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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash The effect of cooking aerosol on the human heart was investigated in this study. The heart rate and blood
pressure of 33 healthy adults were monitored before, exactly after, and two hours post-exposure (30 minutes,
60 minutes, 90 minutes, and 120 minutes after cooking). One hundred twenty grams of ground beef was fried in
sunflower oil for twenty minutes using a gas stove without ventilation. Ultrafine particles, indoor temperature,
relative humidity, carbon dioxide, oil, and meat temperatures were monitored during the experiment. The
average particle emission rate (S) and average decay rate (a+k) for meat frying were found to be 2.09x10'3
(SD=3.94 x10'3, R?=0.98, P <0.0001) particles/min, and 0.055 (SD=0.019, R?=0.91, P <0.0001) particles/
min, respectively. No statistically significant changes in diastolic blood pressure (DBP) and heart rate (HR) were
observed. The average systolic blood pressure (SBP) statistically significantly increased from 98 mmHg (before
the exposure) to 106 mmHg 60 minutes after the exposure. The results suggested that frying emission statistically
significantly impacted blood pressure.
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1. Introduction

Investigating indoor air quality is important as people spend most of
their time indoors [1]. Emissions from a variety of indoor particle
sources were reported in the literature. Studies identified tobacco
smoking, cooking, kerosene heating, and wood burning as the most
significant particular matter (PM) sources [2]. Among all sources of
indoor PM, cooking has been recognized to be among the highest
emitting sources of airborne particles [3-7]. Cooking can produce par-
ticles with concentrations 10 times higher than the background levels
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[8,9]. The number of particles produced during cooking can be affected
by cooking type, fuel, and ingredients [10-15]. Studies showed that the
concentrations of ultrafine particles (UFPs) and PMy 5 during cooking
with oil, such as frying, are higher than cooking with water [16,17]. It
has been demonstrated in the literature that cooking with a gas stove
results in higher concentrations of UFPs and PM than cooking using an
electric stove [18-23,17].

Recent studies discovered particles emitted during different cooking
activities could be smaller than 10 nm. For example, particles emitted
from stir-frying using a gas stove and electric hot plate were reported to
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be as small as 1 nm[24]. Also, the average mode diameter values that
have been observed for gas stove particles ranged from 4.4 to 7 nm and
for the electric stove, from 3.2 to 22 nm [23]. Amouei Torkmahalleh
et al. [10] characterized particle size distribution as small as 10 nm for
seven different cooking oils and showed the heated oil is a particle
source [18]. Saito et al. [25] showed that fat in the meat was the main
component that generated Polycyclic Aromatic Hydrocarbons (PAHs)
during thermal cooking. The percentages of total PAHs in all particles
with diameters <0.43 ym were found to be 61 % in trout, 77 % in beef,
and 66 % in pork. Frying beefsteak in a room equipped with a gas stove
hood using margarine produced significantly higher levels of aldehydes
than virgin olive oil, soybean oil, and rapeseed oil. The quantified mean
concentration of trans, trans-2, 4-decadienal, 2, 4-decenal,
trans-2-decenal, 2-undecenal, alkanals, and alkenals were
10.33 pg/m>, 25.33 pug/m?, 25.33 pg/m3, 20.67 ug/m>, 426 pg/m® and
55.7 pg/m3, respectively, during frying with margarine [26]. Particles
can enter the blood circulation and translocate to other organs, such as
the heart [27-29]. Kreyling et al. [28] reported that insoluble iridium
UFPs were transported to the extrapulmonary organs, including the
heart and brain. Manganese was demonstrated to be translocated to the
brain through blood circulation. The translocation rate of particles into
the blood circulation could vary with particle composition, size, and
morphology [27].

