particles smaller than100 nm. The definition of nano has meaning when applied to materials 30 below 100 nm if that material behaves differently to its larger counterparts [START_REF] Joachim | To be nano or not to be nano?[END_REF]. 31 This is the level at which many materials start to exhibit Brownian motion [START_REF] Feynman | Brownian motion[END_REF] as 32 it bounces off molecules it is in suspension with. As both diffuse and ballistic Brownian motion 33 are known to occur in particles up to 2.5 µm (Silica) in air, the term nano encompasses the 34 small particle sizes in this study (T. [START_REF] Li | Brownian motion at short time scales[END_REF]. Whist it is acknowledged that 100 nm 35 is a practical limit for the safety regulations of industry, it is widely accepted among the plastic 36 pollution research community that sub-micron synthetic polymer material should be described 37 as nanoplastic (NP are particles <1µm) [START_REF] Frias | Microplastics: Finding a consensus on the definition[END_REF][START_REF] Wahl | Nanoplastic occurrence in a soil amended with plastic debris[END_REF]. This simpler 38 definition being easier for policy makers and the general public to understand without having 39 to further explain the definition. With this in mind, the definition of NP used in this study is 1 40 nm-1µm. 41

Nanoplastic particles form an important element in the global plastic cycle and plastic pollution 42 impact (D. Allen et al., 2022;[START_REF] Mitrano | Placing nanoplastics in the context of global 437 plastic pollution[END_REF]. NP occur as primary (designed as nano 43 sized plastic particles) or secondary (larger particles degraded to nano size) and have been 44

found in the marine waters [START_REF] Gonçalves | Nanoplastics impact on marine biota: A review[END_REF][START_REF] Piccardo | Nanoplastics in the oceans: Theory, 449 experimental evidence and real world[END_REF], soil [START_REF] Wahl | Nanoplastic occurrence in a soil amended with plastic debris[END_REF], air and biota [START_REF] Ferreira | Nanoplastics and marine 385 organisms: What has been studied[END_REF]. NP can be more easily 46 taken up (ingested, inhaled or adsorbed) by biota due their small size (Banerjee & Shelver, 47 2021), entering the ecosystem. Due to the small size and often jagged shape, secondary NP 48 (and small MP) can pass through or impact on epithelial membranes and early studies suggest 49 there may be a link between changed function, immune compromission and cytotoxicity 50 [START_REF] Bergmann | Marine anthropogenic litter[END_REF][START_REF] Deng | 378 Microplastics release phthalate esters and cause aggravated adverse effects in the 379 mouse gut[END_REF][START_REF] Huang | Exposure 399 to microplastics impairs digestive performance, stimulates immune response and 400 induces microbiota dysbiosis in the gut of juvenile guppy (Poecilia reticulata)[END_REF][START_REF] Li | Polyethylene microplastics affect the distribution of gut microbiota and 417 inflammation development in mice[END_REF]Liu et al., 51 2020;[START_REF] Yang | Polystyrene microplastics decrease F 53B bioaccumulation but induce 480 inflammatory stress in larval zebrafish[END_REF]. As a result, NP could potentially influence the cellular to organism 52 functionality, a concern to both environmental and human health [START_REF] Banerjee | Micro-and nanoplastic induced cellular toxicity in 359 mammals: A review[END_REF]53 Rubio et al., 2020;[START_REF] Wright | Atmospheric microplastic 473 deposition in an urban environment and an evaluation of transport[END_REF][START_REF] Yee | Impact of microplastics and nanoplastics on human 488 health[END_REF]. Given this risk, understanding the 54 extend of MP and NP pollution is crucial. kg km -2 year -1 and 13.2-52.3 ng ml -1 (in ice) [START_REF] Materic | 430 Nanoplastics measurements in Northern and Southern polar ice[END_REF]. 58

