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Abstract – Sick Building Syndrome (SBS) is currently a 

widely discussed topic all around the world since most of the 

population spends a majority of their time indoors. However, in 

Sri Lanka, there is less discussion on SBS. Among the 

contributory factors for SBS, polluted air plays a leading role 

while aggravating the situation with poor ventilation. To assess 

the magnitude of SBS prevail in Apartment buildings in Sri 

Lanka, a field study was carried out placing the focus on Total 

Volatile Organic Compounds (TVOC) and Carbon Dioxide 

(CO2) concentrations. A series of measurements were taken on 

selected Indoor Air Quality (IAQ) parameters in a sample of 

apartment buildings located close to the main highway. The IAQ 

monitoring was coupled with a questionnaire survey on SBS 

symptoms, building operational practices, and other related 

parameters. The results of the study revealed that IAQ 

parameters could correlate with SBS symptoms at different 

significant levels. Moreover, poor ventilation had been identified 

as a prominent contributory factor to substandard air quality 

which in turn would result in several SBS symptoms. The results 

of this research will be benefited Engineers, Architects, 

Developers, and the general public. 

Keywords – SBS, IAQ, CO2, TVOC, Symptoms  

I. INTRODUCTION  

In the 21st century, people live indoors more often. 
With the Covid pandemic situation, people are resorted 
to living indoors mostly in their residents. When people 
tend to live most of their time indoors, Indoor Air Quality 
(IAQ) becomes a very important factor that needs to be 
considered. 

Although it is difficult to provide an exact definition 
for Indoor Air Quality (IAQ), it can be described as the 
air quality within and around the building as per the 
United States Environmental Protection Agency. [1]. 
IAQ relates to the pollutants within indoor environments. 
Therefore, IAQ can be demonstrated as a subset of 
Indoor Environmental Quality. When these Indoor Air 
Pollutants are combined with other factors such as poor 
ventilation can cause the phenomenon called Sick 
Building Syndrome (SBS). 

SBS is defined as a medical condition where people 
in a building suffer from symptoms of illness or feel 
unwell for no apparent reason by the World Health 
Organization. Several authors have used several 
definitions to describe the nature of SBS. Sundell J. 
(1996) defines SBS as a set of sub-clinical symptoms 
with no identified cause. [2] Some of those identified 
symptoms can be mentioned as Irritation of the eyes, 
nose and throat, headache, cough, wheezing, cognitive 
disturbances, depression, etc. [3]. 

Among the many Indoor air pollutants which could 
cause SBS, CO2 can be identified as one of the critical 

pollutants when it is compared with the ventilation of the 
building. If there is an Air Conditioner available inside 
the building, the situation could get more critical. [4]. 
Another critical Indoor air pollutant identified is Total 
Volatile Organic Compounds (TVOC). Some of the 
potential sources of TVOC are adhesives for carpet and 
flooring, furniture and wood products, paints and 
coatings for walls and floors, etc. [5]. So depending on 
the time and resource availability, CO2 and TVOC were 
selected as indoor air pollutants to carry out the research. 

Table 1 provides threshold values for indoor CO2 
levels under different standards/guidelines and Table 2 
provides VOC threshold values mentioned by Green 
Building Council Sri Lanka (GBCSL). 
 

Table 1: Threshold values of CO2 

Standard/Guideline Threshold 

Value 

WHO 1000 ppm 

ASHRAE 1000 ppm 

IDPH 1000 ppm 

OSHA 5000 ppm 

UDA-SL 1000 ppm 

 
Table 2: VOC threshold values by GBCSL 

Category VOC limit or Range  

Architectural Applications 50 – 100 (g/L) 

Substrate Specific 

Application 

30 – 80 (g/L less water) 

Specialty Application 80 – 510 (g/L less water) 

Sealants 250 – 450 (g/L less water) 

Sealant Primers 250 – 750 (g/L less water) 

Paints 50 – 250 (g/L less water) 

Coatings 100 – 550 (g/L less water) 

Carpet Adhesives  50 (g/L) 

 
Discussions about SBS started around the 1980s and it is 
still being discussed all around the world. In Sri Lanka, 
there is a considerable amount of research which had 
been done related to SBS. However, a limited number of 
research had been focused on Residential Apartments. 

The main objective of this research is to find out the 
relationship between SBS symptoms, building 
performance, and practices with IAQ. The sub-
objectives are to analyze the SBS-related factors vs 
indoor CO2 levels, analyze the SBS-related factors with 
indoor TVOC levels and determine the level of SBS-
related symptoms. 



This research focuses on residential apartments in 
urban areas located next to a major highway in Sri Lanka. 
The IAQ parameters considered were TVOC and CO2. 
The selected sample size was 30 residential apartment 
units. 

II. METHODOLOGY 

This research is based on data collected by a 
Questionnaire Survey and measurements taken during 
the field study. Literature Review was carried out to find 
out the uses of the questionnaire [6] on the SBS-related 
symptoms and causes of SBS [7]. Among many indoor 
air pollutants, TVOC and CO2 were identified to carry 
out the research. The questionnaire was developed to 
collect the data from the building occupants and the pilot 
study was carried out to measure the effectiveness of that 
questionnaire. Finally, the actual survey was carried out 
and the required data was collected. 

