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Abstract Muslims generally pray five times a day. Every Friday, adult male Muslims congregate to perform
Jumaat prayer, causing increased number of worshippers in mosques and vehicle movements. Consequently,
indoor chemical air contaminants are produced inside and outside mosques. This study evaluated the compliance of
indoor chemical air contaminants (CO, Oz, TVOC, CH,0, and PMyg) during Jumaat and Asar prayers in two
mosques having different mechanical ventilations (i.e., air conditioning and non-air conditioned system) with the
guideline limit recommended by Malaysia’s Industrial Code of Practice. Chemical air contaminants were
monitored from 1200H to 1700H in the air-conditioned mosque and from 1200H to 1730H in the non-air
conditioned system mosque, which were the times for Jumaat and Asar prayers. The monitoring was conducted
from November 2016 to March 2017, during the Northeast monsoon. Results showed that the mean concentrations
of the four chemical air contaminants in both mosques did not exceed the acceptable guideline limit. The mean
CO, TVOC, CH,0, and PMjo concentrations in the air-conditioned mosque were 0.29 ppm, 354.09 ppb, 31.28 ppb,
and 13.45 ug/m?; those in the non-air conditioned system mosque were 2.36 ppm, 344.32 ppb, 19.78 ppb, and
49.91 pg/m3, respectively. However, the air-conditioned mosque’s maximum PMjo concentration of 164.48 ug/m?®
exceeded the acceptable guideline limit of 150 pg/m®. Moreover, both mosques’ mean O3 concentrations of 140
and 80 ppb exceeded the limit of 50 ppb, respectively. These results suggested that the concentrations of three
chemical air contaminants (TVOC, Os, and CH;0) in the air-conditioned mosque were higher than those in the
non-air conditioned system mosque possibly because of the inadequate ventilation system inside the air-
conditioned building. Therefore, air-conditioned mosques should have a good ventilation system to provide
suitable temperature and humidity for the Jemaah, as well as sufficient amounts of air to remove indoor chemical
air contaminants.

Keywords: Carbon monoxide, formaldehyde, indoor air quality, ozone, particulate matter

*Corresponding author: ceazam@usm.my 84
2019 UTHM Publisher. All right reserved.
penerbit.uthm.edu.my/ojs/index.phpf/ijie


http://penerbit.uthm.edu.my/ojs/index.php/ijie

Rasli et al., Int. J. Of Integrated Engineering Vol. 11 No. 1 (2019) p. 84-91

1. Introduction

Mosques are very symbolic landmarks because these are where Muslim communities pray in congregation five
times a day and hold other social and cultural activities. The attendance of male Muslims during Zohor time on Friday
(Jumaat) is compulsory; so many mosques need to accommodate a high number of people. To feel comfortable and
calm in urban mosques, the indoor temperature should be suitable for worshippers [1]. A suitable temperature is very
crucial because according to Ibrahim et al. [2], worshippers should gain a feeling of tranquility, peace, and serenity
when praying in mosques. Hence, most mosques in Malaysia have started to install air-conditioning systems for
worshippers so they can feel comfortable and calm. However, using air-conditioning is not sustainable because of the
high electricity consumption that leads to increased carbon emission [1].

The quality of the indoor environment is also very important for a good quality of life [3], and such an
environment requires good indoor air quality (IAQ). As mosque is always used by the public, so the IAQ needs to be
monitored in many instances. According to Lee and Chang [4], indoor pollutant levels can be greater than outdoor
levels. The 1AQ is threatened with various contaminants from indoor and outdoor sources that greatly affect both the
environment and human health [5].

The chemicals that affect I1AQ are pollutants arising from drapes, cosmetics, paint, carpets, furniture, and
environmental tobacco smoke. Some studies in Malaysia show that thermal comfort and sick building syndrome have
become commons issue in Malaysian buildings [6], [7]. Studies on IAQ in mosques is scarce. Hameed and Habeeballah
[8] found that Muslim gatherings in a mosque may affect IAQ and present many public health challenges. Accordingly,
Malaysia’s Industrial Code of Practice (ICOP) has been drawn up to ensure that employees and occupants are protected
from poor IAQ that can adversely affect their health and well-being, thereby reducing their productivity [9].

