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Abstract: In order to explore the indoor air quality during different cooking procedures, a very common
kitchen in China is selected for experimental research. An indoor air quality meter is used to measure the
temperature, relative humidity, and CO and CO2 concentrations of the indoor air above the stove when
people cook four different dishes under different ventilation patterns in the kitchen. The results indicate
that the heat and gas consumed during cooking are closely related to the temperature and concentrations
of CO and CO2. Some cooking procedures such as boiling water are related to the indoor air temperature
and relative humidity in the kitchen. In addition, in kitchens without mechanical ventilation, natural
ventilation shows a more significant positive effect on controlling temperature, relative humidity, and
concentrations of CO and CO2 during cooking procedures.
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1. Introduction

In recent years, indoor air quality (IAQ) has received increasing attention as people
recognize the importance of air quality to health and comfort. Great interest has been
directed towards indoor obnoxious gases such as CO and CO2. Kitchens are environments
wherein multiple pollutants and airflow combine with the emissions from cooking op-
erations to create considerable indoor air pollution. Cooking plays an important role in
people’s lives, especially in China with a population of 1.4 billion. The statistics show that
Chinese housewives spend an average of 3.4–4 h in kitchens every day [1]. However, the
cooking process produces a large amount of particles, which are inhaled by the human
body and deposited in the lungs, thereby affecting human health [2]. Therefore, indoor air
pollution from the cooking process deserves more attention.

Many investigators have explored the air quality of kitchen environments during cook-
ing. For example, Chiang et al. [3] found that the accumulation location of air contaminants
was highly correlated with the location of gas fires. Furthermore, Ryhl Svendsen et al. [4]
found through experimental measurements that people in rural areas of Denmark were
exposed to a certain level of indoor air pollution. In addition, Singh et al. [5] found that the
concentration of pollutants in the kitchen after cooking was higher than the recommended
guidelines. Following this work, another study found that kitchen type, fuel type, and
kitchen location were also important factors affecting the concentration of pollutants in
the kitchen [6]. Torkmahalleh et al. [7] studied the neurological responses caused by hu-
man exposure to pollutants from indoor gas ovens by recording electroencephalograms
before, during (14 min), and 30 min after cooking. The study suggested that Alzheimer’s
disease might develop in people chronically exposed to high levels of cooking pollutants.
Zhao et al. [8] reported the air temperature, air relative humidity, and generations of CO
and CO2 during the cooking of Eight Cuisines of China as a case study. They pointed out
that cooking techniques were not responsible for the serious pollution. The air temperature
and humidity were the main factors affecting thermal comfort [9]. Zhou et al. [10] found
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that the area between the gas stove and the exhaust fan observed the highest temperature
when cooking. The results of other researchers indicated that the indoor environment of
Chinese-style residential kitchens was too hot in summer [11,12]. Moreover, the question-
naire survey on the Tianjin campus showed that 83.33% of chefs felt hot in summer, but
most chefs had neutral wet sensations in four seasons [13]. Liu et al. [14] found that heat
diffused significantly after the oil was heated for 30 s. The air temperature around the cook
increased by about 10.0 ◦C throughout the cooking process. Moreover, during the cooking
process, high levels of indoor air pollution including CO and CO2 often accumulate in the
kitchen. Exposure to high levels of CO could affect the cardiovascular system, lungs, blood,
and central nervous system as well as lead to various health problems [15,16]. Increased
levels of CO2 in the atmosphere stimulated respiration and caused all sorts of systemic
confusion [17]. Although many articles have studied the generation of pollutants in the
cooking process and the impact of related pollutants on the human body, there are few
studies on the temperature, relative humidity, and CO and CO2 concentrations in the
cooking process of different cooking procedures.

Ventilation systems are commonly used in kitchens to remove secure contaminants
and provide a comfortable and healthy environment. Related studies have shown that the
closer the exhaust outlet of the kitchen range hood is to the pollution source, the higher the
efficiency of pollutant removal [18]. Li et al. [19] evaluated the impact of typical ventilation
systems of four commercial kitchens in China on their indoor thermal environment and
found that the ventilation systems of typical commercial kitchens in China were unable to
effectively remove waste heat and impurities. The impact of increased air exchange rates in
the test kitchen was discussed by Grabow et al. [20]. Their results indicated that opening
the door and window in the test kitchen lowered particulate matter and CO. Afterwards,
another research showed that the push–pull ventilation system could provide scientific
support for reducing the indoor pollutant concentration in the kitchen [21]. Nejat et al. [22]
improved the performance of a two-sided windcatcher under low wind speed conditions
by installing anti-short-circuit devices on them. Recently, Lu et al. [23] explored a new
way of obtaining make-up air based on a push–pull ventilation system in the kitchen. The
experimental results showed that it could be used to create more efficient air distribution
and a good environment in the kitchen. Although a lot of work has been conducted on
kitchen ventilation, few researchers have studied the air quality during different cooking
processes in the kitchen with different ventilation patterns.

