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ABSTRACT

Asindividuals become more confined to their homes, especially during the COVID-19 lockdown
and the post-pandemic era, human activities will continue to generate more indoor particles.
However, the toxicity effects of indoor particles remain unknown during residents’ occupancy time.
Eighteen 24 hours of indoor and outdoor PM2s samples were collected using 37 mm polyvinyl
chloride (PVC) filter within a residential terrace house in Serdang, Selangor, during the 2021
Malaysia lockdown between February and March 2021. PM,.ssamples were then extracted using
methanol. MTT assay determined the cytotoxic activity of extracted indoor and outdoor PM2;s
treated at different concentrations (25-200 g mL™) on human lung cells (MRC-5) at a 24-hour
incubation period. The 24-h mass concentration of outdoor PMas (41.4 + 1.99 g m™3) was significantly
three times higher than indoor PM2.5(11.8 £ 0.60 ug m™3) (p < 0.05). However, exposure to indoor
PMos at higher concentrations (100 and 200 g mL™) on lung cells (MRC-5) significantly reduces
cell viability compared to outdoor PMa s, suggesting that exposure to indoor PM2.s causes toxicity
to the lung cells compared to outdoor PMa . In parallel, indoor real-time PM2.s measurements were
recorded in the kitchen during cooking and non-cooking days. We found cooking days generated
higher indoor PM2s concentrations (maximum PMas = 75.0 g m™3), suggesting that cooking
activity might contribute to the toxicity of indoor PM2.s. Due to the limited yield of indoor and
outdoor PM3 s, further optimization on the extraction of PM2.s should be carried out to evaluate
further the mechanism of cytotoxicity of indoor PM2 s on the lung cells.

Keywords: Cooking, Lockdown, Cytotoxicity, Cancer, Indoor air quality

1 INTRODUCTION

People spent a significant time indoors throughout the COVID-19 lockdown and subsequent
post-pandemic period due to the altered dynamics of COVID-19's emergence, particularly regarding
adopting remote work practices. This shift in behaviour has shown an impact on their level of
exposure and the subsequent effects experienced (Roh et al., 2021). Internal sources such as
indoor combustion, including cooking, smoking, and particle re-suspension, lead to even worse
air quality than outdoor, with an indoor/outdoor (I/0O) ratio above one (Martins and Carrilho da
Graga, 2018). Extensive cooking activities during the lockdown period have increased the emission
of cooking oil (Du and Wang, 2020). It is also known that the cooking process releases significant
amounts of particulate matter (PM), hence contributing to the emission of cooking effluents
(Zzhao et al., 2019).

Fine particulate matter (PMa.s) is a significant air pollutant that harms human health, particularly
cardiorespiratory health. PM2.s mainly comprises several compounds, including organic fractions,
trace elements, crustal elements, heavy metals, and carbonaceous species. Approximately 30—37%
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of outdoor PM2;s in urban Southeast Asia cities were released from traffic motor vehicles (Karagulian
et al., 2015). Significant contributions are from exhaust fume particles of diesel-powered exhaust,
brake and tire wear, and resuspension of the settled particle on the road surface (Tunno et al., 2016;
Hatzopoulou et al., 2013). Another 27-34% of emissions are from industry and power generation
(Karagulian et al., 2015). In addition, limited studies have conducted to collect indoor and outdoor
PM: 5 oxidative potential during COVID-19 lockdown (Altuwayjiri et al., 2021).

Epidemiological studies demonstrate significant associations between individuals’ exposure to
particulate matter (PM) and adverse health effects. Indoor particle composition and toxicity can
be quite complex, with both resembles and differences from outdoor PM (Morawska et al., 2013)
depending on the source and environment. The presence of particulate bound-heavy metals and
polycyclic aromatic hydrocarbons (PAHs) can lead DNA damage, cell death and genotoxicity (Dou
et al., 2018; Figliuzzi et al., 2020). When the airborne particles travel down to the lung, they will
cause injury along the tract due to free radical peroxidation-producing oxidate stressor (OS), which
is the underlying factor of those injuries (Greenwell et al., 2002). This will lead to inflammation
associated with lung damage and cardiovascular changes (Aztatzi-Aguilar et al., 2018). Secondary
systemic effects that modify the translocation of particulate matter (PM) or PM-induced mediators
from the alveoli into circulation have been hypothesized to cause direct toxic cardiovascular effects
once the OS and inflammation mechanisms are activated (Hamanaka and Mutlu, 2018). Chronic
exposure to PMas promotes the proliferation of lung cancer cells through the activation of epidermal
growth factor receptor (EGFR) signalling (Wang et al., 2023).

Even with extensive research on PMa s exposure, there is still a knowledge gap concerning the
cytotoxicity of PM2 s exposure toward lung cells in specific settings, notably in suburban regions
with diverse pollution sources. PM2 s concentrations in suburban Malaysia vary significantly due
to various sources, including commercial and industrial development, motor vehicles, and
transboundary haze (Ab. Rahman et al., 2022). The suburban area of Serdang, Selangor, Malaysia,
represents a unique setting with a combination of residential, educational, business, and industrial
zones and transportation infrastructure. This study aims to investigate the cytotoxic effects of
PM:zsin indoor and outdoor environments of a single terrace house in Serdang, shedding light on
the toxicity analysis of PM2sin a typical suburban residential setting. This study considered data
from a limited sampling site due to the Malaysia Movement Control Order (MCO) lockdown and
observed a unique opportunity to assess the average integrated daily residential exposure given
the occupancy time is 24 hours. To progress toward this broader objective, we assessed PMs
concentrations during cooking events, contributing to the occupant's total daily integrated personal
exposure in a lockdown home.

