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Abstract: Atmospheric microplastics (MPs) are a ubiquitous environmental contaminant of emerging
concern. Sampling methods provide information relating to surface area concentration and MP
characteristics, without direct comparison with routinely measured standard air quality parameters.
This study analysed 6 active air samples generated by a local authority as part of their routine air
quality monitoring activities. Continuous sampling totalled 10 months, within the city centre of
Kingston-upon-Hull. By using µFTIR analysis, levels of total particles detected using the NOx inlet
filters ranged from 5139 ± 2843 particles m−2 day−1, comprising 1029 ± 594 MPs m−2 day−1. The
controls displayed a mean level of 2.00 ± 3.49 MPs. The polymers nylon (32%) and polypropylene, PP
(22%) were the most abundant. Small fragments of 47.42 ± 48.57 µm (length) and 21.75 ± 13.62 µm
(width) were most common. An increase in MP levels during April 2020 coincided with an increase
in PM10 levels. This study used robust procedures to measure MPs in the air by exploiting existing
air quality monitoring equipment. Knowing the levels, types, and characteristics of MPs can inform
toxicity studies to provide more environmentally relevant exposures, which is urgent now that MPs
have been reported in human lung tissue.

Keywords: microplastic and atmospheric; polymer; deposition; outdoor; air; µFTIR

1. Introduction

Microplastics (MPs) are small synthetic plastic particles <5 mm in size [1]. They have
been observed within all environmental compartments: aquatic [2], terrestrial [3] and
atmospheric [4]. MPs have also been identified within homes [5–9], drinking water [10]
and the human food chain [11,12]. MPs are either primary (or “virgin”) sources direct
from manufacturers or secondary sources, having been weathered in the environment
or within organisms into partially degraded plastic products [1]. With the identification
of MPs within clinical human samples, including lungs, blood, colon and liver [13–16],
concern surrounding human MP exposure is rising. The presence of fine particulate matter
(PM) levels in the atmosphere, specifically PM2.5 and PM10, have been associated with
poor human health outcomes such as cardiovascular disease in studies worldwide [17–19].
Understanding the mechanistic causes is undermined by the lack of knowledge on the
composition of such fine particulate matter. The likely mechanistic pathways of damage
are proposed as inflammation, oxidative stress and metabolic dysfunction [18]. Relevantly,
MPs represent one component of the particulate matter and are known to trigger oxidative
stress and inflammation pathways in human cell and tissue studies [20].

Investigations into the prevalence of MPs within the air have started to provide knowl-
edge regarding the prevalence and type of MP within different environments, but knowledge
gaps still exist. It is apparent that indoor MP concentrations (1000–1500 MP m−2 day−1) [7,8]
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exceed that of outdoors as follows. Urbanised outdoor locations display high MP levels
that range from 10–712 MP m−2 day−1 [21–27] compared with suburban and rural outdoor
levels which range from 53–132 MP m−2 day−1 [23,28]. With the population spending up
to 90% of their time indoors, this represents a significant and unavoidable route of exposure
for MPs via inhalation [29,30]. While MPs have been widely reported as a constituent of
atmospheric fallout and particulate matter, there is still limited knowledge regarding their
concentration, polymer type, particle size and shape. There are no universally accepted
methods for characterizing MPs or how they are monitored in the atmosphere [1]. There is
an emerging guideline on how best to report MP datasets [31]. Studies to date use varied
methodological approaches from passive to active sampling and reporting in different units
that cannot be cross compared [9,21–27] and do not relate to breathable volume units used
in statutory air quality monitoring. The measurement of MP levels involves equipment
and procedures that are discrete and separate from standard air quality measurements.

Additional concerns related to MPs include vectored absorbed pollutants and pathogens
plus additive leaching that these atmospheric MPs may contain [32]. Such information is
crucial since the levels, size and shape of MPs have been linked to toxicity outcomes in
human cell/tissue exposure experiments [20] and selected additives have been linked to
endocrine disrupting impacts [33].