This study reports the results of an experimental investigation of the air quality during
cooking in a Chinese residential kitchen. Four cooking procedures (boiling, steaming,
sautéing, and frying) and different ventilation patterns generate 24 different case scenarios.
A TSI 7545 IAQ-Calc Indoor Air Quality Meter is used to monitor the air temperature,
relative humidity, and concentrations of CO and CO2 above the stove.

2. Materials and Methods
2.1. Site Description

The characteristics of Chinese cooking result in the production of large amounts of
pollutants. Most Chinese people are exposed to the environment with CO and CO2 when
they are cooking in residential kitchens [24]. This experiment was carried out in May, 2023
in a typical Chinese residential kitchen located on the sixth floor of a 6-floor building, which
is far from the streets and in a community of Zhengzhou city. The kitchen is part of a
90 m2 family apartment with a length of 4440 mm, a width of 1700 mm, and a height of
2600 mm, as shown in Figure 1. The kitchen has an exterior window on the north wall,
and the dimension of the window is width × height = 1700 mm × 1550 mm. Opposite
the exterior window, there is an interior door on the south wall, and the size of the door is
650 mm × 2000 mm (width × height). In addition to this, the kitchen also has a two-head
natural gas stove, which is placed on the hearth. Above the stove, there is an exhaust hood
used in the present study. The locations as well as parameters of the stove and the exhaust
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hood are presented in Figure 2 and Table 1, respectively. In this research, only the left head
of the stove is adopted for cooking.
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Figure 2. Schematic of the Sampling Point.

Table 1. Parameters of the stove and the exhaust hood.

Name Model Size (mm) Parameters

Two-head natural gas stove JZT-Q30A (12T) 710 × 400 × 150

Rated pressure: 2000 Pa

Weight: 8.1 kg

Rated heat load: 4.1 kW × 2

Exhaust hood CXW-219-JT30 (SN) 900 × 520 × 880

Maximum pressure: ≥300 Pa

Weight: 30 kg

Volume flow rate: 0.25 m3/s

2.2. Studied Cases

The apartment residents involved in this study suffered from variations in the tem-
perature, humidity, and concentrations of CO and CO2 during the cooking process, which
made the residents uncomfortable. At the same time, the apartment residents were affected
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differently by different cooking processes. A significant contribution to indoor air pollution
is made by different styles of cooking operations. Therefore, boiling, steaming, sautéing,
and frying, which are very common cooking procedures and have different characteristics,
are considered in this work to detect the air quality during different cooking procedures.
Four dishes, namely boiled eggs, steamed perch, sautéed mungbean sprouts, and fried
chicken middle wings, are chosen to represent the four cooking procedures. The details of
these four dishes are listed in Table 2. Exhaust hoods are often used in residential kitchens
to ensure the provision of a healthy environment. Opening windows and doors in kitchens
is another choice for some people to make improvements to indoor environments during
cooking. For a better understanding of the effects of ventilation on the indoor quality in
kitchens, various on–off patterns of the interior door, exterior window, and exhaust hood
are set in different cases. This study is performed under 24 cases with different cooking
procedures as well as ventilation patterns, and the cases are listed in Table 3.

Table 2. The information on the four dishes.

Names Pictures Average Consumed
Gas (m3) Cooking Procedures

Boiled eggs
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Step 1: Turned on the stove to medium-high and
made the wok hot.

Step 2: Added 10 g cooking oil, 2 chili peppers,
and some scallion into the wok.

Step 3: When the oil smoked, added 375 g of
mungbean sprout.

Turned the heat up to high and performed a few
quick stirs.

Step 4: Added some salt as well as light soy
sauce and kept on stirring.

Step 5: Turned off the stove. Added some
vinegar and dished out the mungbean sprout.
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Table 2. Cont.

