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Abstract 

 

 In this work, we assessed the preliminary air quality parameters including particulate matter (PM2.5), NO2, NO, SO2, CO 

of Lahore city in Pakistan. The concentrations of these pollutants were measured at 19 sites for a period of three months. Results 

showed that concentration of PM2.5, NO2, and NO in the ambient air of Lahore city was  higher in month of June, while it reduced 

well below the limits of NEQS in July, but still higher than the USEPA ambient air quality standards. The level of SO2 was found 

lower than both the NEQS and USEPA standards throughout the study period.  Moreover, it was observed that the vehicular and 

industrial areas were more severely polluted as compared to residential/commercial areas. 
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1. Introduction 

 

 The Lahore city; located between 31°15′-31°45′ N 

and 74°01′-74°39′ E, is capital of the Punjab  and second 

largest economic hub after Karachi. The GDP is estimated 

to be $40 billion at present and is projected to be $102 

billion by the year 2025 with an average growth rate of 5.6 

percent and its contribution in national economy is about 

13.2% (www.prannevile.com). Lahore city is surrounded on 

north and west by the Sheikhupura District, east by Wahgah 

border (Pakistan-Indian Border) and by Kasur District from 

south side. The Ravi River passes away from the north side 

of Lahore [1-2]. Lahore weather conditions comprise 

extremely hot and long summers (months of May, June and 

July) when temperature ranges up to 40-48 °C (104-118 °F); 

with monsoon and dust storms (rare). The monsoon season 

starts from late July to August, with heavy rainfall 

throughout the province. The highest rainfall in the city was 

recorded (221 mm during 24 hours) on 13 August 2008. 

Moreover, the Lahore city has a dense transport system and 

industries which are causing serious damage to urban 

environment and human health. There exist a strong 

correlation between increased air pollution and prevalence 

of respiratory allergies, kidney damage, asthma and other 

health and mental disorders. [2, 3-5]  

In urban centres, high vehicle density with heavy 

engines and horn use can also cause excessive noise 

pollution, which is associated with accelerated hearing loss 

and sleep disturbances [6-7]. Finally, rising rates of traffic 

lead to increased stress levels and adversely affected work 

productivity [8]. The awareness regarding diverse health 

related issues made air pollution the most crucial problem in 

the industrial nations.   [9-11]. Besides, rapid urbanization, 

development and economic growth, Lahore; just like other 

metropolitan cities in the world, is facing more pressure for 

environment protection. The increased rates of asthma, 

respiratory and mental disorders have been strongly 

correlated with worsening of ambient air for last few 

decades [12-13]. Lahore city has become one of the regions 

in Pakistan, where control of air pollution has become 

crucial.  

From the above reports, it is hypothesized that 

there is a gradual change in air quality parameters. So, the 

aim of present study was to assess the ambient air quality in 

Lahore city and its comparison with of NEQS and USEPA 

as well as the previous studies. Hence,  ambient air quality 

parameters e.g. particulate matter (PM2.5), NO2, NO, CO and 

SO2 were   measured as a function of time and sites.  
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2. Materials and Methods 

 

 From Lahore city, 19 sites (Residential, 

commercial, vehicular and industrial areas) were randomly 

selected by a ‘walk through survey’ for sampling (Table 1) 

and samples were collected in high volume sampler for 2 

hours (each study site) at the peak busy hours of maximum 

traffic density. The samples for the assessment of particulate 

matter (PM2.5) were collected for a period of 24-hour at an 

average flow rate of 40 cfm (1.13 m
3
/min) and three 

times/week. The level of NOx, Cox and SOx  was analysed 

using automated kits (KANECO91/UK, Hand-held carbon 

monoxide analyser and 6500-Smoke meter) based on 

standard methods such as non-dispersive infrared detection, 

and gas phase chemiluminescence method [14]. 

 

2.1. Statistical Analysis 

 All the experiments were performed in replications 

and data thus obtained was analysed for Mean ± SD (Steel et 

al.)[15]. 
 

3. Results and discussion  

 

3.1. Particulate Matter (PM2.5) 

The PM2.5 contents were calculated for period of 90 

days (21 samples) at 19 different sites and values are given 

in Table 1.  The PM2.5 levels were found higher than NEQs 

and USEPA throughout the study and decreased from June 

to August, but did not fall down the permissible limits of 

NEQs and USEPA. At the end of August PM2.5 level was 

found minimum as compared to June, July and mid of 

August (Figs. 2-3). The difference in the concentration of 

PM2.5 (84.7µg/m
3 

and 40.9 µg/m
3
 for June and July) might 

be attributed to decrease in temperature, heavy rains and 

increase in vegetation during the month of August. 