Several studies showed cooking as a source of fine and ultrafine
particles that can affect brain activity and respiratory and cardiovas-
cular systems [30-34]. Several clinical studies investigated the cardio-
vascular impact of cooking fumes through inhalation. These studies
monitored heart rate [35] and blood pressure [36,32,37] before, during,
and several hours after exposure. Some findings reported statistically
significant increases in systolic blood pressure (SBP) during the
post-exposure period, but no changes in diastolic blood pressure (DBP)
were reported. Cosselman et al. [38] investigated the effect of diesel
exhaust particles on humans. They showed an increase in systolic blood
pressure (SBP) 30-60 minutes post-exposure, but no statistically sig-
nificant changes in diastolic blood pressure (DBP) were observed. Fedak
et al. [39] compared the SBP and DBP changes after exposure to
different cook stove fumes and concluded an increase in SBP and no
changes in DBP after 24 hours post-exposure. Soppa et al. [37] investi-
gated the blood pressure changes of 54 healthy volunteers with exposure
to PM from candle burning, toasting bread, and frying sausages. One
hour after the exposure to particles from toasting bread, SBP increased
by 1.5 and 2.2 mmHg per 10 pg/m?> increase in PM;q and PMys,
respectively. Particles emitted during candle burning and frying sau-
sages did not affect the blood pressure. Gabdrashova et al. [32] reported
increased SBP 90-120 minutes after exposure to UFPs from frying beef
on an electric stove. The authors reported there were no changes in DBP.

Hypertension, commonly known as high blood pressure, is a preva-
lent medical condition affecting millions worldwide. It is a chronic
disorder characterized by elevated blood pressure levels, and if left
untreated, it can lead to severe health complications. According to the
World Health Organization (WHO), hypertension is a leading risk factor
for cardiovascular diseases including coronary artery disease, heart
failure, and stroke [40], and renal impairment. As one of the leading
causes of preventable morbidity and mortality worldwide, hypertension
demands careful attention and comprehensive research to understand its
underlying mechanisms and clinical implications [41]. Hypertension
significantly impacts various organ systems, posing serious health risks
to affected individuals. Sustained elevated blood pressure levels can lead
to a myriad of clinical complications, making it a critical public health
concern. Furthermore, it plays a pivotal role in developing and pro-
gressing chronic kidney disease, leading to renal impairment and ulti-
mately requiring dialysis or transplantation in severe cases [42].
Additionally, hypertension contributes to vascular damage, leading to
retinopathy, a condition affecting the eyes’ blood vessels and potentially
causing visual impairment [43]. Moreover, its adverse effects extend to
the central nervous system, with evidence linking hypertension to
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cognitive decline and an increased risk of developing dementia [44].

One important potential confounding bias due to study protocol in
some studies was that study participants were outside the study facility
during the post-exposure time, which might have exposed them to other
cooking sources, especially during their stay at home and traffic emis-
sions during commuting. Thus, a study protocol that avoids outside
uncontrolled exposures during the study period can produce more reli-
able and valid results. The objective of the present study was to inves-
tigate the cardiovascular impact of exposure to UFPs from gas stove
cooking up to 2 hours post-exposure through a controlled clinical study.
This investigation employed a protocol that prevents study participants
from being exposed to PM from outside sources other than cooking
during the study period. This paper aims to delve into the clinical im-
pacts of hypertension on these vital organ systems, highlighting the
urgency for early detection, effective management, and timely inter-
vention to mitigate the detrimental consequences associated with this
prevalent medical condition.

2. Materials and methods

Study Participants: Thirty-three physically and mentally healthy
adults (between 18 and 65 years old) were recruited for this study In the
first step, potential study volunteers were asked to complete an inter-
view form, being informed of this process in the study recruitment ad-
vertisements. Then the research team reviewed the interview forms, and
unqualified participants were excluded according to previously estab-
lished health criteria. The interview form (FS1) described the detailed
criteria for inclusion and exclusion. Non-healthy people (suffer from
respiratory, cardiovascular, nervous disease or mental disease), smokers
(cigarette, Shisha, etc.), alcohol users, pregnant women, drug addicts,
and stressed people were excluded. Data on potential study volunteers’
lifestyles, such as physical activities, cooking habits, and general health
conditions, were collected in the interview form (FS1).

Eligible study volunteers were provided with a consent form that
informed them of the aim and procedures of the study, including
schedule, research facility address, and cooking protocols; and infor-
mation concerning the right to withdraw their participation and infor-
mation, including their health condition and test results, from the
database at any time during the study. Those who signed the consent
form (FS2) were invited to participate in the study. The study partici-
pants’ characteristics listed in Table 1 represent the entire group eligible
for the following analyses. The ethics committee of Nazarbayev Uni-
versity has approved the procedure of this study under approval code
115/12022019.