Nano sized plastics (NP, 1 nm-1µm) have been difficult to assess in environmental matrices 59 due to their small size (published and functional limitations of spectroscopy are approximately 60 µRaman-1µm and FTIR-10µm) [START_REF] Xu | FTIR and Raman imaging for 476 microplastics analysis: State of the art, challenges and prospects[END_REF][START_REF] Zheng | Comparative study 490 of three sampling methods for microplastics analysis in seawater[END_REF] and environmental 61 concentrations (for example, Py-GCMS limit of quantification 62 ng) [START_REF] Akoueson | Identification and quantification of plastic additives using pyrolysis-GC/MS: A 337 review[END_REF]Okoffo et al., 2020) All samples and field blanks were transported to the laboratory where sample preparation 121 occurred in a clean and access-controlled space. Cotton clothing and lab coats were worn to 122 minimise sample contamination and laboratory surfaces were cleaned and covered with non-123 plastic material (sterilised aluminium foil). Field blanks were processed following the same 124 procedures (full process blanks) (S. [START_REF] Allen | Atmospheric transport and deposition of microplastics in a 353 remote mountain catchment[END_REF] and counts subtracted from the final 125 results (counts in supplementary). 126

Results and Discussion 127

MP and NP quantitative characterisation 128

The µRaman analysed MP particle counts and polymer types and the TD-PTR-MS analysed 129 NP mass and polymer types were compared by calculating the respective mass and particle 130 counts for each sample (see Supplementary Information and data for additional details). MP 131 results were converted from polymer type and particle count to mass relative to their particle 132 size following, with results presented relative to particle size (Figure 1c) and to all MP in each 133 sample (>10µm) (Figure 1a). Similarly, the NP mass relative to polymer type (<0.45µm) were 134 converted to particle counts (assuming a spherical conservative particle size of 0.45µm) to 135 enable direct comparison to the MP particle counts (Figure 1b,c). 136

The total deposited MP >10µm mass ranged between 44 x10 3 -109 x10 3 ng m -2 day -1 with an 137 overall average for the monitoring period of 87 x10 3 ng m -2 day -1 . Comparably, total NP 138 <0.45µm mass ranged from below detection to 203 x10 3 ng m -2 day -1 , with an average NP 139 mass for the monitoring period of 50 x10 3 ng m -2 day -1 . The mass of MP >10µm and NP 140 <0.45µm deposited at this location for this period is comparable (average results and range 141 are within an order of magnitude) and are in agreement with the simulated NP fibre and MP 142 release experiment findings of T. [START_REF] Yang | Characterization of Nanoplastics, Fibrils, and 483 Microplastics Released during Washing and Abrasion of Polyester Textiles[END_REF]. The NP mass results (18 (+55/-17) kg km - 143 2 year -1 ) are also comparable to previously published results, 42 (+32/-25) kg km -2 year -1 144 . 145

