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Abstract


Indoor air pollution remains a critical health issue in the rural areas of low- and middle-income countries like Indonesia, where solid fuels are commonly used for cooking. This study assessed real-time indoor particulate matter (PM) concentrations in three rural households in Jorong V Botung, West Sumatra, using PurpleAir low-cost sensors (PurpleAir Inc., Draper, UT, USA). Mass concentrations of PM1, PM2.5, and PM10, along with size-segregated number concentrations (0.3–10 µm), were monitored continuously over six days (30 March–4 April 2024) during the Eid al-Fitr holiday, which involves extensive cooking activities. PM2.5 concentrations frequently exceeded 200 µg/m3, with a peak of 249.9 µg/m3 recorded during morning cooking hours. The smallest particle size (0.3–0.5 µm) dominated number concentrations, reaching up to 17,098 particles/dL, while larger particle levels were significantly lower. Strong positive correlations (r > 0.95) were observed among PM1, PM2.5, PM10 and AQI, indicating that cooking emissions substantially contributed to indoor PM levels. The findings highlight the need for targeted interventions, including clean fuel subsidies, improved ventilation, and public awareness efforts. This study contributes critical data on indoor air quality in rural Indonesia and supports broader initiatives to reduce exposure to household air pollution in Southeast Asia.
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1. Introduction


Indoor air quality (IAQ) has become a critical concern worldwide, not only in developing countries but also in developed nations [1,2]. This concern is primarily driven by the well-established link between indoor air pollution and serious health consequences, including respiratory and cardiovascular diseases, as well as premature mortality [3,4]. The World Health Organization (WHO) reports that air pollution contributes to over 7 million deaths annually, with indoor exposure accounting for a significant proportion [5]. Alarmingly, more than 2 million of these deaths occur in Southeast Asia (SEA), a region comprising mostly developing nations such as Indonesia [6,7].



One of the leading sources of indoor air pollution is the incomplete combustion of solid biomass fuels such as firewood, which is widely used in rural environment [8,9]. In many rural households, cooking is still performed indoors without proper ventilation [10,11,12], resulting in the accumulation of harmful air pollutants. These pollutants, particularly particulate matter (PM), can remain suspended in the air for hours, infiltrating other areas of the home such as living room and even bedroom and increasing the risk of long-term exposure. Furthermore, IAQ not only influenced by the indoor combustion sources but also it could be affected by the outdoor situation which could penetrate through the natural ventilation which commonly found in the rural area [13,14,15].



PM is one of the most significant indoor air pollutants due to its direct association with various adverse health outcomes [16,17,18]. PM is commonly classified into PM10 (≤10 µm), PM2.5 (≤2.5 µm), and PM1 (≤1 µm) and ultrafine particles (UFP) based on aerodynamic diameter. The smaller the particle, the deeper it can penetrate into the human respiratory system, potentially reaching the alveoli and even entering the bloodstream [19,20,21]. Despite its health significance, size-segregated analysis of PM—such as in the ranges of 0.3–0.5 µm, 0.5–1 µm, and beyond 1 µm—is still rare in indoor air pollution studies. The danger increases further when PM contains toxic substances such as polycyclic aromatic hydrocarbons (PAHs), which are known carcinogens [22,23].



In Indonesia, especially in rural areas, many households continue to rely heavily on firewood for cooking [24,25,26]. Cultural norms, economic limitations, and limited access to cleaner alternatives such as liquefied petroleum gas (LPG) hinder the transition to safer cooking methods. In some communities, fear or unfamiliarity with LPG stoves further delays adoption. Even when LPG is available, many families still use a combination of fuels depending on the cooking activity. However, combustion of wood is known to emit significantly higher levels of PM, carbon monoxide (CO), and volatile organic compounds (VOCs) compared to LPG [27,28,29].



Poor kitchen design further exacerbates the problem. Many rural Indonesian homes lack effective ventilation systems such as chimneys, exhaust fans, or even well-placed windows [30,31]. As a result, cooking smoke accumulates indoors, posing a particularly serious threat to women and young children who are most frequently present during cooking activities [32,33]. Without intervention, prolonged exposure to indoor pollutants increases both acute and chronic health risks [34,35]. Despite the list of the problem above, there is still a major research gap in indoor air pollution studies in Indonesia, particularly in rural settings. Most available studies focus on urban ambient air pollution [36], with limited work addressing indoor exposure in traditional kitchens. Several challenges, including high equipment costs and limited access to electricity in remote areas, have restricted research efforts in these communities.



