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Abstract

:

Due to the expansion of the education industry in Dubai, universities have built many dormitories. Even though Dubai has a robust indoor air quality (IAQ) stipulation for public and educational buildings, dormitories must be included. IAQ in newly constructed university dormitories can be significantly influenced by emissions from furniture made from materials such as plywood, medium-density fiberboard (MDF), or particle board (PB) that contains formaldehyde (HCHO). This study aimed to investigate and improve the IAQ in a newly constructed university dormitory. As a methodology, the study measured the concentrations of total volatile organic compound (TVOC) and HCHO in three identical rooms on different floors of a newly constructed dormitory. The experiment results showed that TVOC and HCHO were generally high, ranging from 0.23 to 18.4 ppm, up to two months after in the new dormitory, but they tended to decrease over time. The two primary factors contributing to the decrease in these pollutants were increased ventilation and reduced occupancy. Comparing the three rooms provided valuable insights into the factors influencing indoor air quality, such as the amount of infiltration through the window gaps, cooling temperatures, and humidity. The study suggests that the air quality in indoor environments can be improved by increasing ventilation, reducing occupancy, and managing the use of household items that emit pollutants. The findings can inform strategies to enhance building IAQ, promoting occupant health and well-being. From these findings, TVOC concentrations in room 1A decreased from 6.57 ppm at the first measurement to 0.13 ppm at the third measurement, while room 3B showed a decrease from 18.4 ppm to 1.16 ppm, and room 5C showed a decrease from 12.5 ppm to 0.93 ppm. HCHO concentrations also decreased, with room 1A decreasing from 2.56 ppm to 0.22 ppm, room 3B decreasing from 4.50 ppm to 2.82 ppm, and room 5C decreasing from 6.88 ppm to 2.15 ppm over the same period.
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1. Introduction


A university dormitory is a residential system accommodating students pursuing higher education [1,2]. Due to the limited living space in these facilities, it is expected that the indoor air quality (IAQ) in dormitories will be significantly influenced by emissions from the furniture [3,4]. This expectation is particularly true for newly constructed dormitories where new furniture is commonly utilized, exacerbating the impact on IAQ [5,6,7,8]. Furthermore, the prefabricated furniture in these dormitories is often constructed using plywood, medium-density fiberboard (MDF), or particle board (PB), made by bonding small wood or fiber pieces to create large panels. Formaldehyde (HCHO) is used in the adhesive processes for these wood products, and it can adversely affect IAQ [9,10,11].



The impact of IAQ on human health and productivity has been widely studied in various building types [12,13]. In school buildings, poor IAQ has been shown to lead to increased absenteeism, reduced cognitive performance, and respiratory issues among students [14]. Other research has demonstrated the importance of IAQ in the workplace, as it can affect employee productivity and overall well-being [15]. As dormitories accommodate students for extended periods, it is crucial to address IAQ issues in these environments to ensure students’ well-being and academic success [12].



In 2013, the Public Health and Safety Department of Dubai Municipality initiated an assessment of IAQ in public buildings, including educational institutions, universities, schools, nurseries, kindergartens, and healthcare centers [16,17,18]. As a result, a strict IAQ stipulation was established, which mandates that HCHO levels should not exceed 0.08 ppm (parts per million), total volatile organic compound (TVOC) levels should not exceed 300 micrograms/m3, and suspended particulates (less than 10 microns) should not exceed 150 micrograms/m3 during 8 h of continuous monitoring before occupancy [19,20,21]. Dormitories are classified as educational institutions or universities under this IAQ regulation, effective 1 January 2016 [22]. However, despite this regulatory framework, the management of IAQ in dormitories still needs to be improved in practice since housing and educational facilities are two different building types [23,24].



The body of research related to university dormitories has primarily focused on architectural planning and space design, living behaviors, and facility conditions [25,26]. A limited number of studies have investigated IAQ in university dormitories, with some examining the effects of ventilation systems on IAQ [27]. Other research has explored the impacts of pollutant sources on dormitory IAQ, identifying factors that contribute to poor air quality [28]. Consequently, there needs to be more understanding regarding the IAQ conditions in newly built university dormitories [29]. The research gap lies in the limited understanding of IAQ conditions in newly built university dormitories. While existing research has addressed architectural planning, space design, living behaviors, and facility conditions in dormitories [25,26], only a few studies have investigated IAQ in these settings [27,28]. Furthermore, research on IAQ in university dormitories has been confined to only three dormitories constructed in different time frames [30].



