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Abstract 

  

 According to Pakistan National Environmental Quality Standards (NEQS) and U. S. Environmental Protection Agency 

(USEPA), the air pollutants such as Lead (Pb), Total Suspended Particulate (TSP) and their variation in Faisalabad city was 

evaluated in the present study. The concentration of TSP and Pb were measured at 24 sites continuously for three month by 

standard methods. Results showed that TSP and Pb concentration in the ambient environment of Faisalabad city was much higher 

in dry condition, while reduces lower the limits of NEQS in rainy season, but still higher in comparison to the USEPA ambient air 

quality standards. The concentration of TSP was found ranging from 160-506 µg/m
3
 with average value 363 µg/m

3 
and Pb 

contents were recorded 0.062 to 18 µg/m
3 

(4.33 µg/m
3 

average) during whole study period. Furthermore, it was found that the 

vehicular and industrial areas showed significantly higher Pb and TSP values verses residential area. 
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1. Introduction  

 Faisalabad is the third largest city in Pakistan after 

Karachi and Lahore and second largest city in Punjab, 

formerly known as Lyallpur and situated at 31° 25' 0" N/73° 

5' 0" E. Faisalabad gross domestic product is expected to 

rise to $67 billion in 2025 at a growth rate of 5.7% and has a 

population of 6 million at present. At the same time, it has 

high energy consumption and dense transport system. The 

most closely related health problem due to dense transport 

system is the air pollution [1]. Air pollution can lead to 

various health as well as environmental problems [2-4]. In 

urban centers, high vehicle density is also source of noise 

pollution, which is associated with hearing loss and sleep 

destruction [5-6]. Finally, rising rates of traffic 

overcrowding can lead to increased stress levels and results 

loss in productivity [7].  

 As a result of worsening ambient air quality, there 

are growing concerns about the exposure of citizens to air 

pollutants. Faisalabad has become one of the regions in 

Punjab, Pakistan, where control of air pollution is crucial. 

Due to progress of rapid urbanization and development of 

society and economy, Faisalabad, just like other 

metropolitan cities in the world, is facing pressure for 

environment protection and the restoration of environmental 

damage is needed.  

 Despite these problems, the monitoring authorities 

have no monitoring and controlling systems of these 

negative impacts of transport systems and industries as well 

[8-9]. Heavy metals are released into the biosphere by 

human activities, which are responsible for various 

disorders. They are predominately transferred as particulate 

matter in to the air and related territories. The amount of 

anthropogenically derived heavy metals has increased 

continuously since the beginning of the industrial revolution 

[10]. Among heavy metals, lead is one of the prominent 

examples for anthropogenic environmental pollution [11-12] 

and is known to a major contributor of asthma, obstructive 

pulmonary diseases, exacerbations and chronic bronchitis 

[13-14]. It is believed that anthropogenic releases of lead in 

the environment in the modern era is attributable to the use 

tetraethyl lead in gasoline as an anti-knocking agent and it is 

responsible for air pollution. Similarly, The TSP is another 

aspect of environmental pollution and usually formed by 

condensation of vapors produced either by high temperature 

or by chemical processes. Particles in the range of 0.05-2 

µm are usually formed by coagulation of smaller particles or 
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from smaller particles through vapor condensation. The fine 

particulates are small enough to bypass the screening of the 

nose and can penetrate alveoli and get deposited in the upper 

respiratory tract and are responsible for various health 

problems. The particulate matter is emitted from fuel 

combustion in motor vehicles as well as due to combustion, 

industrial activities, residential, agricultural burning and 

during interaction of other pollutants [15-17]. 

The use of air pollution index NEQS and USEPA 

values, based on the ambient concentrations, is better 

method to assess air quality and thus, NEQS and USEPA 

was used to evaluate ambient air quality in Faisalabad. To 

assess the air quality, the lead and TSP and their variation in 

2010 was studied. This research was conducted to evaluate 

the effect of season and different sites on concentration of 

Pb and TSP in Faisalabad.  
 

