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Abstract

The aim of this study was to examine whether bioaerosols could be isolated and quantified from used car cabin filters.
Car cabin filters are widely available and can provide a vast untapped resource for sampling of bioaerosols in areas with
enhanced air pollution. We developed a test system where we exposed car cabin filters to birch pollen under compressed
air to represent airflow onto the filter. The flow of pollen within the test system was confirmed by microscopy and real-
time PCR. Testing of extraction methods was performed on the most prevalent types of filters in UK cars and confirmed
it was possible to extract and quantify viable fungi, birch pollen or proteins from car filters. The main challenge of their
use is envisaged to be the lack of temporal resolution as car cabin filters are not routinely changed at intervals greater
than one year, however the systematic recording of the different routes driven during the sampling interval has been
enabled through the common use of GPS, smartphones or similar technologies. Car filters therefore provide substantial
possibilities to monitor exposure of harmful bioaerosols in the polluted traffic regions defined by the road network. This
method could also be applied to studying allergen exposure associated with bioaerosols and their delivery into the human
respiratory system. These findings demonstrate that car cabin filters have the potential to be used to isolate and quantify a
range of bioaerosols including pollen and fungi, as well as fractions of bioaerosols, such as proteins.

1 Introduction

Any biological component capable of being transported in the air is considered a bioaerosol and these include plant
materials, such as pollen, or microbial material, such as fungal spores (Jones and Harrison, 2004, Douglas et al, 2017).
Bioaerosols are significant because of their ability to affect human and crop health (e.g. see Kim et al. 2017, Brown and
Hovmgller, 2002).

Human health concerns related to bioaerosols include respiratory problems, such as asthma, chronic obstructive
pulmonary disease (COPD) and allergic rhinitis (e.g. Kim et al, 2017, D’amato et al., 2007). These are thought to be
triggered by a range of factors, including chemical particulates and biological particles, which induce an immune
response in predisposed individuals, however, the evidence for the involvement of bioaerosols such as pollen, is mixed. It
has been shown that pollen is among the environmental factors causing increases in incidents of asthma requiring
emergency treatment (Gleason et al. 2014; Gonzalez-Barcala et al. 2013; Ghosh et al. 2012). Contrary to this, Marchetti
et al. (2017) found no association between pollen levels and asthma, indeed they reported a lower incidence of allergic
rhinitis in areas with higher pollen levels, which was hypothesised to be related to increased rates of desensitization. A
study on allergenic bioaerosols shows several orders of magnitude in the sensitization to Alternaria within major cities



(Heinzerling et al, 2009). This pattern is not reflected in the overall exposure of Alternaria in major cities of Europe
(Skjeth et al, 2016).

Given the variation within findings, further research is necessary to ascertain why the evidence is conflicting. It is known
that the immune response triggered by allergens, such as pollen, is modulated by molecules, such as pollen-associated
lipid mediators (PALMSs) (Gilles et al 2009); There are several sources of lipids which may be associated with allergens;
the pollen coat may contain lipids as part of its protective mechanism, lipids may also be bound to the allergens, and they
may also originate from the pollen microbiome (Bublin et al 2014). The lipid profiles of the primary species of allergenic
pollen have been documented and key lipid molecules associated with immune responses identified (Bashir et al 2013),
however data on the effects of the environment on pollen lipid profiles are lacking. One possibility is that there may be
environmental factors that modulate lipid production resulting in altered allergenicity. Aside from the potential effect of
PALMs on the immune response, it has also been shown that allergen levels are not directly correlated to pollen levels
(Buters et al. 2010, 2015). This suggests that current methods of counting pollen may not be the best indicator of
allergenicity and associated symptoms. One possible reason is that current sampling methods do not provide the required
temporal and spatial resolution to produce data to match the scale of the health events being studied. In the majority of
studies, bioaerosol data is collected from static pollen monitoring stations which sample a given volume of air per unit of
time. These may be sited in a variety of locations and the roofs university or hospital buildings are the most common
locations (e.g. Sikoparija et al, 2017, Smith et al, 2014).

