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Abstract

:

A kitchen is an important part of a residence, and air quality in kitchens is a major factor affecting residents’ health and performance. Its influence is especially more evident in kitchens with typical Chinese cooking. Thus, it is important to understand distribution characteristics of oil fume particles in Chinese kitchens, and research on typical Chinese kitchen environments and movement characteristics of soot particles should be emphasized. Therefore, to understand the air pollution in kitchen environments, a full-scale experimental platform was built based on common Chinese-style residential kitchens to monitor the soot particles, explore the space–time distribution characteristics of the soot particles, and analyze the variation characteristics and distribution laws of number concentration (NC) and mass concentration (MC). The results indicated that NC0.3μm value fluctuated slightly during the whole cooking process, while NC0.3μm~0.5μm and NC0.5μm~1.0μm fluctuated sharply. During the peak period, NC0.3μm~0.5μm and NC0.5μm~1.0μm were significantly higher than those at the beginning and end of cooking (p < 0.05), and there was no significant difference between values of NC0.3μm~0.5μm and NC0.5μm~1.0μm at the beginning and end of cooking (p > 0.05 for both). NC0.3μm and NC0.3μm~0.5μm were significantly different between each position (p < 0.05 for all). There were also significant differences in NC0.3μm between pure meat dishes, pure vegetable dishes, and mixed dishes (p < 0.001). The proportion of cooking meat will significantly affect the composition and concentration of lampblack particles. Type of dishes is an important influencing factor for the emission rates of particulate pollutants. Small-sized lampblack particles were more likely to diffuse to the surroundings and affected the air quality of the whole room. Particulate matter in the kitchen space during the frying process is more harmful to the health of personnel.
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1. Introduction


Research indicated that Chinese residents spend about 3.6 h in the kitchen every day [1]. People’s attention to the field of architecture has gradually shifted from “green buildings” centered on the ecological environment to “healthy buildings”. Healthy buildings have been regarded as having deeper requirements and higher development stages than green buildings [2]. Therefore, healthy kitchen environments are essential to every family. However, the air quality of residential kitchens in China is not satisfactory. The main source of indoor air pollution in kitchens is the cooking process [3], especially the traditional Chinese cooking process, which produces kitchen pollutants unique to residential buildings, including gaseous and particulate matter, further leading to a series of issues such as indoor air pollution and environmental quality degradation in residential buildings, causing concern from all sectors of society and forming one of the focuses of research in the field. The particulate pollutants generated in the cooking process seriously endanger people’s life and health, are significantly related to the incidence rate of respiratory system and cardiovascular diseases, lung diseases, asthma, and other diseases, and will have adverse effects on the sanitary environment of kitchens and the physical and mental health of indoor personnel [4,5]. Epidemiology confirmed that there was an association between exposure to cooking smoke and lung cancer risk among Chinese women who never smoke in a poorly ventilated environment [6]. When the concentration of particulate matter in house is high, it will cause respiratory system, cardiovascular system, and other diseases [7]. Based on a survey [8], 89% of respondents complained that they would often be exposed to kitchen lampblack, and the main reason is that the air quality in Chinese kitchens is very poor [9]. According to a field research data, most urban residential kitchens are found to contain gaseous air pollutants (such as CO, CO2, NO2, and TVOC (total volatile organic compounds)) and a variety of particulate pollutants, and all of them exceed the limits specified in Chinese national standards [10]. The amount of lampblack produced during cooking is directly related to cooking style and traditional cooking habits. The greater the amount of oil used, the fiercer the fire, and the more frequent the frying, the more lampblack is produced [11]. The physical and chemical characteristics of fine particles lead to their complex exposure characteristics and biological effects [12]. The characteristics of fine particles and the health risks caused by them have attracted attention, but the research data are relatively scarce, and the existing research on the distribution characteristics of fine particles in industrial and residential buildings is rarely involved. Some studies showed that [13] the concentration of oil fume particles in the breathing area of the personnel is the highest during cooking, and the concentration of oil fume particles is still in a high range within 1 min after cooking. The seasoning added in the cooking process will significantly increase the concentration of soot particles in the breathing area of the personnel. Repeated and stir-frying of food ingredients will also cause obvious changes in soot particles in the breathing area of the personnel. The cooking and frying methods have the largest emissions of soot particles, while the cooking and steaming methods have relatively small emissions [14,15]. The emission rate and distribution of particulate matter are affected by many factors [16,17,18].



