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ABSTRACT

Indoor air pollutants assessment in 54 primary schools of both government and private sectors in 9 different
towns of Lahore were carried out for the purpose of measuring concentration of Particulate matter (PMs,
PMjp), Carbon monoxide(CO), Carbon dioxide (CO,) Nitric oxide(NO), Nitrogen dioxide (NO,) Nitrous
Oxide (NOy),Sulphur dioxide (SO,), Hydrogen sulphide (H.S), Ground level Ozone (Os)and Volatile
Organic Compounds (VOCs). After analysisthe level of CO; is lower in both schools. The government
schools has more concentration than private schools. After analysis the level of COis lower in both schools.
The government schools has more concentration than private schools. The level of Oz is lower in both
schools. Both government and private schools has almost same concentration. The concenteration of NOis
higher in both schools as compared to standard. The private schools has more concentration than
government schools. The level of NO; is higher in both schools as compared to standard. The private
schools has more concentration than government schools. The concenteration of SO, is so much higher in
both schools as compared to standard value. The government schools has more concentration than private
schools. The concenteration of H,Sis higher in both schools as compared to reference value. The
government schools has more concentration than private schools. The concenteration of VOC’sis low in
both schools as compared to standard value. Both schools have almost the same concentration.The
concenteration of PMyo is so much higher in both schools as compared to reference value. The government
schools has more concentration than private schools. The concenteration of PM; s is so much higher in both
schools as compared to standard value. The government schools has more concentration than private
schools.The standard value of the pollutants are CO, (1000ppm), CO (10mg/m®), Os (130pg/m®), NO
(40ug/m®), NO; (80ug/m®), SO, (120ug/m®), H,.S (0.47ppb), VOC’s (25ppb), PMio (150ug/m?), PMas
(15pg/m®).
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Introduction

Air pollution is becoming a serious issue about public health worldwide. It is creating long term and worse
impacts on human’s health, plants, equipment, ecosystem and short term effect on visibility (Fenger, 1999;
Riga-Karandinos, 2005). Air quality has become a challenge in big cities because people are exposed to
high risk by pollutants. In developed countries, 75% population resides in urban areas whereas the urban
ratio in developing countries is more than 35% causing negative impacts on air quality (Wolf, 2002;
Agrawal et al. 2003; Vargas, 2003; Brajer et al.2006; Oudient et al. 2006). Air pollution in cities has
become more overwhelming due to increasing population. An abandoned increase in population direct
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towards the industrialization without taking natural strategies about topography and meteorological
conditions. The population has become double today as compare to past some decades (Baldasano et al.
2003). Population increase is directly proportional to: increase variety of mobile facilities for transportation
of products, increase needs of space, material, energy, food and comfort. These demands lead towards the
utilization of natural resources by deforestation. A number of mobile sources like road automobile and
stationary sources like mining, power plant, industry, commercial activities, trade centers and space heating
etc are responsible for the maximum level of pollutants in ambient air of cities. It is a difficult task to meet
the international standards of pollutant and control their emissions in developing countries because they
have low economies (Ozden et al. 2008).

