
 

 

 

Abstract—The objective of this work was to explore the indoor 

air quality in two residential houses in Oman as per their ages, and to 

identify whether the quality of air in these two houses is acceptable 

for the residents or not. With a specific end goal to accomplish these 

objectives, the values of air quality parameters were taken at different 

areas of these two residential houses. The measured values of these 

parameters were then compared with the allowable values that are 

defined in international standards/guidelines. The results of the study 

demonstrated apparent elevated levels of CO2, TVOCs and 

temperature in the indoor environment of these houses which can 

affect the health of the residents.  

 

Keywords—Indoor air quality, Air quality parameters, Age of 

residential houses, Oman.  

I. INTRODUCTION 

It is very important to verify that quality of air in the 

buildings is of a suitable standard to guarantee the sufficient 

assurance of the protection of occupants’ well-being, 

productivity and health. The indoor air quality is impacted 

primarily by the accumulation of contaminants inside a 

building from different indoor and outdoor sources. Some 

sources of indoor air pollution are solvents used as a part of 

cleaning, building materials, paint, radon, allergens, smoking, 

plastics, carpets, and biomass burning for fuel or cooking [1]. 

Keeping in mind the end goal to keep up the health of the 

residents of the houses, the levels of physical, biological and 

chemical pollutants in the indoor environment ought to be kept 

under allowable standards. The elevated levels of indoor air 

contaminants have been connected with a wide cluster of 

health outcomes extending from clinically diagnosed illnesses 

to combination of ailments with temporal connection to a 

specific building, which are named as Sick Building Syndrome 

[2].  

The current study was done recalling the importance to keep 

up appropriate and stable indoor environments for residential 

houses. Residential houses need such quality of indoor air 

which is acceptable for the protection of the health. In this 

manner, the point of this work was to identify whether the 

quality of air in the residential houses is satisfactory for the 

residents or not.  

Keeping in mind the end goal to achieve this, the air quality 

parameters were measured for a time of no less than 24 hours 

at different areas of two residential houses, located in different 

areas of Muscat, the capital city of Oman.  
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The indoor environmental parameters measured included, 

air speed, temperature, relative humidity, particulates, carbon 

dioxide, carbon monoxide, Sulfur dioxide, nitric oxide, 

hydrogen sulfide, nitrogen dioxide, ozone and total volatile 

organic compounds. The measurements were also compared 

with the available international standards/guidelines in order to 

assess the quality of air inside these buildings. 

II. DESCRIPTION OF SAMPLING SITES 

A. House I: Residential Flat 

It is a newly built (2011) residential flat with area of 130 m
2
 

and 3 m ceiling height. This flat is situated in a very populated 

area of Muscat having some industrial setups and a lot of 

construction work is also underway around it. It has a kitchen, 

two bed rooms, and a guest room. The location of this flat is 

little far from the main road.  

B. House II: Residential Villa 

This house is located in the residential area of Sultan 

Qaboos University. It is a two-story building which was 

constructed in 1986. The ground floor consists of a kitchen, 

dining room, bath room, store and a living room. The top level 

contains three bedrooms. The floor area of this house is 50 m
2
 

and ceiling height is 3.5 m.  

III. SAMPLING OF STUDY AREA 

In House I, the air quality parameters were measured in a 

residential flat, where the levels were recorded in bed room, 

guest room and kitchen. For House II, two locations (guest 

room on ground floor room and bed room on first floor), were 

selected for on-site measurements. The selection of residential 

houses was made on the basis of various locations of buildings 

and variability in their ages. The House I is a newly built 

houses, which were constructed in 2011, while House II was 

built in 1986. A general review of the selected buildings is 

described in Table I. 

The measurements of indoor air pollutants at all the selected 

locations were conducted by means of environmental 

monitoring equipment by GrayWolf Sensing Solutions [3]-[6]. 

It is a fully integrated system for simultaneous measurements 

of IAQ parameters, toxic gases and air speed. The WolfPack-

Modular Area Monitor, integrated with IAQ and toxic gases 

probes, were used in present study to measure CO2, CO, 

relative humidity (RH), temperature, NH3, NO, NO2, SO2, 

H2S, O3, TVOCs, for an averaging period of 15 minutes. The 

indoor air speed was measured with the help of AS-202A hot 

anemometer probe. The size distribution and number 
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concentration of airborne particles were recorded using a six 

channel GW-3016 particle counter with channel sizes of 0.3, 

0.5, 1.0, 2.5, 5.0 and 10.0 µm. WolfSense PC and Advanced 

Report Generator (ARG) package was used to download the 

measured data. 