Many scholars have conducted relevant research on the physicochemical properties and characteristics of soot particles. Karimatu et al. [19] reviewed the weight concentration, particle size distribution, and chemical composition of aerosols produced by typical cooking methods reported in the literature. Chiang [20] and Li [21], respectively, studied the indoor environment of domestic kitchens and catering industry kitchens in China, focusing on the distribution of air pollutants, thermal environment, and air flow field in kitchens. Research had shown that after installing an exhaust hood, it was not possible to completely remove pollutants from the kitchen, and its effects on the emission of kitchen waste heat was also very limited. Lai [1] designed a side ventilation system for use in standard kitchens and experimentally verified its effectiveness. The results showed that CO2 was mainly generated by the combustion of gas and had little correlation with the cooking process. Lee found that whether it was fried food or soup making, this type of cooking behavior produces a large amount of particulate pollutants [22]. Lu et al. [14] conducted a questionnaire survey to investigate the concentration of PM2.5 in the direct exposure area of Chinese household cooking. The questionnaire survey involved cooking, steaming, and 11 other Chinese ordinary household cooking experiments. The results showed that frying methods had the largest PM2.5 emission intensities, while boiling and steaming methods had relatively small emissions intensities. Most of the 11 cooking methods had oil smoke pollution values that exceeded the national indoor air standards. The average concentration of PM2.5 in the direct breathing zone of the home cooking space was 0.599 mg/m3, which was about eight times the national indoor air quality standard. A study [23] measured the situation of fine particulate matter (PM2.5 and PM10.0) generated during cooking in kitchen spaces with hood exhausters in 30 family dwellings and analyzed the impact of cooking on indoor air quality. The results showed that the concentration of fine particles in the cooking process exceeded the indoor concentration standards of PM10.0 and PM2.5 in South Korea. The particle concentration decay rate constant measured in the field was 1.27 h−1~21.83 h−1, and the emission rate was 0.39 mg/min~20.45 mg/min. In addition, four different cooking methods were selected to quantitatively evaluate the dispersion of fine particulate matter concentration, the emission rate of particulate matter, the attenuation rate constant, and the change in the concentration ratio of the kitchen. The results showed that cooking style significantly affected indoor particle concentration. The weights of many factors that affect the emission intensity of kitchen particulate matter had also been studied. Wallace et al. [23] conducted a study on the production of particulate matter during cooking, with data collected for 18 months and every 5 min. Research showed that the amount of ultrafine particles during cooking was 10 times greater than during non-cooking, and cooking also increases the concentration of indoor soot particles by three times.



Currently, research on the emission characteristics of particulate pollutants in Western cooking is relatively rich, while research on the emission characteristics and particle size distribution of particulate pollutants in Chinese cooking is relatively lacking. Chen et al. [24] studied the effects of five important factors (cooking method, dish component weight, raw material type, meat/vegetable ratio, and edible oil type) on the emission rate of PM2.5 during Chinese cooking by using orthogonal experiments. The results showed that the average emission rate of PM2.5 from fried, fried, and fried dishes was 3.352 mg/min ± 3.358 mg/min. Previous studies provided some data on the characteristics of particulate pollutants emitted by Chinese cooking methods, which can assess the potential impact of kitchen particulate pollutants on the indoor environment and personnel. However, these studies have not comprehensively and systematically discussed the physical emission characteristics of particulate pollutants emitted by Chinese cooking methods. Gao et al. [25] adopted the method of heating cooking oil to determine the partial emission characteristics of particulate pollutants generated during the cooking process. However, whether using only heated oil experiments can represent the emission characteristics of real cooking processes was still controversial in academic circles. In order to obtain the true emission characteristics of particulate pollutants, it is necessary to conduct in-depth research on the emission characteristics of actual Chinese cooking particulate pollutants.



