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Abstract

This two-week pilot study within the Horizon Europe EDIAQI project evaluated the real-
life performance of portable air filtration units in two office environments (a small office
and a shared kitchen) under continuous device operation and daily filter replacement.
Indoor particle concentrations were monitored continuously using low-cost sensors (LCS)
from three providers and supported by gravimetric measurements, while daily activity
logs documented occupancy patterns, printing, cooking, and other source events together
with purifier ON/OFF status. Particulate matter (PM) mass concentrations showed no
systematic improvement during purifier ON periods; instead, temporal variability was
dominated by indoor activities and episodic emissions, with occasional short-term peaks
around filter replacement suggestive of minor resuspension. Chemical analysis provided a
clearer picture: polycyclic aromatic hydrocarbons (PAHs) responded differently across frac-
tions and compositions. Across monitored locations, high-molecular-weight PAHs in the
PM; fraction decreased during purifier ON periods (approximately 30% lower on average),
whereas low-molecular-weight PAHs measured in total suspended particles (TSP) were
higher during ON periods, indicating that semi-volatile fractions and activity /ventilation
dynamics can outweigh simple filtration effects. Overall, the findings highlight a gap
between laboratory-derived filtration performance metrics and outcomes in occupied,
mixed-source indoor environments and emphasise the importance of device sizing, place-
ment, airflow mixing, and complementary source control and ventilation strategies when
deploying filtration-based IAQ interventions.
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most of their working hours indoors [1]. In such settings, particulate matter (PM)—a
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complex mixture of solid and liquid particles suspended in air that vary in size, composition,
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distributed under the terms and and origin—originates from a mixture of processes: resuspension from movement and
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Attribution (CC BY) license. areas, and infiltration of outdoor particles through ventilation and windows [2,3]. Because

Atmosphere 2026, 17, 393 https:/ /doi.org/10.3390/atmos17040393


https://crossmark.crossref.org/dialog?doi=10.3390/atmos17040393&domain=pdf&date_stamp=2026-04-14
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/atmosphere
https://www.mdpi.com
https://orcid.org/0009-0007-1468-5564
https://orcid.org/0000-0001-5155-1847
https://orcid.org/0000-0002-0556-0088
https://orcid.org/0000-0002-3440-9168
https://orcid.org/0000-0002-1886-1453
https://orcid.org/0000-0002-3541-9624
https://doi.org/10.3390/atmos17040393

Atmosphere 2026, 17, 393

20f17

these processes vary strongly over time and space, indoor PM levels can differ significantly
even within the same building and on the same day [4].

Beyond particles, indoor air contains a diverse mixture of chemical and biological
pollutants whose levels depend on building characteristics, materials, ventilation strategy,
and occupant behaviour [5,6]. Common gaseous pollutants include carbon dioxide (CO;)
as an indicator of occupancy and ventilation adequacy, carbon monoxide (CO) from incom-
plete combustion, nitrogen dioxide (NO;) from gas appliances or outdoor infiltration, and
ozone (O3), which may enter from outdoors and also react with indoor surfaces [7-9]. A
major pollutant class in modern office environments is volatile organic compounds (VOCs),
emitted from paints, adhesives, sealants, floorings, composite wood products, insulation,
furniture, office supplies, cleaning agents, and consumer products [10,11]. Some VOCs
are associated with acute irritation (eyes, nose, throat), headaches and odour nuisance,
while certain compounds (e.g., formaldehyde, benzene) are of particular concern due to
well-established toxicological profiles [12,13]. In addition to VOCs, polycyclic aromatic
hydrocarbons (PAHs) are an important group of indoor pollutants due to their persistence
and potential health effects, particularly for particle-bound high-molecular-weight com-
pounds [14-16]. PAHs are chemical constituents associated with airborne particles and are
therefore measured within specific PM size fractions. This distinction is important as PAH
concentrations and behaviour can differ substantially between size fractions depending on
their volatility and particle association. In office environments, PAHs can enter indoors
through infiltration of outdoor combustion emissions (traffic and residential heating), but
may also arise from indoor activities and equipment such as cooking/food heating in
shared kitchen areas, resuspension of contaminated settled dust, and episodic emissions
associated with printing and other office processes [11,17,18].

Particle size fraction (PMj—particles with aerodynamic diameter < 1 pm, versus
coarse fractions contributing to total suspended particles, TSP—encompassing all airborne
particle sizes) influences removal by filtration, deposition and resuspension, and interac-
tions with indoor air dynamics. Likewise, chemical constituents can behave differently
depending on volatility and particle association. For example, lower-molecular-weight
PAHs are more influenced by volatility and ventilation, whereas higher-molecular-weight
PAHs are predominantly particle-associated and can be more affected by filtration efficiency
and particle dynamics [19,20].