Current methods of air sampling use deposition or impaction to gather particles. Deposition onto a surface is a passive
method of sampling, while impaction relies on drawing in a given volume of air and subsequent binding on to a surface.
The collection of particles in both types of sampling relies on collection media (coated microscope slides or agar plates
usually) or collection vessels (such as tubes or ELISA wells). Methods commonly used for subsequent analysis include;
microscopy, DNA based techniques such as PCR, and immunological techniques such as ELISA. Examples of samplers
include Burkard seven-day, cyclone and multi-well samplers, Andersen samplers and ChemVol samplers. These types of
samplers are frequently used in static locations, whereas mobile sampling is less prevalent in the design of studies.
Recently, unmanned aerial vehicles (UAVs) have provided an improvement to mobile bioaerosol sampling and the use of
samplers fixed to vehicles has been briefly investigated (Brown, 1991), with West and Kimber (2015) providing a
comprehensive review of the latest air sampling techniques used in plant pathology, all of which are largely translatable
to health research.

While static samplers are a valuable means of getting data, they are limited by collecting from a local environment with
little or no spatial resolution. Repeatedly, studies have shown substantial spatial variation of aeroallergens in the urban
environment (Werchan et al, 2017, Skjgth et al, 2013). Greater spatial resolution or sampling over larger areas instead of
point based measurements would therefore be of benefit and are well aligned with recent findings on pollen and asthma
(Pollock et al, 2017). Using vehicular filters would provide a means for mobile sampling without needing the
modification of vehicles or samplers, and also provides access to an untapped data resource with the potential to be used
for studies of the environmental effects on asthma epidemiology. With the increased interest in citizen science, there is
the scope for public involvement in large scale health studies. The aim of this study was to examine whether bioaerosols
and molecules associated with allergenicity, such as proteins, could be isolated and quantified from used car cabin filters
using standard methods.

2 Materials and Methods

2.1  Test system

In order to approximate bioaerosol transport through a car ventilation system within a laboratory, a test system was
designed that included a source of compressed air, pollen and a car cabin air filter (CAF). The mechanism of cabin air
ventilation is dependent on the car model, but generally has a heating function, which may or may not be associated with
air conditioning. As car cabin filters only receive air flow when turned on, this system is representative of a functioning
cabin ventilation system. The test system comprised of a PVC tube of 1000mm length by 110mm diameter. The leading
end of the tube was sealed with a push fit cap with an entry port in the centre for compressed air. The car CAF was cut to
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100mm and installed at the open end of the tube and held in place using an open-centered rubber seal. Birch pollen grains
were weighed to 0.025g and placed on a platform inside the tube, by the compressed air entry port. The number of pollen
grains present in 0.025g pollen was calculated by suspension in 1 mL sterile distilled H,O, thorough vortexing and
counting using a haemocytometer at 100x magnification. Counts were repeated six times.

Activation of the compressed air distributed the pollen throughout the test tube and resulted in pollen impaction onto the
CAF. The air flow was maintained for 10s, after which the compressor was stopped prior to removal of the filter from the
test system for genomic DNA extraction. The test system was operated at 20°C and 50% humidity.

Initial experiments determined the proportion of pollen impacting on the filter in the test system. For this, one 1.5mL tube
was located in the centre of an expanded CAF sample. Expanding the CAF to remove the concertina structure provided a
flat surface through which air could flow, while supporting the 1.5mL tube in the centre to collect pollen. Birch pollen
was then run through the system as described and the pollen grains collected in the 1.5mL tube were suspended in 100uL
water and, following a vigorous vortex to remove pollen grains adhered to the sides of the tubes, a 20uL aliquot counted
on a haemocytometer at 100x magnification. This was repeated in triplicate for each type of filter and the mean level of
pollen hitting the filter was calculated from the amount of pollen collected in each tube with each tube opening
representing 1/100" of the surface area of the filter.

2.2  DNA extraction

Using the test system, the potential to extract pollen DNA from two of the three major types of car filter in the UK
(activated charcoal/carbon and particulate) was examined. The third major type of CAF relies on electrostatic charge and
this was not replicated here. The CAFs used in this test system were for a Ford Focus. In this instance the filters used
were manufactured by Crosland (Euro Car Parts Ltd. Middlesex, UK).