2. Materials and methods 

 

2.1. Sample collection and measurement of Pb and TSP’s 

The High volume sampler was used for sampling 

of particulate available in Department of Structures and 

Environmental Engineering, University of Agriculture, 

Faisalabad, Pakistan. A high flow rate blower (1.13 m
3
/min) 

was used which draws the air sample through a covered 

housing on to a (20 cm x 25 cm) rectangular glass fiber 

filters. The intake dimension and normal flow rate are 

believed to limit aerosol collection to particulate matter less 

than 100 µm diameters. Glass fiber filters were used because 

of their gradual head loss build up characteristics and non-

hygroscopic properties. The collection of oily particles or 

sampling during foggy condition may lead to decreased 

sampling flow rates which was avoid during sampling. At 

the end of sampling filters were folded in such a way that 

surface containing the deposit face each other. The filter was 

weighted to get a net weight of deposit. It replaced in an air 

tight polythene bag after being labeled and stored. The mass 

of TSP were measured by weighting the filters before and 

after sampling using analytical balance. From the mass of 

the filter paper and the volume of air sample, the mass of 

concentration of TSP in the ambient air was calculated in 

microgram per cubic meter. The dust monitoring analyzer 

was calibrated once every 24 hours. Hi-Vol air samplers, 

HV-500F, AC 100v 50/60Hz, SIBATA (Japan) were used 

for Total Suspended Particulate (TSP). These samplers have 

maximum capacity of sucking air at the rate of 800 

liters/min, which can be adjusted according to the 

requirement of investigation. To run these samplers, electric 

supply was provided from the Air Monitoring Mobile 

generator to ensure continuous sampling. 

After collection of samples, filters were being 

preserved in the refrigerator. A steel cutter of 2 cm diameter 

was used to on three pieces of folded paper (doubled). The 

filters pieces were place in inner Teflon container of 45 mL 

capacity. Using pipette 2 mL of concentrated nitric acid, 4 

mL of hydrofluoric acid, and 0.5 mL of hydrogen per oxide 

were added to filters pieces in the digester vessel. After 

putting Teflon vessel in outer container, the bomb was 

closed firmly. The digestion bomb was heated in microwave 

oven for one minute at 350 watts power after which it was 

allowed to cool overnight. The bomb were opened when it 

was cold down and inner Teflon vessel was removed and 

put in sand bath at 90°-100° and evaporated to dryness. Now 

added the solution 150 mL in it and centrifuged for 15 mints 

at 350 rpm to removed undisclosed matter. After 

centrifuging, solution were transferred into clean plastic 

bottle and stored in a refrigerator for further analysis by 

atomic absorption spectrometer. The plastic bottle used in 

last step was cleaned by dipping in 10% HNO3 overnight 

followed by immersion in 2% HNO3 for a day with 

subsequent washing by distilled water. From samples, the 

concentration of lead was measured in term of µg/m
3 

of air 

samples according to prescribed method
17

. 

 

2.2. Statistical analysis 

 One way ANOVA was performed using Statistica 

(version 8.1. Stat soft Inc, Tulsa Okahoma, USA) at 95% 

confidence interval of mean and all the experiments were 

seeded in triplicate and data thus obtained was reported as 

mean ± SD.  

 

3. Results and Discussion 

   The TSP contents were calculated for period of 

82 days (24 samplings) at 24 different sites and are given in 

table 1. The TSP concentration was less than NEQS from 

1/6/2010-14/6/2010 and subsequently increased and 

remained above the NEQS values until 15/7/10. In month of 

August, there was a sudden decrease in TSP values and as a 

result it became lower than the values of both NEQE (Table 

2) and USEPA (www.epa.gov/air/criteria.html) standards. In 

comparison with USEPA Standard (150 µg/m
3
) the 

concentration of TSP remained above the permissible value 

until 31/7/2010. Over all, the concentration of TSP was 

found ranged from 160-506 µg/m
3
 with average value 363 

µg/m
3
. The mean concentrations of TSP was also higher 

than Chinese (our neighbor country having very dense 

population) air quality secondary standard limits (0.20 

mg/m
3
), Hong Kong (80 μg/m

3
) [19], Chinese air quality 

tertiary standard limits (0.30 mg/m
3
). The average three 

month concentrations of TSP was also found higher than 

Chinese secondary standards (100 μg/m
3
), Hong Kong (55 

μg/m
3
), USEPA national ambient air quality standards (50 

μg/m
3
)

 
[19] and for European Commission Ambient Air 

Quality Standards (30 μg/m
3
). It can be seen that, the 

concentrations of TSP in Faisalabad city was found higher 

in that area where the vehicular density was high and 

weather condition were also found considerably effective, 

because in rainy days the TSP concentration has been 

recorded minimum. It is therefore, concluded that TSP 

pollution in ambient air of city is a serious problem and 

vehicles had become a significant (P<0.05) problem for 

environmental pollution in Faisalabad city.  