In comparison with USEPA standard (35 µg/m
3
), 

the concentration of PM2.5 remained above the permissible 

limits during whole period of the study. Over all, the 

concentration of PM2.5 was found ranging from 54-176 

µg/m
3
 with average values of 156 µg/m

3
, 112 µg/m

3
 and 71 

µg/m
3
 for the months of June, July and August, respectively. 

The mean concentrations of PM2.5 (113 μg/m
3
) was also 

higher than China (having very dense population) air quality 

secondary standard limits (0.20 mg/m
3
), Hong Kong (65 

μg/m
3 

and China air quality tertiary standard limits (0.30 

mg/m
3
) [16]. The average three months concentration of 

PM2.5 (113 μg/m
3
) was also found higher than Chinese 

secondary standards (100 μg/m
3
), Hong Kong (65 μg/m

3
), 

USEPA, National Ambient Air Quality Standards (50 

μg/m
3
) and for European Commission Ambient Air Quality 

Standards [16] (30 μg/m
3
) (table 2). It can be seen that, the 

concentrations of PM2.5 in Lahore city was found higher in 

areas where the vehicular density was high (Table 1). Month 

wise variation of PM2.5 concentration in Lahore city during 

June-August is given in Fig. 2. The worse PM2.5 

concentration in ambient air in Lahore city was found at 

Yateem Khana Chowk; while it was permissible in Bahria 

Town (fig. 3). The difference might be attributed to high 

vehicle density at Yateem Khana Chowk and the presence of 

vegetation especially trees in Bahria Town. According to 

Smith (1990) and McPherson and Nowak (1993) [17-18] the 

vegetation decrease the particulate matter considerably by 

trapping airborne particles. The particulate matter 

concentration was recorded minimum during rainy season 

which may be due to the adsorption capability of PM and 

relative increases in humidity and moisture content [19].  

The most reported health hazards regarding PM2.5 

exposures include oxidative stress, respiratory infections 

such as pneumonia, pulmonary inflammation and effects 

have been found to increase significantly among the elderly 

individuals.  Particulate matter made motor vehicle to be 

identified as the largest source of total and cardiovascular 

mortality [20-22]. Therefore, it is concluded that particulate 

matter pollution in ambient air of different parts of city 

Lahore, especially having high vehicle density become 

serious problem during dry season.  

Mostly, the climatic condition remains dry in 

Lahore city’s and PM2.5 in ambient air is extrapolated to be 

higher during dry season and this situation is  more severe in 

coming days due to increased population, which is directly 

related to vehicle density. Data from Provincial Departments 

of Excise and Taxation indicated a 4 fold increase in 

vehicles per decade.  In Lahore city, vehicles are the 

dominant emissions source, contributing about 96% of CO, 

76% of NO2 and 28% of suspended particulate matter 

emissions [23].  The station wise concentration of PM2.5 is 

given in Fig. 3, which shows that the concentration of PM2.5 

in vehicular and commercial areas were higher than 

residential areas. 

The PM2.5 content was found prominent in the 

ambient air at different stations of Lahore City, which 

indicated that the weather background, rainfall and activities 

of the area are most responsible for higher concentration of 

particulate matter.  Our measured values found to be much 

higher than reported by Shahid et al. [24] for different cities 

of Pakistan, which indicates that the pollution rate is 

increasing constantly.  

3.2. Level of NO and NO2 

The level of NO2 ranged from 19 to 75 µg/m
3 

with 

average 53 µg/m
3 

from June to August, as shown in Fig. 4. It 

is noted that the concentration of NO2
 
was higher than 

NEQS and USEPA in June and July, whereas in August it 

became equal to the standards and constantly decreasing 

trend was found from start of June to end of August 2010. 