A comparison of DNA extraction from the two filter types exposed to pollen in the test system was performed. The first
method of DNA extraction tested followed the method of Radosevich et al. (2002) with the following amendments; ¥ of
the 100mm CAF sample was cut into approximate 1cm strips and placed in a 50mL centrifuge tube with 43mL PBS-T
(0.01M Phosphate buffer, 0.0027M KCI, 0.137M NacCl,, 0.05% Tween 20). Tubes were vortexed vertically for 90s in a
Vortex Genie 2 (Scientific Industries, Inc., New York, USA), a Q Series ultrasonic water bath (Ultrawave, Cardiff, UK)
was used to sonicate the samples for 10 minutes, maximum power at 22°C, prior to a 5s vortex. As per Radosevich et al
(2002) the suspension was poured into clean 50mL centrifuge tubes and the process repeated for a second wash of the
filter strips using 25mL PBS-T. Centrifugation was performed on both collected sample washes at room temperature for
30min at 1400 x g. Pellets for each sample were combined in 1.5mL PBS-T and centrifuged at 16000 x g, 8 min. Pellets
were suspended in 200uL PBS-T to provide a “filter concentrate’. DNA extraction was performed on 100uL of the filter
concentrate using a DNeasy PowerSoil DNA isolation kit following the manufacturer’s instructions (Qiagen, Hilden,
Germany) with the following modification of the homogenisation step to 60s at speed 6.5 in a FastPrep (MP Biomedicals,
California, USA).

The second method of DNA extraction used the DNeasy PowerMax Soil DNA isolation kit (Qiagen, Hilden, Germany).
CAF samples were cut into 1cm strips and then placed in the 50mL PowerMax® Soil PowerBead tubes for DNA
extraction following the manufacturer’s instructions.

2.3  Real-time PCR on lab test samples

Genomic DNA extracted and clean-up from the CAFs by the different methods detailed were amplified by real-time PCR
using primers for birch BP8 for 5-ACGATCGAGTTTTCATCAAACAAA-3° and BP8 rev 5’-
GACCTTATTGTCTTCACGGTCCTT-3" (Miller-Germann et al. 2015). Reactions consisted of 1 x gPCRBIO SyGreen
Blue Mix Separate-ROX (PCR Biosystems, London, UK), 0.15uM each primer, 8uL DNA and molecular grade H,0O to
20pL final volume. Cycling was performed in a Lightcycler 480 (Roche Diagnostics, Burgess Hill, UK) using Axygen 96
well plates (Corning, New York, USA). Parameters were 95°C for 5 mins followed by 40 cycles of 95°C 5s, 60°C 30s
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followed by a melt curve of 95°C 1min, 40°C 1 min, 60°C 1s, continuous to 95°C with fluorescence measured five times
for every degree increase. Standard curves were generated from the DNA extracted from 0.25g (2.5x10°) birch pollen
grains serially diluted (10-fold) to produce a series of standards covering the equivalent of 10° to 10° pollen grains.

2.4  Carfilters

Six car cabin filters collected during routine services by a qualified mechanic and stored at -20°C prior to analysis. A
5x5cm subsample was cut from each filter into 1cm strips and placed in a 50mL centrifuge tube and processed via the
adapted method of Radosevich et al (2002). Filtrate was examined for the presence of pollen and microorganisms at x
400 magnification and DNA extraction using the DNeasy PowerSoil DNA extraction kit was performed as described
previously.

To examine the effects of any inhibitors present in the resultant DNA extracts, two approaches to cleaning up the DNA
prior to PCR were taken; diluting the DNA and a commercial DNA clean-up method, DNeasy PowerClean® Cleanup kit
(Qiagen, Hilden, Germany). This gave a total of four DNA treatments; undiluted (neat), 1 in 10 dilution, 1 in 100 dilution
and the Cleanup kit. All dilutions were performed in to molecular grade H,O and the DNeasy PowerClean® Cleanup kit
purification was performed according to the manufacturer’s instructions. For each clean-up method 50uL of the DNA
extracts was used from both types of filters and DNA extraction methods, and all experiments were repeated in triplicate.
The amount of DNA present (ng pL™) in the filtrate was quantified using a Nanodrop 2000 (ThermoFisher Scientific,
Waltham, USA).

After DNA extraction the quantity of birch pollen on the car cabin filters was determined by gPCR as described
previously using the method of Miller-Germann et al. (2015) with a standard curve generated from a known quantity of
birch pollen grains (Allergon, ThermoFisher Scientific, Waltham, USA) determined by haemocytometry Total eukaryotic
DNA was also amplified, using primers ITS86F/ITS4 (ITS86F; 5’- GTGAATCATCGAATCTTTGAA-3’, ITS4; 5’-
TCCTCCGCTTATTGATATGC-3’) and gPCRBIO SyGreen Blue Mix Separate-ROX (PCR Biosystems, London, UK)
following the method and cycling parameters detailed in Op De Beeck et al (26). Instead of quantification against a
standard curve, quantification cycles (Cq) were used to compare the effects of inhibitors on the amplification of DNA.

