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Abstract

The present study assesses ambient air quality in terms of the gaseous pollutants sulfur dioxide
(S0O,), nitrogen oxide (NO), carbon monoxide (CO), total suspended particulates (TSP), and noise levels
at four busy road intersections, along with their associated residential areas in Lahore, Pakistan. A dense
transport system and extensive industry are major causes of serious damage to the urban environment
and human health in Lahore. Air and noise monitoring was conducted in the mornings, afternoons,
and evenings for 3 consecutive days of a month for a period of 8 months. Results showed that average
concentrations of SO, at study sites throughout the monitoring cycle were in the range of 0.005 ppm
to 0.062 ppm, while average NO concentrations varied between 0.5 ppm and 1.34 ppm. CO concentrations
were recorded between 9.5 ppm and 16.75 ppm, whereas the average concentrations of TSP ranged
622-1046 pg/m3. The average noise levels ranged from 67.2 dB to 120.1 dB. Moreover, a questionnaire
survey carried out to examine the health impacts of pollutants on potential receivers such as workers,

laborers, shop-keepers, nearby residents, and traffic wardens showed the existence of various diseases

among respondents due to deteriorating air quality and elevated noise levels.
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Introduction

The problem of escalating air pollution in many
developing countries is associated with overpopulation
and increasing industrialization. Air pollution at the
regional level in many of these developing nations has
been attributed to the use of non-renewable fuels such

*e-mail: almas209@yahoo.com

as diesel and biomass [1]. According to a World Health
Organization (WHO) estimate, around 3.7 million deaths
in 2012 were linked to ambient air pollution [2], with
88% occurring in low- and middle-income countries.
Particulate matter (PM,, and PM,,) is allegedly
responsible for cardiovascular and respiratory diseases
and cancer [3-5]. Air quality a sssessment in the Asian
region shows that concentrations of air pollutants in high-
income countries also usually exceed WHO guidelines
and ambient air quality standards [6-7].
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Lahore, the second largest city of Pakistan, with
a population of approximately 10 million people,
boasts of a dense transport system and extensive
industrial establishments that are major causes of
serious damage to the urban environment and human
health [8]. Vehicular emissions are accountable for
air pollutants, including CO, NO, hydrocarbons,
and particulate matter (PM). According to Punjab
Development Statistics, the total number of registered
vehicles in Lahore has increased tremendously,
from 39,205 in 1974 to 1,464,344 in 2006 and up to
3,991,517 in June 2014 [9]. In 2015 the number stood at
9,482,000, which is expected to grow to 13,068,000 by
2025 [10].

Ambient air quality monitoring of Islamabad,
Pakistan showed annual average concentrations of
PM, | and nitric oxide as 45-95 pgm™and 41-120 ugm™,
respectively, which are higher than Pakistan’s National
Environmental Quality Standards [11]. The highest
levels of measured TSP, PM,, SO,, NO_, and ozone
have been observed in Lahore [12]. Waheed et al

also reported exceedingly elevated levels of SPM
(1,128-1,870 pg/m?®) in Lahore [1, 13]. Other monitoring
studies show the deteriorating ambient air quality of
major cities, including Lahore [14-17], with increasing
fog incidents associated with detrimental economic and
health impacts [18].

Noise pollution is also a direct consequence of
increased vehicular volume, and Lahore is no exception.
Studies indicate that the populations of major cities of
Pakistan are exposed to higher noise levels, with drivers
at a greater risk as reportedly 65% of drivers in Lahore
suffer from noise-induced hearing loss [19]. Besides
auditory effects, noise pollution is related to other adverse

impacts ranging from simple annoyance, concentration
loss, and stress to more serious ailments like mental
health deterioration and cardiovascular diseases [20-24].
According to WHO statistics, traffic noise results in an
estimated one million health life years in the European
Union and other western countries [20].

In addition to these already existing burdens, the
construction of development projects underway at
Lahore such as the rapid mass transit Orange Line and
signal-free road projects have worsened the situation.
The present study was conducted to measure the existing
levels of SO,, NO, CO, TSP, and noise levels at major
road intersections and adjoining residential areas of
Lahore and to assess the adverse health implications of
this increasing air and noise pollution.