 
TABLE I 

OVERVIEW OF HOUSES SELECTED FOR CURRENT STUDY 

Items House I House II 

Home Type Residential Flat Residential Villa 

No of occupants/Visitors 4 2 

Floors except ground floor 1 1 

No of kitchens 1 1 

Cooking Hours 2 3 

Indoor pollutant sources 

except cooking 

Computer, Carpets Computer, Carpets 

Outdoor pollutant sources Sanitation company, 

Construction work 

Near main road 

 

The evaluation of indoor air quality was carried out by 

comparing the measured levels of chemical pollutants and 

factors of thermal comfort with that of international standards 

or guidelines for averaging periods of 1-hour, 8-hours and 24-

hours. The comparison was made on the basis of averaged 

values measured for all periods. The basis of the 

standards/guidelines values for the residential buildings was 

based on the effects on human health.  

IV. RESULTS AND DISCUSSION 

A. Evaluation of Indoor Air Quality for Averaging Period 

of 1-Hour 

The assessment of indoor air quality in the residential 

houses was completed by comparing the prominent levels of 

air pollutants with that of allowable values defined in various 

international standards/guidelines. The measured levels of IAQ 

parameters in the residential houses, for averaging period of 1-

hour, are represented in Tables II(a) and II(b). It becomes 

obvious from this table that the measured concentrations of 

NO2, O3 and CO, in the indoor environments of the selected 

houses, were well within limiting values of 0.12 ppm by 

ASHRAE 62.1 [7], 0.1 ppm by WHO [8] and 25 ppm by 

WHO [9] respectively.  

As illustrated in Table II(a), the averaged measured 

concentrations of CO2 were 511.4 ppm, 581.7 ppm and 821.0 

ppm in bed room, guest room and kitchen of House I, 

respectively. The recorded concentration of CO2 in kitchen 

was exceeding the standard value of 700 ppm by ASHRAE 

62.1 [7] with difference of 17.28%, which is quite acceptable 

because of sort of activity being carried out in the kitchen. The 

cooking activity of round about two hours in this residential 

flat might be a source of elevated levels of CO2 in the kitchen. 

Alternate explanations behind this level of indoor CO2 might 

be the deficiency of ventilation and low frequency of window 

opening in the flat, which was observed during measurement 

campaign. The higher levels of CO2 in the kitchen were 

likewise reported in previous studies [10]-[11]. The levels of 

CO2 recorded in guest and bed rooms of House II were 615.1 

ppm and 648.1 ppm respectively which were lower than the 

allowable value. 

The measured concentrations of TVOCs averaged over 

hourly period were 1250.5 µg/m
3
, 1029.0 µg/m

3
, and 758.4 

µg/m
3
 in bedroom, guest room and kitchen of House I 

respectively. These levels of TVOCs in this residential flat 

were higher than the suggested threshold of 500 µg/m
3
 [12] 

with differences of 78.65%, 47.0% and 8.34% at the above 

mentioned selected locations respectively. The concentrations 

of TVOCs in house II are well within the above defined limit. 

 
TABLE II(a) 

MEASURED LEVELS OF IAQ PARAMETERS IN RESIDENTIAL HOUSES FOR 1-

HOUR AVERAGING PERIOD 

 Parameter House I (Residential Flat) House II 

(Residential 

Villa) 

Bed 

Room 

Guest 

Room 

Kitchen Guest 

Room 

Bed 

Room 

O3 

(ppm) 

Max. 0.07 0.09 0.10 0.08 0.09 

Min. 0.04 0.08 0.09 0.05 0.06 

Ave. 0.05 0.09 0.09 0.07 0.07 

NO2 

(ppm) 

Max. 0.06 0.05 0.17 0.10 0.10 

Min. 0.00 0.01 0.00 0.00 0.00 

Ave. 0.01 0.04 0.02 0.00 0.00 

CO2  

(ppm) 

Max. 768.2 1060.4 1196.1 800.8 1016.8 

Min. 449.6 423.6 508.2 474.6 450.0 

Ave. 511.4 581.7 821.0 615.1 648.1 

TVOC  

(µg/m3) 

 

Max. 2188.8 1945.5 1617.3 351.8 394.0 

Min. 431.6 646.6 450.8 175.0 273.8 

Ave. 1250.5 1029.0 758.4 248.9 331.0 

T 

(o C) 

Max. 30.1 34.4 35.2 29.9 29.8 

Min. 23.4 31.2 32.9 22.2 23.7 

Ave. 26.4 33.7 33.7 27.3 26.7 

RH 

(%) 