The reduced concentration of NO2
 
might be due to the 

changes in weather condition. Our findings are much higher 

as compared to Yousufzai et al. [25] who reported the NO2 

level  (32.3-35.9 μg/m
3
) level at the Sindh Industrial Trading 

Estate, Karachi and Hashmi et al. [26] who also reported 

NO2 level at different sites in Karachi, industrial site (13 

μg/m
3
), residential (2.60 μg/m

3
) and downtown sites (2.20 

μg/m3). This difference between Lahore and Karachi may 

be due the difference in weather conditions, population and 

vehicle density. Figure 6 shows the level of NO2 in different 

areas (station) of Lahore city. The maximum value of NO2 

was found at Yateem Khana Chowk (82 µg/m
3
) and 

minimum at Johar Town (39 µg/m
3
). The 30% area showed 

the concentration of NO2 within permissible limits of 

standards, while 70% was found beyond the permissible 

limits regarding NO2 level.  
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Table 1: Air monitoring sites in Lahore city 

S. No Monitoring Sites Source of Emission 

1 Gulberg Vehicular & Residential 

2 Awan Town Vehicular, Commercial & Residential Area 

3 EME Residential 

4 Badami Bagh Vehicular And Commercial 

5 Shahdra Town Vehicular, Commercial & Residential Area 

6 Bahria Town Vehicular and Residential Area 

7 Cavalry Ground Vehicular and Residential Area 

8 Defence Housing Scheme Residential Area 

9 Garden Town Residential 

10 Green Town Vehicular and Residentail 

11 Samanabad Vehicular Emission 

12 Yateem Khana  Vehicular Emission 

13 Ichra Vehicular, Commercial & Residential Area 

14 Iqbal Town Vehicular, Commercial & Residential Area 

15 Sabzazar Vehicular & Residential Area 

16 Johar Town Residential Area 

17 Model Town Commercial & Residential Area 

18 New Muslim Town Commercial & Residential Area 

19 Wapda Town Vehicular Emission 

 

 

 

 

 

 

Table 2: National Ambient Air Quality Standards (USEPA) 

 

Pollutant 
Primary Standards Secondary Standards 

 Level Averaging Time Level 
Averaging 

Time 

Carbon  

Monoxide 

9 ppm  

(10 mg/m
3
) 

8-hour 

None 
35 ppm  

(40 mg/m
3
) 

1-hour 

1.5 µg/m
3
 Quarterly Average Same as Primary 

32 µg/m
3
 24-hour None 

Particulate  

Matter (PM2.5) 

150 µg/m
3
 

Annual  

(Arithmetic Average) 
Same as Primary 

35 µg/m
3
 24-hour Same as Primary 

0.08 ppm  

(1997 std) 
8-hour Same as Primary 

0.12 ppm 1-hour Same as Primary 

Sulfur  

Dioxide 

0.03 ppm 
Annual  

(Arithmetic Average) 0.5 ppm 3-hour 

0.14 ppm 1-hour 

80µg/m
3
 24-hour None 

    

 

 

 

 

 

 

http://www.epa.gov/airquality/urbanair/co/
http://www.epa.gov/airquality/urbanair/co/
http://www.epa.gov/pm/
http://www.epa.gov/pm/
http://www.epa.gov/airquality/sulfurdioxide/
http://www.epa.gov/airquality/sulfurdioxide/
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Fig. 1. PM2.5 contents in ambient air of Lahore City verses NEQS and USEPA 

 

 

 

 

 

 

Table 3: National Environmental Quality Standards for ambient air 

Pollutants 
Time-weighted 

Average 

Concentration in Ambient Air 

Method of 

Measurement 
Effective from 

1st January 

2009 

Effective from 

1st January 2012 

Sulphur Dioxide 

(SO2) 

Annual Average* 80 μg/m
3
 80 μg/m

3
 

Ultraviolet 

Fluorescence 

method 24 hours** 120 μg/m
3
 120 μg/m

3
 

Oxides of 

Nitrogen as 

(NO) 

Annual Average* 40 μg/m
3
 40 μg/m

3
 Gas Phase 

Chemiluminescence 
24 hours** 40 μg/m

3
 40 μg/m

3
 

Oxides of 

Nitrogen as 

(NO2) 

Annual Average* 40 μg/m
3
 40 μg/m

3
 Gas Phase 

Chemiluminescence 
24 hours** 80 μg/m

3
 80 μg/m

3
 

Respirable 

Particulate 

Matter. PM2.5 

Annual Average* 25 μg/m
3
 15 μg/m

3
 

β Ray absorption 

method 24 hours** 40 μg/m
3
 35 μg/m

3
 

1 hour 25 μg/m
3
 15 μg/m

3
 

24 hours** 2 μg/m
3
 1.5 μg/m

3
 

Carbon 

Monoxide (CO) 