Names Pictures Average Consumed
Gas (m3) Cooking Procedures

Fried chicken
middle wings
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Preparation: Rinsed 15 chicken middle wings
(550 g) and marinated with salt, scallion, ginger,

garlic, white pepper, and light soy sauce for
30 min.

Step 1: Turned on the stove to medium-high and
made the wok hot.

Step 2: Added some cooking oil, Sichuan pepper,
and star aniseed.

Step 3: When the oil was heat, turned the heat to
low and put in 4 chicken middle wings. Fried
the chicken middle wings until golden brown

and dished out. (Repeated 3 times.)

Step 4: Put in 3 chicken middle wings. Fried the
chicken middle wings until golden brown and

dished out.

Step 5: Turned off the stove. Added some cumin
powder and coriander to the chicken

middle wings.

Table 3. Parameters in different cases.

Cases Dishes Interior
Door

Exterior
Window Exhaust Hood

1 Boiled eggs off * off off
2 Boiled eggs off off on ***
3 Boiled eggs off on ** off
4 Boiled eggs on on off
5 Boiled eggs on off on
6 Boiled eggs off on on
7 Steamed perch off off off
8 Steamed perch off off on
9 Steamed perch off on off
10 Steamed perch on on off
11 Steamed perch on off on
12 Steamed perch off on on
13 Sautéed mungbean sprout off off off
14 Sautéed mungbean sprout off off on
15 Sautéed mungbean sprout off on off
16 Sautéed mungbean sprout on on off
17 Sautéed mungbean sprout on off on
18 Sautéed mungbean sprout off on on
19 Fried chicken middle wings off off off
20 Fried chicken middle wings off off on
21 Fried chicken middle wings off on off
22 Fried chicken middle wings on on off
23 Fried chicken middle wings on off on
24 Fried chicken middle wings off on on

* The interior door is closed completely, and there is a crack with a height of 6mm under the door. ** The exterior
window is opened to the maximum. *** The exhaust hood is turned on to the high-speed level when the stove is
switched on. And 5 min after the stove is turned off, the exhaust hood is switched off.

2.3. Apparatus and Parameters Measured

In the present study, a TSI 7545 IAQ-Calc Indoor Air Quality Meter is selected for
monitoring the air temperature, relative humidity, and concentrations of CO and CO2 at
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the sampling point above the stove during the cooking procedures. The TSI 7545 IAQ-Calc
Indoor Air Quality Meter is widely accepted and has been used in the field of indoor
measurements by several authors [25,26]. More information about the TSI 7545 IAQ-Calc
Indoor Air Quality Meter can be seen in Table 4 [27]. The sampling point is set in the
breathing zone, which is 1400 mm above the ground, in the middle of the two heads of the
stove, and 500 mm away from the exterior window, as shown in Figure 2.

Table 4. Specifications of the Indoor Air Quality Meter.

Parameters Range Accuracy Resolution

Temperature 0–60 ◦C ±0.6 ◦C 0.1 ◦C
Relative humidity 5–95% RH ±3% RH 0.1% RH
CO concentration 0–500 ppm ±3% of reading or ±3 ppm, whichever is greater 0.1 ppm
CO2 concentration 0–5000 ppm ±3% of reading or ±50 ppm, whichever is greater 1 ppm

2.4. Procedure

In this work, the interior door and the exterior window are opened at least 2 h before
each measurement to keep the air fresh in the kitchen [28]. The doors of other rooms are
closed during the experiment to minimize the impact of other rooms on the kitchen’s air
quality. When preparations are completed, the TSI 7545 IAQ-Calc Indoor Air Quality Meter
starts running, and the operator leaves the kitchen. The Indoor Air Quality Meter tests
the initial background levels of the air temperature, relative humidity, and concentrations
of CO and CO2 for 10 min before the stove is turned on. Then, these parameters at the
sampling point are continuously measured for 50 min. During the measurements, the
data are automatically recorded every 1 s. There are no other people except the cook in
the kitchen during the cooking. The cook should stay as far away from the sampling
point as possible. The distance of the cook from the sampling point is about 0.5–1 m in
different cases. Meanwhile, the cook is asked to wear a mask. In order to reduce errors, the
experiments are repeated twice for each case. The purpose of the second test is to verify the
trend and correctness of the data in the first test. If the law of the data in the two tests is
close, the values presented in this paper use the data obtained from the first test; otherwise,
the tests are carried out for the third time or even more.