The novelty of this study is the investigation of IAQ in a newly constructed university dormitory, which has not been extensively explored in previous research. To address the identified research gap, this study aims to measure the concentrations of TVOC and HCHO in the dormitory, identifying the concentration levels and contributing factors of TVOC and HCHO in university dormitories. By doing so, this study will provide valuable insights that can inform strategies to improve IAQ in newly built dormitories, ultimately promoting students’ well-being and academic success.




2. Materials and Methods


The present study entailed conducting on-site measurements to evaluate the actual levels of HCHO and VOCs in newly renovated studio-type rooms at a female dormitory constructed in 2016 at Ajman University in the United Arab Emirates (UAE) [31]. The measurements were conducted after the occupants’ relocation to the dormitory (Table 1) [32].



The focus of the measurements was the female dormitory (Figure 1) at Ajman University, with each of the lower, middle, and upper floors targeted, provided that the occupants consented to participate in the study (Figure 2) [33,34]. In selecting the studio-type rooms (Figure 3) to be measured, two factors were considered: the status of new renovation with new building materials and the occupants’ willingness to participate in the study [35,36,37].



Measurements were taken for the three selected newly renovated rooms at 4-week intervals following the occupants’ move-in. The second measurement was conducted approximately 3–4 weeks after the first, and the third was performed after 8 eight weeks [38,39]. The measurement procedure and methodology adhered to the IAQ test method outlined in the indoor air quality fair test standard and followed the guidelines stipulated by the WHO for IAQ regulations [40]. Ventilation was maintained for the first 30 min (8:30 to 9:00 a.m.) and subsequently for 5 h (9:00 a.m. to 2:00 p.m.), after which measurements were taken between 2:00 p.m. and 5:00 p.m. [41,42]. Although measures were obtained after the occupants’ move-in, the measurement process was conducted in the absence of most residents on the measurement day [43]. However, in line with the WHO IAQ regulations, samples are typically collected twice for 30 min between 1:00 and 5:00 p.m., with 20 measurements taken at 10-min intervals over 3 h [44]. The field measurement data obtained from the TVOC and HCHO measurements were compiled into tables for each room. Then, the factors influencing VOC concentrations were analyzed by comparing the data across measurement periods and spaces [45,46,47].



Sick building syndrome (SBS), a condition primarily attributed to HCHO and volatile VOCs emitted from building materials, has garnered significant attention from researchers over the past decade [48,49,50]. The symptoms of SBS are numerous and include irritation of the eyes, nose, and throat; headaches; lethargy; difficulty concentrating; and in some cases, dizziness, nausea, and chest tightness [51,52,53]. A comprehensive overview of the effects of each hazardous substance on the human body is presented in Table 2.



The release of hazardous chemicals, such as HCHO and VOCs, is commonly observed in buildings constructed or refurbished with substandard materials, including adhesives, varnishes, paints, and tiles [54,55,56]. Even at low concentrations, these chemicals can significantly impact human health [57]. The emission of HCHO is attributed to materials, such as wood, plywood, and furniture, whereas VOCs are typically released by textile products and household appliances, as highlighted in Table 3 [58,59].



Table 4 provides a comprehensive overview of the IAQ standards established by the most advanced countries worldwide, detailing the respective regulations [60,61]. In compliance with the World Health Organization’s (WHO) guidelines, the standards also specify the average exposure time, offering a detailed perspective on the guidelines based on the exposure duration [62,63]. The Air Quality Guidelines for Europe, which align with the WHO standards, were established in 1987 [64]. Similarly, in the United States, the Environmental Protection Agency (EPA) and the American Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) have set ventilation regulations aimed at maintaining optimal indoor air quality [65,66].




3. Results


3.1. Characteristics of the Target Rooms


The characteristics of the targets are shown in Table 5, and the targets were three renovated rooms at different locations in the female dormitory completed in January 2016 [61]. The building structure is reinforced concrete, and the cooling system is a central air-conditioning system that can be individually controlled for each room [67]. However, there is no ventilation system present aside from the windows.