2 METHODS

2.1 Study Location

To collect the indoor and outdoor PM2 s samples, field monitoring was performed in a residential
terrace house located in a township of the suburban area of Serdang of Selangor state, Malaysia
(Fig. 1). Serdang is located in the Petaling District of Selangor and approximately 15 km south
from Kuala Lumpur City Centre. It covers an area of 10.62 km? with a population density of about
9,929/km?. The site includes residential, higher educational institutions, business and industrial
zones, and railway transit stations. This area is connected to other significant parts of Greater
Kuala Lumpur via major roads and the North-South Expressway PLUS, which becomes an important
source of traffic-related air pollution. Putrajaya is the nearest air quality monitoring station, 9 km
southwest of the study location.

The single-story residential house has a built-up area of 816 square meters and is equipped
with three bedrooms, a toilet, a kitchen, and a living room over fifteen years old. This residence
relies solely on natural ventilation via open windows and is fully occupied by three non-smoking
occupants. In addition, the house’s LPG-fuelled kitchen does not have a range hood and only has
an exhaust vent. All samplings were carried out between February and March 2021, which coincided
with 2021 Malaysia’s third wave of the COVID-19 pandemic and movement control order (MCO)
lockdown (Zamri et al., 2021). The mean + SD of indoor and outdoor temperature during 24 hours
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Fig. 1. Location of the study area city of Serdang.

of sampling was 28.4°C = 0.3 and 28.6°C + 1.0, respectively. The recorded mean * SD of indoor
and outdoor humidity readings during the sampling was 62.2% * 4.2 and 73.9% * 6.0, respectively.

2.2 PM_ s Mass Concentrations and Real-Time Monitoring

A portable low-volume personal air sampler, Escort ELF (Zefon International, FL, USA), fitted with
a nylon cyclone, was used with a flow rate of 1.7 L min™. Indoor and outdoor PM2.s samples were
collected for 24 hours ona 5.0 um PVC 37 mm filter (Zefon International, FL, USA). Before sampling,
the filter was pre-baked at 40°C in a laboratory incubator oven (Memmert INB200, Schwabach,
Germany) for two hours. The gravimetric analysis determined the PM;.s mass concentration using
an analytical weighing balance (A&D Weighing GX-400, Japan) in a controlled temperature and
relative humidity weighing room. Filter weights were analysed in triplicate after conditioning for
24 hours in desiccators before and after each sampling session.

Meanwhile, PM2s concentrations during cooking and non-cooking days were measured using
AM520 side Pak (TSI Instruments, Minnesota, USA). During sampling, the environmental condition,
including wind speed, temperature, humidity, and pressure, was measured using a weather
meter, Kestrel 5500 (Kestrel instruments® , Pennsylvania, USA). Ambient PM. s levels were obtained
from the nearest government monitoring station, Putrajaya.
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2.3 Reagents and Chemicals

Methanol was purchased from Fischer Scientific (Seoul, Korea); Roswell Park Memorial Institute
medium (RPMI-1640), sodium bicarbonate (NaHCO3), and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) were purchased from Sigma Aldrich® (Merck, St. Louis, USA);
fetal bovine serum (FBS) was purchased from Tico Europe (Amstelveen, Netherland); dimethyl
sulfoxide (DMSO) was purchased from EMSURE® (Massachusetts, USA); 95% ethanol was purchased
from Alchemy Supplies (Exabytes, Selangor, Malaysia); 0.5% Trypsin-EDTA (10%) was purchased
from Gibco® (Thermo Fischer Scientific, Loughborough, USA); penicillin-streptomycin solution
(100x) was purchased from BBI Life Science (Shanghai, China); trypan blue solution (0.4%) was
purchased from ScienCell™ Research Laboratories (Carlsbad, USA); and phosphate-buffered saline
(PBS) tablet was purchased from WWR® Life Science AMRESCO (Ohio, USA).

2.4 PMy s Extraction

PM: s filter samples were extracted using an ultrasonication method (Roper et al., 2019) with a
slight modification. The samples and blank PVC filters were placed in a 50 mL falcon tube containing
5 mL methanol. The filters were sonicated for 10 minutes in a water-bath sonicator at room
temperature (27°C). The filters were then rinsed with 1 mL methanol to remove any residual
particles before discarding them. The extraction procedure was repeated three times for each of
the filters. The extracts were then dried in the oven at 40°C for 24 hours. The concentrated PM2 s
extract was stored at —20°C for further MTT assay use.

2.5 Cell Line

Human lung fibroblast cells (MRC-5) were purchased from American Type Culture Collection
(ATCC® ) (ATCC accession number MRC-5 ((CCL-171™), Manassas, USA). MRC-5 was cultured in
RPMI-1640 and supplemented with 10% FBS and 1% of penicillin-streptomycin solution (10x%).
Cells were grown in a T75 tissue culture flask and incubated at 37°C with 5% CO..

2.6 MTT Assay

Cytotoxicity of the extracted indoor and outdoor PM2s samples on MRC-5 cells was determined
using MTT assay as previously described (Gouvea et al., 2012). MRC-5 cells (2 x 10* cells well™)
were seeded in 96-well plates for 24 hours and then treated with different concentrations (25,
50, 100, and 200 g mL™?) of extracted indoor and outdoor PM».s samples. The untreated cells
were included as the control group. Following 24 hours of incubation at 37°C, 20 uL of MTT
solutions (5 mg mL™) was added to each well and incubated for three hours at dark conditions.
After removal of the supernatant containing MTT solution, dark blue formazan crystals formed
and were dissolved in 100 pL DMSO. Absorbance (Abs) was read at a wavelength of 570 nm and
a reference wavelength of 620 nm using a microplate reader (Tecan, Infinite® F50, Mannedorf,
Switzerland). The percentage of cell viability for each concentration was calculated using Eq. (1).
The experiment was performed in three independent experiments (triplicate for each concentration).

