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 ABSTRACT  
Sick building syndrome (SBS) is a collection of symptoms experienced by 
buildings occupants such as headaches, mucous, membrane irritation, 
respiratory problems, and fatigue. A building has SBS if more than 20% of 
building occupants experience symptoms. Poor indoor air quality 
contributes to SBS in the building. This study investigates the correlation 
between indoor air quality and SBS symptoms in Post office building in 
Bandung. The study used quantitative methods with a cross-sectional study 
design. Data collection was carried out using particle counter, thermometer, 
lux meter, anemometer, and questionnaire. Primary data results compared 
with the air quality standard from Minister of Health No. 1077, 2021. 
Statically Compare Means and Independent T-test results that the p-values 
for the 1st floor and 2nd floors, temperature were 0.437 and 0.000, 
respectively, PM10 and PM2.5 were 0.005 and 0.290 and 0.004 and 0.364, 
respectively, and lighting were 0.002 and 0.015. It indicates a significant 
relationship between concentrations of PM10 and PM2.5 on the 1st floor 
with SBS symptoms and the temperature and humidity on the 2nd with SBS 
symptoms. Since 29 people (24% of the building’s occupants) experienced 
SBS, the building was considered the significant potential to cause SBS to its 
occupant. 
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INTRODUCTION 
 
Bandung is one of the largest cities in Indonesia after Jakarta and Surabaya. As a big city, 
Bandung has many high-rise buildings; as a result, the potential for sick building syndrome 
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(SBS) symptoms in its occupants is most likely to occurred. The post office is one of the 
buildings located in the urban area of Bandung. The post office employees are working indoors 
around 8 hours per day. Workers in other fields generally also spend approximately 90% of 
their time indoor (Gupta et al., 2007; Hoang Quoc et al., 2020; Nguyen et al., 2018).  

Sick building syndrome is a collection of symptoms experienced by buildings occupants 
with several symptoms such as headaches, mucous, membrane irritation, repertory problems 
and fatigue (M, 2002; Schweickert et al., 2009; Vafaeenasab et al., 2015). When a person is in a 
building with poor indoor air quality, various symptoms and complaints can arise (Cincinelli & 
Martellini, 2017; Leung, 2015). Several researches show a correlation between indoor air quality 
and the incidence of SBS in building (Arikan et al., 2018; Chang et al., 2015; Jafakesh et al., 
2019). In order to avoid SBS in the buildings, the HVAC system plays the most important role 
(Gupta et al., 2007; Lu et al., 2018). A building is considered to have the potential to cause SBS if 
more than 20% of building occupants experience symptoms (Fanger, 1988; Israeli & Pardo, 
2011).   

The cause of SBS is not caused by a single factor, but it is always associated with several 
factors, such as poor ventilation, outdoor and indoor air quality, biological contaminants, 
allergy, gender, smoking, workload, as reported in China, United Kingdom, Iran, Sweden and 
Turkey (Arikan et al., 2018; Belachew et al., 2018; Jafakesh et al., 2019).  A study conducted by 
Occupational Safety and Health Administration (OSHA) reported that SBS can be caused by 
several factors in a building, for example due to inadequate ventilation (52%), indoor 
contaminants (16%), outdoor contaminants (10%), presence of microbes (5%), pollution from 
building materials (4%) and others (13%) (OSHA, 2011). Chang et al. (2015) [11] reported that 
hospital in employees showed at least one SBS symptoms in China. Therefore, Vafaeenasab et 
al. (Vafaeenasab et al., 2015) found that hospital workers in Iran suffered SBS symptoms 
86.4%, while 20.9% in Turkey (Arikan et al., 2018).  

The effect of indoor humidity and temperature on the SBS has been reported by Zuo et al. 
(Zuo et al., 2021). They reported that increasing the humidity to 70% at 30oC had a negative 
effect on the occupants. The negative effects will trigger SBS symptoms on the occupants. The 
aim of the study is to investigate the correlation among indoor quality, which is indicated by 
humidity, temperature, lighting, PM10 and PM2.5 concentrations, to the emergence of SBS 
symptoms on the 1st and 2nd floors of the Bandung post office. 
 