The measuring Equipment selected for TVOC 
measurements was the OMEGA HHAQ-107 Data 
logging VOC meter. It could detect the measurements of 
TVOC concentration, Temperature, and Relative 
Humidity. The measurement range and resolution were 
0 to 50 ppm and 0.01 ppm respectively. For CO2 
measurements, EXTECH CO240 Handheld Indoor Air 
Quality CO2 Meter was selected, and it had a range of 0 
to 9999 ppm with 1 ppm resolution. 

A questionnaire was developed to assess the factors 
related to SBS. It was categorized according to general 
information, building materials, building occupants’ 
information, residence condition information, building 
performance information, health and symptoms related 
information, and occupants’ overall rating. It was 
decided to measure IAQ parameters with TVOC and CO2 
meters namely TVOC concentration, CO2 concentration, 
Temperature, and Humidity. Also, it was decided to 
observe Outdoor TVOC and CO2 concentrations. 

During the field measurement taken for indoor areas, 
readings were taken from six to eight places depending 
on the plan area and the type of the apartment unit and 
averaged for the final analysis. The readings were taken 
in living areas, bedrooms, kitchens, etc. While taking the 
measurements, the instruments were kept at 1m above 
the slab level.  

The pilot survey was carried out for 6 apartments and 
the effectiveness of the questionnaire was verified. 

Finally, the actual survey was conducted for 30 
numbers of apartments and the required data was 
gathered. During the analysis, all the parameters were 
compared against the observed TVOC and CO2 levels.  

 
Figure 1: Methodology Adopted 

 

III. ANALYSIS OF RESULTS 

When instrument readings were compared with the 
responses to the questionnaire, the following relationships 
could be identified. 

A. Factors affecting indoor CO2 level 

The apartments having air conditioners had more indoor 
CO2 content on average than the apartments that do not have 
air conditioners. The average indoor CO2 levels were 548 
ppm and 528 ppm respectively. 

 

 
Figure 2: Usage of Air Conditioners and average indoor CO2 level 

 
 Concerning window opening frequency of Non-AC 
apartments, among the given options responses received only 
the options of Always, Very Often, and Sometimes. The 
average indoor CO2 levels that corresponded to those 
responses were 507 ppm, 552 ppm, and 578 ppm. 

 

 

Figure 3: Window opening frequency and average indoor CO2 level of 
Non-AC apartments 

 

 Similarly, the window opening frequency of AC  
apartments was inquired and responses were received only 
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for the options of Always, Very Often, Sometimes, and 
Rarely. The average indoor CO2 levels that corresponded to 
those responses were 524 ppm, 504 ppm, 573 ppm, and 612 
ppm. 
 

 
Figure 4: Window opening frequency and average indoor CO2 level of AC 

apartments 

 
 When inquired regarding the AC service frequency 
and responses were categorized as less than 6 months and 
more than 6 months, it was observed that the average Indoor 
CO2 levels observed were 544 ppm for less than 6 months and 
555 ppm for more than 6 months. 

 

 

Figure 5: Air conditioners service frequency and average indoor CO2 level 

 

Similarly, when it comes to the time since the last AC 
repair, the options were categorized as less than 6 months and 
more than 6 months. Observed average Indoor CO2 levels 
were 537 ppm and 567 ppm respectively 

 

Figure 6: Time since last AC repair and average indoor CO2 level 

B. Factors affecting indoor TVOC level 

 The type of Air fresheners used was inquired and Out 
of the given options, only incense sticks and spray type had 
sufficient responses for a comparative evaluation. The 
observed average Indoor TVOC levels were 0.060 ppm and 
0.142 ppm 

 
Figure 7: Type of air fresheners used and average TVOC level 

 
 When it comes to the wall paints, the time since the last 
wall was painted was inquired. Out of the given time-related 
options, the responses were categorized as less than 6 months 
and more than 6 months. It was observed that the average 
Indoor TVOC levels observed were 0.252 ppm for less than 

6 months and 0.162 ppm for more than 6 months. 
 

 

Figure 8: Time since the last wall was painted and average TVOC level 

 

 To determine the effect of furniture, time, and since new 
furniture was acquired, indoor TVOC was checked. among 
the given time-related options, it was selected to categorize 
those as 3 months, 6 months, 12 months, and more than 12 
months. The average Indoor TVOC levels were 0.461 ppm, 

0.232 ppm, 0.216 ppm, and 0.148 ppm respectively. 
 

 

Figure 9: Time since new furniture brought vs average TVOC level 

 

C. Related symptoms and indoor air pollution 

 The selected symptoms for the questionnaire were 
Irritation in the eyes, Runny nose, Dry throat, 
Lethargy/Drowsy/Tiredness, Dry face/hands, Headache, and 
cough. To analyze the effect of these symptoms a scoring 
system was introduced for the provided responses as Never = 
0, Rarely = 1, Sometimes = 2, Very Often = 3, Always = 4 
 Then the total score was calculated for a particular 
apartment, and it was compared with the observed indoor 
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CO2 and TVOC values. Regression Analysis was carried out 
to analyze the results. 
 