Materials and Methods
Study Site

Eight areas comprising Yateem Khana Intersection
(YKI), Karim Block Intersection (KBI), Qartaba
Intersection (QI), and Shadman Intersection (SI) with
their respective adjoining residential areas (designated
as YKR, KBR, QR, and SR) were seclected for air
monitoring (Fig. 1). The initial survey of the study areas
was conducted to identify suitable monitoring points
for air and noise monitoring based on factors such as
traffic load and proximate residential areas. The distance
between monitoring points at YKI and YKR is 700 m,
while the respective distance of KBI from KBR is 650 m,
that of QI and QR is 400 m, and of SI and SR is 720 m.
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Air, Noise, and Meteorological Monitoring

The parameters monitored include TSP, SO,, NO,
CO, and Noise. Daily monitoring was carried out for
3 consecutive days of each month for a duration of
8 months from July 2015 to February 2016, thrice
a day: morning (08:00-10:00), afternoon (13:00-15:00)
and evening (18:00-20:00). MX6 iBrid air analyzer was
used for gaseous monitoring, while TSP was monitored
using a Micro Dust Pro Casella Cell/CEL-712. A digital
sound level meter/OS-11 was employed to monitor noise
levels.

Designing Health-Based Questionnaire
and Field Survey

A questionnaire was designed and administered
to 50 respondents from each area in order to assess
the health status and the perceived effects of air and
noise pollution on potential receivers such as workers,
laborers, shopkeepers, residents, and traffic wardens
at and around the monitoring sites. A specific section
of the questionnaire was designed and targeted to
the traffic wardens on duty at the commercial areas/road
intersections and traffic signals.

GIS Mapping Methodology

Using ArcMap 10.1, four layers were developed to
show the prevalence of CO, SO, NO_, TSP, and noise
levels within the area of interest (AOI). These layers
were developed by adopting the nearest neighbor
(NN) algorithm through interpolation techniques. Areas
with pollutants above NAAQS limits were mapped in
each layer using the point feature. Points where these
pollutants reached threat levels with regard to health
impacts were highlighted. Each of the layers developed
were stacked to create a composite layer that resulted
in a single layer showing the hot spots where the said
pollutants attained threateningly high levels within the
city.

Results and Discussion
Air and Noise Quality Assessment

Results of ambient air quality monitoring showed
a direct relationship between traffic density and
concentration of pollutants. Traffic volume passing
through these intersections indicated a direct relationship
of TSP and noise pollution with the number and type of
vehicles, i.e., cars, buses, vans, trucks, motor cars, motor
bikes, and rickshaws. TSP and noise levels as a result of
traffic volume were also found to be directly related to
the time of day. The traffic volume was observed to be
high in late afternoons until late evenings (16:00-20:00)
owing to multiple reasons, which include but are not
limited to the off time of offices, recreational activities
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Fig. 2. Monthly average concentrations of SO, at all monitoring
sites.
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Fig. 3. Monthly average concentrations of NO at all monitoring
sites.

of people, and also culture of scheduling most of the
occasions/events at late evenings in Lahore.

Monthly average concentrations of SO, (Fig. 2)
show the highest SO, concentration measured at
SI (0.36 ppm) during September 2015. The average
concentrations of SO, throughout the monitoring
cycle were 0.019+0.03482, 0.005+0.01414, 0.04+0.03536
and 0.062+0.07954 ppm at YKI, KBI, QI, and SI,
respectively. The concentrations, except at SI, were
within Pakistan NAAQS, ie., 0.045 ppm [16], but
higher than the WHO standard for 24 hr average
(0.00764 ppm). An earlier study reported SO, levels in
Lahore in the range 0.02-0.05 ppm [12], whereas lately
mean SO, concentration (24 hours) at Qartaba (QI)
and Shadman Chowks (SI) were measured as 0.0714 ppm
and 0.054 ppm, respectively [25], which are higher than
those measured during the present study.
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Fig. 4. Average monthly Concentrations of CO at all monitoring
sites.
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Fig. 5. Average monthly concentrations of TSP at all monitoring
sites.

Monthly average NO concentrations at all sites
(as depicted in Fig. 3) show that the highest average
NO concentration was measured at SI (2.6 ppm) in
January 2016, while the lowest was recorded at KBR

Table 1. Percentage of reported health problems by respondents.