Information about IAQ in mosque buildings has been reported by Ocak et al. [10] in their study in Turkey. The
available but limited measurements of ventilation rates and CO; concentrations in mosque buildings suggest that based
on current the ASHRAE ventilation standard, many mosque buildings are not adequately ventilated. Indeed, inadequate
ventilation rates and high concentrations of CO,, PM.s, and biological pollutants have been found in mosque building
studies performed in Turkey and the Kingdom of Saudi Arabia [8], [10]. A study has also been conducted by
Dewangan et al. [11], who showed that benzene has the highest emission factor among selected volatile organic
compounds in all four different religious places at India. Moreover, the high VOC concentrations found in a 2012 Hajj
study have been determined to be influenced by gasoline evaporation, vehicular exhaust, air conditioners, and liquefied
petroleum gas [12].

Regulating fresh air intake is recommended only during prayer times to avoid a high build-up of CO2
concentrations because high CO, concentration peaks have been found every regular prayer. The highest CO;
concentration peak has been found on Jumaat at high noon prayer, and this period represents the maximum occupancy
in the mosque building [13].

Indeed, a comprehensive investigation of pollutant exposure in mosque buildings across representative and typical
mosque buildings in Malaysia is needed. Thus, this research aimed to evaluate the compliance of indoor chemical air
contaminants (CO, O3, TVOC, CH;0, and PMyg) during Jumaat and Asar prayers in two different mechanically
ventilated mosques (i.e., air conditioned and fan only) with the guideline limit recommended by Malaysia’s ICOP.

2. Material and Method
2.1 Sampling Locations

This research was conducted in two mosques within the Seberang Perai Selatan area, and measurements for both
air-conditioned and fan- only mosques were made during Jumaat and Asar prayers. The air-conditioned mosque was
Masjid Jamek Nibong Tebal, located in Nibong Tebal (15°10’05.0” N and 100°28’39.4"” E). The non-air conditioned
system mosque was Masjid Lama Sungai Bakap, located in Nibong Tebal (15°13'17.7" N and 100°29'49.7" E). The
location maps of both mosques are illustrated in Fig. 1 and Fig. 2, respectively.

2.2 Selection of Monitoring Instruments

An 1AQ probe (1Q-610) was used to monitor CO, TVOC, and Oz, and a Formaldehyde Multi Mode Monitor (FM-
801) was used for CH,O. Both instruments were Graywolf Model. An Airborne Particle Counter (Handheld 3016 IAQ)
Light House Model was used to measure PMyo.

2.3 Sampling Method

The sampling at Masjid Jamek Nibong Tebal was conducted for 5 h from 1200H to 1700H, and the sampling at
Masjid Lama Sungai Bakap was conducted for 5 h and 30 min from 1200H to 1730H. The discrepancies were due to
the late entrance time of Asar and because the congregations finish by 1730H. The sampling schedule for Jumaat and
Asar prayers is as shown in Table 1, and the sampling conditions at Masjid Jamek Nibong Tebal and Masjid Lama
Sungai Bakap are shown in Fig. 3(a) and Fig. 3(b), respectively. The space design of the air-conditioned mosque was
termed as single volume (about 10 ft or slightly more than 10 ft of floor-to-ceiling heght), and the non-air conditioned
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system mosque was a combination of single and double volume (more than 10 ft of floor-to-ceiling height at the area
next to the mihrab).
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3. Results and Discussion

The factors affecting IAQ include lack of ventilation, outdoor air quality, and existence of indoor contaminant
sources [14]. However, indoor air contaminants that are generated from sources within the indoor environment (e.g.,
cleaning and construction materials, furniture, furnishings, chemical products, and other general activities) may lead to
higher exposure than outdoor concentrations. For this study, the presence of indoor contaminants from the both
mosques increased the IAQ.

Table 1 - Sampling schedule for Jumaat prayer

Parameters

Session Activities Monitored

a) Before worshipers start

coming
b) Worshippers start
Jumaat coming
and Asar | ¢) During sermon and CO, Gs, E\I/DCKAC CH.0
prayer Jumaat prayer an 10

d) Worshippers dismiss
e) Before Asar prayer
f) During Asar prayer
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(b)

Fig. 3 - Sampling conditions at the (a) air-conditioned, and (b) non-air conditioned system mosques

3.1. Chemical Contaminants at Main Prayer Hall

Fig. 4 shows the chemical air contaminants in both mosques, and Table 2 shows that a descriptive table of
chemical air contaminant concentrations in accordance with the acceptable guideline limit recommended by Malaysia’s
ICOP (DOSH) [9].