METHOD 
 
Location Description 
 
The research was conducted on the Central Post office in Bandung. Fig. 1 shows the front view 
of the building. The post office building is an old building, a former Dutch heritage. The building 
consists of two floors and located in urban area of Bandung. The layouts of the 1st floor and 2nd 
floor are shown in Fig. 2 and Fig. 3, respectively. It can be seen that there are six rooms for each 
floor and 9 measurement points were selected for each floor.  
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Figure 1. Front view of the post office 

 
Figure 2. Layout of the 1st floor 
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Figure 2. Layout of the 2nd floor 

Sampling Method 
 
In order to investigate the correlation between indoor air quality and SBS symptoms in the post 
office building, quantitative approach to cross-sectional method was utilized. Data was 
measured directly using a sling thermometer, an anemometer, a particle counter and lux meter. 
The humidity in the rooms was measured using sling thermometer, while particle counter was 
utilized to measure the PM10 and PM2.5 concentrations. The anemometer and lux meter were 
used to measure the air velocity and lighting in the rooms. The data was taken simultaneously 
for six days in three different conditions of morning, midday and afternoon. Then, the results 
were compared with the National Standard of Minister of Health No. 1077, 2021. 

A total number of 119 respondents were selected to answer a questionnaire, with 80% of 
the employees in the post office were chosen as respondents. Number of employees in the post 
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office is 148. There are two variables in this study, i.e., dependent and independent variables. 
The dependent and independent variables are SBS symptoms and air quality, respectively.      

Data analysis was performed using Ms. Excel and IBM SPSS Statistics Statistical data 
processing software program. There are two type analyses used to analyze the samples, namely 
univariate and bivariate. The univariate characteristics of respondents are gender, age, 
nutritional status, year of service, length of work, and history of smoking. Meanwhile bivariate 
is the correlation between indoor air quality and SBS symptoms using the Compare Means test 
and the T-Independent Sample test. 
 
RESULT AND DISCUSSION 
 
Indoor Air Quality 
 
There are five parameters being measured, namely temperature, humidity, PM10, PM2.5 and 
lighting illuminance. The data obtained in six rooms on each floor were analyzed and the 
maximum data was taken to be compared with the air quality standard (National). The data of 
five parameters in the six rooms for 1st and 2nd floors is shown in Table 1. It can be seen that 
the highest temperature on both floors occurred in room F. It is because the rooms are located 
close to the window and exposed to direct sunlight. Table 1 also clearly shows that the 
temperature distributions on the two floors are significant in different. In general, the 
temperature distribution on the 2nd floor tends to be higher than the 1st floor. It is caused by 
the low ventilation rate on the 1st floor, as compared to the 2nd floor.  

In terms of humidity, the highest humidity occurred in room A for the 1st floor, and room 
C for the 2nd floor. Unlike the temperature, the humidity in the 1st floor is higher than the 2nd 
floor. This is because the temperature on the 1st floor is relatively low, causing the humidity on 
the 1st floor tends to be higher.   

In the other aspect, the highest of PM10 and PM2.5 concentrations occurred in room A for 
the 1st floor, and room D for the 2nd floor. It is because the two rooms have a higher employee 
density, as compared to other rooms.  

From the lighting point of view, the illumination of the two floors is relatively the same 
and has exceeded the recommended value of 60 lux. It can be seen that the highest level of 
illumination in both floors occurred in room C and D for 1st and 2nd floors, respectively. 
 

Table 1. Indoor air quality 

No Indoor Air Quality 
Rooms Mean 

Value 
Standard 

Value A B C D E F 

 1st floor         
1      Temperature (°C) 28,40 29,04 29,60 30,57 30,41 30,67 29,78 30 
2      Relative humidity (%) 75,6 73,1 69,6 67,4 66,8 66,4 69,81 60 
3      PM10 (µg/m³) 116 84 81 84 83 81 88,03 70 
4      PM2,5 (µg/m³) 104 75 72 75 74 72 78,81 35 
5      Lighting (lux) 95 173 141 124 170 139 140,31 60 

 2nd floor         
1      Temperature (°C) 29,28 30,57 30,25 30,88 31,04 31,79 30,63 30 
2      Relative humidity (%) 66,9 66,1 70,4 65,0 65,1 62,8 66,07 60 
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No Indoor Air Quality 
Rooms Mean 