There are several techniques that are approved by Defra UK and the EU for measuring
particulate matter in a manner that is appropriate for comparison to the Air Quality
Objectives (AQO) [34,35]. In Hull, the technique applied is described as a Tapered Element
Oscillating Microbalance (TEOM). The TEOM uses a hollow glass tube as a microbalance.
Incoming particles are deposited on a filter at the tip of the tube, and the added mass causes
a change in its oscillation frequency which is detected electronically [36]. The element is
periodically cycled to return it to its natural frequency. The inlet to the device only allows
particles of the desired size range to enter. TEOM devices operate continuously and do
not need filter changes as frequently as high-volume air samplers. Due to the complex
and non-homogenous nature of particulates, the AQO relates to the size fraction of the
particles rather than speciation, which means that a direct comparison to MPs is problematic.
Chemiluminescence is the preferred measurement technique for nitrogen dioxide, where in
a controlled chamber, nitric oxides react with ozone to give nitrogen dioxide in a reaction
that generates light. The intensity of light emitted is proportional to the mass flowrate
of nitric oxide (NO) into the reaction chamber and can be measured with high sensitivity
using a photomultiplier tube. This represents the basis for a sensitive, quantitative analysis
of gaseous NO, with nitrogen dioxide (NO2) being derived by subtracting the NO from the
total NOx. Relevantly, within this equipment there is also a filter at the entrance of the inlet
value. These filters are replaced as part of the routine maintenance and, as such, represent
a novel opportunity as a surface to collect particulates present at the same time as standard
air quality standards being routinely measured.

This study aims to identify and characterise MP particles present on inlet filters
taken from NOx analysers, while also accounting for procedural and laboratory blank
contamination. Any particles isolated from inlet filters have been chemically characterised
using µFTIR spectroscopy. The approach determines whether a comparison with standard
air quality measurements, taken at the same time, can be employed.

2. Material and Methods
2.1. Active Air Sampling

Inlet particulate filters (paper, 47 mm diameter, 5 µm size cut off), removed from
a NOx Chemiluminescence Analyzer (Model ML9841B, Monitor Labs Inc., Engelwood,
CO, USA), were provided by Hull City Council (HCC). The sampling unit, alongside a
TEOM device, was used to continuously sample the air within the city of Kingston-upon-
Hull (OS ref 509068 428270) (Figure 1) as part of the local authority’s statutory regulation
monitoring activities for nitrogen oxides (NO, NO2 and NOx) and inhalable particulate matter
(PM2.5 and PM10). The monitoring station is within a self-contained, air-conditioned housing
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located on the southern edge of a car park, which is situated on the south-western edge of
the city centre. The nearest urban road is approximately 30 m south of the monitoring station
and has a 12-h traffic flow of approximately 30,000 vehicles. Immediately to the south is a
grassed area, to the north is a car park, with office buildings to the west. The manifold is
approximately 3 m above ground level. Air flows from an inlet (at approx. 1 m height) in
which particulate matter deposits onto a filter (supplied by Enviro Technology Service Ltd.
Kingfisher Business Park, London Road, Stroud, UK). Each filter represented a continuous
sample for approximately one month (21–49 days) at an air flow rate of 0.64 standard litres
per minute (slpm) (Figure 2). Sampling was conducted from October 2019 to July 2020,
a total of 10 months (Table 1). After each sampling period, the sample filter was placed
into a petri dish by the air quality monitoring officer and transported to the laboratory.
Two field blanks were conducted to quantify any MP contamination during the filter
replacement process.
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Figure 2. Schematic overview of the MP sampling procedures: (A) Glassware preparation, (B) NOx
inlet valve filter capture of all particulates and digestion, (C) Filtration of remaining particles onto
Anodisc filters, (D) µFTIR characterization of particles using a polymer spectra library.
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Table 1. MP levels detected at ‘A63’ roadside site, using the NOx inlet filters and * previously
published passive rain sampler approaches [23], before and after LOD and LOQ adjustments. Octo-
ber/November, December/January, February/March, May/June pooled data onto one filter.