Recent advancements in low-cost sensor technology, such as PurpleAir, have made it more feasible to conduct air quality monitoring in resource-limited environments. These sensors are portable, user-friendly, and can operate on battery power (power bank), making them ideal for deployment in rural homes. Their ability to provide real-time, size-resolved PM data has opened new opportunities for monitoring indoor air quality and identifying exposure risks at finer temporal scales. In response to these challenges and opportunities, this study aims to fill the research gap by monitoring and analyzing indoor PM levels during cooking activities in rural Indonesian households. The specific objectives are: (1) to characterize the mass and size-segregated number concentrations of PM emitted during cooking using low-cost sensors and (2) to estimate potential health risks associated with indoor PM exposure, particularly among vulnerable populations such as women and children.




2. Methodology


2.1. Study Area and Household Selection


This study was conducted in Jorong V Botung, a remote village located in Nagari Kotonopan, Rao Utara Subdistrict, Pasaman Regency, West Sumatra Province, Indonesia. Situated within the Bukit Barisan Mountain range, the area is geographically isolated and difficult to access due to steep terrain and limited infrastructure. The community consists mainly of farming households engaged in rice cultivation, rubber tapping, and cacao farming. The region experiences consistently high rainfall and humidity throughout the year, with unreliable electricity supply and no cellular network coverage, further emphasizing the remoteness of the site.



Household selection was based on availability and willingness to participate. All selected households shared similar socioeconomic backgrounds and energy usage patterns. Importantly, all households relied primarily on firewood as their main cooking fuel (100%), consistent with national evidence that biomass remains a dominant cooking energy source in rural Indonesia [37]. While LPG stoves were present in some homes, they were rarely used and typically reserved for simple tasks such as boiling water. During the monitoring period, the three selected households relied exclusively on firewood for cooking, reflecting typical rural practices.



To provide clearer context for the study environment, Figure 1 presents a sketch of the household layouts and cooking areas, including sensor placement within each kitchen. This illustration highlights the indoor cooking conditions under which pollutant measurements were carried out.




2.2. Monitoring Period and Cooking Conditions


Monitoring was conducted over six consecutive days, from 30 March–4 April 2024, coinciding with Eid al-Fitr (Idul Fitri)—a period characterized by prolonged and culturally significant cooking. This timing provided an ideal opportunity to capture indoor PM concentrations under conditions of intensive household activity. The three selected households had sensors installed in their kitchens at typical breathing height (~1 m above the floor) as can be seen in Figure 1. In one home, the kitchen was directly connected to the bedroom without a partition, allowing pollutants to disperse into the sleeping area. Measurements were recorded continuously for 24 h per day using PurpleAir sensors (PurpleAir Inc., Draper, UT, USA).



Due to limited literacy and participant availability, it was not feasible to maintain detailed time–activity diaries or to quantify fuel proportions, ignition methods, or food quantities cooked. Instead, household members verbally confirmed typical cooking schedules, which were used to interpret PM patterns. Importantly, throughout the entire monitoring period, all three households relied exclusively on firewood for cooking, with no LPG use reported. The most intensive cooking occurred on 30 March, when community-wide meat preparation for the Eid celebration led to day-long cooking events, resulting in markedly elevated indoor PM levels. During cooking, a small kitchen window was usually opened to allow smoke to escape, but it was closed immediately afterward, which often resulted in residual smoke accumulation indoors.




2.3. Sensor Specifications and Data Output


PurpleAir low-cost sensors were employed for PM monitoring. Each unit is equipped with dual Plantower PMS5003 (Plantower Co., Ltd., Beijing, China) optical particle counters (OPCs), which operate on the principle of laser light scattering to estimate both particle size and concentration. The detection range of these sensors spans 0.3–10 µm, and outputs include mass concentrations of PM1, PM2.5, and PM10, along with number concentrations across six size bins: 0.3–0.5 µm, 0.5–1.0 µm, 1.0–2.5 µm, 2.5–5.0 µm, 5.0–10.0 µm, and >10.0 µm. Additional environmental parameters such as temperature and relative humidity (RH) were also recorded. Data were logged at 2 min intervals to capture fine-scale temporal variability.