 
Figure 10: Average indoor CO2 level and the Symptom Score 

 

 

Figure 11: Average indoor TVOC level and the Symptom Score 

 

 Although the humidity and temperature measurements 
were also taken, a conclusive relationship could not be found 
between those two factors with respect to the selected 
parameters. Also it was difficult to find out a relationship with 
respect to building materials as almost all the apartments 
selected for the experiment were more or less similar in 
materials used. (concrete and masonry walls painted, tiles as 
flooring materials, gypsum boards as ceiling materials, etc.) 

IV. DISCUSSION 

 There is a clear indication that having an air conditioner 
creates a significant impact on indoor CO2 levels. The 
apartments which used air conditioners had more indoor CO2 
content than the apartments which had not used air 
conditioners. Therefore, it can be implied that using an air 
conditioner increases the indoor CO2 level. 
 When analyzing the window opening frequency, 
apartments were categorized as Non-AC and AC depending 
on the availability of an air conditioner. That is because there 
is a natural tendency of the occupants to not open the 
windows when air conditioners are used. So the options given 
were analyzed separately to identify a pattern that gives more 
clarity. However, in both cases, it indicated that the higher the 
window opening frequency, the lower the indoor CO2 
content. 
 With regards to air conditioner repairing, it was identified 
that the more time it takes to repair the Air Conditioner, the 
Indoor CO2 level gets higher. That means there is a possibility 

of observing high Indoor CO2 levels when the air conditioner 
repair gets delayed. 
 Among the given options for the type of air fresheners 
used, the only conclusive options observed were the usage of 
incense sticks and spray-type air fresheners. Out of those two 
types of air fresheners, the apartments which used Spray type 
air fresheners had indoor TVOC levels more than two times 
the apartments which used incense sticks. So, it can be 
concluded that the usage of Spray type air fresheners can 
increase the indoor TVOC level. 
 With regards to wall paints, it was evident that the 
apartments which had done the wall painting within the last 
6 months, had shown more indoor TVOC levels than the 
apartments which had done wall painting beyond the last 6 
months. Therefore, there’s a tendency of emitting more 
TVOC in recently painted apartments. Alternatively, the 
effect of emitting TVOC is reduced when time passes.  
Apartments, where the occupants bought new furniture 
recently, indicated higher Indoor TVOC levels. Especially 
the apartments which had 3 months of new furniture had 
almost twice the indoor TVOC amount as the apartments 
which had 3 to 6 months old furniture. However, it can be 
concluded that the effect of emitting TVOC due to new 
furniture depletes with time. 
 When it comes to SBS-related symptoms, it can be seen 
that both Indoor CO2 and Indoor TVOC levels had a positive 
relationship with the Symptoms score. That means there is a 
tendency of getting frequent SBS-related symptoms when the 
indoor CO2 level and Indoor TVOC level gets higher. 
However, concerning the R-value, which is the correlation 
coefficient, the graph related to CO2 had a better value than 
the graph related to TVOC. The value of R=0.54 means the 
model fits well with the observations made. Concerning 
TVOC also a positive relationship can be seen. However, the 
correlation coefficient R is 0.01, which is a very low value. 
This may be because of the number of null readings observed 
during the experiment and the TVOC concentrations are also 
very low in number. This could have been improved if the 
sample size is increased. 
 One of the limitations of this study was the size of the 
sample selected. The number of the sample was 30 because 
according to the central limit theorem, the minimum number 
of a sample used to predict the population should be 30 [8]. It 
would have been better, and the results may get more reliable 
if the number of samples could be increased. However, due 
to the pandemic situation in the country and building 
occupant’s protection, it was assumed that the 30 will be 
sufficient as it is justified by statistic theorems. 

 

V. CONCLUSIONS 

 In this research, a questionnaire was given to the selected 
occupants in residential apartments while their indoor CO2 
and TVOC levels were observed and compared those results 
to evaluate the factors affecting the SBS. 
According to the analysis, the findings are as follows. 

i. The use of an Air Conditioner can increase the 
Indoor CO2 level 

ii. Opening the windows frequently can reduce the 
Indoor CO2 level 

y = 0.0448x - 17.022
R² = 0.2872
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iii. When it takes a long time to service the Air 
Conditioner or if it is not done frequently, the 
Indoor CO2 level can get increased 

iv. Spray-type air fresheners emit more TVOC than 
incense sticks 

v. The TVOC emittance is higher when the walls 
are newly painted and with time it reduces 

vi. The TVOC emittance is higher when new 
furniture is placed inside the apartment and with 
time it reduces.  

vii. An increase in Indoor CO2 and TVOC levels can 
increase the SBS-related symptoms.  

 
 So, it can be concluded that Air conditioners and the 
nature of using them affect the Indoor CO2 level, and the 
Type of Air fresheners used, Wall paints and new furniture 
affects the indoor TVOC level. 
 Also, it can be concluded that when the Indoor CO2 level 
and TVOC level get higher, the tendency of observing SBS-
related symptoms in Building occupants. 
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