Particle counts for MP >10µm were several orders of magnitude lower than that calculated for 146 NP <0.45µm, as would be expected for comparable mass results for these different particle 147 size ranges. MP particle counts ranged from 297-462 particles m -2 day 1 (average of 365 148 particles m -2 day 1 ) whereas NP estimated particle counts (adopting the conservative particle 149 size of 0.45µm) ranged from below detection to 43 x10 8 particles m -2 day 1 (11x10 8 particles m - 150 2 day 1 ). This agrees with the increasing particle count relative to decreased particle size found * denotes the <0.45µm mass of plastic in the January sample after the detection limit is lowered from 80% to 30% accuracy. At (S. [START_REF] Allen | Atmospheric transport and deposition of microplastics in a 353 remote mountain catchment[END_REF][START_REF] Trainic | Airborne microplastic particles 465 detected in the remote marine atmosphere[END_REF][START_REF] Wright | Atmospheric microplastic 473 deposition in an urban environment and an evaluation of transport[END_REF]. Therefore, for the purposes of 201 this discussion, MP settling velocities have been calculated using Stokes Law, to consider the 202 potential atmospheric transport of sampled MP and to compare this to the potential 203 atmospheric transport of newly quantified NP. For simplicity, particles were considered to be 204 cylindrical (acknowledging that fibres or a range of lengths and diameter were found in the MP 205 samples and that NP particle shapes were not defined). For the purposes of this modelling 206 assessment MP particles were defined as 25µm (the predominant size range for the MP 207 particles) and NP as 0.45µm (acknowledging that there will potentially have been greater 208 particle counts for smaller particle sizes in the NP samples). Settling velocities for the 25µm 209 and 0.45µm generic plastic particles were calculated following: 210 211 Where g is acceleration due to gravity (9.8m s -2 ), p defines the density of the plastic particle 212 (1g cm -3 d is the density of the medium (air, 1.27 kg/m 3 213 viscosity of the medium (air, 1.74 x 10 -5 kg m -1 s -1 214 as 0.02m/s for 25µm MP spheres and 6.3 x 10 -6 m s -1 for 0.45µm plastic particles. This results 215 in a simplistic atmospheric transport time (from estimated planetary boundary layer upper 216 elevation of 600m a.g.l.) of 8.5 hours for a 25µm MP particle if no dynamic mixing, turbulence 217 or change in atmospheric conditions occurred during transit. For the smaller particles, this 218 duration extends out past one month (>744hrs). The dynamic mixing, atmospheric 219 characteristics, particle removal due to precipitation (scavenging) and dry deposition therefore 220

potentially have a significant influence on the transport and deposition of these <0.45µm 221 particles. 222

To illustrate the potential influencing area of MP relative to NP, the dynamic HYSPLIT 223 atmospheric transport modelling for the sample particles was completed relative to selected 224 size and settling velocities. Whilst it is clear that the ~ 1 month time step for sampling precludes 225 accurate particle back trajectory analysis for the specific samples, the following analysis was 226 carried out to attempt to elucidate any difference between micro and nano plastics transport 227 and sources. 228 HYSPLIT particle dispersion modelling was undertaken using the HYSPLIT concentration 229 module and particle analysis, backwards modelling the trajectory using both wet and dry 230 deposition for a conservative and illustrative release of 1 particle per hour for a 24hr period, 231 with cyclic emission repeated every 24hours for the duration of the sample period. Particles 232 were parameterised as: MP -25µm (the average MP particle size in the MP dataset), 1g cc -1 233 [START_REF] Kooi | Simplifying Microplastic via Continuous Probability 413 Distributions for Size, Shape,and Density[END_REF], settling velocity 0.02m s -1 , default wet deposition of in and below 234 cloud wet removal of 8.0E-05 1 s -1 [START_REF] Draxler | Description of the Hysplit4 modeling system[END_REF]Stein et al., 2015); NP -0.45µm, 235 1g cc -1 (Kooi & Koelmans, 2019), settling velocity 6.3 x 10 -6 m s -1 , cyclic emission of 1particle/hr 236 for 24 hours repeated every 24hours. The resulting particle plots were created to illustrate the 237 extent of particle transport and the elevation (above ground level) relative to the monitoring 238 period (Figure 3). The atmospheric model was capped to 10,000m a.g.l.. 239 NP to this field site using these very general particle parameters and gross sampling 257 conditions. Modelled particle backward trajectories were followed to identify which particles 258 -10m a.g.l. adopted as the surface and entrainment zone), If the percentage of particles modelled at an elevation of ground level ( 10m a.g.l.) are 274 counted, the potential spatial source extents can be tentatively identified ( The simplistic model assessment of potential MP and NP source areas suggests continental 290