Sampling Month
NOx Filter MP

m−2 day−1

(No Adjustments)

NOx Filter MP
m−2 day−1

(LOD LOQ Adjusted)

Passive MP
m−2 day−1

(No Adjustments) *

Passive MP
m−2 day−1

(LOD LOQ Adjusted) *

October 2019
November 2019

1536 699
1225 1164

408 316

December 2019
January 2020 1534 1168

367 308

1469 1446

February 2020
March 2020

306 118
694 603

857 799

April 2020 1975 1786 3184 3086

May 2020
June 2020 987 0

5551 5494

4857 4715

July 2020 905 520 19,266 18,996

Mean ± SD 1209 ± 594 715 ± 672 3788 ± 5749 3693 ± 5687

2.2. Quality Assurance and Control Measures

Monitoring for contamination during air sampling, sample preparation and analysis
was carried out using field (n = 2), procedural (n = 6) and laboratory blanks (n = 6). A blank
Anodisc filter was opened for the same duration as the sample filter being removed from
the air monitoring unit and placed within a petri dish. This was conducted on two separate
months, ensuring each field blank represented the environment within the sampling unit
in which the air quality monitoring officer was the only one present. Procedural blanks
mimicked the entire sample preparation steps in which a blank filter was placed into a clean
conical flask, along with 200 mL of H2O2 and digested within a shaking incubator under
identical conditions, before vacuum filtration. Laboratory blank filters were exposed to
the same environment as the filter under µFTIR analysis, by opening the petri dish for the
same time as the sample. All field, procedural and laboratory blank results were combined
in order to achieve a level of background contamination that could then be used to adjust
final sample MP concentration levels using either a subtraction or LOD/LOQ approach.

All reagents used were filtered before use using a glass vacuum filtration kit and glass
fibre (GF6) filters (GE Healthcare Life Sciences, Marlborough, MA, USA). All equipment
and glassware were hand washed, cleaned in a dishwasher using distilled water, and
a final triple rinse using the triple filtered H2O. Plastic equipment was avoided, cotton
laboratory coats used, and a fume cupboard turned ‘off’ to reduce air flow. Aluminium
foil lids were placed around glassware openings and a small opening used to pour. In
order to avoid sample particle loss, each vessel was triple rinsed during the transfer of
samples, washing the sides of the glassware. In addition, the cut sample filters were
observed under an Olympus SZX10 Stereo Microscope (Olympus Corporation, Tokyo,
Japan) to confirm that no particles were visible. In order to ensure no particles were be-
ing introduced from the commercial Anodisc filters used, 3 random Anodisc filters were
observed under the µFTIR in which no particles were identified. All sample preparations
and analyses were conducted by a single researcher to ensure standardisation. Laboratory
preparation and µFTIR analysis were conducted at times of low activity with no room ven-
tilation or windows. Finally, samples were analysed ‘blind’ by labelling each filter with an
anonymous code.
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2.3. Sample-Preparation

Each sample filter taken from the NOx inlet valve (n = 6) was stored in the dark at
room temperature until analysis. Procedural blanks (n = 6) and field blanks (n = 2) were run
alongside sample preparation, mimicking every processing step. Sample inlet valve filters
were sectioned and cut in half using clean stainless-steel scissors. Each half was placed
inside a clean conical flask with an aluminium foil lid. 200 mL of pre-filtered 30% hydrogen
peroxide (H2O2) was added to each flask and re-sealed with a foil lid. The digest approach
has been optimised [27] to promote removal of organic particles while maintaining the
integrity of plastic particles [37]. Flasks were placed in a shaking incubator for 10 days
(55 ◦C, 65 rpm). Flasks containing the digestion solution and cut filters were removed from
the shaking incubator and filtered using an all-glass vacuum filtration kit. The cut inlet
valve filters were removed from the digestion solution and rinsed with water to ensure
adhered particles were within the digestion solution. The digestion solution was then
filtered onto a second filter comprised of aluminium oxide (called Anodisc), with 47 mm
diameter and 0.2 µm pore size (MERCK, Gillingham, UK). The Anodisc filter has a specific
use in µFTIR spectroscopy. These Anodisc filters were stored and dried in sealed petri
dishes, in the dark at room temperature.