The problem of oil fume particles pollution caused by the cooking process is increasingly serious, and it is one of the important pollution sources that affect the air quality of residential buildings. Kitchen lampblack is a three-phase aerosol [26]. The particles of lampblack can generate reactive oxygen radicals and lipid peroxides after entering the body, which is one of the important causes of lung disease [27]. A comprehensive understanding of the movement characteristics of particulate pollutants during cooking can help to analyze the impact of particulate pollutants on the indoor environment and their migration rules; on the other hand, it also provides a scientific basis for the design of new household kitchen smoke extraction methods and systems. Relevant scholars have carried out a lot of research on the emission characteristics of particulate matter and other substances emitted during cooking [28,29,30]. Research results of Lunden et al. found that particulate pollutants are more difficult to capture and collect during cooking, and the particle size of particulate matter will also affect the capture effect [31,32]. It is important to understand the emission characteristics of particulate pollutants for the capture and collection of particulate pollutants during cooking. However, there are few studies on the distribution characteristics of oil fume particles and few reports on the number concentration (NC), mass concentration (MC), and particle size distribution of particles in residential kitchens.



Given the limitations of the existing research, it is necessary to continue to study the movement and distribution characteristics of soot particles in typical Chinese cooking processes. More importantly, given the practical issue mentioned at the beginning of this article, namely, the serious lack of elderly-friendly infrastructure in existing communities in China, there is an urgent need to assess the impact of various facilities to determine priorities for reconstruction in the context of limited resources. Therefore, this study takes the particulate matter in the Chinese kitchen as the research object and explores its spatiotemporal distribution characteristics with a view to initially clarify the distribution and movement characteristics of the smoke particles in the residential kitchen, providing a basis for the health risk management of the exposed population and laying an experimental foundation for the future research on the removal of the smoke particles in the residential kitchen. We aim to demonstrate the urgency of managing the kitchen environment and point the way for it to contribute to positive and healthy residential buildings.




2. Materials and Methods


2.1. Laboratory


China has a vast territory, with various forms of residential kitchens [33]. This paper takes the most common square layout of residential kitchens in China as a typical form, builds a full-scale laboratory, and explores and analyzes the distribution characteristics of oil fumes in residential kitchens in cold regions. Beijing is the most famous metropolis in China, with a population of over 20 million. Therefore, this is an excellent choice for investigating the residential kitchen environment during typical Chinese cooking processes. Before the experiment, a large amount of research work was also conducted, mainly including the layout of Chinese home kitchens, properties of oil fume particles, and main diffusion characteristics of oil fume particles. Based on these research results, we have determined the form of the experimental platform. To this end, a typical Chinese residential kitchen laboratory was built. A residential kitchen is a typical part of a medium-sized family apartment. Stoves and appliances are typical types used in residential kitchens in China. To reduce the impact of outdoor pollutants, there was no open chimney or other pollution sources near the built experimental system. The laboratory structure and site conditions are shown in Figure 1, and relevant parameter settings are shown in Table 1.



During the cooking process, Chinese people usually close outside windows of the kitchen to prevent exhaust air from flowing back into the kitchen, and also to prevent wind from blowing into the kitchen, which may affect the combustion efficiency. The inner kitchen door also needs to be closed. In this case, it was indeed to keep windows and interior doors closed.




2.2. Experimental Test Instruments


The experimental range hood was a new type of range hood, and the smoke exhaust form was top suction type. The control mode can realize body feeling control and touch control (Figure 2). The air flow at the hood mouth was about 1.8 m/s during operation.



The concentration of oil smoke particles was measured by using the dust particle counter (Gravel PC3016-IAQ, Lighthouse, America). The sampling flow is 2.83 L/min high-precision constant current sampling, the detection range is 0~500 mg/m3, the detection accuracy is 0.1 μG/m3, and the maximum inlet particle size is 145 μm. The operating ambient temperature range is 10.0~40.0 °C, and the operating ambient relative humidity range is 20.0~95.0%.



The auxiliary measurement index was the environmental meteorological conditions. The atmospheric pressure of the experimental environment was measured with the air-box barometer (DYM3-02, Liangchen, China). The measuring range is 800~1064 hPa, the operating temperature range is −40.0~100.0 °C, and the minimum graduation value of the dial is 0.1 hPa. The temperature and humidity of the experimental environment are measured with the digital display temperature and humidity recorder (TM837, TECMAN, China). The temperature measurement range is −10.0~50.0 °C, and the accuracy is ≤±0.5 °C. The humidity measurement range is 5.0~99.0%, and the accuracy is ≤±5.0%. The equipment used has been strictly calibrated by relevant professional institutions.