A number of pollutants are responsible for pollution in air that alter the composition of air and damaged the
living population. Atmosphere has the ability to absorb the pollutant emitted from the different source of
origin but the concentration of these pollutants is depending upon the emission source. The air pollution is
not fixed in ratio but change its concentration temporarily or spatially. This change occurs due to
meteorological conditions and topography of an area. Air pollutants such as CO, NO, NO,, SO,, H,S, NHs,
ground level ozone (O3), Volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs)
has toxic effects on health of humans (Brunekreef and Holgate, 2002). As pollutants emit from their
sources, they dispersed, transport from source and are combine to form variety of secondary pollutants. This
phenomenon occurs in atmosphere. Ground level ozone forms when Oxides of nitrogen combines with the
VOCs in atmosphere (Fenger, 1999). The combination of primary or secondary pollutant with oxides of
sulphur leads to formation of secondary particulate matter (Atkinson, 2000). The oxidation of NO, forms
HNO; and then changed into NO3. These secondary pollutants are the main cause of reduced visibility,
acidification and has deleterious impacts on humans (Riga-Karandinos and Saitanis, 2005). WHO (World
Health Organization), EPA (Environment Protection Agency), World Bank and European Union Air
Quality Framework set up the standards of these pollutants for the safety measurements (Lim et al. 2005).
WHO air quality guideline provides guidance about threshold level of air pollutants. Values for particulate
matter in air are: annual mean of PMy s is 10pg/m>& 24-hour mean of PM, s is 25pg/m?® and annual mean of
PMyo is 20pg/m® & 24-hour mean of PMayis 50ug/m®. Value for 8-hour mean of Oz is 100pg/m°. A value for
annual mean of NO2 is40ug/m® and 1-hour mean of NO, is 200pug/m®. A value for 24-hour mean of SO2 is
20pg/m® and 10 minutes mean of SO, is 500ug/m3(WHO, 2005).According to EEA study, it was expected
that the urban cities of Europe will face elevated amount of air pollutants in 2010 (EEA, 2003). The
concentration of CO, NO, and NO, above permissible limit in ambient air can cause heart coronary diseases
(Anne, 2006).

Particulate matter has negative effects on health like cardiovascular, lung diseases and premature death in
children (Pope et al. 2002; NARSTO, 2004; Silva et al. 2013).Volatile organic compounds are ubiquitous
and are the major air pollutant of indoor ambient air (Wolkoff and Nielsen, 2001). It has been found that
very trace amount of VOC’s even than the standard concentrations are responsible for odor (Peng et al.
2009) and affect the human sensory system due to which people feels annoyance and creates health
problems (Nicell, 2009). Pakistan is becoming an urbanized country with total 180 million populations
(Government of Pakistan, 2012). Air pollution is increasing continuously by rising vehicle emissions, power
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plants, and industrial activities due to industrialization which produces variety of pollutants in atmosphere
causing pollution in Pakistan. As compare to United States, the emissions from Pakistani automobiles
contains 3.5 times more SO, levels and 20 times higher CO, and CO levels (Barber, 2008). Transport sector
is mainly dependent on diesel fuel which is the root cause of PM, s concentration in air (Shyamsundar et al.
2001). According to an estimation, in Pakistan, particulate matter pollution impacts on health costs 65
billion with 700 deaths of children and 22000 among adults (World Bank, 2006). Pakistan EPA and World
Bank estimate the total value of health impact caused by ambient air pollution in Pakistan. The health
impacts measured in Pakistan due to ambient air pollution with their annual costs are: Premature Mortality
rate is 21,791 and annual cost ranges 58-61 in billion rupees. There are 658 cases reported of mortality in
children with annual 0.83 billion costs. Chronic bronchitis caused 7,825 cases with 0.06 billion cost
annually. Respiratory symptoms leads to Lower respiratory illness have been seen in 706,808,732 and
4,924,148 cases with total cost of 0.84 billion respectively (EPA and World Bank, 2006).

Pakistan Environmental Protection Agency has drafted the National Environmental Quality Standards for
Ambient Air. In pursuance of the statutory requirements under clause (e) of Sub-section (1) of section (6) of
the Pakistan Environmental Protection Act 1997, the drafted standards are being published. National
Ambient Air Quality Standards of Pakistan (NAAQS) are 35pg/m®, 80pg/m®, 40pg/m3, 120pg/m?, 5pg/m®
and 130pg/m® for PMys, NO,, NO, SO, CO and Os respectively. Pakistan EPA and JICA 2001,
investigates the average pollutants level in ambient air of Lahore. The pollutant concentration of PM;s SO,
NO, CO and Oz was found to be so high as 895.0pug/m®, 44.60ppb, 156.60ppb, 2.82ppm and 8.50ppb
respectively as compare to permissible limits of WHO guidelines.Primary school going children are more
susceptible to the pollutant exposure because they inhale an air loaded with pollutant is larger than their
body weight. Children are growing; their respiratory airways are weak and tiny in size for hazardous
pollutants to pass through, so their respiratory system damaged earlier than adults (Aziz et al. 2014).