Percentage of cell viability (Abssample/AbScontrol) X 100% (1)

2.7 Statistical Analysis

Statistical analysis is performed using Statistical Package for Social Science (SPSS) 25.0 software
(IBM, New York, NY) and Microsoft Excel 365 (Microsoft Inc., USA). Results were presented as
mean £ SD. Independent T-test and One-Way Analysis of Variance (ANOVA) were used to analyse
the results. Dunnett’s multiple comparisons test was used to determine the significant differences
from the control. A p-value of less than 0.05 (p < 0.05) was considered significant.

2.8 Quality Assurance and Quality Control

During air sampling, the portable low-volume personal air sampler was located away from any
obstacles to prevent restricted airflow. A secured electrical supply was obtained to operate the
sampler, and the sampler was ensured to be working properly. Also, the sampler flow rate was
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calibrated and adjusted to + 5% before and after each sampling session using a flow metre
calibrator model 4148 (TSI Instruments, Minnesota, USA) to ensure the flow rate remained constant
during the sampling. Moreover, field blanks with approximately 5-10% of the total samples were
collected with the sampling pump turned off to evaluate any potential contamination.

All filters were visually inspected thoroughly before being equilibrated in the conditioning
environment (20°C) inside a desiccator for 24 hours before and after sampling. At the end of
sampling, the filter was removed carefully by only touching the outer edge. In the process of weighing
the filter paper and chemical substances, the weighing scale was ensured to be calibrated. Before
weighing, the filter was passed through the mini-ioniser fan model 6213 (NRD Staticmaster®,
New York, USA). The weighing scale was swiftly brushed with an anti-static brush to eliminate
any static charge affecting the balance reading.

For quality assurance and control during the MTT assay, a control group containing untreated
cells was prepared for each of the tested concentrations of all samples. It is a must since, to
obtain a cell viability percentage, the absorbance of treated cells with indoor and outdoor PM3 s
samples must be deducted from the absorbance of untreated cells. Besides, control is important
to determine whether the cell viability of cells treated with PM2 s samples at a certain concentration
was significant compared to untreated cells using one-way ANOVA statistical analysis.

The mean and standard deviation of cell viability were calculated to represent each of the
tested indoor and outdoor PM2s concentrations. Moreover, the complete MTT assay protocol
for indoor and outdoor PM2.s samples was run in an independent experiment (triplicate for each
experiment) using different passage numbers on different days. This biological replicate concept
was practiced ensuring that the cell viability results obtained were parallel and the probability of
errors was reduced. The mean and standard error of the mean of three independent experiments
were calculated to represent the obtained MTT assay result.

3 RESULTS AND DISCUSSION

3.1 Outdoor PM, s Concentrations is Significantly Higher Compared to Indoor

PMas

Fig. 2 shows the average of PM2.s mass concentrations collected from 24-hours accumulated
indoor and outdoor samples. Levels of PM2s recorded from the Putrajaya monitoring station
were also shown in Fig. 2 during the period coincided with our sampling campaign. The average
PM2.s mass concentration measured outdoors was significantly three times higher than indoors
(indoor: 11.8 + 0.60 g m™ and outdoor: 41.4 £ 1.99 g m=3) (p < 0.05) and almost two times
higher than measured at Putrajaya Monitoring Station (23.8 + 6.5 ig m™3). This result may be due
to the relaxation of mobility for business and occupational purposes, contributing to increased
traffic on a nearby highway near the study location. The mean 24-hour PM2 .5 mass concentration
measured slightly exceeded the New Malaysia Ambient Air Quality Standard (NMAAQS) for daily
PM.s exposures with a mean limit of 35 g m™. PM. s levels were highly dependent on meteorological
conditions, with lower levels recorded during the northeast monsoon (Othman et al., 2022),
which coincided with our study period. The ambient PM2sin the suburban area was reported to
have a lower concentration than in urban areas, with an almost 20% reduction (Strosnider et al.,
2017). This is due to the fact that, while pollutants can be carried downwind from urban sources
and contribute to pollution levels in neighbouring areas, the sources of these air pollutants are
more concentrated in urban areas with higher levels of urbanisation and industrial development.
Thus, the increased wind speed and precipitation may contribute to the relatively low ambient
PMz2.s concentrations.

The average indoor/outdoor (I/0O) ratio obtained in this study was 0.33 + 0.17 with a correlation
coefficient (r) value of 0.73, indicating that outdoor sources significantly influence the indoor
PMas level (Han et al., 2016). The correlation between indoor and outdoor pollutant levels was
affected by penetration rates of ambient PMas indicated by Air exchange rate (AER) reading,
indoor sources of emission, and indoor decay rates (Tofful et al., 2020; Meier et al., 2015). Both
natural and mechanical ventilation controlled the kitchen's airflow in our study location. The
windows were opened during daylight hours, and the installed exhaust fan was switched on.
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Fig. 2. Summary of PMzs concentrations (g m™) obtained from average values collected from
indoor and outdoor samples and Putrajaya Monitoring Station, Malaysia. Box plots denote
minimum values, 1% quartile, median, 3™ quartile and maximum values.

There were no apparent cracks or openings in the walls or ceiling, which explains why the indoor
PM2s level was lower than the outdoor level. Malaysia has a hot and humid climate, so most
residential houses are built to be airtight to keep temperature, humidity, and energy consumption
withinideal limits (Reynolds, 2019). However, with limited natural ventilation and human-related
heat-released activities indoors, negative air pressure worsened indoor air quality (Ibiyeye et al.,
2015). As a result, mechanical ventilation systems heavily rely on providing comfort and better
IAQ for occupants (Kubota et al., 2009).