Portable air cleaners and standalone filtration units are widely promoted as a practical
intervention to reduce indoor particle concentrations without requiring major building
upgrades [21-23]. Many devices combine mechanical filtration (HEPA or “HEPA-like”
media) with additional stages such as activated carbon, UV-C irradiation, or ionisation [24].
Their effectiveness is typically communicated through laboratory-derived removal efficien-
cies for standard aerosols and through clean air delivery rate (CADR), which reflects the
volume of cleaned air delivered per unit time under controlled test conditions [25]. In real
indoor environments, however, performance depends not only on the filter medium itself,
but also on airflow patterns, mixing and short-circuiting, device placement, room volume,
occupant activities, and the balance between emission rates and air exchange [26-28]. In
particular, room size and the ratio of device CADR to room volume are critical determinants
of real-world effectiveness, a device adequately sized for one room type may be insufficient
in a larger or more heavily occupied space [29]. Airflow patterns and air mixing efficiency
further modulate how effectively cleaned air is distributed throughout the room, with
poor mixing or unfavourable device placement potentially resulting in localised clean
zones that are not captured by fixed monitoring points. Environmental conditions such
as temperature, humidity, and ventilation rate add further complexity, as these factors
influence both particle dynamics and the balance between indoor emission rates and re-
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moval [30]. Ventilation strategy in particular has an important role; mechanically ventilated
buildings with controlled air exchange rates create fundamentally different conditions for
portable air-cleaner operation compared to naturally ventilated spaces where air exchange
is episodic, weather-dependent, and highly variable [29,31]. Together, these variables mean
that laboratory-derived performance metrics such as CADR may substantially overestimate
real-world effectiveness in occupied, mixed-source environments. As a result, high nominal
filtration efficiencies do not always automatically translate into measurable reductions at
the room scale, especially when sources are intermittent or spatially localised [28].

Within the Horizon Europe EDIAQI project [32], a pilot experiment was conducted to
evaluate the real-life performance of commercially available portable air-cleaning devices
in an occupied office building. Cleaning units’ filters were replaced daily to minimise filter
loading and to approximate “best case” operation. Indoor particle levels were monitored
using multiple LCS systems deployed at fixed indoor points (representing typical breathing-
zone/room locations), supplemented by gravimetric sampling of the PM; and TSP mass
fraction. In parallel, integrated sampling of PAHs in both the PM; and TSP fractions was
performed to explore whether chemical composition responded differently from bulk parti-
cle metrics during purifier ON versus OFF periods. LCSs have seen rapid development in
recent years, offering continuous, high-temporal-resolution monitoring of indoor pollutants
at relatively low cost compared to reference instrumentation [33]. However, their perfor-
mance characteristics, including sensitivity, cross-sensitivity to humidity and temperature,
and accuracy at low concentrations, vary substantially across sensor types and manufac-
turers [34]. Recent advances in real-time monitoring technologies, including multimodal
sensor fusion approaches for atmospheric gas detection, further highlight the growing
importance of continuous indoor air quality surveillance in occupied environments [35-37].

This paper describes the pilot design and summarises the initial findings across two
rooms and three monitored locations. Rather than aiming to deliver definitive causal
estimates, the objective is to document how measured particle and PAH compounds
behaved under routine office occupancy and mixed indoor sources, and to examine whether
any consistent patterns emerged when the purifier was operating. In doing so, the study
highlights a practical gap between laboratory performance claims and the complexities of
real indoor environments, and it provides evidence to inform IAQ management decisions
(e.g., device sizing, placement, complementary ventilation strategies) and future technology
development and evaluation protocols.

2. Materials and Methods
2.1. Experimental Setup

The experiment was conducted in an occupied office building over two weeks
(21 March-3 April 2025) to evaluate the real-life performance of portable air filtration units
under typical workplace conditions. Two indoor environments with contrasting activity
were selected: (i) a small office (=20 m?) with regular occupancy and routine office activi-
ties, and (ii) a shared kitchen/common area (=30 m?) characterised by higher occupancy
and episodic particle emissions associated with food preparation and heating. In the small
office, the space was typically occupied by up to three persons during working hours and
included routine activities such as computer work, conversations, and occasional printing.
In the kitchen/common area, occupants entered intermittently throughout the day, par-
ticularly during morning coffee and lunch periods. This space also contained additional
potential sources such as cooking/heating activities (electric stove and microwave oven)
and office equipment (printer and server unit), which may contribute to particle emissions
and heat generation.
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(a)