2.3. Case-Study Dishes


The main cooking method in this study was stir-fry, which covers the main dishes in China. The diet of Chinese people is very complex. However, many families will use green pepper and meat as cooking ingredients. Therefore, this study chose three common dishes: stir-fried green pepper, stir-fried meat, and green pepper stir-fried meat. The reason for choosing these three dishes is as follows: firstly, these three dishes are the most favored home-cooked dishes by Chinese people, which are commonly cooked by ordinary families and involve a wide range of ingredients. Secondly, these ingredients are very prone to producing oil smoke particles during the cooking process. Therefore, these three dishes were selected in this experiment. The amount of food was designed for a family of three. Vegetable oil was used as cooking oil. All ingredients and condiments were purchased from a local supermarket, and their usage was measured. The experiment was repeated twice for each cooked dish for optimal control of consistency.




2.4. Test Condition and Scheme


The experiment used a stir-frying cooking style, with the main focus on common Chinese dishes, including pure vegetarian dishes (fried green peppers), pure meat dishes (fried meat), and meat and vegetable dishes (fried meat with green peppers). The working condition of oil smoke exhaust was high-speed smoke exhaust gear. During the experiment, the laboratory was kept closed (doors and windows closed), the experimental equipment was fixed, and indoor particulate matter was measured at the same time. The sampling points were above the pot, at the horizontal position of the personnel breathing area, and in the center of the kitchen. The height of the central instrument in the kitchen was 1.1~1.2 m.



Specific detection scheme: ① background concentration measurement. The concentration of particulate matter in the air in the kitchen was selected before cooking as the background concentration, and there was no operation and other particulate matter release sources when detecting the background concentration; ② detection of cooking fume particles. The time–space distribution law of particulate matter was analyzed by the fixed-point sampling method (10 min data were collected in the whole process). Individual sampling instruments were placed above the pan, in the personnel breathing area, and in the center of the kitchen. The detection time was from cooking oil to cooking activity (Figure 3). During the test, there were two indoor personnel, the indoor temperature was 18~23 °C, and the relative humidity was 40~65%.




2.5. Statistical Analysis


A statistical analysis was carried out using all data collected from each equipment. Single-factor analysis of variance (ANOVA) was used to compare the exposed particles at different locations, the particles in different dishes, and the amount and concentration of particles with different particle sizes. LSD method (homogeneous variance) and Dennett’s t3 (nonhomogeneous variance) were used to compare the two, and the Statistical Package for Social Science (SPSS) 22 was used for this purpose. The number concentration of particulate matter in different time periods were analyzed by one-way ANOVA of repeated data. Results were considered to be statistically significant at p < 0.05.





3. Results


3.1. Background Concentration


To avoid the impact of previous environments on subsequent experiments, experimental tests were conducted on the concentration of particulate pollutants in the background environment before each experiment. The time for each environmental background test was more than 20 min, and the test interval was 10 s. During the testing process, the doors and windows were still kept tightly closed to ensure that they were not disturbed by the external environment.



It can be seen from Figure 4 that when cooking activities were not carried out, although each particle size in the background environment was not zero, the concentration of pollutants of each particle size in the background environment was very low. According to relevant research [34], it can be concluded that this concentration differs by at least two orders of magnitude compared to the concentration of particulate pollutants generated during the cooking process and would not affect the data results during the experimental process. It should be noted that in the data processing of this article, the background concentration before each experiment is excluded.




3.2. Change Law of Particle Quantity Concentration


Exposure characteristics of particulate matter in the respiratory area of personnel was analyzed, as shown in Figure 4. At the respiratory area, particulate matter NC0.3μm~1.0μm showed a fluctuating trend, while NC1.0μm~10.0μm was relatively stable. NC0.3μm~0.5μm had the largest increase. The peak concentration of oil fume particles of each particle size appeared at about 200 s, and the larger the particle size was, the longer the peak appeared. Before 20 s, it was time to add edible oil. At this stage, the cooking oil was mainly heated, and there was no cooking activity. The particles produced were small, mainly NC0.3μm, with an average of about 2 × 105/cm3. After adding dishes and stir fry (a period of frequent cooking activities), the mean value of NC0.3μm did not change much, while NC0.3μm~0.5μm particulate matter and NC0.5μm~1.0μm increased significantly (p < 0.001). After cooking activities, the mean value of NC0.3μm~0.5μm and NC0.5μm~1.0μm dropped rapidly, lower than that during the peak period (p < 0.001), but higher than that during the preparation period (p < 0.01).