The on-site measurements were conducted in a studio-type measurement room, and each room contains a bathroom and kitchen facilities [68,69]. The ceiling is finished with gypsum board tiles, the walls are covered with paint and wood tiles, and the floor is adorned with marble tile flooring. The bed is of the independent type, and the desk, chair, and wardrobe are of the built-in type. We inquired about these furniture and finishing materials based on the building materials-related system, specifically seeking information on environmentally friendly products and harmful substance emissions levels [70,71,72]. However, the construction company’s employees could not provide us with the required details [73]. As an alternative approach, we contacted the furniture company directly and requested specific information from it [74,75,76]. Regrettably, we are still awaiting a response from the furniture company.




3.2. The Results of On-Site Measurements


The field measurement results and influencing factors are presented in Table 6 [77]. It was observed that the concentrations of TVOC and HCHO outside were negligible, confirming the absence of chemical pollutants in the outdoor environment [78].



3.2.1. Room 1A


On the second floor, facing northwest, is room 1A, with aluminum-framed windows that were observed to have a small amount of wind leakage. Additionally, the room’s location on the lower floor obstructs sunlight due to landscaping trees outside the window.



The first measurement was conducted 1 week after the room’s occupancy. The resident ventilated the space twice per week by opening half of the window and allowing ventilation for an hour. At the time of measurement, the room temperature ranged from 21.7 to 22.2 °C, with an average of 22.0 °C; the relative humidity ranged from 37 to 40%, with an average of 39%; and only one occupant was present. As a result, the TVOC concentration observed in the room was between 6.14 to 7.03 ppm, with an average of 6.57 ppm (26.8 µg/m3). Furthermore, the HCHO concentration measured in the room was between 2.30 to 3.01 ppm, with an average of 2.57 ppm, approximately 32.1 times higher than the recommended standard of 0.08 ppm set by the UAE.



After an interval of 4 weeks from the initial measurement, a subsequent evaluation was conducted. During this period, the occupants intermittently opened one-half of all the windows three to four times per week for 2–3 h each. At the time of the second measurement, the ambient temperature within the room ranged from 22.7 to 23.3 °C, averaging 23.2 °C; and the relative humidity ranged from 38 to 39%, averaging 38.2%. The room housed only one occupant. The TVOC concentration measured between 0.63 to 0.76 ppm, averaging at 0.69 ppm (2.82 µg/m3). The HCHO concentration measured between 0.26 and 0.42 ppm, averaging 0.32 ppm. This concentration was almost 3.9 times the recommended limit.



Following the second measurement, a third round of evaluation was conducted after a 4-week interval. During this period, the resident consistently ventilated the room by intermittently opening one-half to all the windows five to six times per week throughout the day. At the time of the third measurement, the ambient temperature in the room ranged between 22.9 to 23.1 °C, averaging 23.0 °C. The relative humidity ranged from 45 to 48%, averaging 46%, with only one occupant present. The TVOC concentration measured between 0.10 and 0.17 ppm, averaging 0.13 ppm (0.53 µg/m3). The HCHO concentration measured 0.17 to 0.32 ppm, averaging 0.22 ppm. This concentration was about 2.7 times the recommended limit in the UAE.




3.2.2. Room 3B


Room 3B is located on the fourth floor facing southwest. The initial measurement was conducted one week after moving in. During that week, the residents ventilated the room four times by opening a quarter of the window for 30-min intervals. At the time of measurement, the ambient temperature ranged between 24.0 and 25.3 °C, with an average of 24.7 °C, while the relative humidity was recorded between 36% and 47%, with an average of 42%. Only one occupant was present during the measurement period, and the cooling system was set at a higher temperature, contributing to the higher ambient temperature. The TVOC concentration was measured at 16.6 to 20.0 ppm, with an average of 18.4 ppm (15.4 µg/m3). The concentration of HCHO ranged from 3.86 to 5.23 ppm, with an average of 4.50 ppm, exceeding the UAE standard value of 0.08 ppm by about 56 times.



Following the initial evaluation, a second measurement was conducted after 3 weeks. During this period, the occupants ventilated the room by opening windows halfway or fully four to five times per week for 2–3 hours each time. The ambient temperature during the measurement was observed to be between 21.0 and 21.6 °C, with an average of 21.3 °C, while the relative humidity was recorded between 43% and 49%, with an average of 46%. At the start of the measurement, only one occupant was present. The TVOC concentration was determined to be 3.64 to 3.88 ppm, with an average of 3.76 ppm (15.4 µg/m3). The concentration of HCHO ranged from 2.26 to 2.89 ppm, with an average of 2.59 ppm, which is approximately 32 times higher than the recommended standard.