Results showed that the mean CO concentration was 2.36 ppm (range = 1.5-3.3 ppm) in the non-air conditioned
system mosque. This value was higher than the mean CO concentration of 0.29 ppm (range = 0-1.1 ppm) of the air-
conditioned mosque. CO values were high between 1230H and 1330H (when worshippers start coming) and between
1400H and 1500H (when worshippers start leaving) for both mosques because of the increased number of vehicles
transporting them on this holy day (Jumaat prayer). The reason was the exhaust gases from these vehicles and from
other ones traveling near the mosques. Ferndndez et al. [14] reported that the common sources of CO emission are
portable heaters that use kerosene, wood-burning fireplaces, automobile exhaust, and tobacco smoke. Although the
acceptable guideline limit value of 10 ppm for CO concentration was not exceeded in both cases, the observed amount
can still affect human health, in accordance with the study of Currie et al. [15]. They reported a 3.8% increase in
absenteeism of school children and other health issued when the mean CO concentration is 2.73 ppm (range = 0.65—
6.23 ppm).

Meanwhile, our results suggested that the mean O3 concentration in the air-conditioned mosque was 43% higher
than the non-air conditioned system mosque. The mean O3 concentrations in both mosque were 0.14 ppm (range =
0.1-0.17 ppm) and 0.08 ppm (range = 0.06-0.12 ppm), which exceeded the acceptable guideline limit of 0.05 ppm.
Notably, Os is a secondary pollutant that can be influenced by precursor availability, local meteorology, and seasonal
variability [16].

The mean TVOC concentration in the air-conditioned mosque was slightly higher than that in the non-air
conditioned system mosque, i.e.,, 354.09 ppb (range = 281-502 ppb) and 344.32 ppb (range = 267-511 ppb),
respectively. The TVOC concentrations for both mosques were high at 1200H (before Jumaat prayer) because only
passive ventilation (i.e., through windows and doors) was available at that time. The values started to decrease at
1300H (when worshippers start coming) because of active ventilation (i.e. through air conditional and fans). Thus, air
ventilation from the active ventilation inside the mosques started to decrease the TVOC concentration. However,
although active ventilation was in operation during sermon and Jumaat prayer, TVOC concentrations started to increase
during these times because the high number and the crowdedness of the Jemaah inside the mosques contributed to the
inadequate ventilation system inside. The mean TVOC concentrations in both mosques were within the acceptable
guideline limit of 3000 ppb.

The mean CH,O concentrations in the air-conditioned mosque was slightly higher than the mean CH,O
concentrations in the non-air conditioned system mosque, i.e., 31.28 ppb (range = 12-61 ppb) and 19.78 ppb (range =
16.5-28 ppb), respectively. The maximum CH;O concentration in the air-conditioned mosque increased by 54%
compared with the maximum CHO concentration in the non-air conditioned system mosque. This finding showed that
good ventilation in the non-air conditioned system mosque induced the CH,O molecules to easily disperse into the air.
The CH,O concentrations in air-conditioned mosque were high at 1230H and 1430H because only passive ventilation
was available during nonprayer time. Nevertheless, the mean CH,O concentrations in both mosques did not exceed the
acceptable guideline limit of 100 ppb.

The mean PMj, concentration in the non-air conditioned system mosque was 49.91 pg/m® (range = 40.33-
66.61 ug/m?), which was slightly higher than the 13.45 pg/m® (range = 0.92-164.48 ug/m®) in the air-conditioned
mosque. Although the mean PMj, concentration in the non-air conditioned system mosque was higher than that in the
air-conditioned mosque, the maximum PM3o concentration in the former was 60% higher than the maximum PMjo
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concentration in the non-air conditioned system mosque. The maximum PMyo concentration in the air-conditioned
mosque also exceeded the acceptable guideline limit of 150 pg/m® The PMyo concentration in the air-conditioned
mosque was high and exceeded the acceptable limit at 1400H (when worshippers start leaving) because of the
resuspension of settled dust and particles of carpet as worshippers started walking inside the mosques. Conversely, the
PM3, concentrations in the non-air conditioned system mosque were high at 1200H and 1500H, which were non-prayer
times, because only passive ventilation was available. Then, PM1 concentration decreased during prayer time as active
ventilation was in operation. This finding showed that during prayer time, ventilation from the fans reduced the PMyo
concentration by increasing the exchange between indoor and outdoor air.
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Fig. 4 Chemical contaminants in the (a) air-conditioned, and (b) non-air conditioned system mosque
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Table 2 - Descriptive table of chemical contaminant concentrations for air-conditioned
and non-air conditioned system mosques