Materials and Methods

The research work was conducted in the Department of Environmental Sciences, University of Veterinary
and Animal Sciences Lahore (UVAS). In the current study, an assessment was carried out for 11 air
pollutants in the government and private schools in 9 towns of Lahore. The main objective of this study was
to assess the ambient air quality in private as well as public primary schools in all the 9 towns of Lahore.

Sample Collection

The data was collected from 6 schools in each town (3 Private and 3 Government) and 54 in total. One point
was taken inside and one outside of each school. The 3 Government schools were categorize as (A, B & C)
while the 3 Private schools were categorized as (D, E & F). The nine towns are:

1. Data Gang Baksh Town
2. Ravi Town

3. Samnabad Town

4

. Shalimar Town
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Wagha Town
Igbal Town
Gulberg Town
Aziz Bhatti Town

© ©® N o o

Nishtar Town

Analysis of Ambient Air

Ambient air pollutants (PM;s, PM3p, CO, CO, NO, NO, SO, H,S, NOx, Oz and VOCs) were analyzed by
using HAZ-SCANNER Model HIM-6000 Ambient Air Quality Monitoring System. The air monitoring was
done by this system from February to March.

Statistical Analysis

T-test was applied to detect if different groups of government and private schools produced statistically
significant difference to permissible values for air pollutants.

Results

Outcomes of this research provided mean concentration of pollutants found in ambient air of schools in
Lahore. It shows comparison of ten pollutants concentration (PMas(pHg/m®), PMso (pg/m®), CO (ppm),
CO2(ppm). NO (ppb), NO2(ppb). SO, (ppb), H2S (ppb), Os(ppb)and VOCs (ppb)) between government and
private school groups of nine towns of Lahore and also compared them with standards.
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Figure No 1:Concentration of CO,

Figure 1 shows a comparison of CO, concentration between school groups of different towns. Results were
compared inside and outside of the schools. Results shows that CO, concentration was high in Samnabad
town and low in Igbal Town inside the school. CO, concentration was high in Shalimar Town and low in
Gulberg outside the schools.Every town has an increasing trend of CO; but still it value was under the set
standards. The set value of CO, is 1000 ppm.
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Figure No 2 Concentration of CO

Figure 2 shows a comparison of COconcentration between school groups of different towns. Results were
compared inside and outside of the schools. Results show that CO concentration was high in Ravi town and
low in Igbal Town inside the school. CO concentration was high in Data Gang Baksh Town and low in
Igbal Town outside the schools.CO concentration is under the set standards of NEQS. Set value is 10mg/m?®.
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Figure No 3 Concentration of H2S

Figure 3 shows a comparison of H2S concentration between school groups of different towns. Results were
compared inside and outside of the schools. Results show that H2S concentration was high in Igbal Town
and low in Shalimar Town inside the school. H2S concentration was high in Ravi Town and low in Wagha
outside the schools.
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Figure No 4 Concentration of NO

Figure 4 shows a comparison of NO concentration between school groups of different towns. Results were
compared inside and outside of the schools. Results show that NO concentration was high in Shalimar
Town and low in Data Gang Baksh Town inside the school. NO concentration was high in Ravi Town and
low in Igbal Town outside the schools. NO values are very high than standards. Standard value for NO is
40pg/m*
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Figure No 5 Concentration of NO,

Figure 5 shows a comparison of NO, concentration between school groups of different towns. Results were
compared inside and outside of the schools. Results show that NO, concentration was high in Gulberg and
low in Data Gang Baksh Town inside the school. NO, concentration was high in Ravi Town and low in
Aziz Bhatti Town outside the schools.
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Figure No 6 Concentration of NOy

Figure 6 shows a comparison of NOy concentration between school groups of different towns. Results were
compared inside and outside of the schools. Results show that NOx concentration was high in Data Gang
Baksh Town and Wagha inside the school. NOx concentration was high in Ravi Town and low in Wagha
outside the schools.
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Figure No 7 Concentration of O3

Figure 7 shows a comparison of O3 concentration between school groups of different towns. Results were
compared inside and outside of the schools. Results show that O3 concentration was high in RaviTown and
low in Data Gang Baksh Town inside the school. O3 concentration was high in Ravi Town and low in Data
Gang Baksh Town outside the schools. Ozone concentration is under the permissible values. Standard value
is 130ug/m®.
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Figure No 8 Concentration of PMy,

