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ABSTRACT

Children spend alarge part of their time in school. Air pollution due to high concentration of particulate matter
in schools has a detrimental effect upon children and teachers health and achievement. This study was
carried out to assess mass concentration of particulate matter (PM,,, PM, /) in schools of Lahore, Pakistan,
by using portable Tactical Air Sampler (Minivol™ TAS) and questionnaire survey during working days of the
schooals, in 5 northern (downtown area), and 5 southern (suburban) schools of Lahore, from November 2010
to June 2011. Mean concentration of PM, ; in sampling schooals of northern and southern Lahore was 1433.04
ug/m? and 293.9ug/m? respectively, while that of PM, . was 153.8 pg/m®and 54.79ig/mé respectively. In both
the areas, concentration of PM, , was minimum at 6a.m. and maximum at noon. Concentration of PM, ; and
PM, . was higher in winter than in summer, but was found to be lower on rainy days. In winter, northern and
southern schools’ mean PM,  was 1507.15 pg/m?® and 314.5438 pg/m?, and PM, , was 169.1pg/m®and 59.5
pg/m3. In summer, PM,  was 1365.4 ug/m® and 284.4 pg/m?, and PM, , was 137.8 pg/m® and 44.5 ug/m?
respectively. PM,, and PM, . concentration in northern schools was significantly higher than in southern
schools. It exceeded WHO and NAAQS of Pakistan. Questionnaire revealed that adverse impacts of high
PM concentration are more rigorous at northern schools than at southern schools of Lahore. Suitable site

selection and public cooperation are vital for reduction of particulate matter in schools of Lahore.

INTRODUCTION

High concentration of particulate matter (PM) has harmful
impact upon all age groups but the worst affected victims
are the children who have developing organs and less im-
munity (Nkwocha & Egejuru 2008). School-aged children
spend about 30% of their day in school, therefore, itisvery
important to minimize the concentration of particulate matter
inschools (Frommeet a. 2007, Ashmore & Dimitroulopoulou
2009, Halek et a. 2005, WHO 2005, Schwartz 2001). Nor-
mally an adult breathes 13,000 litresof air per day, children
breathe 50 percent more air per pound of body weight than
adults, and hence, children inhale more particulate matter
than adults (Ismail & Sofian2012, US-EPA 1997, McConnell
1999). Particulate matter is a mixture of solid particlesand
liquiddropletsfoundintheair. PM isdescribed by itsparti-
cleszeasPM,  or PM, etc. (Diapouli 2007, Berry 2002,
Wilson et al. 2010, Zota 2009, Langiano et a. 2008). Stu-
dents and teachersin schools near main road are more ex-
posed to particul ate matter (Kim 2004, Brunekreef 1997).

Lahoreisthe second largest city in Pakistan; its popul a-
tion is about 8 million (Ahmad et al. 2012). Northern La-
hore (downtown area) is thickly populated and is the his-
torical commercial hub of Lahore. Whereas, southern La-
hore, (suburban) is thinly populated having open canton-
ment area. The aim of this study was to compare the mass
concentration of particulate matter (PM_, PM.,,) at schools

in southern (suburban) and northern (downtown area) La-
hore, and to assess whether schoolsin open areaor in con-
gested area have healthy environment for students.

MATERIALS AND METHODS

Study area/site selection and sampling program: The
present study was conducted in schoolsof Lahore. The sam-
pling sites were randomly selected. Five northern and five
southern schoolsin Lahore were selected for study. Google
Earth map was used for geographical position determina-
tion of sampling schools (Table 1).

On an average, there are 35 studentsin each classroom
of suburban schools, and 53 students in each classroom of
downtown schools. At the sampling sites, PM, and PM, .
were measured from November 2010 to May 2011. The sam-
pleswere collected once aweek from each site.