3. Results and Discussion
3.1. Temperature

In order to reduce the effect of the airflow on the results, the cases with a closed
door and window and an idle exhaust hood are chosen to compare the data during the
cooking with different procedures. Figure 3 depicts the air temperatures versus time at
the sampling point in Cases 1, 7, 13, and 19 with a closed interior door, exterior window,
and exhaust hood. The steps in these cases are also marked in Figure 3. We can observe
that the air temperatures increase initially and then decrease in all cases. During cooking,
the temperatures are obviously above the comfort level without ventilation measures, and
productivity will drop according to the research of Wyon [29]. The maximum temperatures
in Cases 1, 7, 13, and 19 all appear at 600–1500 s. However, the specific moments and
steps with the maximum temperatures are different. The case with the maximum peak
temperature is not the one with the highest initial background temperature, which mostly
has to do with the cooking process. And the gaps between the maximum and the initial
background temperatures increase with an increase in the average consumed gas. It follows
that the temperature increment is in connection with the consumed gas during the cooking.
It can also be demonstrated that the temperatures dramatically increase after the stove
is turned on and decrease as soon as the stove is turned off. This agrees with the result
of a previous study in which cooking makes the air temperature increase in commercial
kitchens [19]. Thus, the increase in temperatures during the cooking is mainly due to
the burning fire. At 60 min (3600 s), the air temperatures are still greater than the initial
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background values, which is mainly related to the absence of ventilation measures. In
addition, it can be seen the temperature is turned to be low after reaching the peak value of
39.7 ◦C in Case 1. Also, the temperature decreases obviously after Step 2 is carried out. The
air temperature in Case 7 continuously rises until the stove is turned off. The comparison
of Cases 1 and 7 shows that reducing heat can lower the temperature in the kitchen. In
Case 13, a sharp increase in the temperature appears after the stove is turned on. Then, the
temperature keeps rising until the stove is turned off. The slope of the temperature curve
between Step 1 and Step 3 is observed to be slightly larger than that between Step 3 and
Step 5. A possible reason is that the procedures of making the wok hot and oil smoked
contribute to the increase in the temperature. The temperature in Case 19 sharply increases
between Step 1 and Step 3. When the heat is turned to be low, the temperature initially
decreases and then increases slightly till the stove is turned off. This phenomenon indicates
that the change in temperature is directly affected by the heat of the stove. A comparison
of the data in different cases shows that the temperatures in Cases 1 and 7 increase slowly
before the values reach the maximum, whereas the temperatures in Cases 13 and 19 rise
sharply. The difference between the cooking procedures (such as boiling water and making
the wok hot and oil smoked) is possibly sufficient to trigger this result.
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In Figure 4, the temperatures at the sampling point against time in cases with the dish
of sautéed mungbean sprout are presented. As it is seen, the air temperatures all increase
as soon as the fire is lighted and decline when the stove is turned off. The temperatures
come up to the maximum value before Step 5 is performed. This may be caused by a habit
of putting the lid on the wok before the stove is turned off. Putting the lid on the wok
and turning off the stove happen almost simultaneously. The gaps between the peak and
the initial background temperatures are ordered from high to low, starting with Case 15
then Case 13 and Case 16. There is little difference between Cases 13 and 15. The reason
may be that only opening the exterior window has a lesser impact on the airflow and
temperature control. The interior door and exterior window opened simultaneously, which
could promote the airflow in the kitchen and may have lowered the peak temperature to
some degree. The maximum temperatures in cases with an idle exhaust hood all exceed
42 ◦C, while the peak values of temperatures in cases with the working exhaust hood
fall below 33 ◦C. This implies that the working exhaust hood can effectively reduce the
temperature in the kitchen during cooking. The gaps between the maximum and the initial
background temperatures in cases with the working exhaust hood ordered from high to
low are Case 17, then Case 18, and Case 14. This means that the open door or window
has little effect on the temperature drop when the exhaust hood keeps working. And the
open window shows a better effect on the cooling of heated air than the open door. The
larger distance between the interior door and the stove as well as the greater air velocity
outdoors possibly leads to this result. It can also be concluded that the temperatures in
cases with an idle exhaust hood increase firstly, reach the peak values, and then decrease
when the time is increased. However, temperatures in cases with the working exhaust
hood present a different trend and increase a bit after the exhaust hood is switched off. One
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of the possible causes is that the heated air above the stove can be taken away effectively
by the exhaust hood.
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3.2. Relative Humidity