The third measurement was conducted 5 weeks after the second assessment. During this period, residents ventilated the room by opening windows halfway or fully 4–5 times per week for 5–6 hours each time. At the time of measurement, the ambient temperature ranged between 22.0 and 22.5 °C, with an average of 22.3 °C, while the relative humidity was recorded between 55% and 57%, with an average of 56%. Only one occupant was present during the measurement.



Before the measurement commenced, a strong perfume smell was present in the room, persisting despite the ventilation. Upon inquiry, the resident revealed that she regularly utilized fabric deodorants and perfumes. It is essential to elaborate on the possible impact of these products on the recorded air quality measurements. Perfumes and fabric deodorants contain volatile organic compounds (VOCs), which can contribute to increased indoor TVOC concentrations [1,2]. As these products were regularly used in the room, it is possible that they significantly influenced the elevated TVOC levels observed during the measurements.



The TVOC concentration ranged from 0.99 to 1.28 ppm, with an average of 1.16 ppm (4.7 µg/m3). The concentration of HCHO was measured to be between 2.68 and 2.98 ppm, with an average of 2.82 ppm. This value exceeded the recommended standard in the UAE by approximately 35 times, indicating that additional sources of HCHO, such as furniture off-gassing, could also be present. However, it is essential to consider that the regular use of perfumes and fabric deodorants may have contributed to the elevated TVOC and HCHO concentrations observed in this measurement.




3.2.3. Room 5C


Room C is located on the 11th floor, facing southeast, and it benefits from unobstructed sunlight. The first measurement was taken a week after move-in, during which the residents opened half of the window each day for a week, ventilating the room for 30 min to 1 h. At the time of measurement, the room temperature was 22.5 to 22.8 °C (average 22.6 °C), relative humidity was 59 to 63% (average 61%), and one occupant was in the room with a wet towel drying. The TVOC concentration was between 11.2 to 13.7 ppm, with an average of 12.5 ppm (51.1 µg/m3). The concentration of HCHO was between 6.46 to 7.21 ppm, with an average of 6.89 ppm, which is approximately 86 times higher than the recommended standard.



The second measurement was conducted 3 weeks after the first, during which the residents opened the windows 5–6 times per week for 2–3 h each time. At the time of measurement, the room temperature was 21.6 to 21.8 °C (average 21.7 °C), relative humidity was 49 to 51% (average 50%), and one occupant was in the room. The TVOC concentration was between 3.77 to 4.40 ppm, with an average of 4.12 ppm (16.8 µg/m3). The concentration of HCHO was between 2.42 to 3.04 ppm, with an average of 2.67 ppm, which is approximately 8.9 times higher than the recommended standard.



The third measurement was conducted 5 weeks after the second measurement. The residents continued ventilating the room during the day by opening the windows 5–6 times per week. At the time of measurement, the room temperature was 23.4 to 23.8 °C (average 23.6 °C), relative humidity was 51 to 58% (average 55%), and one occupant was in the room. The TVOC concentration was between 0.75 to 1.10 ppm, with an average of 0.93 ppm (3.8 µg/m3). The concentration of HCHO was between 1.94 to 2.38 ppm, with an average of 2.15 ppm, which is approximately seven times higher than the recommended standard.




3.2.4. Comparison between Measurement Periods


The results for TVOC and HCHO among the first, second, and third measurements showed a significant decrease in concentration levels over time in all three rooms. For example, in room 1A, the TVOC concentration decreased from 6.57 ppm to 0.13 ppm, and the HCHO concentration decreased from 2.56 ppm to 0.22 ppm over 8 weeks. This significant reduction may be due to increased ventilation and the absence of occupants in the room during the third measurement (Figure 4).



Similarly, in room 3B, the TVOC concentration decreased from 18.4 ppm to 1.16 ppm, and the HCHO concentration decreased from 4.50 ppm to 2.82 ppm over 8 weeks. In addition, the degree of ventilation increased in this room, and the number of occupants decreased from 1 to 0 during the second measurement.