Indoor Chemical Air Contaminants Acceptable Limit
CO concentrations (ppm)
Air conditioning system Without air conditioning system
N 300 N 330
Minimum 0 Minimum 1.5 10 ppm
Maximum 1.1 Maximum 3.3
Mean 0.29 Mean 2.36
Std. Deviation 0.24 Std. Deviation 0.44
O3 concentrations (ppm)
Air conditioning system Without air conditioning system
N 300 N 330
Minimum 0.1 Minimum 0.06 0.05 ppm
Maximum 0.17 Maximum 0.12
Mean 0.14 Mean 0.08
Std. Deviation 0.01 Std. Deviation 0.01
TVOC concentrations (ppb)
Air conditioning system Without air conditioning system
N 300 N 330
Minimum 281 Minimum 267 3000 ppb
Maximum 502 Maximum 511
Mean 354.09 Mean 344.32
Std. Deviation 60.96 Std. Deviation 57.93
CH20 concentrations (ppb)
Air conditioning system Without air conditioning system
N 185 N 64
Minimum 12 Minimum 11 100 ppb
Maximum 61 Maximum 28
Mean 31.28 Mean 19.78
Std. Deviation 14.49 Std. Deviation 7.21
PM1o concentrations (ng/m®)
Air conditioning system Without air conditioning system
N 300 N 330
Minimum 0.92 Minimum 40.33 150 pg/m?®
Maximum 164.48 Maximum 66.61
Mean 13.45 Mean 49.91
Std. Deviation 18.32 Std. Deviation 6.37

Various sources of indoor air contaminants include particle resuspension from the floor, outdoor particles
infiltrating buildings, and secondary particle formation from the reaction of gaseous pollutants. Different global studies
have reported that occupant activities and movements may either cause the resuspension of deposited coarse particles
or delay particle deposition and are thus the major sources of indoor PM [17]-[22]. The samplings for both mosques
were also conducted after vacuum cleaning, meaning that the particulate matter deposited on carpet surfaces was
disrupted. Moreover, although a large amount of PM was trapped by the airstream and deposited into the filter of the
vacuum cleaner, fine PM may not have been trapped by the filter and was then resuspended in the air. This finding was
in accordance with those of Nielsen [23].

Results further showed that three of the studied chemical contaminants (O3, TVOC, and CH;O) in the air-
conditioned mosque had higher concentrations than those in the non-air conditioned system mosque. This finding was
due to the inadequate ventilation system inside the air-conditioned building, causing the air to just circulate inside the
mosque. A good ventilation system inside the mosque is suggested because it can provide suitable temperature and
humidity for the Jemaah and allow adequate amounts of air to circulate and thus remove indoor chemical air
contaminants. For the non-air conditioned system mosque, the ventilation rate should be increased as the exchange
between indoor and outdoor air can decrease the indoor chemical air contaminants.
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4. Conclusion

The concentrations of four chemical air contaminants (CO, TVOC, CH0, and PMyo) for air-conditioned and non-
air conditioned system mosques did not exceed the acceptable guideline limit recommended by Malaysia’s ICOP
(DOSH) [9]. However, the mean of O3 concentrations of 140 and 80 ppb for the two mosques, respectively, exceeded
the ICOP’s concentration limit of 50 ppb. Moreover, three of the chemical contaminants in the air-conditioned mosque
had higher concentrations than those in the non-air conditioned system mosque. Nevertheless, air-conditioning was still
preferable in mosques for worshippers to feel comfortable and calm, but the amount of indoor chemical air
contaminants should be regularly monitored to ensure that they remain within the acceptable ICOP limit and thus avert
any possible adverse health effects on worshippers.
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