Environmental Measurements: Indoor temperature, CO5 concentra-
tion, and relative humidity were monitored using a Smart Meter model
AZ-7755, with 1 min manual logging intervals. A NanoTracer (Philips
Aerasense, Netherlands) was utilized to measure particle number con-
centrations in the 10-300 nm range up to 1 0° particles/ em® at 10-second
intervals. During the measurements, NanoTracer was placed next to the
study participants. A digital thermometer (Model 541IB, Fluke, Everett,

Table 1

Personal and exposure session characteristics of 33 study participants.
Personal characteristic Measure
Age [years], mean (SD) 38 (14.8)

Female, n (%) 66 %

Weight [kg], mean (SD) 68.9 (13.1)
Height [cm], mean (SD) 165.3 (8.0)
BMI, mean (SD) 25.4 (4.5)
Baseline blood pressure

Systolic, mean (SD) 97.9 (13.5)
Diastolic, mean (SD) 70.8 (9.5)
Heart rate, mean (SD) 81 (6.5)
Participant exposure characteristic

Indoor temperature,”C, mean (SD) 26.7 (2.1)
Indoor humidity, %, mean (SD) 46.0 (8.5)
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USA) equipped with two K-type thermocouple probes (Model THS-
103-020, ThermoWorks, USA) was used to monitor the oil and chicken
temperatures with 1-minute logging intervals. At the end of the exper-
iment day, the doors and windows were opened such that the concen-
tration of particles declined to the background level, and the room was
ready for the next study participants.

Effect assessments: Systolic blood pressure (SBP), diastolic blood
pressure (DBP), and heart rate (HR) were measured with an Omron10
Model BP786N. This Omron was previously compared with a reference
blood pressure clinical cuff and good agreement was obtained [32].
Blood pressure and heart rate were measured in the sitting positions six
times, including 30 minutes after the study participants arrived at the
experiment house (step 1), at the end of cooking (step 2), 30 minutes
after the cooking (step 3), one hour after the cooking (step 4), 90 mi-
nutes after the cooking (step 5), and two hours after the cooking (step 6).
The cooking experiments commenced immediately after step 1. The
rationale for this measurement schedule was to ensure that any signif-
icant changes in blood pressure during post-exposure were not over-
looked. We’ve classified the systolic blood pressure as normal (SBP <
120), elevated (120 < SBP <130), stage 1 high blood pressure (130 <
SBP < 140), and stage 2 high blood pressure (SBP > 140) and diastolic
blood pressure to normal (DBP < 80), stage 1 high blood pressure (80 <
DBP < 89), and stage 2 high blood pressure (DBP > 90) [40].

Experimental Protocol: The experiment was conducted in a kitchen in
a two-bedroom apartment equipped with a gas stove. The kitchen vol-
ume was 18.75 m®. The doors and windows were closed during the
experiment to limit the penetration of outdoor particles into the
experimental house. Lack of thermal comfort could be an important
element for residents, contributing to cardiovascular and respiratory
problems [45]. However, the average ambient temperature and hu-
midity were 26.7 °C and 46 % during the experiments, respectively, in
the recommended range according to the ASHRAE 55-2013 standard
[46] for indoor air temperature and humidity level. One to three par-
ticipants stayed at the apartment daily to participate in the experiments.
Study participants sat on a sofa in the living room during the experi-
ments and were allowed to talk or read to avoid monotony. A researcher
performed cooking, while study participants were asked to sit next to the
stove only during the cooking. Other indoor sources and volatile organic
compounds (VOCs), such as detergents, food additives, perfumes, and
cosmetic materials, were prohibited during the experiment to exclude
the other sources of particles. Particle number concentrations were
measured during the experiments. The NanoTracer was next to the study
participants before, during, and after the exposure to assess their
exposure to UFPs.

On each experiment day, two or more volunteers participated in the
experiments simultaneously. A hundred grams of low-fat ground beef
(according to the seller) which is widely used during cooking at homes
and restaurants, 25 g shredded onion, 1 g pepper, 1 g turmeric, and 1 g
salt were mixed. Three pan kebabs (each 40 g) were made from this
mixture, weighing approximately 40 g each. Clean gloves were used to
prepare pan kebabs. A PTFE-coated aluminum pan (25 cm diameter)
was heated on a gas stove for 2 minutes, and then 21 ml sunflower oil
was added to the pan. Heating the empty pan did not produce significant
emissions of particles larger than 10 nm; thus, PNC did not increase. The
background concentration was on average 11,300 particles/cm® and
reached 11,400 particles/cm® during the heating of the empty pan (P
value=0.582, CL-95 %). After six minutes, three pieces of pan kebabs
were placed into the pan. Pan kebabs were turned over three times at the
11th, 14th, and 17th-minute marks from the start of cooking. After
20 minutes, the stove was switched off. No range hood was applied in
this study.