3.2 Higher Indoor PM; 5 during Cooking Days in a Lockdown House

Further analysis was conducted to compare real-time PMas concentrations on cooking and
non-cooking days in a study location of a lockdown house. Our finding found that cooking days
generated higher PM2s concentrations with maximum PMs recorded at 75.0 g m™ (average =
34.0 ug m= £ 17) compared to non-cooking days (average = 23.9 g m™ + 8) (Fig. 3). During
cooking days, occupants prepared food at least once a day for breakfast, primarily by frying,
followed by broiling on an LP gas stove, microwave, or air fryer. The highest real-time PMzs peak
was recorded between 10:00 and 11:00 a.m. on each cooking day when occupants were busy
preparing breakfast and lunch. The lowest PM2.s peak was observed during dinner, indicating that
the occupants rarely ate dinner or ordered delivery food. Compared to other households, occupants'
cooking activities were lower than usual. The average modern adult spends more than 20% of
their daytime in the kitchen, including cooking, eating, and cleaning up after meals, especially during
this COVID-19 pandemic, when citizens are not allowed to dine in. Increased frequency of cooking
activities during the MCO resulted in a significant increase in PM2s concentrations measured
indoors, with the highest average concentration exceeding the NMAAQS 2020 standard. Staying
indoors was predicted to pose a 25% increased risk of lung cancer (Ezani et al., 2021). The findings
from various studies consistently indicate substantial reductions in the ambient PM..s concentrations
during COVID-19 lockdown (Yao et al., 2022). However, it is necessary to acknowledge the increased
of indoor PM2s due to consequence of intensified domestic activities such as solid-fuel burning
and smoking during stay-home restriction. When these solid fuels burn inefficiently, particles like
PMo2.s are released into the house, exposing occupants to indoor air pollution.

Wan et al. (2011) reported that during the cooking episode, the average concentrations of
PMa.s were approximately 20-40 times the kitchen background level. In contrast, they were
about ten times the living room background level. They accounted for at least 60% and 73% of
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Fig. 3. Levels of PMs concentrations (g m™3) measured during cooking and non-cooking days.

the kitchen and living room surface area concentration, respectively. Depending on the cooking
procedures, cooking generated PM> s emission rates ranging from 2.14 mg min~ to 22.84 mg min~
(Kang et al., 2019). Surprisingly, broiling was the most polluting cooking technique, followed by
frying, including deep and stir-frying. Broiling foods resulted in average PMzs concentrations
three times that of frying (Jung and Su, 2020). The average indoor temperature and relative
humidity were recorded at 27.9°C £ 0.5 and 65.8% * 1.8 respectively during cooking days. While
during non-cooking days, indoor temperature and relative humidity were recorded at 28.3°C £
0.4 and 63.2% + 4.2 respectively. Air temperature during cooking days is slightly higher compared
to the cooking days, however this may influence by high outdoor temperature 28.6°C £+ 1.0.
During cooking, natural ventilation aids to regulate relative humidity in an effective way (Chen et
al., 2023).

3.3 Reduction in the Cells Viability of MRC-5 Cells Treated with Indoor PM; s

The cytotoxic effect of indoor and outdoor PM2s on MRC-5 cells was assessed using the MTT
assay. This assay relies on the conversion of soluble yellow tetrazolium (MTT) into insoluble purple
formazan crystals (MTT formazan) by the reduction in viable cells due to the cell’s metabolic activity
(Stoddart, 2011). Normal human lung cells, MRC-5 cells, were used since they are commonly
utilized in toxic agents’ research and have been widely used in the medical treatment industry
(Gouvea et al., 2012). Fig. 4 shows the percentage of MRC-5 cell viability after treatment with
various concentrations (25-200 pg mL™) of collected indoor and outdoor PM,s samples. Our
finding demonstrates that the cell viability of MRC-5 cells treated with the highest concentration
of outdoor PM2.s samples (100-200 pg mL™) is significantly higher compared to the untreated
cells (p < 0.05). In contrast, exposure to indoor PMa2.s on MRC-5 cells induces a reduction in cell
viability at higher concentrations (100-200 pg mL™) than untreated cells (p < 0.05) (Figs. 4(A)
and 4(B)), suggesting that exposure to indoor PM2s cause reduction in the cell viability of lung
cells as compared to outdoor PMzs. The use of alveolar epithelial cells from the human lung
adenocarcinoma cell line A549 has also been applied, apart from MRC-5, for in vitro studies into
PM mechanisms. Cell death (30-40%) and reactive oxidative stress (ROS) production were observed
in 24-hour exposure during the winter season in Beijing and Shanxi (Lai et al., 2021).

Our current finding agrees with Chen et al. (2020) and Tong et al. (2019). The increased
concentration of exposure to PM2 s resulted in decreased viability of exposed cells, as indicated by
increased lactate dehydrogenase (LDH) release (Chen et al., 2020; Tong et al., 2019). At a treatment
concentration of 100 ug mL™ of total PM., the cell viability percentage dropped to 65.5% compared
to control cells (Song et al., 2019). Furthermore, at a 1000 g mL™* of urban particulate matter
(NIST-1648a) concentration (using standard reference material), the cell viability was reduced to
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Fig. 4. Reduction in percentage of cell viability of MRC-5 cells treated with highest concentration of
indoor PMz 5 as compared to the (A) untreated cells and (B) outdoor PMa for 24-hours incubation
using MTT assay. Data were presented as mean = SEM of three independent experiments. One-
way ANOVA and independent t-test were used to analyse the results presented in A and B,
respectively. Dunnet test was used to analyse the significant differences among the concentration
as compared to the untreated cells (control). The significant mean difference of p-value less than
0.05 and 0.01 is shown as * and ** respectively.