All sasmpleswere collected from 6:00 a.m. to 4:00 p.m.
according to the schedul e approved by the school manage-
ment i.e., at 6:00a.m., during assembly, break, gamesperiod,
afternoon (half hour before the school wasover to half hour
after school was over) and at 4:00 pm.

Samplecollection methodol ogy: Sampleswere obtained by
usi ng aportable ambient air sampler MiniVol™ Tactical Air
Sampler (TAS). Sampler wasplaced at 1-metre height at |least
1 m away from obstacles. It wasoperated at aflow rate of 5
litres per minute, and the flow rates were checked before
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and at the end of the study. Sampling time for PM, was24-
hour, and sampling timefor PM,, was 1 hour. Sampleﬁwere
collected on47 mm fibre-film frlters electronic balancewith
accuracy of 0.001 mg wasused to weigh thefilters. Thefil-
terswere conditioned in el ectronic desiccators, with atem-
perature of 25°C and relative humidity of 50%, before and
after sample collection. From weight of particulate matter,
mass concentration of PM_ and PM,  were calcul ated. t- test
was used to statistically compare mean concentrations of
PM_, and PM, . among northern and southern schools of
Lahore and with WHO standards aswell aswith NAAQS of
Pakistan.

RESULTS AND DISCUSSION

After sampling, mean concentrations of PM, . during vari-
ousactivitieswere cal culated for each sampling school, these
were compared with NAAQS, WHO value and together, this
isgivenin Table2 and Fig. 1.

Mean concentration of PM, . variesdueto different types
of activities performed by the students during school hours.
Mean concentrations of PM, . follows asimilar trend at all
study sites, that is: 30 min before and after the last bell ring
> at 4 p.m. > during break > during games period > during
assembly > 6:00 a.m. The afternoon peak enhanced due to
anthropogenic activities within the school and outside the
school.

Figs. 2 and 3illustrate the comparison of mean concen-
trations of PM,, and PM,, among northern and southern
schools of Lahore aswell aswrth NAAQS of Pakistan and
WHO value. The mean concentrations of PM,,. and PM_ for
northern and southern Lahore were 153. 88 O ug/m3 and

Table 1: Details of sampling schools.

54.79ug/m?, and 1433.04 pg/miand 293.9ug/mérespectively.

In northern schools, mean mass concentration of PM.,,
is6.15timesand PM | is5.76 timesabove NAAQS of Paki-
stan, while many times higher than WHO threshold value,
but in southern Lahore it exceedsthe NAAQS and WHO to
lesser extent, thus, showing better air quality.

Figs. 4 to 7 show the distribution of the schoolsinto dif-
ferent airshed on the basis of mass concentration of PM, .
and PM_, in them. It becomes clear from Figs. 4-7 that |n
northern schools airshed dueto massconcentration of PM,,
and PM_, is highly polluted. Its main cause is presence df
main bus stand (Lorry Adda) in thisarea (Green 2004, Lin
2002, Venn 2001) which producesalot of smoke and other
pollutants. Southern schoolsare consdered to have healthy
airshed according to NAAQS of Pakistan.

Schools situated near busy roads have higher concentra-
tion of PM,,andPM_ but Govt. Junior and Central Model
School No. 2, Rattigan Road, Lahore (downtown area), situ-
ated on less busy road, had higher mass concentration of
particulate matter than Govt. Central Model School, L ower
Mall L ahore (downtown area), situated on the bank of amost
busy road, due to construction activities going on during
school hours.