(0.03 ppm) in August 2015. While the average NO
concentrations throughout the monitoring cycle were
recorded to be 1.22+0.82765, 0.7+0.52820, 1+0.66403,
0.5+0.44775, 1.12+0.08741, 0.59+0.37201, 1.34+0.52636,
and 0.69+0.53456 ppm at YKI, YKR, KBI, KBR,
QL QR, SI, and SR, respectively, levels alarmingly
exceeding the NAAQS (0.03 ppm). According to an
earlier study in Lahore, the concentration of NO was
0.22 ppm, which was higher than standards [17].
Monthly average concentrations of CO at all sites
(Fig. 4) showed the highest average CO level
(21 ppm) in January 2016 at YKI and SI, while the lowest
was measured during August 2015 at KBR (6 ppm).
During the entire monitoring duration, the average CO
concentrations were recorded as 16.5+2.878, 11.5+2.449,
13.542.449,  9.5£2.449, 14.5+2.997,  9.94+3.363,
16.57+£3.444, and 11.33+3.405 ppm at YKI, YKR, KBI,
KBR, QI, QR, SI, and SR, respectively. These levels

Sr. Total affected
No. Reported Symptoms YKR | KBR | QR SR Wardens
Respiratory diseases
1 (Coughing and wheezing, congestion, shortness of breath, increase in 26% | 22% | 20% | 25% 21%
asthma and lung cancer, etc.)
2 _ Skin Problems 8% | 10% | 5% | 9% 8%
(Aging, pimples, allergies, etc.)
Cardiovascular Problems o o o o o
3 (Heart attacks, abnormal heart beat, strokes, hardening of arteries, etc.) % 3% 6% 3% 10%
4 Hearing Impairment 6% 4% 4% 8% 13%
Others
» Headaches 30% | 26% - - 18%
* Nausea 8% 7% 5% 7% 18%
* Dizziness 8% 4% 7% 8% 9%
« Irritation of eyes, nose and throat 16% 13% | 21% | 21% 17%
* Insomnia 5% 6% 4% 5% 2%
* Depression 16% | 15% | 4% 7% 5%
* Stress 10% | 21% | 8% 10% 10%
5
* Public Conflicts 3% 1% 5% 8% 7%
« Irritation and Annoyance 13% 19% 5% 8% 9%
* Behavioral Effects 6% 2% 8% 11% 20%
* Speech Interference 3% 2% 13% | 13% 15%
* Hypertension 16% 7% 10% | 17% 13%
* Fatigue 15% 11% - - 5%
« Concentration Loss 5% 7% 12% | 13% 12%
« Sleep disturbances 7% 12% | 16% | 17% -
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Fig. 6. Average monthly noise levels at all monitoring sites.

are 2 to 4 times elevated over the NAAQS (4 ppm)
limit. The elevated CO emissions can be linked to
incomplete combustion and directly related to traffic
flow volume coupled with idle emissions due to traffic
jams. The values are consistent with the past record,
where CO concentration was recorded to be in the
range of 4-12 ppm [12], which not only exceeded the
standards.

Monthly mean TSP concentrations at all monitoring
sites (Fig. 5) showed highest average concentration
of TSP (2999ug/m?) at YKI in November 2016,
while the lowest was measured in August 2015 at QR
(68 pg/m®). The overall average concentrations of
TSP over the recorded monitoring period were
1046+954.318, 815+542.940, 809+607.357, 622+431.903,
906+244.330,  746£166.207,  1035+253.539,  and
785+£272.011 pg/m? at selected sites, i.e., YKI, YKR,
KBI, KBR,QI, QR, SI, and SR respectively, exceeding
NAAQS (500 pg/m?). Earlier studies reported maximum
(1hr) TSP at YKI (i.e., 996 ug/m?) [12]. The higher levels

129,555

of TSP may be due to the ongoing construction phase of
orange line train at YKI and KBI, while at QI and SI the
higher levels of TSP may be attributed to the construction
phase of signal-free Jail Road.