To ensure data reliability, readings from the two internal PMS5003 sensors were compared at each time point. Measurements were excluded if the paired sensors differed by more than 40% or 5 µg/m3, and the final reported values were calculated as the average of the valid readings. Although co-location with reference-grade instruments was not feasible due to equipment limitations and the remoteness of the study area, PurpleAir sensors have been extensively evaluated in previous peer-reviewed studies under both indoor and outdoor conditions, demonstrating reasonable agreement with reference monitors after appropriate data quality checks [38,39,40,41]. The absence of direct calibration is acknowledged as a limitation of this study but does not detract from the ability of the sensors to characterize relative variations and temporal patterns in household PM concentrations.




2.4. Data Analysis


Data analysis was conducted using Microsoft Excel and Python 3.11 within Jupyter Notebook (Project Jupyter, open-source). Following validation, PM mass and number concentration data were aggregated into hourly averages to minimize short-term noise and highlight daily patterns. Analyses focused on mass concentrations (PM1, PM2.5, and PM10) and size-segregated number concentrations to capture temporal variations associated with cooking activities.



Time-series plots were generated with Matplotlib (v3.8.0) and Seaborn (v0.13.0) in Python 3.11 within Jupyter Notebook (Project Jupyter, open-source) to visualize PM dynamics in all households, with particular attention to the intensive cooking day of 30 March. The Air Quality Index (AQI) values were automatically generated by the PurpleAir sensor software using WHO guideline breakpoints for PM2.5. Since PM2.5 is the most health-relevant size fraction, AQI derived from PM2.5 was used for subsequent interpretation of indoor air quality.



Daily averages of PM2.5 were calculated from the valid data available for each household on each day. When electricity interruptions led to incomplete data coverage, the averages were computed from the effective monitoring period for that day. These cases are noted in the Results section. Although this approach did not always yield full 24 h datasets, it ensured consistency across households and provided representative values of daily exposure under real-world rural conditions. Day- and nighttime PM concentrations were also calculated, with “day” defined as 06:00–18:00 and “night” as 18:00–06:00.



Although precise cooking times were not recorded, cooking periods were approximated through participant interviews and cross-checked against PM peaks, enabling comparison between cooking and non-cooking intervals. Together, this approach enabled a practical and context-appropriate assessment of indoor PM exposure in rural Indonesian households, despite the logistical constraints of the remote field setting.



Furthermore, this study did not quantify the air exchange rate (AER) or infiltration rate in the kitchens, as ventilation was entirely natural. As mentioned in the previous section, household members typically opened small windows during cooking and closed them afterward. The absence of AER data limits the ability to fully quantify the relationship between ventilation and PM concentrations. Future studies should address this limitation to better capture the dynamics of indoor air exchange in rural households.




2.5. Health Risk Estimation


To evaluate the potential health burden of PM2.5, Chronic Daily Intake (CDI) was estimated for the women and children which are the vulnerable group in the studied of household exposure. CDI represents the amount of pollutant inhaled per unit body weight per day and provides an indicative measure of exposure intensity. It was calculated using the following equation by USEPA [42]:


  CDI   =      C   ×   I R   ×   E F   ×   E D   B W   ×   A T     



(1)




where C represents the concentration of PM2.5 (mg·m−3), IR is the inhalation rate (m3·day−1), EF is the exposure frequency (days·year−1), ED is the exposure duration (years), BW is the body weight (kg), and AT is the averaging time (days). For non-cancer chronic exposure, AT is equal to the product of exposure duration and 365 days (AT = ED × 365) By adopting this convention, the formula can be simplified to:


  C D I =      C   ×   I R   ×   E F     B W   ×   365     



(2)







Assuming year-round exposure (EF = 365 days·year−1), the expression reduces further to a daily dose per kilogram of body weight:


  C D I   =      C   ×   I R     B W     



(3)







In this formulation, C refers to the 24 h average indoor concentration of PM2.5, expressed in milligrams per cubic meter after conversion from micrograms per cubic meter. The inhalation rate (IR) and body weight (BW) are subgroup-specific. For adult women, an inhalation rate of 10.8 m3·day−1 and a body weight of 55 kg were applied. For children, an inhalation rate of 8.0 m3·day−1 and a body weight of 15 kg were used. CDI is expressed in units of mg·kg−1·day−1 and provides an indicative measure of daily exposure. Because there is no universally accepted inhalation reference concentration for PM2.5, hazard quotients were not calculated. Instead, CDI values are presented as dose indicators that allow comparison between population subgroups.