Monthly variation of ambient air TSP 

concentration in Faisalabad city during June-August is 

shown in Fig. 1. The prominent TSP concentration in 

ambient air in Faisalabad city was over the USEPA air 

quality standards in three month, while it was lower the 

limits of NEQS standards in July and August and higher for 

the month of June USEPA. It has been observed that in 

rainy season, the concentration of TSP was low but not 

lower the permissible limits and this situation would 

becomes more worsen in dry season. The Faisalabad city 

climate remained dry round the year and so the TSP in 

ambient air is expected higher whole the year.  
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 Table 1: Air monitoring sites in Faisalabad city (1-24) 

S. No Monitoring Sites Source of Emission 

1 Clock Tower Chowk (CTC) Vehicular And Commercial 

2 Narwala Chowk (NC) Vehicular,Commercial&Residential Area 

3 Chenab Chowk (CC) Vehicular And Commercial 

4 Gulfishan Colony Chowk (GCC) Vehicular And Commercial 

5 Jinnah Colony Chowk (JCC) Vehicular,Commercial&Residential Area 

6 RazaAbad Chowk (RC) Vehicular,Commercial&Residential Area 

7 National Hospital Chowk (NHC) Vehicular,Commercial&Residential Area 

8 GTS Chowk (GBTC) Vehicular,Commercial&Residential Area 

9 Station Chowk (SC) Vehicular Emission 

10 Chenab Club Chowk (CCC) Vehicular Emission 

11 Katchery Bazar Chowk (KBC) Vehicular Emission 

12 Zarai Uni. Chowk (ZUC) Vehicular Emission 

13 Abdullah pur Chowk (AC) Vehicular,Commercial&Residential Area 

14 Thathapull Chowk (TC) Vehicular,Commercial&Residential Area 

15 D-Ground Chowk (DGC) Vehicular&Residential Area 

16 Jhaal Chowk (JC) Vehicular&Residential Area 

17 D-Type Chowk Industrial,Commercial & Residential Area 

18 Samna Abad Chowk (SAC) Commercial & Residential Area 

19 Saleemi Chowk (SaC) Vehicular Emission 

20 Panj Puli Chowk (PPC) Industrial,Commercial & Residential Area 

21 Allied Morr Chowk (AMC) Vehicular &Residential Area 

22 Millat Chowk (MC) Vehicular,Commercial&Residential Area 

23 Nishatabad Chowk (NC) Industrial,Commercial & Residential Area 

24 Wapda Colony Chowk (WCC) Vehicular &Residential Area 

 

  

 

 

 

 

 

 

 

 

 

Table 2: Ambient Air Quality Standards, NEQS for Pb and TSP’s 

*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. 

 

 

Pollutants 
Time-weighted 

Average 

Concentration in Ambient Air 

Method of 

Measurement 
Effective from 

1st January 

2009 

Effective from 

1st January 2012 

TSP 

Annual Average* 400 μg/m
3
 360 μg/m

3
 

High Volume 

Sampling, (Average 

than 1.1 m
3
/minute) 

24 hours** 550 μg/m
3
 500 μg/m

3
 

24 hours** 40 μg/m
3
 35 μg/m

3
 

1 hour 25 μg/m
3
 15 μg/m

3
 

Pb 

Annual Average* 1.5 μg/m
3
 1 μg/m

3
 ASS Method after 

sampling using EPM 

2000 or equivalent 

Filter paper 

 

24 hours** 2 μg/m
3
 1.5 μg/m

3
 

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

3
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Fig. 9. showing the sampling sites; four towns was selected for sampling (Lyallpur, Madina, Jinnah and Iqbal town) and six 

samples were collected form each sampling area at a distance of 3-4 Km from the previous one. 

 

This situation is expected more worsen in coming 

years due to increased population which is directly related to 

the number of vehicles.  Station and date wise concentration 

of TSP is given in Fig. 2 and 3. It is found that the vehicular 

and commercial areas were more effect for the generation of 

TSP. the order of TSP was found as; vehicular + commercial 

+ industrial > vehicular + industrial > vehicular + 

commercial > industrial + residential > residential. Similar 

results have also been reported by other researchers for other 

big cities of Pakistan, that with the passage of time, the air 

quality is becoming more worsen
 
[20].  