Figs. 8 and 9 illustrate the change in concentrations of
PM, . and PM_ duetorainfall. During sampling, there was
rainfall on 30" December 2010 (6.8mm), 318 December 2010
(8.2mm), 8" February 2011 (7mm), 16" February 2011
(13.4mm), 27" February 2011 (4.2mm), 1% March 2011
(5mm), 3 March 2011(2mm), 16" April 2011 (8mm), 17"
April 2011 (4mm) and 6" May 2011(6mm). Concentration

School name Latitude
and location

(suburban)

Longitude

School Name
and Location
(downtown area)

Latitude Longitude

FG Model High School 31°32'39.35"N 74°22'37.20"E
(Girls), Sarwar Road,

Lahore Cantt

FG Middle School No. 3,
Lahore Cantt

31°32'59.35"N 74°22'39.08"E

Govt. Central Model
School, Lower Mall
Lahore

31°34'33.79"N 74°18'26.73"E

Govt. Asifa New Model
Girls High School, Said
Mitha Bazaar, Lahore

31°34'27.64"N 74°18'15.10"E

Govt. Muslim Boys High
School, Sarwar Road,
Lahore, Cantt.

Shamhadia School, Sadar
Bazaar, Lahore Cantt

Govt. ISamia Girls High
School, Dahaka Road,
Lahore Cantt

31°32'39.36"N

31°32'50.16"N

31°32'47.14"'N

74°22'37.28"E

74°22'37.90"E

74°22'42.25"E

Muhammadia Girls High

School, Mohni Road, Lahore

Govt. Islamia High School
Mohni Road, Lahore

Govt. Junior and Central
Model School, Rettigon
Road, Lahore

31°34'57.18"N

31°34'54.32"N

31°34'30.55"N

74°18'10.00"E

74°18' 11.55"E

74°18' 11.53"E
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Table 2: Mean concentration of PM , . and PM, in the schools of Lahore. Averaging period for PM, .= 1-hour. Averaging Period for PM, = 24-hours

Name of sampling 1 Hour During During During 30min Atdpm. Mean Mean

schools of Lahore Before assembly break games before & pg/msd Concen- Concen-
the school pg/msd pg/msd period after the tration tration
starts pg/msd last bell of PM,, of PM,,
pg/msd ring, pg/m?

FG Model High School 231 29.9 409 353 49.8 41.8 36.8 240.5

(Girls) Lahore Cantt

FG Middle School 46.4 57.6 131.8 95.6 161.7 139.8 105.5 4233

No.3 Lahore Cantt

Govt. Muslim Boys 27.6 344 456 389 54.5 46.0 41.2 251.9

High School, Lahore Cantt

Shamhadia School, Sadar 26.8 334 53.7 47.8 68.5 53.9 474 260.8

Bazaar, Lahore Cantt

Govt. Islamia Girls High 32.6 36.7 42 394 57.4 50.6 431 292.8

School, Lahore Cantt

Govt. Central Model 825 120.0 183.8 137.3 2711 220.3 169.0 1504.5

School, Lower Mall, Lahore

Govt. Asifa New Model 731 92.0 133.6 109.3 184.1 1435 122.6 1278.1

Girls High School, Said

Mitha Bazaar, Lahore

Muhammadia Girls High 74.8 100.0 155.6 125.5 255.3 174.4 147.6 1338.5

School, Mohni Road, Lahore

Govt. Islamia High School 75.2 1115 177.7 130.7 2415 174.0 151.8 14447

Mohni Road, Lahore

Govt. Junior and Central 78.8 113.8 201.0 159.4 285.6 228.3 1745 1599.4

Model School 2, Rettigon

Road, Lahore

Table 3: Comparison of number of cases suffering from medical problems
in study areas.

Typesof medical % of cases at Northern % of cases at Southern
problems Schools of Lahore Schools of Lahore
Asthma 60 25

Heart 15 6

Skin alergy 50 20

Running nose 70 40
Bronchitis 30 8
Eyeinfections 25 11

Fever 38 16

Coughing 74 50

of particulate matter on rainy days, as well as on the next
day after rain was less than the mass concentration of
particulate matter on the dayswithout rain. Thelow concen-
trations could be due to wash out effect dueto rain.