The fluctuation of NC0.3μm during the whole process was small and had been at a high level. The NC0.3μm~0.5μm and NC0.5μm~1.0μm during the peak period were significantly higher than those at the beginning and end of cooking (p < 0.05), but there was no significant difference between the NC0.3μm~0.5μm and NC0.5μm~1.0μm at the beginning and end of cooking (p > 0.05).




3.3. Characteristics of Particulate Matter in Residential Kitchens


Figure 5 shows the concentration of particles with different particle sizes in different spaces. Figure 5A represents the position above the stove, Figure 5B represents the position of the mouth and nose, and Figure 5C represents the central position of the kitchen. It can be seen that the concentration of particulate pollutants with different particle sizes varies significantly at different locations (p < 0.05). For MC0.3μm and MC0.3μm~0.5μm, there was significant difference between different positions (p < 0.001). For MC0.5μm~5.0μm, the concentration at the three locations gradually decreased, while for MC5.0μm~10.0μm, there was no significant difference between the mouth and nose and the center of the kitchen, and the concentration was relatively low. This is because particles with larger particle sizes are easily controlled and can be eliminated as soon as possible. However, particles with smaller particle sizes will continue to diffuse with the airflow organization, resulting in a significant increase in the concentration of particles at the center of the kitchen. Concentration of particulate pollutants in different spaces in Figure 6.



Figure 7 shows the variation rule of particle size. As can be seen from the figure, there were differences in the variation rules of particle sizes for different dishes. Figure 7A represents the position above the stove, Figure 7B represents the respiratory area, and Figure 7C represents the central position of the kitchen. Peak NC0.3μm of pure meat vegetables was slightly lower. For NC0.3μm~5.0μm, peak concentration of pure meat dishes was higher than that of the other two dishes. It can also be found that when green pepper and meat were cooked simultaneously, the amount of soot particles produced was slightly less than when the two ingredients were cooked alone.



Figure 8 shows the particulate contamination levels of different dishes at the respiratory area of personnel. For dishes, the concentration of particles with different particle sizes had significant differences in the respiratory area of personnel (p < 0.01). There was a significant difference (p < 0.001) between the NC0.3μm of pure meat dishes and the other two cuisines. For NC5.0μm~10.0μm, there was no significant difference between the three dishes (p = 0.32). One reason is that the amount of NC5.0μm~10.0μm produced during cooking was relatively small and the concentration was relatively low. Another reason is that the particle size of PM5.0μm~10.0μm was relatively large and easily controlled. In addition, cooking pure meat dishes produced higher levels of NC0.5μm~10.0μm than the other two cuisines, and more particulate pollutants were generated during the cooking process.





4. Discussion


In previous studies, Gao et al. [25] adopted the method of heating cooking oil to determine the emission characteristics of particulate pollutants generated during the cooking process. According to the results of this article, the fluctuation of NC0.3μm~10.0μm in the early cooking period was lower than the background concentration value, while the fluctuation of NC0.3μm~10.0μm in the peak cooking period is higher than the background concentration value, and there is a significant difference between the NC0.3μm~0.5μm in the early cooking period and the peak cooking period. The preliminary work is mainly to heat edible oil, without frying vegetables. Although there will be soot particles, it will not cause an increase in NC0.3μm~10.0μm. It can be seen that there is considerable uncertainty as to whether using only heated oil experiments can represent the emission characteristics of particulate matter during real cooking processes. In order to obtain accurate distribution characteristics of soot particles, it is necessary to study the actual Chinese cooking methods of particles.



The object tested in this study is mainly 0.3~10.0 μm fine particles. The concentration of particles above 1.0 μm generated during cooking was relatively low, and the retention time in the air is short, which was difficult to capture. In the composition of particulate matter, the proportion of particle size below 1.0 μm is more than 90%, and the proportion of particle size below 2.5 μm is more than 96%. Even if there is an agglomeration (coagulation) effect of fine particles [35], there was no excessive generation of large particles.