40% (Das et al., 2021). Interleukin 6 level (IL-6), the pro-inflammatory cytokine pathway, and
8-isoprostane level, a marker of OS, were elevated in exposed cells when treated with indoor and
outdoor PMz 5 samples. Cell viability rose when cells were exposed to water-soluble fraction, but
it decreased dramatically when exposed to total PM2s and organic soluble fraction (Song et al.,
2019).

Since cooking was identified as the source of indoor PM in this study, it may contribute to the
toxicity of PM2s. Indoor PM2 s were proved to be more toxic than indoor as it caused severer DNA
damage in mice (Wierzbicka et al., 2022). It has been found that increased relative amounts of
metals, PAHs, and endotoxins may influence the indoor toxicity compared to the outdoor PMs.
Additionally, the COVID-19 partial and full lockdown reduced ambient PM s toxicity by approximately
25% in the Milan metropolitan area due to reduced vehicle traffic (Altuwayjiri et al., 2021).
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Due to the restricted yield of indoor and outdoor of our PM2.s samples, further study on PM3 s
extraction should be conducted to examine further the mechanism of cytotoxicity of indoor PM2 s
on lung cells. The study's limitation was the low number of samples collected due to the lockdown
period. It is possible that the lack of cytotoxicity was due to the low PM2.s mass concentration
collected in this study. As a result, it is recommended that the effects of indoor and outdoor PM3 s
on human health to be further investigated. Additionally, since the composition of PM2 s toxicities
varies depending on the sources of emission, chemical analysis is required to determine the
composition of extracted PMzs. Chemical analysis methods such as thermal optical carbon analysis
for carbonaceous species, ion chromatography for water-soluble inorganic ions, and inductively
coupled plasma atomic emission spectroscopy for elemental fractions can be included in the
future study.

4 CONCLUSIONS

A significantly three-fold higher concentration of outdoor PM» s was recorded in the present
study compared to indoor PM2.s during the COVID-19 lockdown period in the study location. A
strong correlation of indoor/outdoor ratio obtained proved that outdoor PM2.s does affect indoor
pollutant levels as a whole (r=0.73). Furthermore, our finding found that cooking days generated
higher PMa.s concentrations than non-cooking days. In future studies, it is worth to characterize
indoor exposure profiles among home dwellers and occupational exposure among home-cook
business vendors living in the post-COVID world.

MTT assay analysis revealed that exposure to the collected indoor PM; s on MRC-5 cells reduces
cell viability at higher concentrations (100-200 g mL™) compared to outdoor PMzs. Further
works on reactive oxidative stress (ROS) assessment related to PM2.s and other combustion-related
indoor emissions are needed to examine acute and long-term health effects. This study identified
cooking as the source of indoor PM, so it is possible that cooking contributes to the toxicity of PM2s.
Due to the limited yield of indoor and outdoor PMa.s samples, however, further optimization on
PM_ s extraction is required to examine the mechanism of cytotoxicity of indoor PM; 5 on lung cells.

ACKNOWLEDGMENTS

The authors wish to thank the Laboratory of UPM-MAKNA Cancer Research (CANRES), Institute
of Bioscience, Universiti Putra Malaysia for the technical assistance rendered and occupants who
agreed to conduct PMzs sampling at their house and cooperation given throughout the data
collection process. The authors would like to thank Dr. Rozaini Abdullah for the technical assistance
rendered on filter samples extraction methods.

REFERENCES

Ab. Rahman, E., Hamzah, F.M., Latif, M.T., Dominick, D. (2022). Assessment of PM, s patterns in
Malaysia using the clustering method. Aerosol Air Qual. Res. 22, 210161. https://doi.org/
10.4209/aaqr.210161

Altuwayjiri, A., Soleimanian, E., Moroni, S., Palomba, P., Borgini, A., De Marco, C., Ruprecht, A.A.,
Sioutas, C. (2021). The impact of stay-home policies during Coronavirus-19 pandemic on the
chemical and toxicological characteristics of ambient PM2s in the metropolitan area of Milan,
Italy. Sci. Total Environ. 758, 143582. https://doi.org/10.1016/].scitotenv.2020.143582

Aztatzi-Aguilar, O., Valdés-Arzate, A., Debray-Garcia, Y., Calderén-Aranda, E., Uribe-Ramirez, M.,
Acosta-Saavedra, L., Gonsebatt, M., Maciel-Ruiz, J., Petrosyan, P., Mugica-Alvarez, V., Gutiérrez-
Ruiz, M., Gdmez-Quiroz, L., Osornio-Vargas, A., Froines, J., Kleinman, M., De Vizcaya-Ruiz, A.
(2018). Exposure to ambient particulate matter induces oxidative stress in lung and aorta in a
size- and time-dependent manner in rats. Toxicol. Res. Appl. 2, 239784731879485.
https://doi.org/10.1177/2397847318794859

Chen, X.C., Chuang, H.C., Ward, T.J,, Tian, L., Cao, J.J., Ho, S.S.H., Lau, N.C., Hsiao, T.C., Yim, S.H.,

Aerosol and Air Quality Research | https://aaqr.org 9 of 12 Volume 24 | Issue 7 | 230205


https://doi.org/10.4209/aaqr.230205
https://aaqr.org/
https://aaqr.org/
https://doi.org/10.4209/aaqr.210161
https://doi.org/10.4209/aaqr.210161
https://doi.org/10.1016/j.scitotenv.2020.143582
https://doi.org/10.1177/2397847318794859