In room 5C, the TVOC concentration decreased from 12.5 ppm to 0.93 ppm, and the HCHO concentration decreased from 6.88 ppm to 2.15 ppm over 8 weeks. The degree of ventilation remained the same, but the number of occupants decreased from 1 to 0 during the third measurement. Overall, the results suggest increased ventilation and reduced occupancy can significantly decrease TVOC and HCHO in indoor environments (Figure 5).




3.2.5. Comparison among Room 1A, Room 3B, and Room 5C


The present study compared the concentrations of TVOC and HCHO in three measurement rooms (1A, 3B, and 5C) located on the first, third, and fifth floors. These rooms were ventilated and occupied on the same day after moving in. The finishes and furnishings in these rooms were identical.



As shown in Table 6, the first measurement showed that the TVOC concentration was the lowest in room 1A, followed by rooms 5C and 3B. However, when comparing the degree of ventilation from move-in to the first measurement, it was found that room 5C had the most ventilation, followed by rooms 1A and 3B. This finding suggests that factors other than ventilation by residents may have influenced the low TVOC concentration in room 1A. In addition, the amount of infiltration through the window gap was also considered a potential factor affecting the TVOC concentration due to the significant indoor and outdoor temperature differences during the winter weather in Dubai at the time of completion.



In room 3B, the highest TVOC concentration was observed, which could be attributed to the highest heating temperature (about 21.3–24.7 °C) among the three rooms. This factor increased the amount of TVOCs released, while the ventilation was the least in room 3B. On the other hand, the concentration of HCHO was the lowest in room 1A, followed by rooms 3B and 5C, which could be due to factors similar to TVOC.



In the second measurement, the TVOC concentration was the lowest in room 1A, followed by rooms 3B and 5C. Room 3B exhibited the highest TVOC reduction compared to the first measurement. The highest heating temperature during the first measurement could explain the increase in TVOC concentration in room 3B.



The study observed that the concentration of HCHO was the lowest in room 1A, followed by rooms 3B and 5C, in the same order as the first measurement. Finally, the decrease in HCHO concentration was observed in the order of room 5C, room 1A, and room 3B. Room 5C, which had the highest concentration of HCHO during the first measurement, exhibited the most significant decrease, which can be attributed to increased ventilation. The high humidity in room 5C during the first measurement could have resulted in the release of a considerable amount of HCHO, which then decreased due to increased ventilation.



In the third measurement, TVOC and HCHO were the lowest in room 1A, followed by rooms 5C and 3B. In room 5C, which had the highest degree of ventilation, the decrease in TVOC and HCHO was more significant in the third and second measurements. However, in room 3B, the concentration of HCHO increased more during the third measurement than during the second measurement. The study also observed a perfume odor during the measurement in room 3B, and interviews with residents revealed that they frequently used perfume and fabric deodorants. This fact could be attributed to cosmetics, shampoos, disinfectants, and other household items potentially being indoor sources of HCHO.



Overall, the study suggests that the factors influencing the concentration of TVOC and HCHO include the amount of ventilation, infiltration, cooling temperature, humidity, and the use of household items. The comparison among the three rooms in the same building, with the same finishing materials and furniture, provides valuable insights into the impact of these factors on indoor air quality. These findings can inform strategies to improve indoor air quality and promote occupant health in buildings.






4. Discussion


The results of our study demonstrate a significant decrease in TVOC and HCHO concentrations over time in all three rooms, with increased ventilation and reduced occupancy being the two main factors contributing to the reduction in these pollutants. In particular, our findings suggest that, when the degree of ventilation increased, and the number of occupants decreased, the TVOC and HCHO concentrations decreased significantly.



These findings are critical considering the importance of IAQ in university dormitories. Research has shown that poor IAQ is linked to increased absenteeism, reduced cognitive performance, and respiratory issues among students in school buildings [14]. Likewise, IAQ can impact the well-being and academic success of students living in dormitories for extended periods [12]. Therefore, it is crucial to address IAQ issues in dormitories.



The high initial concentrations of HCHO observed in our study can be explained by the dormitory being newly constructed, and the prefabricated furniture used in these dormitories is often built using materials containing HCHO in their adhesives [9,10,11]. This fact highlights the need for adherence to IAQ regulations, such as those established by the Public Health and Safety Department of Dubai Municipality, which mandate HCHO levels not exceeding 0.08 ppm and TVOC levels not exceeding 300 micrograms/m3 [19,20,21].