The variation in the relative humidity in Cases 1, 7, 13, and 19 with a closed interior
door, exterior window, and exhaust hood is plotted in Figure 5. As soon as the stove is
turned on, the relative humidity rises in all of these cases. A similar result was obtained
in the study by Giwa et al. [30]. The relative humidity has a similar trend to the tempera-
ture. We also find that the relative humidity is comparatively volatile during the cooking
procedures. In Case 1, after turning on the stove, the relative humidity increases first and
then decreases. The relative humidity comes up to a small peak value before the heat is
turned to low, which is related to the large amount of steam from the boiling water. While
the eggs are being boiled, the relative humidity stays at a higher level. After the stove is
turned off, the relative humidity gradually decreases and then tends to be stable. It proves
that the relative humidity above the stove is related to the water status in the saucepan.
The relative humidity in Case 7 has a similar tendency to that in Case 1. One reason for this
could be that Cases 1 and 7 both have the process of boiling water and keep some water
in the vessels throughout the cooking time. The difference is that the ascensional range of
relative humidity in Case 7 is higher than that in Case 1 after the stove is turned off, which
may be due to the lag of dishing out the perch. For Case 13, the relative humidity rises
initially and then declines with fluctuations after the fire is lighted. After the stove is turned
off, the relative humidity rises a bit and keeps steady later. The relative humidity in Case
19 fluctuates regularly from Step 3 to Step 5, and a reduction in relative humidity appears
after every time the chicken middle wings are dished out. It is also shown that the gaps
between the maximum and the initial relative humidity in Cases 1 and 7 are greater than
those in Cases 13 and 19. One of the possible causes is that Cases 1 and 7 have the same
procedure of boiling water, while Cases 13 and 19 do not have this step. By comparing the
values in Figure 5 and Table 2, it can be concluded that the average consumed gas has little
influence on the relative humidity.
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Figure 6 illustrates the relative humidity versus time at the sampling point in cases
with the dish of boiled eggs. The relative humidity in these cases with the maximum peak
value of 65.6% increases rarely. After the 1500 s, the relative humidity tends to be stable
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and is close to the initial background level. In cases with an idle exhaust hood, the relative
humidity increases as soon as the stove is switched on and goes down after the stove is
turned off. The relative humidity in cases with the working exhaust hood declines when
the stove is turned on and has no obvious changes as soon as the stove is turned off. Also,
Li et al. [19] found that the relative humidity was reduced due to the use of exhaust hoods
during the cooking process in commercial kitchens. The relative humidity in Cases 1, 3,
and 4 exhibits a larger fluctuation than that in Cases 2, 5, and 6 during cooking. It seems
that the differences in the relative humidity curves between the cases with an idle and
working exhaust hood are caused by the vapor, which can be exhausted in a timely manner
by the hood. The comparison in Figure 6 also shows that the gaps between the maximum
and the initial background relative humidity in Case 1 are the highest, followed by Case 3,
with Case 4 the lowest among the cases with an idle exhaust hood. This result indicates
that appropriate natural ventilation is beneficial to control the increase in relative humidity
during cooking. For the cases with a working exhaust hood, the minimum values of the
relative humidity during cooking are lower than the corresponding initial background
relative humidity. The gaps between the initial background and the minimum relative
humidity among cases with the working exhaust hood appear from large to small in the
following order: Case 5, Case 6, and Case 2. This order implies that an open door or
window can make the relative humidity change more dramatically during cooking when
the exhaust hood keeps working.
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3.3. Concentration of Carbon Monoxide