DATA REPORT
https://doi.org/10.4209/aaqr.230205

Ho, K.F. (2020). Indoor, outdoor, and personal exposure to PM2.s and their bioreactivity among
healthy residents of Hong Kong. Environ. Res. 188, 109780. https://doi.org/10.1016/j.envres.
2020.109780

Chen, X., Gao, Y., Yang, L., Liu, Y., Qin, M., Xia, J., Wang, P. (2023). An experimental study on
temperature, relative humidity, and concentrations of CO and CO; during different cooking
procedures. Processes 11, 2648. https://doi.org/10.3390/pr11092648

Das, A., Habib, G., Vivekanandan, P., Kumar, A. (2021). Reactive oxygen species production and
inflammatory effects of ambient PMa.s -associated metals on human lung epithelial A549 cells
“one year-long study”: The Delhi chapter. Chemosphere 262, 128305. https://doi.org/
10.1016/j.chemosphere.2020.128305

Dou, C., Zhang, J., Qi, C. (2018). Cooking oil fume-derived PM; 5 induces apoptosis in A549 cells
and MAPK/NF-kB/STAT1 pathway activation. Environ. Sci. Pollut. Res. 25, 9940-9948.
https://doi.org/10.1007/s11356-018-1262-5

Du, W., Wang, G. (2020). Indoor air pollution was nonnegligible during COVID-19 lockdown.
Aerosol Air Qual. Res. 20, 1851-1855. https://doi.org/10.4209/aaqr.2020.06.0281

Ezani, E., Brimblecombe, P., Asha’ari, Z.H., Fazil, A.A., Ismail, S.N.S., Ramly, Z.T.A., Khan, M.F.
(2021). Indoor and outdoor exposure to PMz s during COVID-19 lockdown in suburban Malaysia.
Aerosol Air Qual. Res. 21, 200476—200476. https://doi.org/10.4209/aaqr.2020.07.0476

Figliuzzi, M., Tironi, M., Longaretti, L., Mancini, A., Teoldi, F., Sangalli, F., Remuzzi, A. (2020).
Copper-dependent biological effects of particulate matter produced by brake systems on lung
alveolar cells. Arch. Toxicol. 94, 2965-2979. https://doi.org/10.1007/s00204-020-02812-4

Gouvea, L.R., Garcia, L.S., Lachter, D.R., Nunes, P.R., De Castro Pereira, F., Silveira-Lacerda, E.P.,
Louro, S.R.W., Barbeira, P.J.S., Teixeira, L.R. (2012). Atypical fluoroquinolone gold(lll) chelates
as potential anticancer agents: Relevance of DNA and protein interactions for their mechanism
of action. Eur. J. Med. Chem. 55, 67—73. https://doi.org/10.1016/j.ejmech.2012.07.004

Greenwell, L.L., Moreno, T., Jones, T.P., Richards, R.J. (2002). Particle-induced oxidative damage
is ameliorated by pulmonary antioxidants. Free Radical Biol. Med. 32, 898-905. https://doi.org/
10.1016/50891-5849(02)00782-7

Hamanaka, R.B., Mutlu, G.M. (2018). Particulate matter air pollution: effects on the cardiovascular
system. Front. Endocrinol. 9, 680. https://doi.org/10.3389/fendo.2018.00680

Han, Y., Li, X., Zhu, T., Lv, D., Chen, Y., Hou, L., Zhang, Y., Ren, M. (2016). Characteristics and
relationships between indoor and outdoor PMz s in Beijing: A residential apartment case study.
Aerosol Air Qual. Res. 16, 2386—2395. https://doi.org/10.4209/aaqr.2015.12.0682

Hatzopoulou, M., Weichenthal, S., Dugum, H., Pickett, G., Miranda-Moreno, L., Kulka, R., Andersen,
R., Goldberg, M. (2013). The impact of traffic volume, composition, and road geometry on
personal air pollution exposures among cyclists in Montreal, Canada. J. Exposure Sci. Environ.
Epidemiol. 23, 46-51. https://doi.org/10.1038/jes.2012.85

Ibiyeye, A.l., Mohd, F.Z.J., Zalina, S. (2015). Natural ventilation provisions in terraced-house
designs in hot-humid climates: Case of Putrajaya, Malaysia. Pertanika J. Soc. Sci. Humanit. 23,
885-904.

Jung, C.C., Su, H.J. (2020). Chemical and stable isotopic characteristics of PMs emitted from
Chinese cooking. Environ. Pollut. 267, 115577. https://doi.org/10.1016/j.envpol.2020.115577

Kang, K., Kim, H., Kim, D.D., Lee, Y.G., Kim, T. (2019). Characteristics of cooking-generated PM1o
and PMas in residential buildings with different cooking and ventilation types. Sci. Total
Environ. 668, 56—66. https://doi.org/10.1016/j.scitotenv.2019.02.316

Karagulian, F., Belis, C.A., Dora, C.F.C., Priiss-Ustlin, A.M., Bonjour, S., Adair-Rohani, H., Amann,
M. (2015). Contributions to cities’ ambient particulate matter (PM): A systematic review of
local source contributions at global level. Atmos. Environ. 120, 475-483. https://doi.org/
10.1016/j.atmosenv.2015.08.087

Kubota, T., Chyee, D.T.H., Ahmad, S. (2009). The effects of night ventilation technique on indoor
thermal environment for residential buildings in hot-humid climate of Malaysia. Energy Build.
41, 829-839. https://doi.org/10.1016/j.enbuild.2009.03.008

Lai, A., Baumgartner, J., Schauer, J.J., Rudich, Y., Pardo, M. (2021). Cytotoxicity and chemical
composition of women’s personal PM2.s exposures from rural China. Environ. Sci.: Atmos. 1,
359-371. https://doi.org/10.1039/D1EA00022E