Previous research on university dormitories has mainly focused on architectural planning, space design, living behaviors, and facility conditions [25,26]. Limited studies have investigated IAQ in university dormitories, with some examining the effects of ventilation systems on IAQ [27] and others identifying factors contributing to poor air quality [28]. Our study contributes to addressing this gap by investigating the IAQ in a newly constructed dormitory, focusing on TVOC and HCHO concentrations.



The results of this study provide valuable insights into the factors affecting IAQ in university dormitories, including ventilation, occupancy, temperature, and humidity. These findings emphasize the importance of improving IAQ in university dormitories to ensure students’ well-being and academic success.



Future research should continue to explore IAQ in university dormitories, investigating the long-term effects of interventions such as increased ventilation and reduced occupancy, as well as the impact of other factors, such as building materials, outdoor air pollution, and seasonal variations on IAQ. Additionally, studies investigating the effectiveness of specific interventions, such as air purifiers or low-emission building materials, could further optimize IAQ in university dormitories and other residential settings.




5. Conclusions


This study aimed to improve indoor air quality and reduce sick house syndrome in newly constructed dormitories. The concentrations of TVOC and HCHO were measured three times—1 week, 4 weeks, and 8 weeks after the residents moved in—in three identical rooms. In addition, the relationship between the actual conditions and living factors was analyzed, and the following results were obtained.



TVOC and HCHO were generally high, ranging from 0.23 to 6.89 ppm, up to 2 months after moving into the new dormitory. Subsequently, the concentrations exceeded the recommended standard but tended to decrease over time. The factors influencing the concentration of TVOC and HCHO were ventilation, including the amount of infiltration; heating temperature; humidity; and the use of household items.



Based on these results, several suggestions can be made. First, the dormitory supplier should refrain from using pollutant-emitting building materials that significantly exceed the recommended standard. The constructor should also plan the process to allow sufficient ventilation before the students move in. Second, the dormitory operator needs to raise awareness among students about the harmful effects of chemical pollutants and the importance of ventilation. Students tend to overlook the importance of ventilation, which can lead to SBS symptoms. Third, although dormitories are subject to VOC measurements after students move in, unlike other educational institutions and healthcare centers, it is necessary to impose compulsion. In other words, it is proposed to institutionalize the suspension of use approval when the recommended standards still need to be met by including dormitories in the Dubai IAQ stipulation.



Overall, this study provides valuable insights into the impact of various factors on indoor air quality in dormitories. These findings can inform strategies to improve indoor air quality and promote occupant health in buildings.



This study focused on the effects of various substances on the human body under controlled conditions maintained consistently across three rooms in Dubai. Experiments were conducted during one period to account for potential seasonal variations. By maintaining these standardized conditions, the experiment aimed to reduce the impact of external factors, such as air quality, humidity, and high temperatures, on its results. However, the research limitations include the lack of real-time air quality, humidity, and temperature measurements and the restricted focus on the January to March period. Future studies could further explore the impact of external factors on building ventilation and human health by incorporating real-time measurements and monitoring in various geographical locations. Doing so would help to provide a more comprehensive understanding of the interaction between these factors and the effects of various indoor air substances on human health. Additionally, expanding research to cover the remaining three periods of the year would capture potential seasonal variations, contributing to a complete understanding of the annual trends and impacts on human health.
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Figure 1. Female Dormitory at Ajman University. 
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Figure 2. Three Measured Units in the Typical Plan of the Female Dormitory. 
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Figure 3. Studio-type Rooms in the Female Dormitory. 
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Figure 4. Comparison of TVOC Concentration Measurement Periods and Rooms. 
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Figure 5. Comparison of HCHO Concentration Measurement Periods and Rooms. 
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Table 1. Overview of Research Methods.
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	Methods
	On-Site Measurements





	Subjects
	
	-

	
3 rooms in the female dormitory building









	Period
	
	-

	
January–March 2022




	-

	
Measured three times at about 4-week intervals from 1 week after move-in for each room









	Contents
	
	-

	
Measurement elements: HCHO, VOCs, and room temperature and humidity




	-

	
Investigation of the characteristics of the measurement room: recordings of observations of related factors/taking pictures









	Tools
	
	-

	
Indoor temperature/relative humidity:




	-

	
Digital Thermohygrometer (TR-72U)