Figs. 10 and 11 show that same trend wasfound in both
the study areas (northern and southern Lahore) for masscon-
centration of particul ate matter. It washighest in December

andlowest in May. Inwinter, northern and southern school s
mean PM, was 1507.15 pg/m® and 314.54 pg /m?, and PM.,,
was 169.1ug/m? and 59.5 ug/m?. In summer PM,  was1365.4
Hg/me and 284.4 g /mé, and PM,,  was 137.8 pg/m?® and 44.5
pg/m?® respectively. There are many slumsin and around
northern L ahore who burn heaps of solid waste to keep them
warm inwinter season, resultingin Sgnificant increasein mass
concentration of particul ate matter in thewinter season.

Datacollected from the sudy areathrough questionnaire
revealed that number of children and teachers suffering from
varioustypes of medical problemswere higher in northern
schoolsthan in southern schoolsof Lahore (Fig. 12). Thisis
consistent with the measured mass concentration of PM.

Northern area of Lahore has high PM concentration so
more individual s are suffering herefrom medical problems,
which createfinancial burden on parentsand affects students
academically (Mazhar & Jamal 2009, Gabrio et al. 2007,
Englishet al. 1999, Gauderman, 2007, Yasmeen et a. 2012).
In both the sudy areas, most of the parentsconsider air pollu-
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Fig. 1: Comparison of mean PM,, . among Northern and
Southern Schools of Lahore.
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Fig. 2: Comparison of mean values of PM,, . in Northern and

Southern Schools of Lahore.
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Fig. 3: Comparison of mean values of PM, in Northern and
Southern schools of Lahore.
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Fig. 4: Types of airshed due to concentration of PM, . in Southern

Schools of Lahore.
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Fig. 7: Types of airshed due to mass concentration of PM,; in
Northern Lahore.

Fig.8: Change in Concentrations of PM , . after rain.
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Fig. 9: Change in concentrations of PM  after rain.
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Fig. 10: Change in mean concentration of PM , . with change in weather.
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Fig.11: Change in mean concentration of PM, with change in weather.
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socioeconomic burden

% of parents consider air polution (PM2.5,PM10) as a socioeconomic burden

1% of parents having no awareness about air polution (PM2.5,PM10) asa

95%

Fig.13: % of parents consider air pollution (PM , PM, ) as an economic burden.

tion as economical burden for themselves but some semi-
literate parents do have any awareness as illustrated in
Fig. 13.

CONCLUSION

High concentrations of PM ,.and PM in schools of north-
ern Lahore revealed that the schools have poor air quality,
whichisinjuriousfor the children. Southern schoolsof La-
hore have better air quality, which is good for children’s
health and academic performance.

ACKNOWLEDGMENTS

The authors sincerely thank Kinnaird College for Women
and Environment Protection Department, L ahore for valu-
able assistance during the project, and the schools, children
and teacherswho took part in thisresearch.

REFERENCES

Ahmad, SR., Khan M S, Khan,A.Q., Shahid,G. and Ali, S. 2012. Sewage
water intrusion in the groundwater of Lahore, its causes and protec-
tions. Pakistan Journal of Nutrition, 11(5): 484-488.

Ashmore, M.R. and Dimitroulopoulou, C. 2009. Personal exposure of chil-
dren to air pollution. Atmospheric Environment, 43: 128-141.

Berry, M.A. 2002. Healthy School Environment and Enhanced Educational
Performance; The Case Study of Charles Y oung Elementary School,
Washington, DC, Carpet and Rug Institute.

Brunekreef, B. 1997. Air pollution from truck traffic and lungs function in
children living near motorways. Epidemiology, 8: 298-303.

Diapouli, E. 2007. Indoor and outdoor particulate matter concentrations at
schoolsin the Athens. SAGE Journals, 16(1): 55-61.

English, P., NeutraR. and Scalf, R. 1999. Associations between childhood
asthmaand traffic flow using a geographic information system. Envi-
ronmental Health Perspectives, 9: 761-767.