3. Results and Discussion


3.1. Real-Time Mass Concentration of PM


Continuous monitoring of PM in the three households—designated as H-1, H-2, and H-3—revealed distinct temporal variations in indoor air quality over the 24 h cycle. Mass concentrations of PM1, PM2.5, and PM10 were recorded continuously and then aggregated into hourly averages to identify trends and peak exposure periods. Figure 2, Figure 3 and Figure 4 present the real-time PM profiles for each household, while Figure 5 shows the 24 h averages. Heatmaps are summarized in Figure 6, and hourly means and diurnal patterns are provided in Table 1 and Table S1.



Across all households, the highest PM concentrations were recorded on 30 March, coinciding with community-wide food preparation for Eid al-Fitr, when villagers typically spend nearly the entire day cooking before sunset. Household 1 (H-1) exhibited the highest PM levels, particularly during early morning cooking hours. Between 05:00 and 06:00, PM1, PM2.5, and PM10 reached 148.6 ± 112.3 µg/m3, 249.9 ± 233.8 µg/m3, and 269.3 ± 259.5 µg/m3, respectively. These peaks coincided with breakfast preparation and were accompanied by a sharp rise in AQI (286.4 ± 194.5), indicating unhealthy air quality. A second spike occurred between 18:00 and 20:00, aligned with dinner activities.



Household 2 (H-2) showed moderate but distinct diurnal fluctuations. Morning peaks (06:00–08:00) recorded PM2.5 concentrations of 62.9 ± 45.8 to 137.5 ± 145.2 µg/m3, while PM10 rose to 147.7 ± 157.1 µg/m3. Evening peaks were also evident, with PM2.5 ranging from 46.6 ± 32.3 to 98.6 ± 116.1 µg/m3. Household 3 (H-3) demonstrated a different pattern, with elevated PM2.5 levels peaking later in the morning (183.1 ± 184.5 µg/m3) and continuing into the early afternoon (13:00–15:00, 145.0 ± 238.3 µg/m3). These variations likely reflect differences in cooking duration and ventilation practices among households.



Across all sites, PM concentrations were minimal during late-night to early-morning hours (00:00–04:00), when household activities ceased, and occupants were asleep. Sharp increases in PM levels began around 05:00 and again between 17:00 and 20:00, corresponding to daily cooking routines. The large standard deviations during peak hours underscore the episodic nature of biomass combustion events such as frying and grilling.




3.2. Size-Segregated Number Concentration of PM


The size-segregated number concentration analysis provided further insight into indoor PM characteristics. Measurements were divided into six size bins: 0.3–0.5 µm, 0.5–1.0 µm, 1.0–2.5 µm, 2.5–5.0 µm, 5.0–10.0 µm, and >10.0 µm. Figure 7 and Figure 8 illustrate the temporal patterns and diurnal distribution. The detail value of the particle size distribution can be seen in Table S2. Across all households, the highest number concentrations were observed in the 0.3–0.5 µm bin, consistent with emissions from incomplete combustion. In H-1, particle numbers peaked at 17,098.0 ± 9578.5 particles/dL between 06:00 and 07:00, correlating with elevated PM mass concentrations. A second surge occurred between 17:00–19:00, again linked to cooking activities. H-2 presented a similar trend, with the 0.3–0.5 µm concentration reaching 12,848.0 ± 8465.2 particles/dL at 07:00–08:00. H-3 recorded its highest number of fine particles during 07:00–08:00 as well (14,157.7 ± 12,056.9 particles/dL), with minimal coarse-mode particles detected (>10 µm typically below 10 particles/dL).