When studying the characteristics of NC0.3μm~10.0μm at different locations, it was found that NC0.3μm~10.0μm above the pot presented a uniform pattern, but there was a difference in the exposure characteristics between the personnel’s mouth and nose and the center of the kitchen. NC0.3μm~0.5μm at the personnel’s mouth and nose was higher than that at the center of the kitchen (p < 0.001), but the NC0.3μm at the personnel’s mouth and nose was lower than the center of the kitchen (p < 0.001). Small particles are more susceptible to the impact of air flow patterns, which can be carried away by the range hood or continuously spread around. The movement law of large particle size particles is relatively stable, and the concentration is also low. Toxicology and epidemiology have shown that low soluble fine particles are highly correlated with lung inflammation [36,37], as well as with population health damage [38]. Therefore, the degree of harm caused by spatial exposure of particulate matter during cooking is very large, which may affect other rooms.



Studying the NC0.3μm~10.0μm characteristics of particulate matter produced by different dishes, it was found that fried meat NC0.3μm was significantly lower than the other two dishes (p < 0.01), while NC0.3μm~5.0μm was significantly higher than the other two dishes (p < 0.01), but the difference in NC5.0μm~10.0μm was not statistically significant (p > 0.05), considering that fried meat dishes have different ingredients from other dishes, and the particulate matter content is not entirely the same. When the proportion of meat is high, it will contain a large amount of fat, while vegetables contain a large amount of water. Therefore, the exposure of fine particulate matter during fried meat dishes may be far more harmful than other dishes. The ratio of meat to vegetable had a significant impact on the emission rate of fine particles during Chinese cooking, which is consistent with the research results of Chen et al. [24].



The air flow in the kitchen environment was relatively stable, but the movement of people and the air flow will have interference, resulting in changes in the distribution of fine particles. The sampling results of fine particles are closely related to the sampling location and distance [39], and the detection work itself had certain difficulties. There were many and complex factors that affect the kitchen environment of residential buildings. One purpose of this study is to obtain the relationship between various factors and the kitchen environment quality through experimental detection. However, the conditions of the kitchen in reality are quite different from those of the laboratory and are highly uncontrollable. For the real kitchen, further research is still needed. The components of kitchen lampblack are complex [40], including aldehydes, ketones, hydrocarbons, etc., and including toxic and even carcinogenic substances. In addition to several particle sizes tested in this paper, ultrafine particles are also included. The physical and chemical properties of particulate matter have a significant impact on the human body [41]. It is necessary to strengthen the performance of domestic range hoods, improve their effectiveness in removing soot particles, improve the airflow organization of residential kitchens, improve kitchen air quality, and ensure the health and safety of residents. In addition, in the process of the experiment, how to eliminate the influence of background mixed particles in the experimental environment and external interference on the experimental results is also a difficulty, which needs further study [42].



This article also has some limitations: (1) as the theoretical guidance of this study, the force analysis of soot particles plays an important role. However, similar to other studies, the force analysis of oil fume particles is difficult to express in analytical formulas. In this study, there are still limitations in some research content regarding the force analysis of kitchen fume particles, and further research needs to be conducted on the force analysis of fume particles. (2) The factors affecting the kitchen environment are very complex, including the size of the kitchen space, the orientation of the kitchen exterior windows, the structure and form of the kitchen, the airtightness of the doors and windows, and the impact of the wind field around the building. This study builds a full-scale experimental platform and conducts research based on the current situation of residential kitchens in China and actual measurement results. Research efforts have attempted to capture the main factors, but household measurements, full-scale experimental platforms, and computer models have not taken into account the effects of outdoor weather, kitchen ventilation, and other factors, nor have quantitative studies been conducted on the impact of kitchen space on other rooms in households. In fact, there is a certain correlation between outdoor meteorological conditions and the kitchen space environment, and the pollutant status of the kitchen space is also significantly related to the air quality of other rooms in the household.