Aerosol and Air Quality Research | https://aaqr.org 10 of 12 Volume 24 | Issue 7 | 230205


https://doi.org/10.4209/aaqr.230205
https://aaqr.org/
https://aaqr.org/
https://doi.org/10.1016/j.envres.2020.109780
https://doi.org/10.1016/j.envres.2020.109780
https://doi.org/10.3390/pr11092648
https://doi.org/10.1016/j.chemosphere.2020.128305
https://doi.org/10.1016/j.chemosphere.2020.128305
https://doi.org/10.1007/s11356-018-1262-5
https://doi.org/10.4209/aaqr.2020.06.0281
https://doi.org/10.4209/aaqr.2020.07.0476
https://doi.org/10.1007/s00204-020-02812-4
https://doi.org/10.1016/j.ejmech.2012.07.004
https://doi.org/10.1016/S0891-5849(02)00782-7
https://doi.org/10.1016/S0891-5849(02)00782-7
https://doi.org/10.3389/fendo.2018.00680
https://doi.org/10.4209/aaqr.2015.12.0682
https://doi.org/10.1038/jes.2012.85
https://doi.org/10.1016/j.envpol.2020.115577
https://doi.org/10.1016/j.scitotenv.2019.02.316
https://doi.org/10.1016/j.atmosenv.2015.08.087
https://doi.org/10.1016/j.atmosenv.2015.08.087
https://doi.org/10.1016/j.enbuild.2009.03.008
https://doi.org/10.1039/D1EA00022E

DATA REPORT
https://doi.org/10.4209/aaqr.230205

Martins, N.R., Carrilho da Graga, G. (2018). Impact of PMy5 in indoor urban environments: A
review. Sustainable Cities Soc. 42, 259-275. https://doi.org/10.1016/j.s¢s.2018.07.011

Meier, R., Eeftens, M., Phuleria, H.C., Ineichen, A., Corradi, E., Davey, M., Fierz, M., Ducret-Stich,
R.E., Aguilera, 1., Schindler, C., Rochat, T., Probst-Hensch, N., Tsai, M.Y., Kinzli, N. (2015).
Differences in indoor versus outdoor concentrations of ultrafine particles, PM.s, PM absorbance
and NO; in Swiss homes. J. Exposure Sci. Environ. Epidemiol. 25, 499-505. https://doi.org/
10.1038/jes.2015.3

Morawska, L., Afshari, A., Bae, G.N., Buonanno, G., Chao, C.Y., Hinninen, O., Hofmann, W., Isaxon,
C., Jayaratne, E.R., Pasanen, P., Salthammer, T., Waring, M., Wierzbicka, A. (2013). Indoor
aerosols: from personal exposure to risk assessment. Indoor Air 23, 462—487. https://doi.org/
10.1111/ina.12044

Othman, M., Latif, M.T., Hamid, H.H.A., Uning, R., Khumsaeng, T., Phairuang, W., Daud, Z., Idris,
J., Sofwan, N.M., Lung, S.C.C. (2022). Spatial-temporal variability and health impact of
particulate matter during a 2019-2020 biomass burning event in Southeast Asia. Sci. Rep. 12,
7630. https://doi.org/10.1038/s41598-022-11409-z

Reynolds, M. (2019). Odds are that at any given time the air pressure in a house is out of balance
& either drawing air in or forcing it out. Learn the causes, the effects & the solutions for air
leakage in homes & why it's important. Ecohome https://www.ecohome.net/guides/2221/air-
sealing-for-air-tightness-of-homes-relies-on-balancing-air-pressure-in-a-house/

Roh, T., Moreno-Rangel, A., Baek, J., Obeng, A., Hasan, N.T., Carrillo, G. (2021). Indoor Air Quality
and Health Outcomes in Employees Working from Home during the COVID-19 Pandemic: A
Pilot Study. Atmosphere 12, 1665. https://doi.org/10.3390/atmos12121665

Roper, C., Delgado, L.S., Barrett, D., Massey Simonich, S.L., Tanguay, R.L. (2019). PM;s filter
extraction methods: implications for chemical and toxicological analyses. Environ. Sci. Technol.
53, 434—442. https://doi.org/10.1021/acs.est.8b04308

Song, Y., Li,R., Zhang, Y., Wei, J., Chen, W., Chung, C.K.A., Cai, Z. (2019). Mass spectrometry-based
metabolomics reveals the mechanism of ambient fine particulate matter and its components
on energy metabolic reprogramming in BEAS-2B cells. Sci. Total Environ. 651, 3139-3150.
https://doi.org/10.1016/j.scitotenv.2018.10.171

Stoddart, M.J. (2011). Cell Viability Assays: Introduction, in: Stoddart, M.J. (Ed.), Mammalian Cell
Viability, Humana Press, Totowa, NJ, pp. 1-6. https://doi.org/10.1007/978-1-61779-108-6_1

Strosnider, H., Kennedy, C., Monti, M., Yip, F. (2017). Rural and Urban Differences in Air Quality,
2008-2012, and Community Drinking Water Quality, 2010-2015 — United States. MMWR
Surveill. Summ. 66, 1-10. https://doi.org/10.15585/mmwr.ss6613al

Tofful, L., Perrino, C., Canepari, S. (2020). Comparison study between indoor and outdoor chemical
composition of PM2s5 in two ltalian areas. Atmosphere 11, 368. https://doi.org/10.3390/
atmos11040368

Tong, X., Chen, X.C., Chuang, H.C., Cao, J.J., Ho, S.S.H., Lui, K.H., Ho, K.F. (2019). Characteristics
and cytotoxicity of indoor fine particulate matter (PM2.s) and PM2s-bound polycyclic aromatic
hydrocarbons (PAHs) in Hong Kong. Air Qual Atmos Health 12, 1459-1468. https://doi.org/
10.1007/s11869-019-00762-0