Figure 7 displays the variation in the concentrations of CO in Cases 1, 7, 13, and 19
with a closed interior door, exterior window, and exhaust hood. According to the results,
the concentrations of CO in all cases exhibit a sharp increase after the fire is lit and stay at a
high level during the cooking, which is in consonance with some previous research [31].
The CO concentrations decrease with a delay when the stove is turned off. The acceptable
value of the Indoor Air Quality Standard in China is 10 ppm for the CO concentration,
and the concentrations of CO in all of these four cases are always below this value [32]. In
Case 1, the CO concentration increases quickly between Step 1 and Step 2 and fluctuates
smoothly after the heat is turned to low. When the stove is switched off, the concentration of
CO shows a rapid decrease with a lag. An obvious increasing trend of CO concentration in
Case 7 is observed after the stove is turned on. The value of the CO concentration achieves
a peak value of 8.4 ppm and then decreases. Though the process of boiling water exists
both in Cases 1 and 7, the continuous increase in the CO concentration shown in Case 7 is
absent in Case 1. A possible cause is that there is a step to lowering the heat in Case 1. With
a similar trend of CO concentration in Case 7, the concentration of CO in Case 13 shows a
shorter rising process and a smaller maximum value. These results can be explained by
assuming that there is no step of heat regulation in both cases and that the time between
turning on and off the stove is longer in Case 7 than that in Case 13. The variation trend of
CO concentration in Case 19 is similar to that in Case 1, which can be attributed to the step
to lowering the heat in both cases. This series of observations suggests that the emission
of CO is mainly related to the burning of the gas, and the CO concentration presents a
smooth fluctuation when the heat is turned to low. In Figure 7, it is also recognized that the
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CO concentration in Case 7 has the maximum peak value and is about double the initial
background level at 3600 s. Part of the reason might be due to the largest consumed gas
volume used in Case 7. At 3600 s, the CO concentration in Case 1 is the only one that
approaches the corresponding initial background value. One reason for this could be that
the average consumed gas of boiled eggs is the lowest, and the accumulative CO in the
kitchen can be exhausted in a timely manner after the stove is turned off.
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The concentrations of CO at the sampling point against time in cases with the dish of
steamed perch are illustrated in Figure 8. It can be seen that CO concentrations are all lower
than the acceptable value of 10 ppm. During the cooking procedures, the CO concentrations
in cases with an idle exhaust hood are apparently higher than those in cases with a working
exhaust hood. It appears that the working exhaust hood plays an important role in reducing
indoor CO concentration. By comparing the data in cases with an idle exhaust hood, the
CO concentrations in Cases 7 and 9 both increase first and then decrease, while those in
Case 10 have a greater fluctuation and no obvious regularity, which bears similarity to
the study of the fluctuation indices in chemistry [33,34]. This may be attributed to the
stronger convection when the door and window are opened simultaneously. At 3600 s,
the concentrations of CO in Cases 7 and 9 are higher and close to the initial background
values, whereas those in Case 10 are lower than the initial background CO concentrations.
This could mean that natural ventilation can promote a decrease in CO concentration and
that cross-ventilation is more effective. The dramatic impact of increasing ventilation by
opening the window and door on lowering the level of CO can also be seen in the study
by Grabow et al. [20]. Moreover, the above results suggest that the effect of controlling
CO concentration is more susceptible to the weather outside when the exterior window is
opened. For the cases with a working exhaust hood, CO concentrations increase slightly
during cooking and are even lower than the initial background values when the exhaust
hood is turned off. After the exhaust hood stops working, the CO concentrations increase
rarely and then reach stable values. The CO concentrations at 3600 s are nearly equal to
the initial background level. The peak values of the CO concentrations from highest to
lowest order the cases with a working exhaust hood in the sequence of Case 11, Case 12,
and Case 8, which has a similar condition with the temperature pattern. It may be that
natural ventilation has little contribution to reducing CO concentration when the exhaust
hood keeps working.
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3.4. Concentration of Carbon Dioxide