Value 
Standard 

Value A B C D E F 
3      PM10 (µg/m³) 30 27 34 49 33 32 34,11 70 
4      PM2,5 (µg/m³) 26 24 31 44 31 28 30,58 35 
5      Lighting (lux) 99 88 20 140 89 182 102,86 60 

  
Respondent Characteristics 

 
The characteristics of respondents are depicted in Table 2. It can be seen that there are 54 
respondents on 1st floor, consists of 31 males and 23 females. Meanwhile, there are 65 
respondents on 2nd floor, with 34 males and 31 females. As a result, the total number of 
respondents is 119 peoples. The highest age distribution is between 26-35 years, that is 22%. In 
terms of nutritional status, 61.3% of respondents were in normal condition (average on 1st and 
2nd floors), of which 64.6% and 58.4% were on 1st and 2nd floors.    

Furthermore, the average data for the 1st and 2nd floors were: 89.9% respondents have 
working period of less than 6 years, and 4.2% respondents have working period of more than 
10 years. In addition, the most respondents’ working hours are 8 hours per day, equivalent to 
88.2%. A total of 98.3% respondents have no history of disease and 69.6% respondents have 
no history of smoking. Furthermore, most of the respondents do not smoke while work 
(97.5%).  
 

Table 2. Distribution of respondent characteristics 

No Characteristic 
Location Total 
1 % 2 % n % 

1           Gender 

 
Males 31 57,4 34 52,3 65 54,6 
Females 23 42,6 31 47,7 54 45,4 
Total 54 100 65 100 119 100 

2             Age 

 

17-25 years 6 11,1 3 4,6 9 7,6 
26-35 years 22 40,7 23 35,5 45 37,8 
36-45 years 18 33,3 16 24,6 34 28,6 
46-55 years 7 13 22 33,8 29 24,4 
56-65 years 1 1,9 1 1,5 2 1,7 
Total 54 100 65 100 119 100 

3 Nutritional Status 

 

Thin 2 3,7 0 0 2 1,7 
Normal 35 64,8 38 58,4 73 61,3 
Over weight 10 18,5 12 18,5 22 18,5 
Obesity 7 13 15 23,1 22 18,5 
Total 54 100 65 100 119 100 

4           Years of Service 

 

<6 years 49 90,7 58 89,2 107 89,9 
6-10 years 2 3,7 5 7,7 7 5,9 
>10 years 3 5,6 2 3,1 5 4,2 
Total 54 100 65 100 119 100 

5            Length of Working 
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No Characteristic 
Location Total 
1 % 2 % n % 

 

5 hours 1 1,9 0 0 1 0,8 
7 hours 3 5,5 4 6,2 7 5,9 

8 hours 45 83,3 60 92,3 105 88,2 

9 hours 1 1,9 1 1,5 2 1,7 
10 hours 1 1,9 0 0 1 0,8 
12 hours 3 5,5 0 0 3 2,5 
Total 54 100 65 100 119 100 

6            Disease History 

 
Yes 1 1,9 1 1,5 2 1,7 
No 53 98,1 64 98,5 117 98,3 
Total 54 100 65 100 119 100 

7            Smoking History 

 
Yes 20 37 16 24,6 36 30,3 

No 34 63 49 75,4 83 69,7 

Total 54 100 65 100 119 100 
8                                History of Smoking in the Workspace 

 
Yes 0 0 3 4,6 3 2,5 
No 54 100 62 95,4 116 97,5 
Total 54 100 65 100 119 100 

 
Indoor Air Quality Correlation to Sick Building Syndrome 
 
The respondents are considered to be exposed to SBS if they experience two symptoms. The 
incidence of SBS symptoms by respondents based on the results from the questionnaire is 
shown in Table 3. The table shows that 29 respondents or about 24% have SBS in the building 
while working. Since the building has caused 24% of its employees to experience symptoms of 
SBS, the building is considered to have significant potential to cause SBS for its employees 
(Israeli & Pardo, 2011).  
 