2.4. µFTIR Analysis

Each Anodisc filter was placed on the µFTIR spectroscopy platform for particle char-
acterisation. A laboratory blank filter (n = 6) was opened alongside every sample filter.
The entirety of the surface areas of the filters were analysed. The length (largest value)
and width (second largest value) was recorded for every particle using the aperture height,
width and angle size selection tool, a visual imaging tool available within the Thermo-
Scientific Omnic Picta Nicolet iN10 microscopy software. The particle size selection tool
maximum dimension was 300 µm and therefore particle dimensions greater than this
were recorded as >300 µm. Particles with a length to width ratio >3 were categorised as
fibres. After each particle characterisation, polymer chemical composition analysis was
immediately conducted. µFTIR analysis was conducted in transmission mode without
any additional accessories or crystals (Nicolet iN10, ThermoFisher, Waltham, MA, USA),
with a liquid nitrogen cooling system. The cooled MCT detector allowed for analysis of
particles accurately to 5 µm in size. The Nicolet iN10 microscope used has a 15 × 0.7 N.A.
high efficiency objective and condenser, and a colour CCD digital video camera with an
independent reflection and transmission illuminations mounted, for capturing images of par-
ticles. This model has a standardised 123× magnification for the aperture settings employed.
No observational criteria were applied in selecting particles for analysis in order to prevent
bias. Using the aperture size selection tool, any particles on the sample filter >5 µm were
included in the analysis process.

For this study, the whole filter, containing the total digested tissue sample from
one half NOx inlet filter, was analysed. A background reference spectrum was taken
before immediate analysis of every particle. A scan number of 64 and a spectral range of
4000–1250 cm−1 was applied. Spectra were obtained and then compared with a spectral
polymer library database (Omnic Picta, Omnic Polymer Libraries). A match index of ≥70%
was chosen as a quality threshold to identify the MP polymers. Particles below this match
threshold were not included in results.

2.5. Statistical Analysis

It was assumed that an even particle distribution occurred during the filtration process,
and that the analysed portion of the filter represented the whole filter, after extrapolation
(multiplied by 2). To convert the number of MPs per filter into meter squared, rather that
surface area of the NOx inlet filter (47 mm diameter), a correction factor (1/0.001735) was
used (Supplementary Materials S1):

MP m−2 day−1 = (MP on whole filter × 576)
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Data are presented as mean ± standard deviation. Tests for homogeneity and signif-
icance were performed on unadjusted MP values using SPSS. All data were determined
not normally distributed with a Shapiro-Wilk test and a Kruskal-Wallis test applied. There
are currently no standardised methods for calculating MP concentrations available, herein
three are used: unadjusted, mean of the procedural blank values, regardless of polymer
type, subtracted, and an LOD/LOQ method [38]. The background contamination detected
during the field, procedural and laboratory blanks were combined to give an overall value
of likely contamination for each polymer type. It was not possible to test for a relationship
between rainfall and particle fallout, or with traditional air quality measures because the
NOx inlet filters spanned several, variable, week timepoints. A significance of p = 0.05 was
applied and extreme significance of p = 0.005.

3. Results
3.1. Temporal Variation in the Atmospheric MP Levels at the Roadside ‘A63’ Sampling Site

A total of 844 particles (with a match >70%) on 6 NOx inlet (half) filters, of which 216
(26%) were identified as MPs. MPs were identified within all samples from the sampling site
(A63) (n = 6 samples spanning 22 October 2019 to 29 July 2020) (Table 1; Figure 3). The mean
levels of all particles on the NOx inlet filters were 5139 ± 2843 particles m−2 day−1 (ranging
from 2995–10,203), comprising 1029 ± 594 MPs m−2 day−1 (ranging from 306–1975). For
comparison, the combined controls, comprised of 6 procedural blanks, 2 field blanks and
6 laboratory blanks (n = 14 blank samples in total) displayed a mean level of 2.00 ± 3.49 MPs
per sample.
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Figure 3. The total number of MPs identified, within the 10-month sampling period, at the roadside
sampling site (‘A63’) using both NOx inlet filter (October/November, December/January, Febru-
ary/March, May/June pooled data onto one filter) and previously published rain sampler approaches.
The total rainfall during each varied-week sampling period is presented alongside. # Symbol indicates
periods in which an official COVID-19 lockdown was issued.
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3.2. Background MP Contamination Adjustments