These findings emphasize that fine particles dominate household air during cooking, posing serious respiratory health risks, especially in the absence of adequate ventilation. Interestingly, in H-1, the difference between daytime and nighttime concentrations was less pronounced compared to the other locations, although levels were still higher during the day. This may be because the household was continuously busy with cooking and social activities from community members throughout the day and night. In contrast, H-2 and H-3 followed more typical household routines, with cooking largely confined to morning and evening, resulting in clearer day–night contrasts in PM levels.




3.3. Size-Segregated Number Concentration and Correlation Among PM Parameters in Relation to Cooking Activities


The dominance of fine particles during cooking periods was observed consistently across all households. The 0.3–0.5 µm fraction spiked during breakfast and dinner preparation times, reinforcing cooking as the primary PM source. These submicron particles are particularly hazardous due to their capacity to reach the alveolar region of the lungs and potentially enter the bloodstream.



Correlation analysis further supported these observations. Pearson correlation heatmaps (Figure 9) revealed strong positive relationships (r > 0.95) among PM1, PM2.5, PM10, and AQI, particularly during high-emission cooking periods. The number concentrations of smaller particles (0.3–1.0 µm) also showed strong correlations with PM1 and PM2.5 (r = 0.80–0.97), especially in H-2 and H-3. In contrast, larger particle fractions (2.5–5.0 µm and >10 µm) exhibited weaker correlations, suggesting contributions from non-combustion sources such as human movement or dust resuspension.



It should also be noted that the type of food being cooked can influence particle emissions, particularly those with high fat content that may produce more smoke during frying or grilling. Although this study did not systematically record specific ingredients, observational context indicated that on 30 March, the day before Eid al-Fitr, all three households prepared beef dishes as part of the celebration. This likely contributed to the exceptionally high PM levels observed on that day. We have acknowledged the absence of detailed food-type information as a limitation and recommend that future studies incorporate systematic recording of cooking ingredients and methods to better link food type with emission patterns.



The estimated Chronic Daily Intake (CDI) of PM2.5 varied across the three households summarized in Table S3. For women, CDI values ranged from 0.0091 to 0.0131 mg·kg−1·day−1, while for children the values were higher, ranging from 0.0246 to 0.0355 mg·kg−1·day−1. These findings indicate that children experience approximately 2.5–3 times greater inhaled doses per body weight compared to women under the same household conditions.





4. Conclusions and Recommendation


This study investigated indoor air quality in a remote rural village in West Sumatra, Indonesia, during a culturally significant period characterized by intensive cooking activities. Using low-cost PurpleAir sensors, we conducted six days of continuous monitoring in three traditional households that rely primarily on firewood for cooking. The results revealed substantial fluctuations in PM1, PM2.5, and PM10 concentrations, with peak levels consistently aligning with morning and evening cooking periods. The most extreme pollution events occurred on 30th March, ahead of the Eid al-Fitr celebration, when communal food preparation was at its peak. PM2.5 levels exceeded 200 µg/m3 in some households, far surpassing WHO indoor air quality guidelines. Size-segregated number concentrations further emphasized the dominance of fine and ultrafine particles (0.3–0.5 µm), which reached concentrations above 15,000 particles/dL during cooking. These particles, produced by incomplete combustion, pose significant health risks due to their deep lung penetration capabilities. Correlation analysis confirmed strong relationships among PM mass fractions and AQI (r > 0.95), while number concentrations of smaller particles were closely associated with PM1 and PM2.5 levels. In summary, traditional indoor cooking with solid fuels in rural, poorly ventilated homes significantly degrades indoor air quality and elevates exposure to harmful fine particles. These findings underscore the critical need for targeted interventions, including improved kitchen ventilation, the adoption of cleaner cooking technologies, and community-based education initiatives. This study not only highlights a pressing environmental health issue in rural Indonesia but also provides broader insights applicable to similar low-resource settings across Southeast Asia.