Figure 9 shows the concentrations of CO2 versus time in Cases 1, 7, 13, and 19 with
a closed interior door, exterior window, and exhaust hood. From Figure 9, it can be
observed that the CO2 concentration rises sharply once the fire is lit, which is similar to
the findings of Zhao et al. [8]. Subsequently, the CO2 concentrations gradually decline
after the stove is turned off. Different from the results of the CO concentration, the CO2
concentrations in these four cases rapidly exceed the acceptable value of the Indoor Air
Quality Standard in China (1000 ppm) [32] when the stove is turned on and always higher
than 1000ppm during cooking. These data imply that CO2 concentrations have an adverse
impact on the air quality in the kitchen during cooking without ventilation. The CO2
concentration in Case 1 presents a decrease as soon as the stove is turned to low and shows
a stationary fluctuation until the stove is turned off. This suggests that the magnitude of
the heat is closely associated with the change in the CO2 concentration. In Case 7, the
CO2 concentration strikes the peak value of 5000 ppm many times and drops slowly after
the stove is turned off. The CO2 concentration in Case 13 grows rapidly before the stove
is turned off and decreases sharply later. The CO2 concentration in Case 19 exhibits an
obvious decrease after the heat is turned to be low and then rises gradually. When the stove
is turned off, the CO2 concentration declines. A comparison of the data for different cases
shows that the CO2 concentration with the maximum value of 5000 ppm in Case 7, which
uses the most gas, stays at a high level for the longest time among these cases and that the
CO2 concentration in Case 1 with the least consumed gas has the lowest peak value. After
3600 s, the CO2 concentration in Case 1 is the only one that is lower than the acceptable
level. These results suggest that the emission of CO2 has a positive association with the
consumed gas.
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The concentrations of CO2 at the sampling point against time in cases with the dish of
fried chicken middle wings are presented graphically in Figure 10. The CO2 concentrations
in cases with a working exhaust hood are significantly lower than those in cases with an
idle exhaust hood during cooking. This finding is consistent with the results reported
by Zhao et al. [8]. Also, the CO2 concentrations in cases with an idle exhaust hood all
exceed the acceptable value of 1000 ppm when the cooking is carried out in the kitchen,
whereas most of the CO2 concentrations in cases with a working exhaust hood are below the
acceptable level. The CO2 concentrations in cases with a working exhaust hood fluctuate
around a constant level during the cooking procedures and drop to the initial background
values before the exhaust hood is turned off. These indicate that the exhaust hood is a
valid tool for reducing the CO2 generated from cooking and that the CO2 concentration
is basically lower than the acceptable level when the exhaust hood is working. For cases
with an idle exhaust hood, the maximum CO2 concentrations from large to small order
the cases by ventilation patterns: Case 19, Case 21, and Case 22. The CO2 concentration in
Case 19 is still higher than 2000 ppm at 3600 s. Until about 3000 s from the beginning, the
CO2 concentration in Case 21 dips below 1000 ppm. The CO2 concentration in Case 22 is
relatively stable between Step 3 and Step 5, lower than 1000ppm at about 1650 s, and close to
the initial background concentration at about 1700 s from the beginning. These data suggest
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that natural ventilation measures contribute to the elimination of CO2 during cooking and
that the effect is limited. If the exhaust hood keeps working, the case dependence of the
gap between the maximum CO2 concentration and the initial background value appears
from large to small in the following order: Case 23, Case 24, and Case 20. It seems that the
measure of opening the door or window merely cannot make the effectiveness of the CO2
elimination better when the exhaust hood is turned on.
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Based on the above discussions, we suggest that chefs should be aware of the impact of
the kitchen environment on their own health during the cooking process and keep ventilation
devices (such as an exhaust hood) working to maintain good indoor air quality. In addition,
wearing a mask during cooking activities is also a way to protect people’s health.

4. Conclusions

In the present work, the air temperature, relative humidity, and concentrations of CO
and CO2 during cooking procedures are measured in a Chinese residential kitchen. The
influences of four cooking procedures and different ventilation patterns in the kitchen on
these parameters are discussed. According to the data generated from the experiment and
the above analysis, the main conclusions are as follows:

(1) When the stove is on, the temperature and CO and CO2 emissions increase, and when
the stove is turned off, the temperature and CO and CO2 emissions decrease. The heat used in
the cooking is closely related to the temperature and concentrations of CO and CO2.

(2) With the reduction in gas consumption, the temperature and CO and CO2 emissions
during the cooking are reduced, and the relative humidity varies irregularly.

(3) Some cooking procedures, such as boiling water, are related to changes in the air
temperature and relative humidity in the kitchen.

(4) The temperature and concentrations of CO and CO2 are maintained at a high level
in the kitchen without ventilation measures, and the working exhaust hood can effectively
reduce the temperature and concentrations of CO and CO2 during cooking.

(5) Natural ventilation, especially cross-ventilation, has a positive effect on controlling
the air temperature, relative humidity, and concentrations of CO and CO2 in kitchens with
idle exhaust hoods.

(6) Opening the interior door or the exterior window only has no significant impact on
the control of air temperature, relative humidity, and concentrations of CO and CO2 during
cooking in kitchens with working exhaust hoods.

The current research has some limitations. This paper does not discuss all cooking methods
and dishes and only selects four dishes. Furthermore, other pollutants such as COF produced
during different cooking procedures have not been studied. In the future, we will upgrade
related instruments to measure other pollutants in the kitchen. In addition, the indoor air quality
during some other cooking procedures is also well worth investigating.
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