Monitoring of air quality at Qartaba chowk, Shadman
chowk, Fawara chowk, and Liberty in Lahore was carried
out as a part of the EIA study that reported SO,, NO,
and CO levels to be within prescribed limits, while PM
was higher than the standard, while at Qartaba chowk
the situation was particularly critical [26]. At YKI there
is more traffic congestion and heavy traffic than KBI,
and also there are many open fields at KBI, which may
be the reason behind low pollution levels. The monitored
residential area (YKR) was downwind of YKI, whereas
KBR was opposite the wind direction at the intersection.
This is also a reason that YKR was comparatively more
polluted than KBR. Due to their demographic status,
these junctions represent higher traffic volumes on roads.
QI and SI are the busiest commercial areas of Lahore.
These areas have colleges, schools, restaurants, shops,
hospitals, banks, and the popular Jilani Park. Temple
Road and GOR-1 are the residential areas of Lahore near
QI and SI, respectively. These are the lush green areas
with grounds, parks, and clean and wide roads.

The highest noise level was measured at SI (133
dBA) in September 2015 while lowest was at KBR (63.1
dBA) in January 2016 (Fig. 6). The average noise levels
throughout the monitoring cycle were 84.68+4.8798,
71.8+£1.9715, 79.6+3.1234, 67.2+3.4318, 112.2+7.9237,
95+15.4081, 120.1+12.2957, and 101.7+9.1652dB at YKI,
YKR, KBI, KBR, QI, QR, SI, and SR, respectively,
in contrast to 85.5 dB as reported earlier at YKI [12].
Earlier highest noise levels (91-121 dB) were measured
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in major areas along the walled city and the inhabitants
suffered from various related ailments [27].

India is also facing pollution problems as revealed by
the results of a study conducted in Delhi for NO, and
PM, . monitoring. The mean of hourly NO, concentrations
was found to be 7.5% times higher than WHO standard
value, while PM2.5 concentrations were found to be
25% higher than standard value, which indicate a high
pollution burden [28].

In Delhi and Beijing trace gases and particulate
matter were monitored from 8 and 12 measuring sites,
respectively. The annual average of PM , ., PM,, O,
NO,, and CO over Delhi was, respectively, 146.5 pg/m’,
264.3 pg/m?, 247 pg/m?3, 19.8 pg/m?, and 1.73 mg/m?,
and over Beijing 85.3 pug/m3, 112.8 ug/m3, 58.7 ug/m?,
53.4 pg/m?, and 1.4 mg/m3, respectively [29].

Results of Questionnaire Survey;
Health Impacts

Health effects due to high noise levels were reported
during the survey. Hearing impairment was experienced
by 6%, 4%, 4%, and 8% of respondents at YKR, KBR,
QI, and SI, respectively, while in traffic wardens this
percentage was higher (13%). Other health problems
related to high noise levels (headaches, depression,
stress, and hypertension) were also identified during the
study.

Health issues experienced by respondents due to
air and noise pollution at area of interest (AOI) are
given in Table 1. These results are consistent with
literature, which reports incidences of hypertension
and cardiovascular and ischemic heart diseases due to
significant exposure to traffic noise [20, 30], with higher
occurrences among residents living in close proximity to
a motorway [21].

A correlation test was applied in order to ascertain
the relationships among pollutants. Pearson correlation
was significant and showed the strongest association of
NO and CO. Similarly, the correlation between TSP and
NO and TSP and CO was also significant. Concentrations
of CO and TSP increased due to high traffic flow, high
temperature and humidity, and decreased wind speed.
Moreover, association was also significant for air and
noise pollution.

The selected intersections are heavy traffic spots
due to the presence of educational institutions and the
prevalence of commercial activities. In order to provide
an explicit picture of the elevated concentrations
of the gaseous pollutants (SO,, NO, CO), TSP and noise
levels, we utilized GIS to generate threat level maps
of the AOIs. Spatial distribution of the pollutants is
exhibited in Fig. 7.

Conclusion

The present study concludes that elevated levels
of NO, CO, and TSP are prevalent in major areas of

Lahore. The general public is suffering from adverse
effects of air and noise pollution, and long-term exposure
poses a major risk to the population due to increasing
traffic load and unchecked emissions. There is an
urgent need to adopt air quality management strategies
for improving air quality of urban centers. Public
awareness programs regarding the use of a public
transport system, strict implementation of issuance
of fitness certificates for vehicles, and use of cleaner
fuels need to be promoted to reduce vehicular
emissions.
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