Two filters were selected at random and 100uL of the extracted filtrate was diluted to 1 in 10, 1 in 100 and 1 in 1000 in
Maximum Recovery Diluent (Oxoid Ltd. Cheshire, UK). From each concentration 100uL aliquots were spread onto
Nutrient agar and Rose Bengal agar (with chloramphenicol 100mg L) (Oxoid Ltd. Cheshire, UK) in triplicate to
measure total viable count and fungi respectively. Nutrient agar plates were incubated for four days at 30°C and Rose
Bengal plates for six days at 20°C before the number of colony forming units (CFU) were counted.

2.5  Protein concentration

A 100puL aliquot from each filtrate was centrifuged at 1400 g for 10 min to pellet debris. The supernatant was then
centrifuged at 17000 x g for 10 min to pellet proteins. Total protein concentration in the supernatant was measured by
bicinchoninic acid assay (BCA) using a Pierce™ BCA protein assay kit (ThermoFisher Scientific) following the
manufacturers’ 96 well microplate instructions. Bovine Serum Albumin (BSA) was used as a standard from 2mg mL™
and protein concentration was measured at 562nm absorbance.

2.6  Statistics

To compare the abundance of bacteria and fungi on car filters, CFU from each type of filter were log transformed and
compared by t-test. The difference between DNA extraction methods and type of car filters was examined by Mann-
Whitney U tests on untransformed data. Two-way ANOVA tested the effect of PCR inhibition on fungal and pollen
amplification. Pollen amounts were calculated using the fit points method of quantitative analysis, with the threshold of
background fluorescence set at three times the standard deviation. Protein concentration was interpolated from the BSA
standard curve generated by 4-parameter logistic regression. All data was analysed in GraphPad Prism v7.0 (GraphPad
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Software, Inc. California, USA) except for gPCR analysis which was conducted using the proprietary LightCycler 480
software (Roche Diagnostics, Burgess Hill, UK).

3 Results

3.1  Test System Validation

Haemocytometer counts showed a mean of 2.5x10 birch pollen grains in 0.025g. In the test system the approximate
mean number of pollen grains impacting on the filter was 2.7x10° (+1.37x10°), thus representing a hundred-fold loss
within the test system, likely due to electrostatic adherence of pollen grains to the tube walls, imperfect filtration of the air
allowing birch pollen to pass through the filter, turbulence in the tube or clumping of pollen causing uneven distribution
of pollen grains onto the filter (27). Knowing the amount of pollen impacted on the filter allows the efficiency of
subsequent DNA extraction and quantification by real-time PCR to be determined.

3.2 DNA Extraction

Quantitative PCR for birch pollen on filters from the test system had an efficiency of 1.89 and slope of -3.63. The amount
of birch pollen detected on carbon and particulate filters extracted using the DNeasy PowerMax DNA isolation kit
(Qiagen, Hilden, Germany) was lower than on both types of filters extracted with a sonication step, and a Mann-Whitney
U test showed the difference was significant (U=0, P<0.01). There was no difference in the median amount of birch DNA
detected on either type of filter (U=2.5, P=0.5).

3.3 Carfilters

Both bacteria and fungi were cultured from the two filters tested in similar quantities (figure 1). The mean total viable
count and fungal count were both 3.3x10® CFU on a 5x5cm segment of filter. This confirms the existence of viable
microorganisms on the car cabin filters. Pollen grains and microorganisms were visible in filtrates at x400 magnification.
Overall there was no significant difference between the total viable count and fungal counts (t=0.532, df 2, P= 0.65)
suggesting fungi comprise the majority of microorganisms present.

The amount of DNA in the filtrates ranged from 48.8 to 342.3ng uL™. Quantitative PCR for Birch pollen on car filters
had an efficiency of 1.999 and slope of -3.323. Birch pollen was present on all except one of the car filters in undiluted
DNA extracts. Diluting the DNA ten-fold subsequently resulted in the detection of a small quantity of birch pollen on the
previously negative filter (figure 2). When the dilution factors were taken into account the maximum amount of birch
pollen detected on a 5cm? filter was 2.83x10° grains and the minimum was 2.38x10° grains. Greater counts were
calculated on five out of the six filters tested once dilution was considered, however when counts were transformed by
log;p(Y+1), this was shown to be insignificant by one-way ANOVA (F = 1.645, P=0.23).