Portable air filtration devices were deployed in both environments and operated
according to a predefined ON/OFF schedule, with daily filter replacement implemented
to minimise filter loading and to approximate best-case maintenance conditions. Purifier
placement followed practical constraints typical of real-world office deployments—in the
small office the device was positioned near the floor/window, and in the kitchen/common
area two units were deployed: one positioned on top of a tall cabinet and one on the floor
near the door. While both rooms represent typical office sizes for which the deployed
devices were nominally suited, placement was not systematically optimised relative to
emission sources or room airflow patterns, which may have influenced local air mixing and
pollutant capture efficiency. The units employed multi-stage filtration systems comprising
a pre-filter, activated carbon filter, and HEPA-type filter media, supplemented by additional
treatment stages including UV-C irradiation and ionisation. The devices were operated
continuously at a fixed fan speed setting throughout the campaign, with manufacturer-rated
coverage areas corresponding to the room sizes monitored in this study. Filter changes were
typically performed in the morning (around 08:00-09:00 a.m.), and any relevant operational
events were recorded in a daily log. The study design therefore enabled comparison of
indoor pollutant levels across periods when the air purifier was operating (ON) versus not
operating (OFF), while documenting contextual factors that could influence concentrations.
To characterise spatial variability within the kitchen/common area, two indoor sampling
points were established: one near the printer/network equipment (Location 2) and one near
a window (Location 3). The small office was monitored at a single indoor point (Location 1)
near windows. All sampling points were treated as fixed monitoring locations throughout
the campaign, as shown in Figure 1. The resulting dataset includes three observations per
sampling day (Locations 1-3), enabling both day-to-day and location-specific comparisons.

500 m
530 m
7.10m

. Window sensor

. Air purufier

. Measurement
devices

3.05m -

- 399m o141 m—=

3.35m

- 570m -

Figure 1. Measuring station locations and placement of the equipment. Office (a)—location 1, and
kitchen/common area (b)—location 2 near the printer device, and location 3 near the windows. The
figure was created using Floorplanner (https://floorplanner.com/, accessed on 14 February 2026).

Alongside continuous monitoring, integrated filter-based sampling was performed
to support mass-based PM quantification and chemical characterisation. Three sensor
types were deployed continuously throughout the campaign with the following sampling
intervals: Sensor 1 at 10 min intervals, Sensor 2 at 1 min intervals, and Sensor 3 at 5 s
intervals. All sensors were factory-calibrated by their respective manufacturers prior to
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deployment). Continuous LCS data were used for visual inspection of temporal PM trends
only and are presented as raw data without additional filtering, smoothing, or normalisa-
tion. Although LCS data were collected in parallel across three sensor providers and are
presented in the Supplementary Materials (Figures S2-5S5), the quantitative analyses in this
manuscript are based exclusively on gravimetric filter-based measurements. LCS readings
at the lower concentration ranges encountered in this study showed inconsistencies across
sensors and underestimated concentrations relative to the gravimetric reference, consis-
tent with known limitations of optical particle counters including reduced precision near
detection limits, cross-sensitivity to indoor humidity and temperature fluctuations, and
potential signal drift [38]. A detailed characterisation of LCS performance and inter-sensor
variability across multiple providers within the EDIAQI project framework is described
in Lovri¢ et al. [39]. In particular, PM; and TSP concentrations were measured gravimet-
rically, and PAHs were analysed in both the PM; and TSP fractions to assess whether
filtration effects differed between particle size fractions and PAH composition. The mea-
sured PAHs included fluoranthene (Flu), pyrene (Pyr), benzo[a]anthracene (BaA), chrysene
(Chry), benzoljlfluoranthene (BjF), benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF),
benzo[a]pyrene (BaP), dibenzo[a,h]anthracene (DahA), benzo[g,h,ilperylene (BghiP), and
indeno[1,2,3-cd]pyrene (IP). For interpretation, PAHs were additionally grouped into lower-
molecular-weight (LMW) compounds (Flu, Pyr, BaA, Chry) and higher-molecular-weight
(HMW) compounds (BjF, BbF, BKF, BaP, DahA, BghiP, IP). Detailed daily logs were main-
tained to record occupancy, notable activities (printing, cooking/food heating), and any
specific experiments or unusual events that could influence pollutant levels, thereby sup-
porting interpretation of variability in the measured time series. Window opening events
were monitored continuously using a dedicated window sensor recording open/closed sta-
tus throughout the campaign, allowing precise documentation of the timing and duration
of window opening periods. However, the degree of opening and resulting air exchange
rate were not quantified, which limits formal accounting of ventilation contributions in the
statistical analysis.