Using adjustments, to account for the blank contamination levels detected, decreases
the level of MPs identified within NOx inlet filter samples depending on the approach
used (Table 1). After blank subtraction adjustments, the total MPs identified within NOx
filter samples have a mean of 1027 ± 591 MP m−2 day−1. After using the LOD/ LOQ
adjustment method of calculation (Supplementary Materials S2), the average deposition
rate of MPs was reduced to 715 ± 672 MP m−2 day−1 (Table 1; Supplementary Materials
Table S1). Two NOx inlet filter samples fit the criteria for using a LOD and LOQ calcula-
tion, showing 7.3–57.3 MP m−2 day−1 for nylon (samples 4 and 6), 4–78 MP m−2 day−1

for PP (samples 1 and 4), and 1.9 MP m−2 day−1 for alkyd resin (samples 1 and 4). Three
filters fit the criteria for using a LOD and LOQ calculation, showing 11.6–29.6 MP m−2 day−1

for PE (samples 1, 2 and 4). Four filters fit the criteria for using a LOD and LOQ calcula-
tion, showing 4–10 MP m−2 day−1 for PS (samples 1, 2, 3 and 4). PVS levels for one filter
(sample 2) met the LOD/LOQ thresholds with 2 MP m−2 day−1. PTFE, hydrocarbon resin,
PET, PCS, PB, PA, PC and PES levels were above the threshold level of detection in a limited
number of filter samples (Supplementary Materials Table S1) but did not meet the threshold
for quantification.

3.3. MP Particle Characterisation from NOx Inlet Filters

With respect to MP size ranges, the mean (and SD) values for MP length were
47.42 ± 48.57 µm and width 21.75 ± 13.62 µm which were similar to the combined control
mean length 42.96 ± 21.45 µm and width values 24.5 ± 9.59 µm. The most prevalent MP
length and width category was 5–100 µm (92% and 100%, respectively). The remaining
lengthwise categories of 100–300 µm and >300 µm were 6% and 2%, respectively, whereas
95% of MPs had a width of <50 µm. The overall MP polymer composition of samples
detected across the 10-month study at the (A63 roadside site) samples was predominantly
nylon (32%) and polypropylene PP (22%), with 14 different polymer types identified
(Figure 4A). The predominant MP polymer types in the controls varied from the inlet
filter samples with PVAE > nylon > PE > hydrocarbon resin > the remaining polymer
types (Figure 4B).
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Figure 4. (A) MP polymer types detected at sampling site 1 (A63) throughout the 13-month sampling
period, and (B) MP polymer types detected in the combined control samples. Abbreviations: alkyds,
mixed alkyd resins; hyd resin, hydrocarbon resins; PA, poly (acetal); PB, poly(butadiene); PC, poly-
carbonate; PCS, Poly(4-chlorostyrene:styrene); PE, polyethylene; PAS, poly (acrylate:styrene); PES,
polyester; PET, polyethylene terephthalate; PP, polypropylene; PS, polystyrene; PTFE, polytetrafluo-
roethylene, PVAE, poly (vinyl acetate:ethylene).
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3.4. Relationship with Standard Air Quality Measures

The monthly standard regulatory air quality measures highlight a similar trend be-
tween MPs with PM10 and NOx measurements but not for PM2.5, NO or NO2 levels
(Figure 5A). For comparison, the monthly and hourly (for one day) standard air quality
measures covering the same 13-month sampling period are provided (Figure 5B,C).

The monthly average air pollution (NO, NO2, NOx and PM10) data from Octo-
ber 2019 to July 2020 highlights air quality concentrations decrease from March 2020
(Figure 5B) in comparison to earlier sampling months, coinciding with the COVID-19 lock-
down imposed by the UK government. The hourly data (Figure 5C) show that the air
quality concentrations start increasing from 5 am morning time and 2 pm afternoon time.
There has been a peak in pollution levels at 8 am and 4 pm (Figure 5C).
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Figure 5. (A) Standard regulatory air quality measure levels alongside NOx filter derived MP levels.
Sampling timepoints were as follows: 1, 22/10/19–12/11/19 (21 days); 2, 02/12/19–27/01/20
(56 days); 3, 27/01/20–16/03/20 (49 days); 4, 01/04/20–29/04/20 (28 days); 5, 29/04/20–03/06/20
(35 days); 6, 01/07/20–29/07/20 (28 days). (B) Monthly standard air quality measured data from
same period and sampling location. (C) Hourly snapshot of the mean standard air quality measured
data for the same period and sampling location.