Tunno, B.J., Dalton, R., Michanowicz, D.R., Shmool, J.L.C., Kinnee, E., Tripathy, S., Cambal, L.,
Clougherty, J.E. (2016). Spatial patterning in PM2s constituents under an inversion-focused
sampling design across an urban area of complex terrain. J. Exposure Sci. Environ. Epidemiol.
26, 385—-396. https://doi.org/10.1038/jes.2015.59

Wan, M.P., Wu, C.L., Sze To, G.N., Chan, T.C., Chao, C.Y.H. (2011). Ultrafine particles, and PM2s
generated from cooking in homes. Atmos. Environ. 45, 6141-6148. https://doi.org/10.1016/j.
atmosenv.2011.08.036

Wang, T., Huang, K., Chen, C.C., Chang, Y., Chen, H., Hsueh, C., Liu, Y., Yang, S., Yang, P., Chen,
C.Y. (2023). PM2.s promotes lung cancer progression through activation of the AhR-TMPRSS2-
IL18 pathway. EMBO Mol. Med. 15, e17014. https://doi.org/10.15252/emmm.202217014

Wierzbicka, A., Omelekhina, Y., Saber, A.T., Bloom, E., Gren, L., Poulsen, S.S., Strandberg, B., Pagels,
J., Jacobsen, N.R. (2022). Indoor PMa.s from occupied residences in Sweden caused higher
inflammation in mice compared to outdoor PMas. Indoor Air 32, e13177. https://doi.org/
10.1111/ina.13177

Aerosol and Air Quality Research | https://aaqr.org 11 of 12 Volume 24 | Issue 7 | 230205


https://doi.org/10.4209/aaqr.230205
https://aaqr.org/
https://aaqr.org/
https://doi.org/10.1016/j.scs.2018.07.011
https://doi.org/10.1038/jes.2015.3
https://doi.org/10.1038/jes.2015.3
https://doi.org/10.1111/ina.12044
https://doi.org/10.1111/ina.12044
https://doi.org/10.1038/s41598-022-11409-z
https://www.ecohome.net/guides/2221/air-sealing-for-air-tightness-of-homes-relies-on-balancing-air-pressure-in-a-house/
https://www.ecohome.net/guides/2221/air-sealing-for-air-tightness-of-homes-relies-on-balancing-air-pressure-in-a-house/
https://doi.org/10.3390/atmos12121665
https://doi.org/10.1021/acs.est.8b04308
https://doi.org/10.1016/j.scitotenv.2018.10.171
https://doi.org/10.1007/978-1-61779-108-6_1
https://doi.org/10.15585/mmwr.ss6613a1
https://doi.org/10.3390/​atmos11040368
https://doi.org/10.3390/​atmos11040368
https://doi.org/10.1007/s11869-019-00762-0
https://doi.org/10.1007/s11869-019-00762-0
https://doi.org/10.1038/jes.2015.59
https://doi.org/10.1016/j.atmosenv.2011.08.036
https://doi.org/10.1016/j.atmosenv.2011.08.036
https://doi.org/10.15252/emmm.202217014
https://doi.org/10.1111/ina.13177
https://doi.org/10.1111/ina.13177

DATA REPORT
https://doi.org/10.4209/aaqr.230205

Yao, L., Kong, S., Zheng, H., Chen, N., Zhu, B., Xu, K., Cao, W., Zhang, Y., Zheng, M., Cheng, Y., Hu,
Y., Zhang, Z., Yan, Y., Liu, D., Zhao, T., Bai, Y., Qi, S. (2021). Co-benefits of reducing PM2s and
improving visibility by COVID-19 lockdown in Wuhan. npj Clim. Atmos. Sci. 4, 40.
https://doi.org/10.1038/s41612-021-00195-6

Zamri, A.S.S.M., Singh, S., Ghazali, S.M., Herng, L.C., Dass, S.C., Aris, T., Ibrahim, H.M., Gill, B.S.
(2021). Effectiveness of the movement control measures during the third wave of COVID-19 in
Malaysia. Epidemiol. Health 43, €2021073. https://doi.org/10.4178/epih.e2021073

Zhao, Y., Liu, L., Tao, P., Zhang, B., Huan, C., Zhang, X., Wang, M. (2019). Review of effluents and
health effects of cooking and the performance of kitchen ventilation. Aerosol Air Qual. Res. 19,
1937-1959. https://doi.org/10.4209/aaqr.2019.04.0198

Aerosol and Air Quality Research | https://aaqr.org 12 of 12 Volume 24 | Issue 7 | 230205


https://doi.org/10.4209/aaqr.230205
https://aaqr.org/
https://aaqr.org/
https://doi.org/10.1038/s41612-021-00195-6
https://doi.org/10.4178/epih.e2021073
https://doi.org/10.4209/aaqr.2019.04.0198

	ABSTRACT
	1 INTRODUCTION
	2 METHODS
	2.1 Study Location
	2.2 PM2.5 Mass Concentrations and Real-Time Monitoring
	2.3 Reagents and Chemicals
	2.4 PM2.5 Extraction
	2.5 Cell Line
	2.6 MTT Assay
	2.7 Statistical Analysis
	2.8 Quality Assurance and Quality Control

	3 RESULTS AND DISCUSSION
	3.1 Outdoor PM2.5 Concentrations is Significantly Higher Compared to Indoor PM2.5
	3.2 Higher Indoor PM2.5 during Cooking Days in a Lockdown House
	3.3 Reduction in the Cells Viability of MRC-5 Cells Treated with Indoor PM2.5

	4 CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