Europe (France, Spain, Andorra) and Norway to be key possible areas of MP when source is 291 considered relative to area (MP km -2 ). When considered as a proportion of the total modelled 292 MP potentially transported to the field site during this monitored period, the marine 293 environment (Atlantic Ocean, Mediterranean Ocean) are suggested to be significant 294 contributors to atmospheric MP (43%). NP appears to be transported from a greater distance, 295

with Norway, south central Asia (Afghanistan), and north America suggested as possible areas 296 of NP contribution. However, when considered by continent or ocean, the marine environment 297 is suggested to a notable contributor to atmospheric NP at this site (38%), similar to MP model 298 outputs (D. Allen et al., 2022;[START_REF] Allen | Examination 349 of the ocean as a source for atmospheric microplastics[END_REF]. It is noted that a much greater number of 299 10m a.g.l. if the model was extended backward in time 300 (if the backward particle trajectories were run for long enough to follow particle down to lower 301 atmospheric elevations) rather than being constrained to the monitored duration of the field 302 samples. However, for small NP this could be weeks or more and would change for each 303 particle depending on its trajectory and environmental conditions, resulting in a highly complex 304 and extensive dataset that is not considered appropriate for the overview transport modelling 305 intended to support the MP and NP field findings in this study. 306

Conclusion 307

This study presents a direct comparison of NP and MP content in atmospheric deposition 308 samples collected in a relatively remote area of the Pyrenees, France. While MP is analysed 309 by particle and NP is analysed by mass, using simple volume to mass calculations a 310 comparison has been made of both mass and particle count for MP and NP for this monitoring 311 period. NP (<0.45µm) were found to present a comparative mass compared to MP in the same 312 sample, and a correspondingly much higher particle count (NP>>MP particles per sample).

313

The MP and NP sample composition varies, with plastic polymer predominance in the MP 314 particle size range not directly reflected in the NP proportion of the sample. This may be due 315 to the atmospheric transport dynamics of the different particle sizes, acknowledging the 316 smaller NP particles fall within the realms of Brownian motion. The long distance transport 317 necessary to create MP and NP at this sample location may also influence the sample 318 composition, suggesting that NP may have been transported from more extensive distances 319 from the site than MP particles. The HYSPLIT back trajectories illustrate the global long range 320 atmospheric transport of nanoplastic and give indications of the possible source areas. Most 321 notably the ocean is illustrated as the source of ~38% of global atmospheric emissions of 322 nanoplastics. This finding suggests that whilst previous work has shown the ocean as a source 323

for MP, it is also clearly the source of a much greater amount of nanoplastic, and as such 324 requires urgent investigation. 325
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 12 Figure 1. Comparison of NP and MP mass (a), number (b), and the relative number of 156 particles across samples considering both the analysed MP and NP results (c). 157 To ensure comparability, five of the more frequent polymer types were specifically analysed 158 (polystyrene-PS, polyethylene-PE, polypropylene-PP, polyvinyl chloride-PVC and 159 polyethylene terephthalate-PET). Multiple plastic polymer types were found in each sample at 160 both MP and NP particle size range (Figure 2a). With the exception of the February NP sample 161where results were below detection limits, all samples contained PVC as both MP and NP. 162Similarly, PET was found in all NP samples (excl. Feb) but was absent in the MP samples for 163 November and March. Conversely, PE and PP were found in the MP samples for January, but 164 reported below the limits of detection for NP in the same samples. 165

  17980% both January and February present <0.45µm plastic masses below the detection limit (<10ng/ml). When the accuracy of 180

240 241Figure 3 .

 2403 Figure 3. MP (a) and NP (b) particle plot for all sample periods with the respective particle 242 elevation above ground level. 243 The model outputs identify MP to be transported generally at or below 2000m a.g.l., with 244 particles transport from relatively close to the site (<100km, potentially due to resuspension of 245 previously deposited atmospheric MP) to 10,000km away. The spatial distribution for this high 246 level visualisation of MP particle movement suggests particles to have been transported from 247 and passing over Europe, north America, northern Africa and the Atlantic Ocean. 248Comparatively, NP particles appear to extend over a greater northern hemisphere spatial 249

Figure 4 .