4. Discussion

Using NOx inlet filters as a MP sampling approach, a total of 844 particles were identified,
of which 216 (26%) were identified as MPs. Furthermore, MPs were identified within all samples
from the sampling site (a city centre main trunk road location, the ‘A63’) which consisted of
n = 6 samples spanning 22 October 2019 to 29 July 2020) (Table 1; Figure 3). The mean levels
of all particles on the NOx inlet filters were 5139 ± 2843 particles m−2 day−1 (ranging from
2995–10,203), comprising 1029 ± 594 MPs m−2 day−1 (ranging from 306–1975). For comparison,
the combined controls, comprised of 6 procedural blanks, 2 field blanks and 6 laboratory
blanks (n = 14 blank samples in total) displayed a mean level of 2.00 ± 3.49 MPs per sample.
In previously published work [27], using a passive rain sampler technique at the same sampling
site, spanning the same dates, MPs were also identified within all samples collected, with an
average deposition rate for all particles was significantly higher at 11,278 ± 15,025 particles
m−2 day−1 (and with a greater range from 1429–57,471). After LOD/ LOQ adjustments, the
average deposition rate of MPs was 715 ± 672 MP m−2 day−1 using the NOx inlet filter
approach, compared with 3055 ± 5072 MP m−2 day−1 using the rain sampler approach [27].
The two different approaches to measuring MPs therefore result in different MP values
in terms of levels, indicating that method of sampling affects the data and conclusions
obtained. What causes these differences in levels using these two approaches, and what
factors influence each, requires further investigation. Using the LOD/LOQ approach
removes the MP polymer data for which there are either similar polymer types detected in
the control samples or where very few of a certain polymer type are detected, increasing
the robustness, though also potentially losing information, of any conclusions drawn.

While the MP levels differ between the passive rain sampling and NOx inlet filter
approaches, the latter has the advantage that the data can be directly related to the NOx
and PM values at the same site and sampling times (Figure 4A). The NOx inlet filters were
collected during routine maintenance visits (and under the challenges of the COVID-19
pandemic) rather than at regular dates, preventing a statistical analysis to establish any
correlation relationships in this instance. Future sampling using the approach would ideally
involve a regular change and collection of the NOx filters prior to analysis. Despite the
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irregular sampling durations, the data do highlight a similar trend between the MP, PM2.5
and PM10 levels adding credibility to the utility of this approach to sampling. One disad-
vantage to the standardised PM measurements is that they do not include a compositional
characterisation of all the chemicals present and potentially many (such as black carbon)
are hazardous to health. Based on the evidence presented herein, specific size range MP
particles clearly also represent a fraction of the PM. No other study has, to date, attempted
to sample MPs alongside standard air quality measures using the same equipment, despite
the recent findings that MPs are known to toxic, in terms of inflammation and oxidative
stress responses, in human cell toxicity studies reviewed in [20].

The difference in MP levels observed using the NOx inlet filter and passive rain
samplers is also observed as parallel differences in the MP characteristics (size, shape,
polymer type) as follows. For MP size ranges, the mean (and SD) values for MP length
were 47.42 ± 48.57 µm and width 21.75 ± 13.62 µm representing fragments rather than
fibre shapes. Using the passive rain sampling method [27] similarly sized smaller particles
(5–250 µm) were most abundant, yet fibrous particles were by far the most abundant (90%).
Other studies variously report more fibres (with a range from 67–90% [7,22,26,38,39], while
others report more fragments [6,23,40,41]. Determining the size characteristics are impor-
tant in terms of identifying, and then utilising in toxicity studies, particle representative
types most likely to enter the human body and cause physiological harm.

