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Abstract

Background and Objective: Indoor air pollutants are among the five most
important environmental health risks. In recent years, concerns regarding
indoor air quality in buildings have increased. This review has investigated
studies conducted on portable air cleaners.

Materials and Methods: After determining the keywords, conducting
comprehensive searches in the internet databases, and taking into account
the inclusion and exclusion criteria, a complete review was conducted to
obtain the latest findings and the general trend of the studies.

Results: Portable air cleaner devices are very diverse and are divided based
on the type of technology used. Many standards have been developed to
evaluate the performance of these devices in different countries, but none
of them cover all aspects of performance. The effectiveness of these devices
in removing VOCs is between 20% and 80%, depending on the type of
technology and other influencing factors, and their effectiveness in
removing suspended particles is between 70% and 95% on average.
Furthermore, their efficiency in controlling COVID-19 is reported to be
above 80% in cases where HEPA filters with grades 13 and above are used.
Conclusion: Devices equipped with the HEPA filtration process have been
found to be very effective in controlling indoor suspended particles. The
use of devices equipped with UVCGI, plasma, and ozone technologies
should be accompanied by caution due to dangerous by-products.
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Extended Abstract

Background and Objective

Indoor air pollution is among the five significant
environmental health risks [1, 2]. Typically, the best
approach to reduce this risk is to control or
eliminate pollution sources, or to exchange
building air with outside air. However, air exchange
is constrained by weather conditions and external
air pollution [3, 4]. Therefore, air purification
systems have been developed. Generally, these
systems come in two types: fixed and portable [5].
Fixed purifiers are installed in the pathways of
central heating ducts or building HVAC systems [6],
while portable air purifiers can be moved to
different rooms within a building [7]. This article
focuses primarily on portable air purification
devices (Portable air cleaners (PACs)). The idea of
using PACs is not new. Studies show that since the
1930s, these devices have been used to improve the
health of asthma patients or those with respiratory
allergies [8-11]. However, commercially available
PACs with a wide range of diversity have come into
the market since the 1980s [12-14], and especially
in the last two decades, they have seen significant
development due to the substantial increase in
indoor and outdoor air pollution, particularly in the
last three years with the spread of the COVID-19
pandemic [15-25].

Despite the widespread use of PACs, there is little
quantitative knowledge about these devices. Their
performance indicators and standards have not been
clearly outlined, and there is no global standard or
unit indicator for evaluating their performance.
Additionally, there is limited information about the
selection and maintenance of PACs. Therefore, this
study delves into examining studies conducted in the
field of PACs. The classification of these devices,
pollutant removal efficiency, standards and indicators
used in performance assessment, their efficacy in
controlling COVID-19, and their future developments
have been analyzed.

Materials and Methods

In order to conduct this study, comprehensive
research was carried out on the Scopus, Google
Scholar, and Web of Science databases. The
criterion for including all valid English studies
published between 1980 and 2022 in the field of
PACs.

Following the search, studies that did not meet the
following criteria were excluded: being related to
outdoor air pollution control (environmental), being
related to in-duct purifiers or HVAC air handlers,
being purely laboratory or simulation studies, and
not being directly related to PAC. In total, 1314
studies were found, and through several stages, 50
studies were selected for review. The selected
studies were carefully examined to obtain the latest
findings and the overall trends of current and future
studies.

Results & Discussion

PACs consist of a body, an air intake, filter
components, and electronic control units [26]. In
many cases, features such as remote control, a
panel or touchscreen display, filter replacement

alerts, and so on, have been added to them [27].
The air purification processes in PACs can be
categorized into three groups: suspended particle
filtration processes, biological suspended particle
filtration processes, and gas and vapor filtration
processes [23]. Table 1 briefly illustrates these
processes.

Typically, the information needed for a confident
selection of a PAC may include performance
evaluation indicators for these devices, information
about the device's filters, the noise level of the
device, and safety aspects, particularly regarding
the clean output free from ozone and other harmful
pollutants [23- 28].

Despite the extensive use of PACs, especially in
countries such as the United States and China, there
is currently no specific international standard
registered for the performance of these devices [29-
43]. According to the standards of the United States,
Canada, and Japan, a PAC device should have a
CADR of at least 12, 4, and 8 times the room
dimensions in square meters, respectively [44, 45].
Additionally, the World Health Organization
(WHO) has deemed PAC devices with MERV 13
and 14 filters effective in controlling COVID-19 in
its guidance [46].

One of the important factors in selecting PACs is the
Air Changes Per Hour (ACH) rate. This indicator can
be converted to CADR and thus can be used as a
criterion for selecting these devices [47-50].
Considering the majority of studies' reports (particle
size greater than 5.0um), theoretically, complete
removal of these particles by PACs is possible [51-
60]. Zhao and colleagues have reported nearly
100% efficiency by 100 commonly used PAC
devices in China, although the particles mentioned
in this study were non-biological [61].

PACs with HEPA-like filters can have a high efficacy
in reducing the COVID-19 pollution load [47, 50,
62-64]. Zhao and colleagues have suggested that
the use of PACs in COVID-19 control should be
done cautiously and as a complement to other
methods such as air exchange, air disinfection, and
soon [61].

Conclusion

This study has focused on examining PAC devices,
air purification processes, performance standards,
and the effectiveness of these devices in removing
indoor air pollutants. Devices that employ HEPA
filtration technology have proven highly efficient in
managing airborne particles indoors. The utilization
of devices featuring UVGI, plasma, and ozone
technologies should be approached carefully due to
the potentially hazardous side effects they may
produce.

One limitation of this study is that most studies
conducted in the past have been carried out in test
chambers on the devices, and the number of studies
conducted in real environments is limited.
Therefore, the conclusions drawn are also confined
to the results of test chambers. Additionally, due to
the lack of studies conducted in various climatic
conditions, including moist and arid conditions, the
results of this study cannot be generalized to all
climatic conditions.
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