5. Conclusions


This paper provides a detailed description of the specifics of particulate matter emission and elimination experiments in typical cooking processes from the aspects of experimental venue, experimental scheme, parameter measurement, and experimental process and provides the theoretical basis for various conditions and parameter settings. The experiment took three typical Chinese dishes, namely fried green pepper, fried meat, and green pepper fried meat, as the representative dishes, and took PM0.3~10.0 as the test subjects. The measurement points were set at three key points above the cooking utensils, at the breathing position of the operator, and at the center of the kitchen. The distribution rules of the count concentration and weight concentration of the soot particles in the hood were studied, and the emission and elimination characteristics of the soot particles of each particle size were obtained. Based on experimental data, this paper conducted qualitative and quantitative analysis of the concentration changes and influencing factors of cooking fume particles in different locations, different dishes, and different particle sizes, respectively, to deeply study and discuss the emission laws and movement mechanisms of kitchen cooking fume particles. Unlike previous studies, this study found that cooking style was not the main influencing factor for kitchen particulate pollutants. The particles produced are small particle size, mainly NC0.3μm, with an average of about 2 × 105/cm3. After cooking activities, the mean value of NC0.3μm~0.5μm and NC0.5μm~1.0μm dropped rapidly, lower than that during the peak period (p < 0.001), but higher than that during the preparation period (p < 0.01). The concentration of particles with different particle sizes had significant differences in the mouth and nose position of personnel (p < 0.01). There was a significant difference (p < 0.001) between the NC0.3μm of pure meat dishes and the other two cuisines. For NC5.0μm~10.0μm, there was no significant difference between the three dishes (p = 0.32).



Overall, the amount of particulate pollutants produced by each particle size is not only related to cooking time, but also related to food ingredients. Additionally, the particulate pollutants at different locations will also have significant differences. Based on experimental data, the results of this chapter obtained a fitting curve between the emission and removal characteristics of particulate pollutants and time during the cooking process of typical Chinese dishes and analyzed the constitutive relationship between them and time, laying the foundation for proposing a low-cost range hood operation control strategy suitable for Chinese residents.



The actual measurement also found that frying and stir frying generate more particulate pollutants, and the concentration of particulate pollutants is much higher than that generated by simple cooking methods such as steaming, further explaining the characteristics of oil smoke particles produced in Chinese cuisine cooking. In addition, the degree of impact of particulate pollutants on the human body during the cooking process also depends on the height and cooking type of the cook. In the monitoring technical guidelines for indoor air quality standards in China, there is no regulation on the monitoring height of kitchen pollutants. The measured data reflect that the pollutant production area of residential kitchens should be above the cooking utensils, and the human exposure control position should be in the breathing area. This result is consistent with people’s life experience.



The selected typical dishes are commonly consumed by Chinese residents in their daily lives and are well representative, and the cooking process of several dishes can have a significant impact on the kitchen environment. The types of particulate matter measured during the experimental process include both widely concerned traditional pollutant indicators and innovative parameters. It not only focuses on the focus of research in this field, but also shows the novelty of this study. At the same time, scientific and reasonable experimental design and parameter measurement, coupled with relatively comprehensive and complete experimental instruments and equipment, have ensured the smooth implementation of this experiment and the acquisition of experimental data, ensuring the authenticity and credibility of the experimental data. Based on the analysis of experimental data, the emission, elimination, and distribution of particles of various particle sizes during Chinese cooking were studied. Based on reasonable statistical methods, in-depth research and analysis were conducted on particles of various particle sizes. The emission and removal rules and migration characteristics of particles of various particle sizes studied in this chapter are the basis for scientific evaluation of the kitchen environment and also provide a good data foundation for subsequent model construction and model validation in this study.
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Figure 1. Schematic diagram of laboratory dimensions and layout of measuring points. 
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Figure 2. Experimental site conditions. 
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Figure 3. Experimental process. 
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Figure 4. Concentration of particulate pollutants in background environments. 
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Figure 5. Distribution of particulate matter in residential kitchen cooking at different times. 
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Figure 6. Concentration of particulate pollutants in different spaces. * p < 0.05. ** p < 0.01. *** p < 0.001. 
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Figure 7. Variation law of oil fume particle size. 
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Figure 8. Concentration of particulate matter produced by different dishes. ** p < 0.01. *** p < 0.001. 
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Table 1. Geometric dimensions of kitchen and laboratory (unit: m).
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	Kitchen Laboratory
	2.98 × 2.97 × 2.71



	Operation console
	0.7 × 2.68 × 0.76



	Gas stove
	0.43 × 0.36 × 0.12



	External window
	1.48 × 0.83



	Inner door
	2.01 × 0.84
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