The filters from cars driven on roads all generally followed the same trend of Cq results when amplified using eukaryotic
ITS primers. Undiluted samples showed the lowest Cq values and therefore the greatest DNA quantity, while the 1 in
100 dilutions showed the highest, with the 1/10 dilution and cleaned-up DNA falling in between (figure 3). The mean Cq
of undiluted samples was 22.40 (SD 3.272) and of cleaned-up DNA was 24.35 (SD 1.953) while the 1/10 and 1/100
samples had Cq values of 25.42 (SD 1.535) and 29.88 (SD 1.640) respectively and the differences between these was
significant (F= 186.9, df 3, P <0.0001). There was no uniform increase between the undiluted, 1/10 and 1/100 in any of
the filters tested, which may indicate inhibitory effects. Given that two way ANOVA showed significant differences in
Cq values from the filters from different vehicles (F = 57.16, df 5, P <0.0001), it is likely that both eukaryotic DNA
quantity and inhibitory molecules are unique to each filter tested.

Overall there was no effect of dilution on the quantification of birch pollen, however when eukaryotic DNA was
amplified it appeared that there may be some effect of inhibitor molecules on the quantification cycle.



234
235

254
255

256
257
258
259
260

3.4  Protein concentration

Total protein concentration was extrapolated from the BSA standard curve and ranged from 0.42 to 1.47 mg mL™ across
the six car filters (table 1). The difference in protein concentration was significant between the filters (F=58.62, p
<0.0001)

4 Discussion

Using filters that extract bioaerosols from car cabins it was possible isolate pollen, fungi and bacteria by culturing and
through extraction of genomic DNA. The amount of DNA extracted from filters was comparable to amounts collected by
Radosevich et al (2002) from air filters. Using car cabin filters provides a new, mobile, approach to air sampling which
will be useful in ecological and public health studies. Car cabin filters have previously been used to study particulates
(Hong Park et al 2010, He et al 2016, Wong et al 2011) but this is the first report of their use for the study of bioaerosols
that we are aware of. The results of the test system demonstrate that not all bioaerosols entering into the system are
evenly distributed on the car filter or within the tube. This efficiency is most likely related to aerosol dynamics in the
ventilation system and will be specific to each car model.

When a test system was used to assess DNA extraction methods, it was found that inclusion of a sonication step provided
greater DNA vyields than a standard DNA extraction kit based on bead beating. This supports the findings of Luhung et al
(2015) who found that high temperature sonication was essential for increasing the amount of DNA extracted from
environmental samples collected on filters. The time and temperature used here were shorter and lower respectively than
the optimum found by Luhung et al (2015), but the mean amount of birch pollen quantified from filters by qPCR was
slightly greater than the mean amount of birch impacting on the filter in the test system as determined by microscopy.

The test system itself could provide a valuable means of examining the collection of bioaerosols. More complex systems
have been used in the examination of pollutants (Muala et al 2014)) and the test system described here could be further
developed for studies of bioaerosols within controlled environments. In translating the test system to samples collected
from cars it was expected that road samples would contain particles that could inhibit PCR. PCR inhibitors are prevalent
in environmental samples and can take many forms, such as metal ions (Scharder et al. 2012; Combs et al 2015).
However, there was no inhibition observed in this study. The maximum DNA levels were extracted from the neat,
unmodified samples. Using a commercially available clean up kit resulted in DNA levels similar to that of a ten-fold
dilution of neat DNA. Diluting the DNA sample itself is sometimes sufficient to decrease the levels of inhibitors to allow
PCR amplification when there is sufficient DNA present for detection, however this was not observed here.

Although microscopic examination of samples remains the most widely used method of bioaerosol analysis, DNA based
methods are gaining ground and can provide a greater depth to the data obtained than basic quantification. For example it
has been possible to determine the structure of bioaerosol populations at different time points (Lee et al 2010) and in
different locations (Després, et al 2007) using real time PCR and restriction fragment length polymorphism (RFLP)
analysis. There are certain considerations to air sampling for molecular analysis, such as the substrate on which the
sample is collected. This can vary dependent on the type of air sampler used. Common samplers will impact particles
onto coated glass slides for microscopic examination while other methods impact into tubes or wells allowing subsequent
analysis. It is also possible to collect samples directly onto agar plates, a method which has obvious advantages for the
study of bacteria and fungi, while other samplers collect on to filters (Juozaitis et al, 1994; Radosevich et al 2002).