Table 3. Distribution of respondent characteristics 
SBS symptoms Frequency Percentage 
Experience 29 24% 
Not Experience 90 76% 
Total 119 100% 

 
Table 4 shows the results of Compare Means analysis on each floor where average 

respondent experienced SBS at a temperature of 29.88oC and respondents who did not 
experience SBS were at a temperature of 30.08oC (1st floor). Meanwhile, the results on the 2nd 
floor showed that the average respondent experienced SBS at a temperature of 31.22oC and did 
not experience SBS at a temperature of 30.47oC. It means that respondents tend to obtain 
symptoms of SBS in the condition of the workplace where the temperature is higher than 
1.02oC from the respondent’s room that does not experience SBS.  
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Table 4. The statistic of the relationship of indoor air quality to SBS symptoms   

No Variable 

Sick Building Syndrome symptoms 
p-value 

1 2 

No (N=12) No (N=42) Yes (N=17) 
No  
(N=48) 

1st floor 2nd floor 

1      Temperature (°C) 29.88 30.08 31.22 30.47 0.437 0.000 
2      Relative humidity (%) 69.67 68.45 64.5 66.1 0.250 0.001 
3      PM10 (µg/m³) 93 83 32 33 0.005 0.290 
4      PM2,5 (µg/m³) 83 74 29 30 0.004 0.364 
5      Lighting (lux) 124 145 122 96 0.002 0.015 
 

The results from Independent Sample T-test on the 1st floor from Table 4 also show that 
there is no significant relationship between the temperature of the workplace and the symptoms 
of SBS (the p-value of 0.437 is greater than 0.05). Meanwhile, the 2nd floor showed that there 
was a significant relationship between workplace temperature and SBS symptoms (the p-value 
of 0.000 is less than 0.05). As mentioned in several references above, the temperature condition 
of too high or too low will cause the body to feel tired faster than normal, and experience 
various symptoms including SBS symptoms. The SBS symptoms will have a great impact on 
decreasing the immunity for the occupants inside of the building. This decrement in immunity 
will potentially expose the employee to Covid-19.   

Furthermore, the results from the Independent Sample T-test on the 1st floors show that 
there is significant relationship between the concentrations of PM10 and PM2.5 in the workplace 
and the symptoms of SBS (the p-value of 0.004 is less than 0.05). Exposure to particulates has 
an effect on increasing the risk of cardiovascular and respiratory diseases, and even contributes 
to an increased risk of lung cancer. Unlike on the 1st floor, the 2nd floor depicted no significant 
correlation between the concentrations of PM10 and PM2.5 in the workplace and the symptoms 
SBS (the p-values of 0.290 (PM10) and 0.364 (PM2.5) are higher than 0.05).  

In terms of lighting, the Independent Sample T-test showed that there is a significant 
correlation between workspace lighting and SBS symptoms on the 1st and 2nd floors (the p-
values of 0.002 (1st floor) and 0.015 (2nd floor) are less than 0.05). Lighting with illuminance 
out of standard value can results in eye fatigue and reducing work efficiency, as well as triggers 
other SBS. 
 
CONCLUSION 
 
Based on the data and statistical analysis in the discussion, the conclusions of the study are:  
• The PM10 and PM2.5 concentrations on the 1st floor are above the standard for all rooms, 

and lower than the standard for all rooms, except for room D in 2nd floor.  
• There are 29 (24%) and 90 (76%) respondents felt and did not felt the symptoms of SBS, 

respectively. 
• Significant relationship between PM10, PM2.5 and light on SBS symptoms were detected on 

the 1st floor.  
• Significant correlation between temperature, humidity and light on the SBS symptoms 

were detected on the 2nd floor. 



YUDI PRANA HIKMAT. ET.AL 
 
ACKNOWLEDGMENTS 
 
The authors are grateful to Politeknik Negeri Bandung for the facilities and management 
support.  This research was carried out under the Kemendikbudristek Fund, No. 
250/E4.1/AK.04.PT/2021. 
 