The findings of this study have several implications for IAQ interventions and policy development in rural Indonesia. First, the high PM levels in households that rely on firewood highlight the urgent need for cleaner stove technologies, such as improved biomass stoves. Second, simple ventilation enhancements, including the installation of larger windows and using chimneys to reduce pollutant accumulation indoors. And third, behavioral interventions, such as keeping windows open for longer period after cooking to mitigate and prevent the accumulation of PM indoors.
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Figure 1. Study area located in Jorong V Botung, Nagari Kotonopan, Rao Utara Subdistrict, Pasaman Regency, West Sumatra Province, Indonesia. 
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Figure 2. Real-time PMs concentration and AQI in the first location (H–1) (a) PM1 (b) PM2.5 (c) PM10 (d) AQI PM2.5. The blue highlight indicates periods of cooking activities. 
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Figure 3. Real-time PMs concentration and AQI in the second location (H–2) (a) PM1 (b) PM2.5 (c) PM10 (d) AQI PM2.5. The blue highlight indicates periods of cooking activities. 
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Figure 4. Real-time PMs concentration and AQI in the third location (H–3) (a) PM1 (b) PM2.5 (c) PM10 (d) AQI PM2.5. The blue highlight indicates periods of cooking activities. 






Figure 4. Real-time PMs concentration and AQI in the third location (H–3) (a) PM1 (b) PM2.5 (c) PM10 (d) AQI PM2.5. The blue highlight indicates periods of cooking activities.



[image: Atmosphere 16 01124 g004]







[image: Atmosphere 16 01124 g005] 





Figure 5. Daily average of PM2.5 in all household. 
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Figure 6. Hourly heatmaps of PMs concentration and AQI in all locations (a) PM1 (b) PM2.5 (c) PM10 (d) AQI PM2.5. 
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Figure 7. Hourly particle size distribution heatmap in all locations. 






Figure 7. Hourly particle size distribution heatmap in all locations.



[image: Atmosphere 16 01124 g007]







[image: Atmosphere 16 01124 g008] 





Figure 8. Day and nighttime difference in particle size-distribution in all households (a) H-1 (b) H-2 (c) H-3. 
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Figure 9. Pearson correlation heatmaps among the parameters in all households (a) H-1 (b) H-2 (c) H-3. * p < 0.05; ** p < 0.01; *** p < 0.001. 






Figure 9. Pearson correlation heatmaps among the parameters in all households (a) H-1 (b) H-2 (c) H-3. * p < 0.05; ** p < 0.01; *** p < 0.001.



[image: Atmosphere 16 01124 g009a][image: Atmosphere 16 01124 g009b][image: Atmosphere 16 01124 g009c]







 





Table 1. Hourly average of PM concentration in all household.
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Time

	
PM1 (µg/m3)

	
PM2.5 (µg/m3)

	
PM10 (µg/m3)

	
AQI-PM2.5 (–)