Control Experiments: Ten participants were asked to attend the con-
trol study. During the experiments, they sat on a sofa in the living room
and were allowed to talk or read to avoid monotony. They only had to sit
next to the stovewhile the stove was off, as no actual cooking was per-
formed in the control experiments.
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Data Analyses: The non-parametric Friedman test was employed
since the normality test failed to assess the effects of cooking versus non-
cooking on the human heart [47]. Considering a null hypothesis (Hgp)
that the populations represented by the multiple conditions possess the
identical distribution of scores, the Friedman test uncovers any overall
discrepancies across related means. Accordingly, the alternative hy-
pothesis asserts that the distribution of scores in at least one related
population differs from the others. If the Friedman test revealed a sta-
tistically significant difference between the populations, the Wilcoxon
test [48] was used as a post hoc test to determine the source of the
variations. The null hypotheses are as follows:

Hp: the means of the measurements of a condition at all time points
remain unchanged and are equal. H;: At least the one-time point mean is
statistically significantly different. The associated groups are the sub-
jects before, during, and after cooking, and ps are the population means.

Emission rates: The mass balance approach (Eq. 1) was used to esti-
mate the particle number emission rate [11], assuming the well-mixed
environment and constant emission rate.

dCi,l _ S
i PaCyy — (a+K)Cin + v 1)

Cin: indoor number or mass concentration

Cout: outdoor number or mass concentration to be negligible
compared to Cj, during cooking

P: penetration coefficient

a: air exchange rate

K: deposition rate

S: emission rate

V: volume of the kitchen

The concentration variations with time during the decay period
(S=0) were plugged into Eq. 1 to estimate the decay rate (a+k).
Assuming the C,y¢ to be constant, Eq. 1 leads to:

(Cin t Cin b)
In——2t b _(q+K)t (&)
(Cm max — Cin.b) ( )
The decay rate is equivalent to the negative slope of the graph
In-GneCnv) yersys time. Where Cin,t is indoor number concentration

(Cinmax—Cinp)
(particles/cm®) at any time, Cin,b is background concentration (parti-
cles/cm3), and Cy; max is the maximum concentration (particles/cm3).

AC =
Vi

m[l —exp(—(a+k)t)] 3

S
The estimated decay rate was plugged into Egs. 3 and 4 to estimate
the S [49]. AC is the difference between the measured indoor and
background concentrations. The y-intercept of the graph In(AC) versus
In[1 —exp(—(a+k)t)] is In(y-2%). Given (a+k) and the apartment’s

s
V(a+k)

volume, S was calculated.

3. Results

Exposure assessment: Fig. 1 presents the average oil and meat tem-
perature versus time during cooking. Time zero shows the moment that
the pan was put on the stove and the gas stove was switched on. After
two minutes, the oil was added to the pan. It was observed that the oil
temperature increased from 40°C to 150 °C during the first eight minutes
of cooking. When the meat was placed into the pan (8 minutes after the
cooking), the oil temperature dropped and reached 110 °C at minute 14.
This drop in temperature was due to the lower temperature of the meat
compared to the heated oil. A second peak (140 °C) was observed at
minute 20 due to the continuous heating, and then the stove was
switched off with a subsequent drop in the oil temperature. The meat
temperature increased to 65°C after 3 minutes of heating. Turning over
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Fig. 1. Average oil and meat temperature changes with time during the frying
of beef (The plots represent the average value and the SD. Each data point on
the graph is the mean and the error bar is SD).

the meat (after 11, 14, and 17 minutes of cooking) resulted in temper-
ature drops, as shown in Fig. 1.

Fig. 2 presents the average particle size and number concentration
with time. It is demonstrated that cooking beef kebab produced ultrafine
particles. The minimum average diameter at minute 60 in particle size
figure is compatible with average particle number concentration figure,
suggesting that the highest particle number concentration was associ-
ated with the smallest diameter particles. Fig. 2 shows that the diameter
of the particles during the experiments was under 100 nm, and the mode
diameter was 49.5 nm which shows the presence of UFPs. During the
grilling on the stove, 98 % of the emitted particles were in the ultrafine
range, and a mode diameter of approximately 20 nm [19] was observed.
Wallace et al. [23] reported the mode diameter while cooking rice with
water on an electric stove to be approximately 15 nm. The mode
diameter during frying bacon using the gas stove was reported to be
84.1 nm [20].