PM samples were collected by 24 h sampling on quartz filters using low-volume
samplers (Sven Leckel, Berlin, Germany). PAHs were extracted from the filters using an
ultrasonic bath with a solvent mixture of cyclohexane and toluene for about 60 min. The
extract was then centrifuged, evaporated to dryness, and re-dissolved in acetonitrile. The
samples were analysed using high-performance liquid chromatography (HPLC, Agilent
Infinity 1260, Agilent Technologies, Santa Clara, CA, USA) with a fluorescence detector,
based on established protocols [40].

2.2. Statistical Analysis

The data were processed and analysed using Python programming language (v3.12,
www.python.org) in the Spyder environment. Statistical analyses were performed to
compare pollutant levels between periods when the portable air filtration unit was oper-
ating (ON) and periods when it was not operating (OFF), for measurements across three
monitoring locations.

The primary comparison of ON vs. OFF conditions was performed using the Welch
two-sample t-test (unequal variances) to test for differences in mean concentrations. For
each metric, summary statistics were calculated, including the mean during ON, the mean
during OFF, the absolute difference (ON-OFF), and the percentage change relative to OFF.
Because multiple related PAH outcomes were analysed (XPAHs, LMW PAHs, and HMW
PAHs in both PM; and TSP), Benjamini-Hochberg false discovery rate (FDR) correction
was applied across the six primary p-values to reduce the risk of false-positive findings
due to multiple comparisons. As a non-parametric sensitivity analysis that does not
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assume normality, Mann-Whitney U tests were additionally used for selected key metrics
to compare ON vs. OFF distributions.

To assess spatial consistency, ON/OFF comparisons were also repeated within each
station. Given the limited number of sampling days per station, station-level interpretation
emphasised effect direction and magnitude rather than statistical significance alone. Uncer-
tainty in the ON-OFF mean differences were further characterised using non-parametric
bootstrap procedures, with 95% confidence intervals calculated for key aggregated metrics.
Results were visualised using time series plots with purifier ON periods highlighted and
station-wise distribution plots (boxplots with overlaid observations) comparing ON and
OFF periods for “PAHs and the LMW /HMW groupings.

3. Results and Discussion
3.1. General Concentration Levels

Daily 24 h TSP and PM; mass concentrations were measured at three indoor monitor-
ing locations between 21 March and 3 April 2025 and are summarised in Table 1. Overall,

particle mass levels were moderate but clearly time-varying, consistent with changing
occupancy patterns and episodic indoor activities rather than a stable indoor background.

Table 1. TSP and PM; concentrations at three measurement locations during the experiment, where
“/” represents missing or damaged samples.

TSP PM; TSP PM; TSP PM;
Date Purifier Day [ug/m®]  [pg/m®]  [pg/m’]l  [pg/m’]  [ug/m’]  [ug/m’]
Station 1 Station 2 Station 3

21 March 2025 ON Friday 23 20 12 8 15 5
22 March 2025 ON Saturday 30 21 / 12 11 11
23 March 2025 ON Sunday 19 13 / 15 / 11
24 March 2025 OFF Monday 23 11 / 16 18 14
25 March 2025 OFF Tuesday 30 14 / 19 23 17
26 March 2025 ON Wednesday 26 16 20 13 19 16
27 March 2025 ON Thursday 20 17 19 15 21 17
28 March 2025 ON Friday 19 13 15 14 19 11
29 March 2025 OFF Saturday 17 17 15 12 / 6
30 March 2025 OFF Sunday 13 13 / 15 / 17
31 March 2025 OFF Monday / 20 14 14 16 6

1 April 2025 ON Tuesday 20 6 21 18 21 19

2 April 2025 ON Wednesday 23 17 22 17 20 19

3 April 2025 ON Thursday 19 18 24 18 23 18

Across the campaign, Station 1 (small office) showed TSP values of 13-30 pg/m?3
(mean ~ 21.7 pg/m3) and PM values of 6-21 pg/m? (mean = 15.4 ug/m?). The lowest PM;
in the office occurred on 1 April (6 ug/m3), while higher values (>17 pg/m?3) were observed
on several working days, consistent with typical indoor activity and resuspension. In the
kitchen/common area, concentrations were comparable but more episodic, reflecting higher
occupant turnover and activity-related emissions. At Station 2, available TSP ranged from
12 to 24 pg/m3 (mean = 18.0 ug/m?’) and PM; from 8 to 19 pg/m?’ (mean = 14.7 ug/m?’).
At Station 3, available TSP ranged from 11 to 23 ug/ m3 (mean ~ 18.7 ug/ m3) and PM;
from 5 to 19 ug/m;3 (mean ~ 13.4 ug/ m?). These differences between two sampling points
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within the same room show spatial variability, likely driven by the relative positioning of
emission sources (cooking/printing), airflow pathways and mixing, and the placement of
both the air-cleaning unit and the monitoring equipment. Overall, the TSP levels observed
here are within the range reported for European office environments, e.g., indoor TSP
of ~7-31 pg/ m3 (mean ~18 ug/ m?) measured in offices in Belgium [41]. In addition, the
fine particle mass is of a similar order of magnitude to indoor fine-particle concentrations
reported across modern European offices in multi-building campaigns [42].