	
H-1

	
H-2

	
H-3

	
H-1

	
H-2

	
H-3

	
H-1

	
H-2

	
H-3

	
H-1

	
H-2

	
H-3






	
00:00–01:00

	
17.3 ± 20.8

	
17.6 ± 20.9

	
11.6 ± 11.4

	
26.0 ± 32.2

	
26.3 ± 33.5

	
17.3 ± 17.6

	
30.7 ± 37.0

	
28.9 ± 35.2

	
19.2 ± 19.2

	
67.7 ± 57.4

	
70.7 ± 50.2

	
55.5 ± 35.4




	
01:00–02:00

	
25.2 ± 29.6

	
19.2 ± 33.4

	
7.8 ± 7.2

	
38.4 ± 48.0

	
30.5 ± 57.2

	
11.6 ± 10.9

	
43.6 ± 53.4

	
32.7 ± 59.0

	
13.3 ± 12.8

	
84.3 ± 68.2

	
66.5 ± 70.2

	
41.3 ± 29.8




	
02:00–03:00

	
16.0 ± 18.9

	
5.4 ± 6.9

	
6.1 ± 7.6

	
24.0 ± 28.8

	
8.3 ± 10.6

	
9.2 ± 11.6

	
28.1 ± 33.1

	
9.3 ± 11.7

	
10.6 ± 13.3

	
63.3 ± 56.7

	
29.5 ± 28.1

	
32.1 ± 31.1




	
03:00–04:00

	
9.6 ± 12.4

	
4.5 ± 6.4

	
4.3 ± 4.3

	
14.3 ± 18.3

	
6.8 ± 9.4

	
6.4 ± 5.9

	
17.7 ± 22.6

	
7.8 ± 10.4

	
7.3 ± 6.0

	
45.0 ± 46.8

	
24.6 ± 25.9

	
24.7 ± 19.6




	
04:00–05:00

	
17.2 ± 27.6

	
8.4 ± 10.3

	
6.9 ± 6.1

	
25.3 ± 40.0

	
12.0 ± 15.5

	
9.9 ± 8.4

	
28.7 ± 43.9

	
13.5 ± 17.1

	
10.9 ± 8.8

	
56.2 ± 61.3

	
39.3 ± 36.9

	
35.7 ± 24.9




	
05:00–06:00

	
148.6 ± 112.3

	
19.2 ± 13.8

	
24.0 ± 24.2

	
249.9 ± 233.8

	
27.8 ± 20.4

	
33.5 ± 35.1

	
269.3 ± 259.5

	
33.3 ± 26.1

	
37.0 ± 36.8

	
286.4 ± 194.5

	
80.6 ± 38.1

	
88.8 ± 44.0




	
06:00–07:00

	
98.8 ± 59.8

	
45.4 ± 33.5

	
69.2 ± 39.6

	
139.1 ± 95.5

	
62.9 ± 45.8

	
95.9 ± 58.7

	
149.9 ± 106.9

	
70.9 ± 46.6

	
103.3 ± 58.9

	
205.3 ± 82.9

	
138.5 ± 44.2

	
171.8 ± 47.1




	
07:00–08:00

	
59.6 ± 41.0

	
85.0 ± 62.4

	
118.4 ± 94.8

	
80.8 ± 54.8

	
137.5 ± 145.2

	
183.1 ± 184.5

	
88.5 ± 54.0

	
147.7 ± 157.1

	
193.4 ± 193.5

	
154.5 ± 48.1

	
206.2 ± 113.3

	
241.7 ± 144.4




	
08:00–09:00

	
57.1 ± 48.6

	
38.5 ± 26.0

	
40.1 ± 44.3

	
82.9 ± 89.1

	
54.7 ± 38.1

	
58.0 ± 68.0

	
90.5 ± 96.1

	
59.8 ± 38.5

	
63.8 ± 69.7

	
149.5 ± 81.5

	
124.4 ± 42.7

	
124.6 ± 66.7




	
09:00–10:00

	
80.6 ± 66.3

	
42.9 ± 57.4

	
55.6 ± 62.4

	
115.4 ± 120.4

	
60.5 ± 85.5

	
84.9 ± 114.6

	
123.4 ± 125.0

	
62.8 ± 86.8

	
90.0 ± 118.9

	
184.2 ± 101.0

	
109.3 ± 91.2

	
143.7 ± 104.9




	
10:00–11:00

	
46.9 ± 55.5

	
26.8 ± 44.1

	
56.2 ± 81.6

	
66.4 ± 85.8

	
36.6 ± 61.5

	
81.5 ± 125.9

	
71.7 ± 88.8

	
38.2 ± 63.1

	
84.8 ± 129.4

	
117.8 ± 93.5

	
75.4 ± 73.4

	
127.7 ± 124.2




	
11:00–12:00

	
15.3 ± 18.3

	
18.8 ± 16.7

	
56.6 ± 75.4

	
22.2 ± 27.1

	
26.1 ± 23.5

	
88.1 ± 134.0

	
25.2 ± 30.5

	
28.8 ± 26.2

	
94.9 ± 142.1

	
59.7 ± 57.2

	
75.1 ± 46.6

	
140.6 ± 123.1




	