 4 Figure 4. Visualisation of particles at or below 10m a.g.l. during the backward trajectory particle 264 modelling. 265 High quantities of MP were found at or below 10m a.g.l. during the backward trajectory particle 266 modelling, but notably fewer NP were found at this low elevation. The NP are noted to 267 predominantly stay elevated over the modelled duration therefore presenting a lower particle 268 count within the 0-. NP remain elevated for an 269 extended period of time compared to MP, and extend vertically across the entire troposphere 270 (PBL and free troposphere) while MP altitudes are generally lower (<3000m a.g.l.). Both MP 271 and NP backward particle modelling suggests long distance transport, with the majority of 272 particles elevated above ground level close to the sample location (not locally sourced). 273

  The ratio of MP to NP is still generally hypothesised, 55 with limited data to directly compare MP to NP within individual samples. Formative studies 56 indicate notable atmospheric NP mass (in snow and dry atmospheric deposition) 42 (+32/-25) 57

  The samples were analysed for MP by µRaman spectroscopy (785nm laser, 1200 l/mm 101 grating, scanning 200-2000cl-1 with 15s acquisition time and 10 accumulations) and Nile Red 102 fluorescence to quantitatively characterise the atmospheric deposition of MP at this site for 103 this monitoring period (S.[START_REF] Allen | Atmospheric transport and deposition of microplastics in a 353 remote mountain catchment[END_REF]. Raman spectra analysis was undertaken using 104 open source Spectragryph software and available databases(Menges, 2018; Munno et al., 105 2020;[START_REF] Primpke | Toward the Systematic Identification of Microplastics in the Environment: 453 Evaluation of a New Independent Software Tool (siMPle) for Spectroscopic Analysis[END_REF]. The limits of quantification for µRaman analysis for these samples 106 was set to 10µm. 107 NP analysis was completed as a blind test by Thermal Desorption Proton Transfer Reaction 108

	94	complete organic digestion(S. Allen et al., 2019). After organic material was adequately
	95	removed the sample was filtered onto pre-flushed PTFE filters to remove residual H2O2 and
	96	liquid and then flushed into sterilised glass density separation tubes with ZnCl2 (1.6 g ml -1
	97	density) and agitated to aid MP separation from mineral and residual organic material(S. Allen
	98	et al., 2019). Settled material was removed from the bottom of the density separation tubes
	99	and the remaining upper liquid plus microplastic material was filtered onto 25mm diameter
	100	aluminium oxide (Whatman Anodisc) filters for µRaman analysis.
	70	Materials and Methods	
	71	Atmospheric deposition samples were collected from the remote mountain location of
	72	Bernadouze, a long-term monitoring station in the central Pyrenees, France (
	73	m above mean sea level). Standard total atmospheric deposition
	74	collectors were used over the course of 5 months, November to March 2018, to collect monthly
	75	cumulative wet and dry deposition (sample time steps were constrained by access due to
	76	snow closure of the access road) (Sample durations: November 12 days, December 19
	77	days, January 34 days, February 41 days, March 34 days). Samples were collected as
	78	total atmospheric deposition (wet + dry deposition) using a Palmex Rain Sampler (sampling
	79	area of 0.014 m 2 , open diameter of 135 mm) and a NILU Particle Fallout Collector (sampling
	80	area of 0.03 m 2 , open diameter of 22 mm). Atmospheric deposition collectors were open for
	81	the full sampling period and acted as duplicate sample sets. Multiple field full process blanks
	82	were collected on site during this sampling period (November	March 2018). Sample
	83	collectors were rinsed thoroughly on site (3 times, approximately 250ml) with MilliQ water and
	84	the sample was decanted into sterilised glass containers (including the equivalent field blanks)
	85	and transported back to the laboratory where they were stored in a temperature controlled,
	86	dark, fridge (4 degrees) until sample preparation and analysis (S. Allen et al., 2019).
	87	Samples were pre-filtered through a 0.45µm pore 47mm diameter polytetrafluoroethylene
	88	(PFTE) filters that had been pre-flushed using filtered MilliQ water (250ml MilliQ flush)
	89	et al., 2020). The filtrate was placed in sterilised 25ml glass vial for TD-PTR-MS analysis (vials
	90	prepared by heating	, sterilised containers were wrapped in sterilised
	91	aluminium foil after heading to minimise external contamination). No sample pre-treatment
	92	was undertaken. The remaining material on the PTFE filter was then flushed with H2O2 (30%
	93	w/w) into covered, sterilised borosilicate glass test tubes in a dry heat block at 50	to