The initial background concentration was approximately 1.1x10*
particle/cm®. The first peak concentration due to cooking was found at
minute 45, which resulted in a particle concentration of 8.6x10* par-
ticle/cm®. The second and third concentration peaks were observed at
minutes 60 and 100 during the decay period, which could be attributed
to the coagulation of particles smaller than 10 nm (below the in-
strument’s detection limit) to larger than 10 nm to be detectable by the
instrument. A study by Zhang et al. [17] reported an average particle
concentration of 6.04x10° particle/cm3 at high temperatures, and the
mode diameter ranged from 60 to 90 nm while frying chicken with a gas
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stove. However, cooking with the medium temperature resulted in a
mode diameter between 30 and 50 nm and an average particle con-
centration of 2.65x10° particle/cm®. The maximum particle concen-
tration produced during frying pork meat and frying chips was 2.7x10°
particle/ecm® and 2.3x10° particle/cm®, respectively [50], which is
consistent with the concentration of this study.

The average particle number emission rate (S) and the average
particle number decay rate (a+k) for meat frying in our experiments
were found to be 2.09x10"® (SD=3.94x10'3, R?=0.98, P <0.0001)
particles/min, and 0.055 (SD=0.019, R*=0.91, P <0.0001) min},
respectively. Giorgio [50] reported an average particle number emission
factor of 7.7 x10%° and 8.8 x10'° particles/min for frying chips and pork
meat, respectively, which is lower than the concentration of this study.

Heart responses: Fig. 3 shows the SBP, DBP, and HR average values for
the six steps of the experiments for the control group. A statistically
significant increase in SBP was observed between steps 1 and 4 (p=
0.001) and a significant decrease between steps 4 and 5 (p= 0.049). No
significant changes were observed for HR and DBP for the control group.
This observation suggest that SBP could change during the day, and
thus, diurnal effect could be important in the current study.

Statistically significant increases in SBP were observed between steps
1 and 4 (p=0.009), 1 and 6 (p= 0.012), 2 and 4 (p= 0.018), and 2 and 6
(p=0.018). Fig. 4 presents the average SBP, DBP, and HR values for the
six steps of the cooking experiments. The average SBP increased from
98 mm Hg (step 1) to 106.4 and 106.5 mm Hg (steps 4 and 6, respec-
tively). The HR decreased during the post-exposure (after cooking)
period compared to the before exposure (before cooking). Our recent
study made similar observations [32]. However, the Friedman test
showed no statistically significant differences in diastolic blood pressure
and heart rates up to two hours post-exposure (the six measurement
steps) (Table S1). Results showed that 15 % of study participants entered
the elevated stage of SBP, and 30 % entered the stage 1 high DBP after
exposure.

These observations agree with similar studies in the literature. For
example, exposure to diesel exhaust particles SBP increased after two
hours while no effects on DBP up to 24 hours post-exposure were
observed [38].

4. Discussion

The observed increases in SBP are likely due to exposure to the
cooking emission, but the mechanism is unclear. Several studies showed
the translocation of nanoparticles to the blood. Husain et al. [51]
observed the translocation of nanoparticles into the blood that changed
the blood biomarkers. Black carbon particles were observed on the fetal
side of the human placenta [52] and in healthy children’s urine [53] due
to chronic exposure to ambient PM. On the other hand, other studies

140

120 4

100 4 Start cooking

1 N/

60

End of the cooking
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0 50 100 150 200 250
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Fig. 2. Average particle number concentration (a) and particle size (b) with time during the experiments.
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[54-56] didn’t report any evidence of particle translocation into the
human blood during short-term exposure. There is currently no evidence
that cooking particles can enter into blood circulation, given their
aggregated branched chain-like structure or rectangular morphology
[19].

Systemic inflammation and autonomic nervous system activation
[57,58] could be why cardiovascular changes are observed. Several
clinical studies have investigated the effect of exposure to cooking fumes
[59,60] and diesel engine particles [61] on blood. These studies re-
ported no systemic inflammation in study participants’ blood samples.
SBP and DBP have different regulatory pathways, showing different
responses to external stimuli [62]. Some studies revealed that SBP un-
derwent greater changes than DBP due to increased arterial stiffness
after exposure to PM [39,59]. The SBP is developed when the heart
contracts, thus pumping blood through the arteries; which is influenced
by the sympathetic nervous system and stress stimuli [36]. The DBP is
the pressure in the vessels) the heart is at rest [36]. Inhaled particles can

translocate to the brain through olfactory pathways and stimulate the
nervous system [63,64]. One plausible reason for observed changes in
systolic blood pressure could be sympathetic activities originated from
nervous system stimulation [58].