Nylon and PP were the most abundant MP polymer types detected on the NOx
inlet filters, accounting for more than half those detected. This differs from the passive
rain sampling method where PE was the most abundant polymer type [27] and to other
atmospheric studies whereby PE is most frequently observed polymer [22,23,28]. The most
abundant MP detected may relate to their different densities and the method of sampling.
Nylon and PP have densities of 1.14 and ~0.90 g/m3, PE has a density of ~1.00 g/m3.
Such density characteristics are therefore not likely influencing MP capture with different
sampling approaches. A total of 16 polymer types have been identified using the NOx
inlet filters which is significantly more diversity of polymer type, as well as different
predominant polymer type, relative to previous reports in other European outdoor studies:
an urban London sampling site reported a high abundance of polyacrylonitrile, PAN, fibres
(712 ± 162 MP m−2 day−1) [24], an Irish study reported predominantly PET fibres of
100 MP fibres m−2 day−1 [42], yet the NOx filter sampling method detected no PAN and a
small number of PET particles (Figure 4A). Nylon possible sources are degraded textiles,
and the polymer has already been highlighted as hazardous for inhalation at industrial
levels of exposure [30]. The second most abundant polymer type PP is likely from a wider
variety of sources such as packaging, textiles, medical equipment, housewares. Interestingly,
PP was also the predominant polymer identified in human lung tissues [13,43].

There are several practical and policy implications of this study that can be discussed.
At present, in conjunction with a TEOM analyser measuring particulate matter, the chemilu-
minescent analyser is used to measure atmospheric concentrations of the oxides of nitrogen
for compliance reporting under the Air Quality Standards Regulations 2010 and compari-
son with the UK National Air Quality Objectives (AQO). These relate to non-occupational,
outdoor locations where members of the public are liable to spend a period of time rele-
vant to the AQO in question, i.e., hourly or annual. This perspective is often carried out
on modelled concentrations [44]. This has the potential for some inconsistencies when
comparing the results as presented relative to the AQO’s to data relating to the numbers
of people presenting at medical centres with symptoms for ailments that are attributable
to poor air quality. Locally, it has been determined that relative to the AQO’s, Hull has
good air quality, but health data show that Hull has a higher-than-average number of
people presenting with air quality related symptoms. Variations could be a consequence of
indoor or occupational exposure, exposure to chemicals not monitored or some other, as
yet undetermined confounding factors. MPs could represent one such chemical group, the
are designed to be robust, trigger inflammation responses in laboratory investigations [20])
and, most recently, have been found in human lungs [13,43].
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An investigation into indoor air quality, and an assessment of other potential (ambient
outdoor) atmospheric causes could help inform future policies and decisions that are
aimed at protecting health. This is being carried out in parallel with investigations by the
Local Council into other potential reasons, such as deprivation, which could also have
relevance to this study. MPs also vector and leach known toxic chemicals, which in an
indoor environment, could result in further exposures and/or impacts [6–9,33].

Collectively, this work outlines the challenges in the current research in that health out-
comes do not necessarily correlate with current air quality standard measures. It suggests
that future work involve characterisation of the particulate matter composition, especially
the particulate components that are known toxic chemicals, such as MPs. Appropriate
policy changes should address the lack of ‘cause and effect’ relationship between current air
quality standard measurements and the inexplicable health outcomes where such measures
are classed as good, with a discussion around the addition of MPs as a potential cause.

5. Conclusions

This MP dataset is novel in the way in which it has been obtained. The routine removal
and replacement of NOx inlet filters provided an opportunity to capture and characterise
the MPs present, while being able to make direct comparison with the standard air quality
data at the same location. The values obtained differed from those obtained using a passive
rain sampler approach (at the same location over the same time period) with respect to
the MP levels, the most prevalent polymer types and the various shapes detected. MPs
can also be suggested to be a component of the PM10 fraction, as evidenced by their levels
following a similar temporal trend. MPs are now known to penetrate human lungs, are
known to trigger inflammation and oxidative stress in human cell studies, so the argument
to add them to regular, routine air quality monitoring plans, using existing equipment, is
now compelling.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/atmos13122017/s1, Method S1: Calculation for NOx filter surface
area to meter squared; Method S2: Calculation of LOD/LOQ for each polymer; Table S1: Showing all
identified polymers within NOx inlet filter samples and accounting for the same polymer if identified
in controls.
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