12:00–13:00

	
13.5 ± 14.9

	
16.8 ± 16.7

	
19.0 ± 11.3

	
18.3 ± 19.3

	
23.0 ± 21.7

	
27.0 ± 16.3

	
20.8 ± 21.8

	
25.0 ± 23.5

	
30.4 ± 19.3

	
53.2 ± 50.2

	
67.2 ± 43.1

	
80.2 ± 40.8




	
13:00–14:00

	
33.4 ± 53.9

	
45.1 ± 73.7

	
73.7 ± 79.6

	
49.5 ± 88.8

	
68.1 ± 119.1

	
127.1 ± 177.8

	
54.2 ± 92.7

	
71.4 ± 122.7

	
140.3 ± 208.6

	
93.9 ± 96.3

	
112.8 ± 121.1

	
176.7 ± 152.0




	
14:00–15:00

	
22.2 ± 26.4

	
46.5 ± 62.9

	
77.5 ± 80.4

	
29.8 ± 34.7

	
64.9 ± 94.9

	
116.9 ± 131.5

	
32.9 ± 36.4

	
67.8 ± 96.5

	
122.9 ± 136.9

	
74.3 ± 55.5

	
113.1 ± 97.0

	
165.4 ± 129.1




	
15:00–16:00

	
29.2 ± 48.2

	
77.8 ± 79.0

	
77.9 ± 87.8

	
40.5 ± 67.5

	
117.4 ± 139.9

	
145.0 ± 238.3

	
43.1 ± 69.6

	
123.2 ± 148.4

	
159.9 ± 274.9

	
77.1 ± 81.8

	
166.1 ± 132.2

	
197.4 ± 185.2




	
16:00–17:00

	
43.8 ± 63.7

	
39.3 ± 43.2

	
69.2 ± 67.8

	
68.2 ± 112.4

	
54.5 ± 62.9

	
106.6 ± 128.0

	
73.3 ± 117.0

	
59.0 ± 64.8

	
114.1 ± 141.5

	
116.4 ± 111.3

	
111.7 ± 73.9

	
161.6 ± 117.7




	
17:00–18:00

	
72.9 ± 72.8

	
29.5 ± 32.4

	
44.6 ± 48.3

	
99.3 ± 104.2

	
44.0 ± 57.9

	
65.4 ± 79.0

	
104.3 ± 106.3

	
49.0 ± 63.8

	
70.1 ± 82.1

	
154.5 ± 105.4

	
104.8 ± 60.1

	
127.4 ± 81.9




	
18:00–19:00

	
77.8 ± 67.7

	
60.6 ± 58.5

	
27.0 ± 14.6

	
104.9 ± 92.6

	
98.6 ± 116.1

	
38.8 ± 22.4

	
113.4 ± 99.2

	
107.1 ± 123.1

	
42.9 ± 23.9

	
166.3 ± 91.1

	
162.6 ± 104.1

	
103.4 ± 32.7




	
19:00–20:00

	
81.3 ± 71.9

	
31.8 ± 20.6

	
20.5 ± 15.3

	
112.4 ± 100.6

	
46.6 ± 32.3

	
29.4 ± 21.6

	
122.3 ± 107.4

	
53.1 ± 35.3

	
33.2 ± 23.9

	
169.7 ± 97.6

	
116.5 ± 42.9

	
85.0 ± 36.6




	
20:00–21:00

	
43.5 ± 66.3

	
41.7 ± 42.7

	
24.3 ± 29.1

	
59.8 ± 91.0

	
61.6 ± 65.2

	
35.9 ± 40.5

	
65.6 ± 97.4

	
67.9 ± 66.3

	
40.2 ± 42.5

	
97.9 ± 101.4

	
129.3 ± 64.7

	
89.0 ± 56.1




	
21:00–22:00

	
46.1 ± 58.8

	
35.9 ± 46.7

	
43.2 ± 40.0

	
64.7 ± 82.3

	
54.4 ± 77.4

	
63.1 ± 58.5

	
71.9 ± 88.7

	
59.8 ± 78.4

	
66.3 ± 60.1

	
114.3 ± 91.9

	
117.3 ± 76.0

	
114.5 ± 70.2




	
22:00–23:00

	
39.6 ± 38.0

	
25.4 ± 36.5

	
15.4 ± 19.9

	
56.1 ± 54.1

	
40.4 ± 63.7

	
23.2 ± 31.2

	
63.0 ± 58.0

	
45.0 ± 69.4

	
25.6 ± 32.9

	
115.9 ± 64.0

	
87.7 ± 70.2

	
64.3 ± 45.8




	
23:00–00:00

	
27.2 ± 26.4

	
10.1 ± 7.0

	
15.4 ± 13.3

	
39.6 ± 38.5

	
15.0 ± 11.1

	
23.1 ± 20.5

	
45.4 ± 42.0

	
16.8 ± 12.9

	
26.3 ± 23.1

	
94.9 ± 57.1

	
52.4 ± 27.7

	
69.8 ± 42.4
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