When both size fractions were available, PM; represented a substantial share of TSP,
indicating that fine particles contributed importantly to indoor particle loading during the
campaign. Several TSP entries were missing at Stations 2 and 3 (Table 1); therefore, TSP
comparisons should be interpreted with this limitation in mind. Importantly, daily averages
did not indicate a consistent reduction in particle mass during purifier ON periods; instead,
day-to-day variability appeared dominated by indoor activity patterns and short-lived
emission events.

3.2. Activity-Based Interpretation of Concentration Variability

This interpretation is supported by the daily activity logs (Table 2). In the office
(Station 1), concentrations reflect routine occupancy and office activities, while specific
event days (e.g., filter replacement in the morning and CPC operation using butanol) may
introduce deviations from typical conditions. CPC operation is expected primarily to affect
VOC-related metrics; any influence on particle mass or PAHs is uncertain, so these periods
are treated as event days in the interpretation. In the kitchen/common area (Stations 2-3),
repeated higher PM; days are consistent with episodic indoor sources such as cooking/food
heating, frequent movement and higher occupant turnover.

PAH concentrations showed clear day-to-day variability and strong variation across
compounds at all three monitoring locations. Figure 2 presents the TSP-bound PAH time
series for Stations 1-3, with purifier ON periods shaded. Overall, the highest concentrations
have higher-abundance compounds, most consistently BbF and IP, with frequent elevation
of BghiP and chrysene Chry. In contrast, DahA remained at the lowest concentrations
throughout the campaign, and BaP tracked the broader mixture but at comparatively
lower absolute levels. Similar PAH profiles have been reported in other European indoor
environments, where BbF, IP, and BghiP often together with Chry are among the most
dominant particle-bound PAHs, while DahA typically contributes only a small fraction
of ZPAHs [43-45].

Across stations, PAH time series were characterised by episodic peaks rather than
gradual trends. A multi-compound elevation occurred around 25-26 March, visible at all
stations (especially for IP, BghiP and BbF), indicating a shared driver affecting the building
(a similar peak was observed in the outdoor PAH measurements at same measuring
location, supporting that outdoor conditions/infiltration contributed to the indoor episode,
in addition to indoor sources and room-specific dynamics, Figure S1 on Supplementary
Materials). A second elevated period was observed during 1-3 April, again with coherent
increases across several compounds. In contrast, a clear minimum (near-baseline across
most PAHs) is apparent around 30 March, suggesting a low-activity /low-infiltration period
during the weekend/off-period. Importantly, the timing of these peaks is not perfectly
aligned with purifier ON/OFF status, which supports the broader observation that indoor
PAH variability was dominated by short-term sources and daily context rather than by
stable filtration removal. Figure 3 presents the PM;-bound PAH time series for Stations
1-3, with purifier ON periods shaded.
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Table 2. Daily activity log (station 1, 2 and 3).

Date Day Purifier Daily Context Notable Event/Note
Office (station 1)

21 March Friday ON ey, comarsation printing) -
22 March Saturday ON No occupancy Filter replacement ~08:00
23 March Sunday ON No occupancy Filter replacement ~08:00
24 March Menday OFF  tipancy conversation, printng) -
25 March Tuesday OFF Normal workday (office activities) Tu;ﬂg;f?%ﬁg%ﬁﬂgggoéa 00
26 March Wednesday ON Normal workday (office activities) CPC period ends in the morning
27 March Thursday ON Normal workday (office activities) -
28 March Friday ON Normal workday (office activities) -
29 March Saturday OFF No occupancy Filter replacement ~09:00
30 March Sunday OFF No occupancy Filter replacement ~09:00
31 March Monday OFF Normal workday (office activities) -

1 April Tuesday ON Normal workday (office activities) -

2 April Wednesday ON Normal workday (office activities) CPC using butanol ~10:00-13:30

3 April Thursday ON Normal workday (office activities) -

Kitchen/common area (stations 2 and 3)
Higher occupancy; morning coffee +
Workdays Monday-Friday ON/OFF lunch; cooking/food heating; printing; -
network switcher present
22-23 Saturday-Sunday ON No occupancy Filter replacement ~09:00
29-30 Saturday-Sunday OFF No occupancy Filter replacement ~09:00

Comparing Figures 2 and 3 indicates broadly similar temporal behaviour in PM;
and TSP, but with differences in how the mixture responds across size fractions. The
TSP-bound PAHs show multi-compound shifts, consistent with contributions from coarser
particle mass and resuspension processes in addition to fine-mode combustion-related
particles. The PM;-bound PAHs show strong coherence across stations during peak periods,
consistent with a larger contribution from fine particles carrying combustion-related PAHs
(higher-molecular-weight species).