Max. 79.2 58.4 69.7 54.6 51.9 

Min. 38.2 38.9 38.0 40.1 30.0 

Ave. 50.2 46.6 51.5 44.3 44.0 

Air 

Speed 

(m/sec) 

Max. 0.31 0.30 0.09 0.1 0.06 

Min. 0.00 0.00 0.01 0.03 0.04 

Ave. 0.03 0.10 0.05 0.07 0.05 

  
TABLE II(b) 

ALLOWABLE STANDARDS FOR 1- HOUR AVERAGING PERIOD 

 Parameter Standard/Guideline Reference 

O3 (ppm) 0.12b ASHRAE 62.1 [7] 

NO2 (ppm) 0.1b WHO [8] 

CO2  (ppm) 700b  

 

(continuous exposure) 

ASHRAE 62.1 [7] 

TVOC (µg/m3) 500b  Brown [12] 

T (o C) 22.5-26.0b (Summer) 

20.0-23.5b (Winter) 

ASHRAE-55 [23] 

RH (%) 30-60b ASHRAE-55 [23] 

Air Speed (m/sec) 0.05-0.3b ASHRAE-55 [23] 
   b based on effects on human health 

The higher concentrations of TVOCs could give 

information about the existence of complicated VOC mixtures 

in the indoor environment of a building. The main sources of 

TVOCs are building materials, furniture, carpets, solvents, 

pesticides, aerosol sprays, cleaning agents, and paints [13]-

[15]. The elevated levels of TVOCs observed at all locations 

of this flat fall in multifactorial exposure range (200-3000 

µg/m
3
) defined by Mølhave [16], where the occupants of the 

dwelling can suffer mucous and skin irritation and general 
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discomfort. This discomfort may increase if exposures of other 

pollutants interact with the exposure of VOCs [17]. 

Furthermore, the high levels of TVOCs  can cause the 

symptoms of SBS such as headache, fatigue and dizziness, 

which has been reported in many previous studies [18]-[20]. 

The higher concentrations of indoor air pollutants especially 

TVOCs, and the occurrence of SBS is more frequent in newly 

built dwellings as is the case for this newly built flat, which 

was constructed in 2011. So the possibility of raised levels of 

TVOCs in newly dwellings is more as compared with that of 

old buildings. This finding of current study comes in 

agreement to previous studies [21]-[22]. The averaged 

concentrations of TVOCs recorded for this study were also 

higher in new building as compared with old one. The highest 

concentration of TVOCs was observed in House I, which was 

constructed in 2011 as compared to House II which was 

constructed in 1986. The graphical representation of the 

highest concentrations of TVOCs measured in these houses 

along with their ages is shown in Fig. 1. 

 

Fig 1. Concentrations of TVOCs in residential buildings according 

to their ages 

 

It is obvious from Table II(b) that the measured values of 

temperature in the indoor environment of all the residential 

buildings are exceeding the range of temperature (22.5-26.0 

°C) recommended in ASHRAE 55 standard [23]. In House I, 

the temperature with average values of 26.4 °C, 33.7 °C and 

33.7 °C was logged in bed room, guest room and kitchen with 

difference of 1.62%, 29.69%, and 29.50% over the allowable 

range, respectively. The 27.3 °C and 26.7 °C temperatures 

were recorded in the guest room and bed room of House I with 

differences of 3.92% and 2.73% from recommended value 

respectively. The raised levels of temperatures in all houses 

can affect the residents. The elevated levels temperatures have 

been linked to higher prevalence of SBS symptoms among the 

occupants of the buildings. When the residents of a building 

are exposed to raised levels of temperature and humidity (26 

°C and 60%), then more intense SBS symptoms are associated 

with decreased productivity, including fatigue, headache and 

difficulty in thinking [24]. So the resident of this flat may 

complain of thermal discomfort and SBS symptoms due to 

increase in indoor temperature beyond specified limits. The 

levels of relative humidity and air speed in all residential 

houses are within the recommended range of humidity (30-

60%) and air speed (0.05-0.3 m/sec) by ASHRAE 55 [23]. 