Figure 8 shows a comparison of PMj, concentration between school groups of different towns. Results were
compared inside and outside of the schools. Results show that PMj, concentration was high in Ravi Town
and low in Aziz Bhatti Town inside the school. PM, concentration was high in Ravi Town and low in Aziz
Bhatti Town outside the school. The value of PMyq is higher than the standards. The set value of PMyy is
150 pg/me. Each town is significantly high value of this particulate matter.
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Figure No 9 Concentration of PM; 5
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Figure 9 shows a comparison of PM,s concentration between school groups of different towns. Results
were compared inside and outside of the schools. Results show that PM, s concentration was high in Ravi
Town and low in Wagha inside the school. PM2s concentration was high in Ravi Town and low in Wagha
outside the schools. The converted value of P.My5s was very much high than the standards set by NEQS.
The standard value is 15pug/m® but the data collected from towns elaborates its very much high value.
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Figure No 10 Concentration of SO,

Figure 10 shows a comparison of SO, concentration between school groups of different towns. Results were
compared inside and outside of the schools. Results show that SO, concentration was high in Ravi Town
and low in Aziz Bhatti inside the school. SO, concentration was high in Ravi Town and low in Aziz Bhatti
outside the schools.
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Figure No 11 Concentration of VOCS
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Figure 11 shows a comparison of VOCs concentration between school groups of different towns. Results
were compared inside and outside of the schools. Results show that VOCs concentration was high in Data
Gang Baksh Town and low in Igbal Town inside the school. VOCs concentration was high in Data Gang
Baksh Town and low in Aziz Bhatti outside the schools.
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Figure No 12 Mean Concentrations of Pollutants in School

Pollutants PM, s, PM1o, CO, CO,, NO, NO;, SO,, H,S, Ozand VOCs found in air through many sources. The
concentration of these pollutants measured in volumetric units in air have been converted to compare them
with standard values of these pollutants given by National Environmental Quality Standards (NEQS). The
standard value of the pollutants are CO, (1000ppm), CO (10mg/m®), Oz (130ug/m?), NO (40pg/m®), NO,
(80ng/m°), SO, (120pg/m?), HaS (0.47ppb), VOC’s (25ppb), PMyo (150ug/m®), PM.s (15pug/m®). Values
are converted by this formula:

g __ ppm X Molecular Weight x 1000
/3 = 224

Discussion

Air pollution is becoming a sensitive issue about public health worldwide. It is creating acute, chronic and
worse impacts on human’s health, plants, equipment, ecosystem and short term effect on visibility (Fenger,
1999; Riga-Karandinos, 2005). Air quality has become a challenge in big cities because people are exposed
to high risk by pollutants. In developed countries, 75% population resides in urban areas whereas the urban
ratio in developing countries is more than 35% causing negative impacts on air quality (Wolf, 2002;
Agrawal et al. 2003; Vargas, 2003; Brajer et al. 2006; Oudient et al. 2006).

Air pollution in cities has become more overwhelming due to increasing population. An abandoned increase
in population direct towards the industrialization without taking natural strategies about topography and
meteorological conditions. The population has become double today as compare to past some decades
(Baldasano et al. 2003). Population increase is directly proportional to: increase variety of mobile facilities
for transportation of products, increase needs of space, material, energy, food and comfort. These demands
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lead towards the utilization of natural resources by deforestation. A number of mobile sources like road
automobile and stationary sources like mining, power plant, industry, commercial activities, trade centers
and space heating etc are responsible for the maximum level of pollutants in ambient air of cities. It is a
difficult task to meet the international standards of pollutant and control their emissions in developing
countries because they have low economies (Ozden et al. 2008).