To evaluate whether purifier operation coincided with systematic PAH changes, PAHs
were aggregated into total PAHs and into low- and high-molecular-weight groups and
compared between purifier ON and OFF periods using independent-samples tests. Total
PAHs were lower during purifier ON (mean ON ~ 0.99 vs. OFF = 1.24; ~20% decrease), but
this difference was not statistically significant (p = 0.16). The clearest directional signal was
observed for high-molecular-weight PAHs in PM;, which were lower during ON periods
(mean difference ON-OFF ~ —0.30; ~31% decrease; p = 0.034; 95% CI [-0.54, —0.05]). This
suggests the purifier may have been more effective (or conditions more favourable) for the
fine-mode HMW PAHs, although the evidence should be interpreted cautiously, given the
limited sample size and multiple-testing considerations.
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Figure 2. Polycyclic aromatic hydrocarbons (PAHs) concentrations in total suspended particles with

marked periods of purifier on (blue) and open windows (green).
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Station 1 — All PAHs in PM1

ARERRY

i

I

’]
o o o
w w 'S
= w o

o
N
w

IS4
—
[0

Concentration in PM1 [ng/m
=] =]
5 S

o
o
a

EREERY

i

i

]

=]
S
)

o
w
«x

=4
W
S

o
N
[

0.15

Concentration in PM1 [ng/m3
o
N
L=

o
o
a

ARRERE

i

i

PAH / Events

Purifier ON
Window open
Flu

Pyr

BaA

Chry

BjF

BbF

BkF

BaP

DahA
BghiP

PAH / Events

Purifier ON
Window open
Flu

Pyr

BaA

Chry

BjF

BbF

BkF

BaP

DahA
BghiP

PAH / Events

Purifier ON
Window open
Flu

Pyr

BaA

Chry

BjF

BbF

BkF

BaP

DahA
BghiP

Figure 3. Polycyclic aromatic hydrocarbons (PAHs) in PM; fraction with purifier on periods marked

(blue) and windows open (green).

Total TSP-bound PAHs did not show a reduction during purifier ON (mean
ON = 1.41 vs. OFF = 1.35; p = 0.83). Notably, low-molecular-weight PAHs in TSP were
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Station 1
HMW PAHs on PM1 [ng/m?3]

Station 2

HMW PAHS on PM1 [ng/m?3]

Station 3
HMW PAHS on PM1 [ng/m?3]

higher during ON periods (mean difference ON-OFF ~ +0.155; ~47% increase; p = 0.020;
95% CI [+0.04, +0.28]). This pattern is consistent with the idea that real-life conditions
(resuspension, mixing, local activity, and/or partitioning behaviour) can dominate over
any removal by filtration, particularly for the coarser/mixed fraction represented by TSP.
After false discovery rate (FDR) correction across the six aggregated metrics, none of the
p-values remained significant. It should be noted that with 9 ON days and 5 OFF days
per station, the sample size is limited and the results should not be extrapolated to other
office environments or purifier types. The observed patterns are presented as indicative
findings to inform future study design rather than as definitive evidence of filtration effects.
Non-parametric tests (Mann-Whitney) showed similar directions but were generally not
significant, which is expected given the small group sizes and high day-to-day variabil-
ity. Figure 4 summarises the ON-OFF response for two PAH groupings that showed the
strongest directional patterns.

PAH response to purifier ON vs OFF
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Figure 4. Distributions of high-molecular-weight (HMW) and low-molecular-weight (LMW) poly-
cyclic aromatic hydrocarbons (PAHs) in total suspended particles (TSP) and PM; at all stations during
on and off purifier periods.