	-

	
HCHO: PPM Formaldemeter TM-400




	-

	
TVOC: IAQ Monitor (IAQRAE PGM-5210)




	-

	
CO/CO2: IAQ Monitor (Kanomax 2212)
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Table 2. The Effects of Hazardous Substances on the Human Body.
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Hazardous Substances

	
Sources

	
The Effects on Human Body






	
Formaldehyde (CH2O)

	

	-

	
Plywood, particleboard




	-

	
Urea/melamine/phenolic synthetic resin







	

	-

	
May cause cancer




	-

	
Minor irritation to the eyes




	-

	
Possible sore throat










	
Volatile

Organic Compounds (VOCs)

	
Benzene (C6H6)

	

	-

	
Dye, organic pigment, plasticizer




	-

	
Chemical intermediates for synthetic rubber, nitrobenzene, phenol, and synthetic compounds







	

	-

	
May cause cancer




	-

	
Dizziness during acute exposure, vomiting, headache, drowsiness,




	-

	
Effects on the central nervous system










	
Toluene (C7H8)

	

	-

	
Solvent thinner for adhesive paint




	-

	
Construction adhesive







	

	-

	
Eye or airway irritation when exposed to high concentrations




	-

	
Fatigue, vomiting




	-

	
Effects on the central nervous system










	
Ethylbenzene (C8H10)

	

	-

	
Building materials and furniture using adhesives







	

	-

	
Irritation to the throat or eyes




	-

	
Prolonged skin contact may cause dermatitis










	
Xylene (C8H10)

	

	-

	
Interior fit-out adhesive




	-

	
Building materials and furniture using adhesives







	

	-

	
Central nerve system depressant action




	-

	
Inducing fatigue, headache, insomnia, excitement, etc.










	
Styrene (C8H8)

	

	-

	
Adhesive raw material




	-

	
Synthetic resin paint




	-

	
Insulation and carpet







	

	-

	
Affects the lungs and central nervous system




	-

	
Causing drowsiness or dizziness










	
Dichlorobenzene (C6H4Cl2)

	

	-

	
Deodorant, insecticide, pesticide




	-

	
Organic synthetic products




	-

	
Dyes







	

	-

	
No evidence of carcinogenic potency
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Table 3. Hazardous Substance Sources and Pollutants.
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Source

	
Pollutants






	
MEP

	
Heating Equipment

	
Carbon dioxide (CO2), carbon monoxide (CO),

nitrogen dioxide (NO2), total suspended particles (TSP)




	
Air Purifier, Copier

	
Ozone (O3), total suspended particles (TSP)




	
Humidifier

	
Bacteria, fungi, water vapor




	
Air Conditioner

	
Bacteria, fungi, Legionella




	
Building Material

	
Wood, Plywood

	
Formaldehyde (CH2O)




	
Paints

	
Formaldehyde (CH2O)

Volatile organic compounds (VOCs)




	
Carpets, Curtains

	
Mites, fungi, total suspended particles (TSP)




	
Concrete, Gypsum Board

	
Radon




	
Misc.

	
Soil

	
Radon, Legionella, water vapor
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Table 4. Global Standards for Indoor Air Quality.
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	Hazardous

Substances
	United States
	Europe (WHO)
	Japan
	UAE





	Formaldehyde (HCHO)
	0.1 ppm

(ASHRAE)
	100 µg/m3

(30 min)
	100 µg/m3

(JSHS)
	0.08 ppm

(municipality)



	Carbon dioxide (CO2)
	1000 ppm

(ASHRAE)
	920 ppm

(24 h)
	1000 ppm

(JBSA/JSHS)
	N/A



	Carbon monoxide (CO)
	25 ppm

(EPA) (8 h)
	10 ppm

(8 h)
	10 ppm

(JBSA/JSHS)
	N/A



	Nitrogen dioxide (NO2)
	0.053 ppm

(NAAQS)
	40 µg/m3

(1 year)
	N/A
	N/A



	Ozone (O3)
	N/A
	120 µg/m3

(8 h)
	N/A
	N/A



	Radon
	4.0 pCi/L

(EPA)
	2.7 pCi/L
	N/A
	N/A



	Total suspended particles (TSP)
	25 µg/m3

(24 h)
	100–120 µg/m3

(8 h)
	0.1 mg/m3

(JSHS)
	150 µg/m3

(municipality)