B. Evaluation of Indoor Air Quality for Averaging Period 

of 8-Hour 

The measured levels of physical environment and chemical 

contaminants for averaging period of 8-hours are displayed in 

Tables III(a) and III(b). It is evident from Table III(b) that the 

concentrations of NO2 and CO are very below the standard 

values of 3 ppm [7] and 10 ppm [9] in the two houses for this 

averaging period too. The levels of O3 are also within the 

defined limit of 0.064 ppm [9] at all selected locations of the 

houses except at the guest room of House I where its value was 

0.07 ppm which is higher than the above stated limiting value 

with a difference of 3.13%. Since O3 is produced from 

chemical reactions among its precursors in the atmosphere, so 

its sources are actually the sources of the precursors. The 

ozone precursors come from fuel combustion and evaporation 

from off-road engines, construction equipment, agricultural 

operations, and lawn and garden equipment. Unhealthy ozone 

levels occur when precursor emissions react in the presence of 

sunlight, warm temperatures and light winds.  

The concentrations of CO2 (837.8 ppm) recorded at kitchen 

of House I was exceeding the limiting value of 700 ppm with 

difference of 19.67%. The cooking activity in the kitchen is 

responsible for this increase. The levels of CO2 at all other 

selected locations of the houses are lower than the standard 

value as were in 1-hourly averaging period.  

The measured values of TVOCs in the kitchen, guest room 

and the bedroom of House I were 1203.4 µg/m
3
, 1044.3 

µg/m
3
, and 749.7 µg/m

3
 respectively. The recorded values 

were again higher than those measured at House II. These 

levels of TVOCs are again falling in the multifactorial 

exposure range [16] and can cause the symptoms of SBS and 

other health hazards in the resident. 

 The temperatures recorded in the bedroom, guest room and 

kitchen of House I were 26.2 °C, 33.8 °C and 33.6 °C 

respectively, which were again higher than the allowable range 

of 22.5 °C to 26 °C [23]. The differences between the 

measured and standard value were 0.69%, 29.84% and 29.27% 

respectively. In House II, the recorded temperatures in the 

guest room and the bedroom were 27.5 °C and 26.7 °C with 

5.81% and 2.69% deviation from the above indicated value 

respectively. Therefore, the temperatures recorded at each 

location of the two houses were not within the specified limits, 

as was in hourly averaging period. The raised levels of 

temperature can increase the occurrence of SBS symptoms 

among the resident of this house.  

The levels of relative humidity and air speed at the two 

houses were within the acceptable ranges at all the houses. 
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TABLE III(a) 

MEASURED LEVELS OF IAQ PARAMETERS IN RESIDENTIAL HOUSES FOR 8-

HOURS AVERAGING PERIOD 

 
TABLE III(b) 

ALLOWABLE STANDARDS FOR 8-HOURS AVERAGING PERIOD 

 

C. Evaluation of Indoor Air Quality for Averaging Period 

of 24-hours 

Tables IV(a) and IV(b) summarizes the measured 

parameters of IAQ on the basis of daily average. It is obvious 

from Table IV(b) that the levels of O3, NO2, CO, relative 

humidity and air speed are in accordance with the threshold 

values, stated in the table. The concentration of CO2 measured 

in the kitchen of House I was 17.29% upper from the limiting 

value of 700 ppm. The other locations of all the houses were 

presenting the acceptable situation regarding to CO2 on daily 

averaged basis. 

 The concentrations of TVOCs recorded at all the selected 

locations of House I, and House II were again following the 

multifactorial exposure range (200-3000 µg/m
3
) specified on 

daily average basis [16].  

The temperatures recorded at all locations of selected 

houses were exceeding the defined range of 20.5 °C to 26.0 °C 

[23] for daily averaging period too. In House I, the 

temperatures recorded at bedroom, guest room and kitchen 

were 1.62%, 29.69% and 29.50% upper than the limiting range 

while 4.85% and 2.77% difference was noted in the guest 

room and bedroom of House II. Here again the increased 

temperature in House I on daily average basis, may cause 

adverse health effects.  
 

TABLE IV(a) 

MEASURED LEVELS OF IAQ PARAMETERS IN RESIDENTIAL HOUSES FOR 24- 

HOURS AVERAGING PERIOD 

Parameter House I (Residential) House II 

(Residential) 

Bed 

Room 

Guest 

Room 

Kitchen Guest 

Room 

Bed  

Room 

O3  

(ppm) 

0.05 0.03 0.04 0.04 0.05 

NO2  

(ppm) 

0.01 0.04 0.02 0.00 0.00 

CO2  

(ppm) 

511.4 581.7 821.0 614.8 647.1 

TVOC  

(µg/m3) 

 

1250.4 1029.4 759.1 248.9 330.7 

T  

(o C) 

26.4 33.7 33.7 27.3 26.7 

RH  

(%) 

50.2 46.6 51.8 44.3 43.9 

Air Speed 

 (m/sec) 