. The vast majority of studies assessing NP 63 have thus far have been theoretical or laboratory based, providing a limited understanding of 64 the possible quantities in the environment. However, recent research from Materi et al. 65 illustrates the effective use of Thermal 66 Desorption Proton Transfer Reaction Mass Spectrometry (TD-PTR-MS) for environmental 67 NP analysis. The use of this new method has paved the way for analysis of the elusive 68 nanoplastics in environmental samples. 69 Mass Spectrometry followed protocols previously developed by Materic et al. (2020) 109 et al., 2020) herein briefly described. TD-PTR-MS is a destructive analytical method, similar 110 to Py-GCMS, but can be used for nanoplastic analysis in line with microplastic assessment. 111 Filtered (<0.45µm) samples were well mixed (shaken but not vortexed to ensure sample 112 particle integrity) to ensure homogeneity throughout the sample, then sub-sampled into three 113 0.5ml replicates that were individually analysed by TD-PTR-MS (PTR-MS model PTR8000, 114 IONICON Analitik, Austria) directly via sterilised glass vials (10ml) . Field 115 blanks were analysed in the same way and used to blank correct all results. Process blanks 116 were carried out using MilliQ water and underwent the same procedures and durations as the 117 samples and quantities subtracted from final results (see supplementary information). The TD-118 PTR-MS analysis of NP was undertaken using the fingerprinting algorithms created and 119 published in Materic et al. . 120

  plastic identification is loosened from an 80% correlation to a 30% correlation (of spectral peaks) then PP, PET and PVC can be 181 identified and quantified in the <0.45µm samples for January.182There does not appear to be a direct link between MP and NP polymer type occurrence in this 183 limited dataset, and it is suggested this may be because of the long-distance transport and 184 distal source of MP and NP. The deposited MP and NP may have been transported an

	185	
	186	
	187	from different sources and travelled different distances due to the relative remote location of
	188	the sample collection site, and therefore may not be directly related.
	189	MP and NP atmospheric transport
	190	Simple, indicative atmospheric back trajectory and air/particle history modelling can provide a
	191	valuable insight into where MP and NP may have been transported from, what elevation in the
	192	atmosphere they were transported through, and how far they have travelled. To provide a high
	193	level comparative overview of MP and NP atmospheric transport for particles deposited at this
	194	Pyrenean field site, long time step atmospheric particle transport modelling was undertaken.
	195	This modelling was designed to illustrate the difference in atmospheric transport (extent,
	196	elevation) between MP and NP and not to be prescriptive or illustrative of individual sample
	197	findings in detail.
	198	Controlled environment laboratory examination of the field/laboratory assessed atmospheric
	199	settling velocity of MP or NP particles is a new area of research, but early atmospheric
	200	modelling has been completed using estimations of MP settling velocities from Stokes Law

Table 1 )

 1 (for this 275 sample period at this location). The backward particle modelling can identify possible source 276 areas (through analysis of the location where particles are modelled to be at ground level), 277 however, whether there is a plastic pollution source at the modelled location needs further 278 detailed analysis. 279

Table 1 .

 1 Potential source areas of MP and NP to this site for the monitored and modelled 280 duration 281

	Microplastic
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