Fromme, H., Twardellg, D., Dietrich, S, Heitmann, D., Schierl, R., Liebl,
B. and Ruden, H. 2007. Particulate matter in the indoor air of class-
rooms - Exploratory results from Munich and surrounding area. At-
mospheric Environment, 4(1): 854-866.

Gabrio, T., ZoélIner, 1. and Link, B. 2007. Concentrationsof particulate matter
in schools in southwest Germany. Inhal. Toxicol., Suppl. 1, 19:
245-249.

Gauderman, W. J. 2007. Effect of exposure to traffic on lung development
from 10 to 18 years of age: A cohort study. Traffic pollution harms
children’s lungs-study 369 (9561): 571-577.

Green, R.S. 2004. Proximity of California public schools to busy roads.
Environmental Health Perspect., 112(1): 61-66.

Halek, F., Hassani, F. and Kavousi, A. 2005. Evaluation of indoor-outdoor
particlesizedistribution in Tehran’ selementary schools. World Acad-
emy of Science, Engineering and Technology, 57: 463-465.

Ismail, M. and Sofian, N.Z.M. 2012. Indoor and outdoor relationships of
respirable suspended particulate matter at primary schools in Kuala
Terengganu, Malaysia. Indoor and Built Environment, 21(3): 423-431.

Nature Environment and Pollution Technology -+ Vol. 12, No. 2, 2013



296

Kim, J. 2004. Traffic related air pollution and respiratory health: East Bay,
children’s respiratory health study. American Journal of Respiratory
and Critical Care Medicine, 17: 520-526.

Langiano, E., Lanni, L., and Atrei, P. 2008. Indoor air quality in school
facilitiesin Cassino (Italy). Ig Sanita Pubbl., 1: 53-66.

Lin, S. 2002. Childhood asthma hospitalization and residential exposureto
state route traffic. Environmental Research, Section A, 88: 73-81.
Mazhar, F. and Jamal, T. 2009. Temporal population growth of Lahore.

Journal of Scientific Research, 39: 53-59.

McConnell, R. 1999. Pollution and bronchitis symptomsin Southern Cali-
fornia children with asthma. Environ Health Perspect., 9: 757-760.

Nkwocha, E. and Egejuru, R.O. 2008. Effects of industrial air pollution on
the respiratory health of children. International Journal of Environ-
mental Science and Technology, 5(4): 509-516.

Schwartz, J. 2001. Air pollution and blood marker of cardiovascular risk.
Environment Health Prospect., 3: 405-409.

US-EPA (United States Environmental Protection Agency) 1997. Health

AnilaRose Y ousaf and Nikhat Khan

and Environmental Effects of Particulate Matter, Fact Sheet, Region 7
Air Program.

Venn, A.J. 2001. Living near amain road and therisk of wheezing illness
in children. American Journal of Respiratory and Critical Care Medi-
cine, 164: 2177-2180.

Wilson, J.G., Kingham, S. and Pearce, J. 2010. Air pollution and restricted
activity days among New Zealand school children and staff. Int. J.
Environment and Pollution, 41: 140-154.

WHO (World Health Organization) 2005. Air Quality Guidelines: Global
update 2005, Particulate Matter, Ozone, Nitrogen Dioxide, and Sulfur
Dioxide. http://whglibdoc.who.int/hg/2006/WHO_SDE_PHE_
OEH_06.02_eng.pdf, accessed on 20" September 2011.

Yasmeen, Z., Rasul, G. and Zahid, M. 2012. Impact of aerosols on winter
fog of Pakistan. Pakistan Journal of Meteorology, 8(16): 21-31.
Zota, A.R. 2009. Impact of mine waste on airborne respirable particulates
in northeastern Oklahoma, United States. J. Air & Waste Manage.

Assoc., 59: 1347-1357.

Vol. 12, No. 2, 2013 -+ Nature Environment and Pollution Technology


http://whqlibdoc.who.int/hq/2006/WHO_SDE_PHE_