A number of pollutants are responsible for pollution in air that alter the composition of air and damaged the
living population. Atmosphere has the ability to absorb the pollutant emitted from the different source of
origin but the concentration of these pollutants is depending upon the emission source. The air pollution is
not fixed in ratio but change its concentration temporarily or spatially. This change occurs due to
meteorological conditions and topography of an area. Air pollutants such as Carbon-mono-oxide (CO),
Nitrous oxides (NO, NOy) Sulfur oxides(SO;), Hydrogen Sulfide (H,S), Ammonia( NHs), ground level
ozone (O3), Volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs) has harmful
effects on health of humans (Brunekreef and Holgate, 2002). As pollutants emit from their sources, they
dispersed, transport from source and are combine to form variety of secondary pollutants. This phenomenon
occurs in atmosphere. Ground level ozone forms when Oxides of nitrogen combines with the VOCs in
atmosphere (Fenger, 1999). The combination of primary or secondary pollutant with oxides of sulphur leads
to creation of secondary particulate matter (Atkinson, 2000). The oxidation of NO, forms HNO3 and then
changed into NO3". These secondary pollutants are the main cause of reduced visibility, acidification and
has deleterious impacts on humans (Riga-Karandinos and Saitanis, 2005)

Air pollution has become an alarming situation in Pakistan. The pollutants in air such as PM,s, PM,, CO,
CO;, NO, NO2, SOy, H,S, Oz and VOCs have been reached to their maximum level in metropolitan cities.
The maximum concentration of these pollutants is found about 200m near to the roadways and heavy loaded
roads (Brugge et al. 2007). Thus, the schools and buildings in this vicinity has more exposure to pollutants.

This study was conducted to estimate the concentration of air pollutants in public and private schools of
Lahore. It was found that the level of CO, was increased as compare to standard value 1000ppm. The value
of CO, was higher in government school as compare to the private schools. Inadequate ventilation system is
the cause of high concentration of CO; in classrooms. Through opening and closing of windows repeatedly,
an inadequate air passage was occur caused high CO; value. The other factor is no of pupils present in the
classrooms. (Pegas et al 2011) was found that the high concentration of CO; is responsible for high
concentration of other indoor air pollutants in classrooms. The mean concentration of CO, in government
schools is 438.31 and in private schools are 349.80. The significance value in case of CO; is less than 0.05
which means the null hypothesis is rejected. The concentration is higher in government school than private
school. The mean concentration of NO; in government schools is 19.11 and in private schools are 17.11. The
significance value in case of NO; is less than 0.05 which means the null hypothesis is rejected. The mean
concentration of SO, in government schools is 326.33 and in private schools are 278.36. The significance
value in case of SO, is less than 0.05 which means the null hypothesis is rejected. The mean concentration of
COin government schools is 0.98 and in private schools are 0.76. The significance value in case of CO is
less than 0.05 which means the null hypothesis is rejected. The mean concentration of H,Sin government
schools is 15.81 and in private schools are 12.6. The significance value in case of H,S is less than 0.05
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which means the null hypothesis is rejected. The mean concentration of NOin government schools is 35.85
and in private schools are 29.70. The significance value in case of NO is less than 0.05 which means the
null hypothesis is rejected.The mean concentration of NOx in government schools is 36.29 and in private
schools are 32.92. The significance value in case of NOy is less than 0.05 which means the null hypothesis
is rejected. The mean concentration of O3 in government schools is 12.6 and in private schools are 8.5. The
significance value in case of Os is less than 0.05 which means the null hypothesis is rejected. The mean
concentration of PM in government schools is 374.21 and in private schools are 275.40. The significance
value in case of PMyg is less than 0.05 which means the null hypothesis is rejected. The mean concentration
of PM3s in government schools is 298.12 and in private schools are 198.79. The significance value in case
of PM,s is less than 0.05 which means the null hypothesis is rejected. The mean concentration of VOCsin
government schools is 19.10 and in private schools are 8.4. The significance value in case of VOCs is less
than 0.05 which means the null hypothesis is rejected.

Conclusion

The air quality condition of government school is dangerous as compared to private school. The mean
concentrations of all the parameters were above the permissible values (PEQS) in both the private and
government schools. There should be proper check and balance and rules and regulations as these
conditions are severe, not healthy for the children studying there.

Acknowledgement: The authors thank to University of Veterinary and Animal Sciences Lahore, Pakistan
for financial assistance for this study.
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