High-molecular-weight PAHs in the PM; fraction were consistently lower during
purifier ON periods at all three stations (A ~ —19% at Station 1, —37% at Station 2, and
—37% at Station 3), suggesting a potential preferential reduction of particle-bound HMW
PAHs in fine particles. In contrast, low-molecular-weight PAHs in the TSP fraction were
consistently higher during purifier ON periods across stations (A ~ +42%, +71%, and +30%
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for Stations 1-3, respectively). This opposite behaviour between fractions highlights that
day-to-day variability, activity patterns, and partitioning/resuspension processes can domi-
nate integrated TSP measurements, and that any filtration-related signal, if present, appears
more clearly in the fine PM;-bound HMW PAHs than in TSP-bound LMW PAHs. This
fraction-dependent behaviour is consistent with previous evidence that particle filtration
preferentially affects strongly particle-associated PAHs. For example, building ventilation
filter materials tested on real urban aerosol were shown to remove particle-bound PAHs,
and the same work notes that higher-molecular-weight PAHs are almost entirely associated
with particles, whereas lower-molecular-weight PAHs have a much larger non-particle
fraction [46,47]. In contrast, multiple partitioning studies show that LMW PAHs are pre-
dominantly in the gas phase (or dynamically partition between gas and particles), meaning
their 24 h integrated TSP signals can be driven by re-equilibration, surface re-emission
and resuspension rather than by particle removal alone [23,48,49]. Additionally, a substan-
tial portion of the measured TSP samples were found to be damaged and were therefore
excluded from the analysis, which may also have influenced the final results.

Taken together, the PAH results indicate that the purifier was not associated with
uniform decreases across the PAH mixture, and that responses differed by fraction and
chemical character. The apparent reduction in HMW PAHs in PM; is directionally consis-
tent with filtration acting on fine, particle-associated contaminants, whereas the increase
in LMW PAHs on TSP suggests that semi-volatile components and/or room dynamics
(activity patterns, ventilation, mixing, partitioning) can outweigh simple filtration removal
in real occupied settings. These findings revealed that chemical composition can respond
differently than bulk PM metrics, and that purifier performance in practice should be
interpreted in the context of indoor sources, occupancy, and ventilation conditions.

3.3. Limitations and Future Directions

This pilot has several limitations that constrain the causal interpretation of purifier ef-
fects. Purifier ON/OFF periods were not randomised; however, the ON/OFF schedule was
designed to include both weekdays and weekends in both conditions, partially mitigating
systematic day-type bias. Nevertheless, with only 14 sampling days in total, the number
of observations per condition per station (9 ON vs. 5 OFF) remains insufficient to fully
control for natural day-to-day variability driven by occupancy patterns, episodic emission
events, and outdoor infiltration. A longer measurement campaign with more balanced
and randomised ON/OFF blocks within strictly comparable day types would substantially
improve the ability to disentangle filtration effects from contextual variability. Additionally,
the continuous monitoring relied on LCSs, which exhibit well-documented limitations
at low particle concentrations, including reduced measurement precision near detection
limits, cross-sensitivity to humidity and temperature, and inter-sensor inconsistencies;
given the relatively low PM; concentrations observed in this study, these uncertainties
may have obscured small purifier-related effects in the continuous data, which is why the
quantitative analyses are based exclusively on gravimetric measurements. Independent
formal co-location of LCS against certified reference instruments was not performed; the
comparison against gravimetric measurements provides only general confidence in sensor
functionality rather than a rigorous uncertainty characterisation. Filter replacement itself
may act as a disturbance (minor resuspension), while unmeasured factors such as venti-
lation rate, window opening/HVAC operation and outdoor infiltration episodes could
plausibly drive the building-wide PAH peaks seen around 25-26 March and 1-3 April.
Furthermore, the results obtained in this naturally ventilated office building may not be
directly transferable to buildings with mechanical ventilation systems, where higher and
more consistent air exchange rates could substantially alter the baseline pollutant levels
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and airflow patterns against which any purifier effect must be detected. Future work
should systematically compare purifier performance across buildings with different venti-
lation strategies, including naturally ventilated, mixed-mode, and mechanically ventilated
spaces, as ventilation strategy is expected to substantially modulate the detectable effect
of portable air filtration on indoor pollutant concentrations. Additionally, purifier place-
ment followed practical real-world constraints rather than optimised positioning, which
may have limited effective air mixing and pollutant capture regardless of filtration status.
Future work should therefore use a more controlled intervention design (randomised
crossover ON/OFF blocks within comparable day types), increase time resolution with
shorter-duration chemical samples targeted to activity windows and post-event decay,
directly quantify air exchange/infiltration, standardise or quantify activity intensity, and
test purifier capacity /placement/fan settings relative to room volume and source strength;
expanding to additional metrics (black carbon, ultrafine particle counts, targeted VOC
speciation and more detailed PAH source diagnostics) and reporting effect sizes with
uncertainty via robust or mixed-effects models would provide clearer evidence on when
and where portable filtration delivers measurable benefits. Expanding the study duration
and number of monitored rooms and building types would improve the robustness and
generalisability of findings, allowing more reliable conclusions about the conditions under
which portable air filtration delivers measurable benefits across diverse office settings.
Future studies should also consider paired deployment of devices with and without regular
filter replacement operating simultaneously in comparable conditions, which would allow
the actual contribution of filter maintenance to real-world filtration effectiveness to be
directly assessed.