 

Annual Average* 5 μg/m
3
 5 μg/m

3
 

Non Dispersive 

Infra Red (NDIR) 

method 24 hours** 10 mg/m
3
 10 mg/m

3
 

*Annual arithmetic mean of minimum 104 measurements in a year taken twice a week 24 hourly at uniform 

interval. **24 hourly /8 hourly values should be met 98% of the in a year. 2% of the time, it may exceed but not 

on two consecutive days. 
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Fig.2. Month wise variation in PM2.5 concentration 
 

  

 

 
Fig. 3. PM2.5 concentration in different sites of Lahore city 

 

 
 

 
Fig. 4. NO2 concentration (g/m

3
) in ambient air of Lahore City verses NEQS and USEPA limits 
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Fig. 5. Month wise NO2 concentration (g/m

3
) verses NEQs and USEPA 

 

 

 

 

 

 
Fig. 6. NO2 concentration in different sites of Lahore city 

 

 

 

 

 

 
Fig. 7. SO2 concentration (g/m

3
) in ambient air of Lahore City verses NEQS and USEPA 
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Fig. 8. Month wise SO2 concentration (g/m
3
) verses NEQs and USEPA 

 

 

Fig. 9. SO2 concentration (g/m
3
) in different sites of Lahore city 

 

Fig. 10. NO concentration (g/m
3
) in ambient air of Lahore City verses NEQS and USEPA 

 

 

Fig. 11. Month wise NO concentration (g/m
3
) verses NEQs and USEPA 
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Fig. 12. NO concentration (g/m
3
) in different sites of Lahore city 

 

 

 

Fig. 13. CO concentration (mg/m
3
) in ambient air of Lahore City verses NEQS and USEPA 

 

 

Fig. 14. Month wise CO concentration (mg/m
3
) verses NEQs and USEPA 

 

 

Fig. 15. CO concentration (mg/m
3
) in different sites of Lahore city 
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The similar trend was found in case of NO, but the 

concentration of NO remained lower than the permissible 

limits of NEQS and USEPA standards except June (Figs. 7-

9). Mostly, the Lahore city climate remained dry whole the 

year except during the rainy season so the NO2 in ambient air 

is expected higher in coming days due to increased population 

which is directly related to the number of vehicles and 

industry establishment. According to Colbeck et al. [27] the 

nitric oxide (NO), one of a group of highly reactive gasses 

known as oxides of nitrogen, is the component of greatest 

interest and the indicator for the larger group of nitrogen 

oxides. NO converts quickly into NO2 after emissions from 

cars, trucks and buses, power plants, and off-road equipment 

and is responsible for ground-level of ozone decomposition.  

 

3.3. Level of SO2 

 The concentration of SO2 was found in the range of 

110
 
to 139 µg/m

3
 with average value (126 µg/m

3
) (Fig. 10)

 

and 80% data of SO2 was within the permissible level of 

NEQS but higher than USEPA levels in the month of June. 

The month wise SO2 concentration is given in Fig. 11 and 

level was found lower than NEQS and USEPA in the months 

of July and August. Our results of SO2 level were found 

significantly higher in comparison to Hashmi et al. in Karachi 

and Ghauri et al.[26,28] who reported SO2
 
level in Islamabad 

(52.4 μg/m
3
), Rawalpindi (41.9 μg/m

3
), Lahore (57.6 μg/m

3
), 

Karachi (57.6 μg/m
3
), Peshawar (57.6 μg/m

3
) and Quetta 

(68.1 μg/m
3
), Pakistan. 