REFERENCES 
Arikan, İ., Tekin, Ö. F., & Erbas, O. (2018). Relationship between sick building syndrome and indoor 

air quality among hospital staff. Medicina Del Lavoro, 109(6), 435–443. 
https://doi.org/10.23749/mdl.v110i6.7628 

Belachew, H., Assefa, Y., Guyasa, G., Azanaw, J., Adane, T., Dagne, H., & Gizaw, Z. (2018). Sick 
building syndrome and associated risk factors among the population of Gondar town, 
northwest Ethiopia. Environmental Health and Preventive Medicine, 23(1). 
https://doi.org/10.1186/s12199-018-0745-9 

Chang, C. J., Yang, H. H., Wang, Y. F., & Li, M. S. (2015). Prevalence of sick building syndrome-
related symptoms among hospital workers in confined and open working spaces. Aerosol and 
Air Quality Research, 15(6), 2378–2384. https://doi.org/10.4209/aaqr.2015.01.0040 

Cincinelli, A., & Martellini, T. (2017). Indoor air quality and health. International Journal of 
Environmental Research and Public Health, 14(11). https://doi.org/10.3390/ijerph14111286 

Fanger, P. (1988). Hidden olfs in sick buildings. Ashrae, 30, 40–43. 
Gupta, S., Khare, M., & Goyal, R. (2007). Sick building syndrome-A case study in a multistory 

centrally air-conditioned building in the Delhi City. Building and Environment, 42(8), 2797–
2809. https://doi.org/10.1016/j.buildenv.2006.10.013 

Hoang Quoc, C., Vu Huong, G., & Nguyen Duc, H. (2020). Working conditions and sick building 
syndrome among health care workers in vietnam. International Journal of Environmental 
Research and Public Health, 17(10), 3635. 

Israeli, E., & Pardo, A. (2011). The sick building syndrome as a part of the autoimmune (auto-
inflammatory) syndrome induced by adjuvants. Modern Rheumatology, 21(3), 235–239. 
https://doi.org/10.1007/s10165-010-0380-9 

Jafakesh, S., Mirhadian, L., Pasha, A., Roshan, Z. A., & Hosseini, M. J. G. (2019). Sick Building 
Syndrome in Nurses of Intensive Care Units and Its Associated Factors. Journal of Holistic 
Nursing and Midwifery, 29(3), 145–152. https://doi.org/10.32598/JHNM.29.3.145 

Leung, D. Y. C. (2015). Outdoor-indoor air pollution in urban environment: Challenges and 
opportunity. Frontiers in Environmental Science, 2(JAN). 
https://doi.org/10.3389/fenvs.2014.00069 

M, H. (2002). Indoor air environmental and symptoms. Environmental Health Perspectives, 663–
667. 

Nguyen, H., Le, T., & Dang, C. (2018). Prevalence of Sick Building Syndrome - Related Factors among 
Hospital Workers at University Medical Center Ho Chi Minh City, Vietnam. MedPharmRes, 
2(2), 1–4. https://doi.org/10.32895/ump.mpr.2.2.1 

Schweickert, W. D., Pohlman, M. C., Pohlman, A. S., Nigos, C., Pawlik, A. J., Esbrook, C. L., Spears, L., 
Miller, M., Franczyk, M., Deprizio, D., Schmidt, G. A., Bowman, A., Barr, R., McCallister, K. E., 
Hall, J. B., & Kress, J. P. (2009). Early physical and occupational therapy in mechanically 
ventilated, critically ill patients: a randomised controlled trial. The Lancet, 373(9678), 1874–
1882. https://doi.org/10.1016/S0140-6736(09)60658-9 

Vafaeenasab, M. R. ez., Morowatisharifabad, M. A. l., Taghi Ghaneian, M., Hajhosseini, M., & 
Ehrampoush, M. H. assa. (2015). Assessment of sick building syndrome and its associating 
factors among nurses in the educational hospitals of Shahid Sadoughi University of Medical 



INTERNATIONAL JOURNAL OF APPLIED TECHNOLOGY RESEARCH  
 

Sciences, Yazd, Iran. Global Journal of Health Science, 7(2), 247–253. 
https://doi.org/10.5539/gjhs.v7n2p247 

Zuo, C., Luo, L., & Liu, W. (2021). Effects of increased humidity on physiological responses, thermal 
comfort, perceived air quality, and Sick Building Syndrome symptoms at elevated indoor 
temperatures for subjects in a hot-humid climate. Indoor Air, 31(2), 524–540. 
https://doi.org/10.1111/ina.12739 

 