It was possible to determine total protein concentration from the filters, suggesting that the quantity of airborne allergens
could be determined if appropriate methods, such as enzyme linked immunosorbent assays (ELISA), were applied. Most
common bioaerosol allergens are proteins and it has been possible to quantify these from air samples collected on filters
using specialised sampling devices, such as the case of Bet v 1 (birch allergen) in a European wide study (Buters et al.
2010).

An exploration of whether standard methods for extracting lipids by gas chromatography-flame ionization detection could
be applied to used car filters has been performed (unpublished data). The results suggest there may be potential to extract
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lipids from car air filters, as peaks were obtained which may, in theory, represent iso-fatty acids. Bashir et al (2013)
identified the main lipids in pollen (fatty acids, aliphatic hydrocarbons, fatty alcohols, sterols and terpenes) and bacteria
and fungi will present different fatty acid profiles also. It has been demonstrated that it is possible to use lipid profiling to
distinguish between gram positive and negative bacteria (Synder et al. 1990) and to help identify bacteria to species level
(Torkko et al. 2003) and the practice of using lipids to monitor environmental impact on microorganisms is not new
(Willers et al 2015). To contribute to understanding of the role of the environment on allergenicity of airborne particles,
future work in this area should focus on the lipids from pollen and the associated microbiomes, as well as fatty acids
acting as PALMs. To achieve this, improvement of the methods used to study lipids from complex air samples will be
needed.

The ability to identify species, allergens and lipids in bioaerosol samples will undoubtedly contribute to an improved
understanding of airborne allergens as causative agents of respiratory conditions. In combination with improved sampling
resolution, this will drive towards more personalised risk projections for predisposed individuals. One of the greatest
challenges in achieving an improvement in sampling resolution is having resources to monitor large areas at a local scale.
Mobile air sampling offers this but one of its limitations is sampling a large enough volume of air to obtain sufficient
biological material to analyse. Traditional methods of air sampling, such as volumetric air samplers of the Hirst design
(Hirst, 1952), provide a good throughput of air and collect sufficient material, but are limited by being fixed in one
location, while existing mobile sampling methods such as personal air samplers process a smaller volume but offer
benefits of localised data. Success has been achieved in designing studies using personal air samplers (Agranovski et al
2017; Tolchinsky et al 2011) and, with the demand for advances in both meteorological and biological forecasting, recent
technologies such as unmanned aerial vehicles (UAVs or ‘drones’), are emerging as potential sources of data through the
collection of bioaerosols in the atmosphere (e.g. Savage et al, 2012) and collected geophysical data (Niedzielski et al,
2017). Collecting biological material with drones or other mobile units such as cars has the potential to provide data to
support forecasting pollen distribution and the spread of plant disease but the means with which the material is collected
is not yet ergonomic. Although these technologies advance air sampling techniques there are limited studies which have
utilised motor vehicles as potential sampling tools (West and Kimber 2014). The results presented in this study shows
that modern motor vehicles provide a resource that can be tapped into with respect to the knowledge of how bioaerosols
are distributed in the environment.

In conclusion there is the potential to utilise car cabin air filters as a means of studying the abundance and epidemiology
of bioaerosols at a localised level. The benefits of this technique are abundance of samples, low cost, mobility, greater
resolution providing constraints are met (routes recorded etc.) and can act as an adjunct to existing methods of analysis.
However, there are certain limitations, which would have to be considered in study design. These include; variations in
air flow between vehicles and different distances travelled, how recording routes driven is performed (spatial), and the
infrequent assessment of data (lack of temporal effects). Providing these limitations are addressed in the design of future
studies, there is scope for the incorporation of mobile air sampling into health and agricultural research.
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6 Tables and Figure legends

Table 1. Total protein (mg mL™) extracted from used car filters.

Filter Total protein mg mL™" (2dp) (+SD)

0.10 (x0.06)

0.67 (x0.13)

1.37 (x0.01)

0.42 (x0.01)

A
B
C 1.47 (x0.01)
D
E
F

0.91 (x0.11)

Fig. 1 Number of colony forming units from total viable counts and fungal colonies on two road driven car filters. Error
bars represent SEM across both filters (n = 3)

Fig. 2 Inhibitor removal for gPCR of birch pollen isolated from ‘on-road’ car cabin filters. Error bars represent SEM
across all six filters (n = 18)

Fig. 3 Inhibitor removal for gPCR of eukaryotic DNA isolated from ‘on-road’ car cabin filters. Error bars represent SEM
across all six filters (n = 18)
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