In our previous study [32] we employed the same experimental
protocol and cooking recipe as the current study but used an electric
stove, finding increased SBP 90 minutes after exposure to UFPs. How-
ever, the present study showed a faster (after 60 minutes) blood pressure
response to the inhaled UFPs. The observed faster response could be
attributed to the higher particle concentrations reported during frying
using a gas stove (the present study) compared to an electric stove which
is consistent with the literature [65]. Diesel exhaust inhalation increases
SBP but does not significantly affect heart rate or diastolic pressure [38].
An increase in SBP and no changes in DBP also were observed 24 h
post-exposure to different cook stoves [39].

The observed effect could potentially be attributed to particles and
gases, particularly the influence of smell, as previous research suggests a
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connection between taste, smell perception, and blood pressure. This
observation raises the possibility that changes in SBP may be influenced
by olfactory stimuli, such as the smell of cooking meat. Research has
indicated that the presence of both self-reported altered taste and smell
perception was associated with more significant increases in SBP over a
two-year follow-up period, with an adjusted mean difference of
5.1 mmHg (95 % CI: 0.1-10.0) and a p-value of 0.04, compared to those
without altered perception. However, when analyzing altered taste or
smell perception individually, no significant association was found [66].
Thus, the observed effects could be due to both gases and particles.
However, a study showed that the neurological impact of diesel emis-
sions comes from UFPs rather than gas emissions [67].

In our study, we observed similar increases in SBP in both the control
group and during cooking experiments. Blood pressure fluctuates due to
numerous internal and external factors, with behavioral influences
playing a significant role in daily variations. We rigorously controlled
for various factors such as food consumption, sodium intake, drinking,
smoking, coffee and tea consumption, alcohol consumption, and bathing
during the experiments. The observed changes in SBP during both
control and cooking scenarios could be attributed to both cooking
aerosol and diurnal effects, where blood pressure typically rises upon
waking in the morning and decreases during sleep at night, although it
varies throughout the day and night [68]. An analysis using time of day
in a comparable model accounted for 33 % of the observed variation in
blood pressure [69].

5. Limitations of this study

The Omron 10 blood pressure monitor used in this study was not a
reference instrument, and thus, uncertainties are higher in the mea-
surements than would be obtained in reference instruments. In our
recent study [32], the blood pressure data for 10 study participants were
measured using an Omron BP monitor and a clinical blood pressure cuff.
The reported 10 % bias in measured SBP using Omron 10 does not
impact this study’s measurement analyses. While in this study, we
compared the changes in BP and HR during and after cooking; for exact
measurements, the reference instruments such as a Holter monitor and a
clinical BP cuff would be required. The study participants could talk
during the experiments; thus, blood pressure measurements could have
been biased [61]. This study did not exclude the potential effects of
cooking emitted gases and participants’ activities, including reading,
watching movies, etc., on blood pressure. Thus, these tors factors could
be confounders in our study. One potential limitation of this study is that
the sample size calculation (power analysis) was not performed. Thus,
the sample size used in the study may not be representative of the
population being studied, and the results may not be generalizable to the
larger population.

6. Conclusion

Frying emission statistically significantly increased SBP during the
post-exposure time, while it had no statistically significant effects on
DBP and HR. The impact of the inhaled aersol from frying beef on SBP
was faster when a gas stove was used than an electric stove. Results of
this study were obtained by comparing exposure data with exposure
references; for more representative data, a future study extending the
control measurement day to a full 24 hours would be preferred.

7. Future work

We acknowledge the importance of controlling for potential con-
founding variables, such as the contributions of gases (smell) and par-
ticles, as well as the diurnal effects on blood pressure. To better
understand the specific impact of particles on blood pressure, future
research should focus on developing methodologies to differentiate
exposure effects from diurnal variations. Additionally, addressing the

Toxicology Reports 13 (2024) 101716

potential confounding influence of smell would benefit from imple-
menting measures to control olfactory stimuli. Exposure level could be
another potential factor. Future research should investigate how
changes in SBP are dose-dependent on the amount of ultrafine particles.
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