0.03 0.01 0.01 0.04 0.01 

 
TABLE IV(b) 

ALLOWABLE STANDARDS FOR 24-HOURS AVERAGING PERIOD 

Parameter Standard/Guideline Reference 

O3  

(ppm) 

- - 

NO2  

(ppm) 

0.21b  WHO [8] 

CO2  

(ppm) 

700b (continuous exposure) 

 

ASHRAE 62.1 [7] 

TVOC  

(µg/m3) 

 

< 200b (comfort range) 

200-3000b (multifactorial 

exposure range)  

Mølhave [16] 

T  

(o C) 

22.5 – 26.0b (Summer) 

20.0-23.5b (Winter) 

ASHRAE-55 [23] 

RH  

(%) 

30-60b 

 

ASHRAE-55 [23] 

Air Speed  

(m/sec) 

0.05-0.3b 

 

ASHRAE-55 [23] 

The measured levels IAQ parameters especially the 

concentrations of TVOCs for daily averaging period were 

again higher for newly built flat (House I) as compared with 

House II under study, which is a clear indication of presence 

of indoor sources of TVOCs in this residential flat. 

In the light of above discussed results, it is obvious that the 

quality of air in residential flat (House I) was not acceptable 

due to higher levels of CO2, TVOCs and temperature in the 

indoor environment, for short term exposure as well as for 

long term exposures. The raised levels of these pollutants 

Parameter House I (Residential) House II 

(Residential) 

Bed 

Room 

Guest 

Room 

Kitchen Guest 

Room 

Bed 

Room 

O3  

(ppm) 

Max. 0.07 0.03 0.05 0.06 0.08 

Min. 0.04 0.01 0.02 0.06 0.02 

Ave. 0.06 0.07 0.03 0.06 0.04 

NO2  

(ppm) 

Max. 0.02 0.05 0.04 0.00 0.00 

Min. 0.00 0.01 0.01 0.00 0.00 

Ave. 0.01 0.04 0.02 0.00 0.00 

CO2  

(ppm) 

Max. 568.5 700.2 1105.5 676.6 841.0 

Min. 456.2 502.5 654.6 567.7 519.4 

Ave. 508.2 578.6 837.8 62.6 657.7 

TVOC 

(µg/m3) 

 

Max. 1493.3 1355.8 900.2 266.6 372.0 

Min. 913.4 780.5 552.3 234.8 296.8 

Ave. 1203.4 1044.3 749.7 250.0 332.6 

T 

(o C) 

Max. 27.8 34.1 34.2 27.9 27.6 

Min. 24.2 33.6 33.3 27.0 25.3 

Ave. 26.2 33.8 33.6 27.5 26.7 

RH (%) Max. 54.3 48.3 61.3 44.7 5043 

Min. 41.7 44.5 45.8 44.1 36.0 

Ave. 49.1 46.6 51.7 44.4 44.6 

Air 

Speed 

(m/sec) 

Max. 0.31 0.10 0.09 0.10 0.03 

Min. 0.00 0.00 0.01 0.02 0.01 

Ave. 0.09 0.03 0.05 0.05 0.02 

Parameter Standard/Guideline Reference 

O3  

(ppm) 

0.064b 

 

WHO [9] 

NO2  

(ppm) 

3b 

 

ASHRAE 62.1 [7] 

CO2  

(ppm) 

700b (continuous exposure) 

 

ASHRAE 62.1 [7] 

TVOC 

(µg/m3) 

 

< 200b (comfort range) 

200-3000b (multifactorial 

exposure range)  

Mølhave [16] 

T 

(o C) 

22.5-26.0b (Summer) 

20.0-23.5b (Winter) 

ASHRAE-55 [23] 

RH (%) 30-60b ASHRAE-55 [23] 

Air Speed 

(m/sec) 

0.05-0.3b 

 

ASHRAE-55 [23] 
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could cause adverse health effects on the residents of the house 

including SBS. 

V. CONCLUSION 

The levels of IAQ parameters were recorded at various 

locations of the two residential houses. The measured levels of 

IAQ parameters were compared with the permitted values 

defined by international standards/guidelines. The results 

demonstrated that the quality of air in newly built flat (House 

I) was not acceptable because of the higher levels of CO2, 

TVOCs and temperature in the indoor environment, for short 

term exposure and also for long term exposure. The raised 

levels of these pollutants could bring about adverse health 

effects on the occupants of the house including SBS. The 

status of indoor air in House II was more satisfactory as 

compared with House I. The elevated levels of TVOCs and 

temperatures were concerning focuses for these houses as well.  
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