Beyond study-specific limitations, the findings of this pilot offer some preliminary
implications for the design and evaluation of portable air filtration devices. The absence
of a measurable PM reduction signal, even under favourable operating conditions with
daily filter replacement, is consistent with broader evidence suggesting that manufacturers
should complement standardised laboratory test conditions with validation under realistic,
occupied indoor environments with mixed emission sources. From a user and facility
management perspective, these findings support the view that portable air cleaners are
most effective as one component of a broader IAQ strategy, complemented by source
control, adequate ventilation, and informed device placement, rather than as a standalone
solution. While the limited scale of this pilot does not allow definitive design recommen-
dations, the results highlight device placement, airflow mixing, and source-responsive
operation as areas warranting attention in future device development and real-world
evaluation protocols.

4. Conclusions

This two-week pilot study evaluated portable air purification under favourable oper-
ating conditions (continuous operation and daily filter replacement) across three indoor
monitoring points in an office building. Despite these optimised conditions, daily inte-
grated particle mass (PM; and TSP) did not show a consistent reduction during purifier
ON periods, and variability was largely explained by occupancy patterns and episodic
indoor activities (routine office work, printing, and cooking/food heating in shared areas),
rather than by filtration status alone.

PAH measurements provided a clearer picture. PAH concentrations varied strongly
across compounds and locations, with pronounced multi-compound peaks indicating
shared building-level drivers. When grouped by molecular weight and size fraction, the
clearest and most consistent purifier-associated signal was a decrease in HMW PAHs in
the PM; fraction, observed across all three stations (approximately 19-37% lower on ON
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days). In contrast, LMW PAHSs in TSP were higher during purifier ON periods across
stations, underscoring that integrated TSP chemistry can be dominated by partitioning
behaviour, resuspension, and daily activity differences, rather than reflecting filtration
removal alone. Based on these findings, practitioners deploying portable air filtration
in office environments should consider the following practical recommendations: device
placement should be optimised relative to dominant emission sources rather than following
convenience-based positioning; adequate air mixing should be ensured through comple-
mentary mechanical or natural ventilation strategies, particularly in rooms with episodic
high-emission activities; source control should be prioritised for activities such as cook-
ing and printing, which dominated PM variability in this study and were not effectively
mitigated by filtration alone; and manufacturer performance claims should be interpreted
with caution in occupied, mixed-source environments where real-world conditions differ
substantially from standardised test conditions.

Overall, these findings suggest that the real-life performance of portable air cleaners
in occupied spaces may diverge substantially from expected efficiencies based on stan-
dardised tests, particularly when indoor sources and dynamic activity patterns dominate
exposures. While the pilot indicates a possible preferential reduction of particle-bound
HMW PAHs in fine particles, the limited sample size and potential confounding by daily
context mean that results should be interpreted as evidence of complex, context-dependent
responses rather than definitive causal estimates. Future work should combine controlled
intervention design (matched ON/OFF periods, controlled activities), better characteri-
sation of ventilation/infiltration, and higher time-resolution chemical measurements to
disentangle filtration effects from indoor source variability and to define when, and for
which pollutants, portable filtration provides meaningful benefit.
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/ /www.mdpi.com/article/10.3390/atmos17040393/s1, Figure S1. Outdoor PAH concentrations
at same measuring stations where indoor PAHs were measured; Figure S2. Time series of
PM;, PMyp, and CO, concentrations measured by three sensors in the kitchen/common area
(21 March-3 April 2025). Shaded areas indicate periods of purifier operation (ON); Figure S3. Time
series of continuous PM; concentrations measured by two LCSs in the kitchen/common area, overlaid
with daily gravimetric PM; measurements at Stations 2 and 3 (dashed lines). Shaded areas indicate
purifier ON periods (blue) and weekends (red), 21 March-3 April 2025; Figure S4. Time series of PM;,
PMjg, and CO, concentrations measured by four sensors in the small office (21 March-3 April 2025).
Shaded areas indicate periods of purifier operation (ON); Figure S5. Time series of continuous PM;
concentrations measured by three LCSs in the small office, overlaid with daily gravimetric PM;
measurements (dashed line). Shaded areas indicate purifier ON periods (blue) and weekends (red),
21 March-3 April 2025.
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