 
 

3.4. Level of CO 

 

 The concentration of CO in Lahore for the period of 

three month is shown in Fig. 13. A constant decreasing trend 

was found throughout the study period (June to end of 

August). The concentration of CO remained above the limits 

until the mid of July and ranged from 8.56 mg/m
3 

to 19 

mg/m
3 

with average 12 mg/m
3
. Month wise concentration of 

CO is given in Fig. 14, which showed that the concentration 

was greater than NEQS in June. It was within the limit of 

USEPA throughout the study. The maximum of level of CO 

was found at Yateem Khana chowk (19 mg/m
3
) and the 

minimum concentration was at EME housing Scheme (8.3 

mg/m
3
). In this figure 80 % of values were found lower than 

permissible limits according to standards. Our findings are in 

accordance with Colbeck et al. [27] who reported level of CO 

(11-18 mg/m
3
) in different areas of Lahore, but greater than 

the earlier findings such as Lodhi et al. [30] who reported CO 

in the range 10.4–11.5 mg/m
3
 in Karachi (Pak- EPA, 2001) in 

Rawalpindi and Islamabad, 2.1 mg/m
3
, and 1.8 mg/m

3
, 

respectively. Similarly, Hashmi et al. [26] reported the 

concentration in industrial area (0.56 mg/m
3
), downtown 

(0.32 mg/m
3
), residential site (0.14 mg/m

3
) and Port Qasim 

(0.71 mg/m3) Karachi and our findings are similar to Ghauri 

et al. [28] who reported the highest concentrations of 16.1 

mg/m
3
 in Quetta and he also reported the increased level of 

CO in Karachi (5.8 mg/m
3
), Rawalpindi (4.6 mg/m

3
) and 

Islamabad and Peshawar (3.5 mg/m
3
) as compared to 

previous studies [28, 29-32]. 

Overall, it was found that the air pollution has 

increased in Lahore as compared to earlier studies in Lahore 

and all other big cities of Pakisan. The trend of air pollution 

in different areas of Lahore was found the following order; 

vehicular + commercial + industrial > vehicular + industrial > 

vehicular + commercial > industrial + residential > 

residential. These increments in the concentration of air 

pollutants in ambient air are attributed to uncontrolled and 

unbalance use of energy. To reduce production costs, high 

sulphur coal and petroleum are used by many companies, 

industries and manufacturers in Lahore without any control 

measures and as a result of this the total emissions of 

atmospheric pollutants has increased. Lahore city has severe 

drought condition and the total annual rainfall is less than the 

usual quantity required. Landing typhoons and strong 

updrafts and downdrafts in the ambient air of Lahore are 

lacking, so air pollutants cannot be easily diffused and 

diluted. It has been noted that the emission volume of 

pollutants in Lahore ambient air will increase in lack of 

positive measures. So, it is necessary to optimize energy 

consumption, utilization of clean fuels and renewable energy 

and augmentation in the vegetation cover as well as 

improvement in ecological service and implementation of an 

integrated environmental plan within region in future.  In 

order to greatly improve the quality of the air environment 

and to carry out international agreements to mitigate climate 

change, rigorous and forceful measures should be adopted 

and the total emission volume of pollutants must be 

controlled. The sustainable develop economic mechanism 

should be built to optimize the energy structural imbalance in 

the long term planning. Furthermore, in order to maintain 

sustainable and coordinated development, Lahore authorities 

must take a series of appropriate measures for controlling the 

air pollution. The greenbelt area per person and the greenbelt 

vegetation can cover ambient air pollution. However, in the 

process of rapid urbanization and rapid development of 

society and economy, Lahore, just like other developing 

countries and metropolitan cities in the world, is facing more 

and more pressure to protect the atmospheric environment.  

 

4. Conclusion  

 

During the present study we assessed primary air 

pollutants e.g.  particulate matter (PM2.5), NO2, NO, CO and 

SO2  in Lahore city . The results observed regarding 

particulate matter (PM2.5) and  NO2 were beyond the 

permissible limits at the points of dense and uncontrolled 

traffic areas  (Yateem Khana Choowk which might ascribed 

to increased population density, high consumption of fossil 

fuel, miserable conditions of buildings and roads  and lack of 

proper aeration.  The concentrations of NO, SO2 and CO were 

not so much high on average basis still were higher than their 

permissible limit. Furthermore, during the month of June the 

concentration of investigated pollutants was found to be 

enough high as compared to whole study period. The 

variation in pollution indicator parameters was found directly 

related to weather condition and the activities of respective 

area. Finally, it was concluded that areas with improved 

building and road structures, smooth traffic, proper vegetation 

and aeration provide better and safe living conditions against 

different air pollutants. So, we can mitigate pollution problem 



IJCBS, 3(2013):19-28 

 

02 

Ashraf et al., 2013 

by improving structural condition specially, whenever it has 

become impossible to reduce the consumption of fossil fuels.  
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