	Volatile organic compounds (VOCs)
	N/A
	0.2–0.6

mg/m3 (FISIAQ)
	0.5 mg/m3

(JSHS)
	300 µg/m3

(municipality)
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Table 5. Characteristics of Target Rooms.
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Room 1A

	
Room 3B

	
Room 5C






	
Orientation

	
NW

	
SW

	
SE




	
Floor

	
2nd floor

	
4th floor

	
6th floor




	
Solar control device

	
Roll blinds

	
Roll blinds

	
Roll blinds




	
Sunlight disruption factors

	
Trees

	
N/A

	
N/A




	
Window material

	
Pair glass (aluminum)

	
Pair glass (aluminum)

	
Pair glass (aluminum)




	
Area

	
22.8 m2




	
Finishing material

	
Ceiling

	
Gypsum board tile

	
Gypsum board tile

	
Gypsum board tile




	
Wall

	
Water paint and wood tiles

	
Water paint and wood tiles

	
Water paint and wood tiles




	
Floor

	
Marble tile

	
Marble tile

	
Marble tile




	
Room type

	
Open-plan studio

	
Open-plan studio

	
Open-plan studio




	
Furniture

	
Separate bed, built-in desk, wardrobe, chair, built-in kitchen cabinet

	
Separate bed, built-in desk, wardrobe, chair, built-in kitchen cabinet

	
Separate bed, built-in desk, wardrobe, chair, built-in kitchen cabinet
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Table 6. On-site Measurements Results.
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Room

	
Measurement

Items

	
1st Measurement

(1 Week after Move-In)

	
2nd Measurement

(4 Weeks after Move-In)

	
3rd Measurement

(8 Weeks after Move-In)






	
Room 1A (NW)

	
TVOC (ppm)

	
6.57 (6.14–7.03)

	
0.69 (0.63–0.76)

	
0.13 (0.10–0.17)




	
HCHO (ppm)

	
2.56 (2.29–3.00)

	
0.32 (0.26–0.42)

	
0.22 (0.17–0.32)




	
Temperature (°C)

	
22.0 (21.7–22.2)

	
23.2 (22.7–23.3)

	
23.0 (22.9–23.1)




	
RH (%)

	
39 (37–40)

	
38.2 (38–39)

	
46 (45–48)




	
Degree of ventilation

	
2 times per week

1/2 window open

1 h of ventilation

	
3–4 times per week

1/2 windows—all open

2–3 h of ventilation

	
5–6 times per week

1/2 windows—all open

8–9 h of ventilation




	
# of occupants

	
1

	
1

	
0




	
Room 3B (SW)

	
TVOC (ppm)

	
18.4 (16.6–20.0)

	
3.76 (3.64–3.88)

	
1.16 (0.99–1.28)




	
HCHO (ppm)

	
4.50 (3.86–5.23)

	
2.59 (2.26–2.89)

	
2.82 (2.68–2.98)




	
Temperature (°C)

	
24.7 (24.0–25.3)

	
21.3 (21.0–21.6)

	
22.3 (22.0–22.5)




	
RH (%)

	
42 (36–47)

	
46 (43–49)

	
56 (55–57)




	
Degree of ventilation

	
4 times per week

1/4 window open

1/2 h of ventilation

	
4–5 times per week

1/2 windows—all open

2–3 h of ventilation

	
4–5 times per week

1/2 windows—all open

5–6 h of ventilation




	
# of occupants

	
1

	
0

	
1




	
Room 5C (SE)

	
TVOC (ppm)

	
12.5 (11.2–13.7)

	
4.12 (3.77–4.40)

	
0.93 (0.75–1.10)




	
HCHO (ppm)

	
6.88 (6.45–7.20)

	
2.66 (2.41–3.03)

	
2.15 (1.94–2.38)




	
Temperature (°C)

	
22.6 (22.5–22.8)

	
21.7 (21.6–21.8)

	
23.6 (23.4–23.8)




	
RH (%)

	
61 (59–63)

	
50 (49–51)

	
55 (51–58)




	
Degree of ventilation

	
4 times per week

1/2 window open

1/2–1 h ventilation

	
5–6 times per week

1/2 windows—all open

2–3 h of ventilation

	
5–6 times per week

1/2 windows—all open

8–9 h of ventilation




	
# of occupants

	
1

	
1

	
0
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