Similar trend has been found for the concentration 

of Pb in air. The concentration of Pb measured in same area 

and date like TSP. Total Pb contents were also measured for 

period of 82 days (24 samplings) at 24 sites (Table 1 and 

Fig. 9) and Pb observed values on different dates, month 

variation, station wise and cumulative frequency and are 

given in Figs. 5-8. The Pb concentration was less than 

NEQS and USEPA on 1/6/2010 and increased subsequently 

and remained above the NEQS values until 12/7/10. In 

month of August, there was a sudden decrease in Pb values 

and reduced verses standard values of both NEQE and 

USEPA standards. Month wise distribution of Pb was also 

found much high in June and afterword than there was a 

steady decrease and observed lower than NEQS and USEPA 

in August on average basis. The vehicular area showed more 

contribution regarding the distribution of Pb. The order of 

Pb was found as vehicular >>> commercial + industrial > 

residential. Overall, the TSP and Pb contents were found 

prominent in the ambient air environment of Faisalabad City 

verses previous reports as compared to other Pakistan big 

cities (Islamabad, Karachi, Lahore, Peshawar, Quetta and 

Rawalpindi; 188, 194, 202, 250 and 191 µg/m
3
,
 

respectively) as well as other countries (Bangkok 

(Thailand), Singapore, Tokyo (Japan), Busan (S. Korea), 

Seoul (S. Korea), Daegu (S. Korea), Incheon (S. Korea), 

Jakarta (Indonesia), Manila (Philippines), Hanoi (Vietnam), 

Shanghai (China), Kathmandu (Nepal), Colombo (Sri 

Lanka), Dhaka (Bangladesh), Kalkata (India) are 60, 31, 30, 

60, 61, 58, 62, 100, 40, 112, 100, 129, 80, 131 and 122 

µg/m
3
, respectively)

 
[20]. Similarly, the enhanced Pb 

contents were also found higher as compared to previous 

studies. Qadir and Zaidi
 
[21] reported the levels of Pb (549 

ng/m
3
) in Faislabad, while Saqib and Jaffar

 
[22] reported the 

mean 48-h Pb levels in Lahore, Karachi, Peshawar, and 

Quetta in the range of 2-5 μg/m
3
.  Daily mean concentration 

were lower during August as compared to July and June, 

which implied that the value of Pb and TSP was related to 

weather background, air circulation and rainfall. In order to 

maintain sustainable and coordinated development, 

Faisalabad authorities must have taken a series of 

appropriate measures and should made great progress in 

controlling ambient 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, Faisalabad, just 

like most of the developing countries and metropolitan cities 

in the world, is facing more and more pressure to protect the 

atmospheric environment. In fact, air environmental 

pollution has to some extent restricted sustainable 

development and damaged citizen health. There are several 

possible causes of the worsening of ambient air quality in 

Faisalabad city such as rapid development of the economy, 

shortage of electric power and emissions of waste from 
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industrial site. According to the reports, vehicular and 

industrial oil utilization is much high to meet the energy 

crises and as a result the emission of Pb and TSP in ambient 

air in Faisalabad city increased quickly. Our measured value 

found to be much higher than reported by Shahid et al.
 
[23] 

for different cities of Pakistan including Faisalabad, which 

indicates that the pollution increasing rate is much higher as 

compared to population growth. This unbalanced increment 

in ambient air quality is attributed to the negligence of 

corresponding authorities. To reduce production costs, high 

sulphur coal and petroleum are used by many companies, 

industries and manufactories in Faisalabad without any 

control measures and as a result of this the total emissions of 

atmospheric pollutants has been raised along with rapid 

socioeconomic development and increased energy 

consumption. Faisalabad city has severe drought condition 

and the total annual rainfall is less than the usual annual 

quantity required. Landing typhoons, and strong updrafts 

and downdrafts in the ambient air of Faisalabad are lacking, 

so air pollutants cannot be easily diffused and diluted. It has 

been noted that the emission volume of pollutants in 

Faisalabad ambient air will increase, because the EP 

authorities seems to having no positive or initiative step in 

this regard. 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 implement an 

integrated environmental plan within region in future, is a 

best way to control the pollution at initial step [24]. 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 emission volume of pollutants must be controlled, 

the sustainable develop economic mechanism would be built 

to optimize the energy structural imbalance in the long term 

planning. 

 

4. Conclusion 

The increased load of Pb and TSP in Faisalabad 

city air seems to be a serious problem. The Pb and TSP 

values were found up to 18 µg/m
3
 and 506 µg/m

3
, 

respectively and these values are considerably higher as 

compared to previous reports as well as the ambient air 

quality standards. The contents of both pollutants were 

found enough high in normal weather condition as 

compared to NEQS and USEPA standards and this situation 

became more worsen in dry season because the within 82 

days, the difference of Pb and TSP values was found 

significantly different in Faisalabad city ambient air. The 

concentration of Pb and TSP were found significantly 

different in vehicle dense and industrial areas as compared 

to residential area which is an indication of Pb and TSP 

source and pollution in that area. 
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