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The composition of atmospheric aerosols can help to identify pollution sources, particulate transportation 

and possible impacts on human health. In this study, seasonal variations and sources of elemental contents 

in PM10 from Faisalabad area were investigated. In total 117 samples were collected on 24 hours basis from 

September 2015 to December 2016. The selected trace elements, viz., Al, Ba, Ca, Fe, K, Mg, Mn, Na, P, Pb, 

S and Zn were measured by inductively coupled plasma optical emission spectrometry (ICP-OES). The 

average PM10 concentration was found to be 744 ± 392 μg m-3, exceeding the limits proposed by Pak-EPA 

(150 μg m-3), US-EPA (150 μg m-3) and WHO (50 μg m-3). On average concentration basis, the elements 

were in the order of Ca > Al > S > Fe > K > Mg > Zn > Na > Pb > P > Mn > Ba. The elements apparently 

emitted from natural sources were dominant in spring and summer seasons, while those emitted from 

anthropogenic inputs were more prominent in winter and autumn seasons. A correlation analysis revealed 

that pairs of elements originated from common sources were suspended in the ambient air. The enrichment 

factors (EFs), principal component analysis (PCA) and cluster analysis (CA) indicated wind-blown dust, 

biomass burning, fossil fuel combustion and vehicular exhaust/non-exhaust emissions as major sources. A 

health risk caused by non-carcinogenic trace elements such as Pb, Zn and Mn was also assessed according 

to the method specified by US-EPA. 
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Atmospheric aerosols are in the focus of scientific community due to their influence on deteriorating the overall air 

quality along with detrimental effects on human health [1, 2]. In various studies serious human health implications 

such as asthma, bronchitis, cardiovascular diseases, lung cancer and premature deaths have been linked with long term 

exposures of urban aerosols [3, 4]. Atmospheric aerosols are originated from both primary and secondary sources, 

having diverse size ranges and variety of constituents such as trace elements, carbonaceous contents, soluble ions, 

acids and mineral dust [5].    

The factors such as prevailing meteorological conditions and anthropogenic contributions strongly influence the 

composition and rate of aerosol formation [6].   

On the scale of air pollution, Asian countries have been placed at the top due to vast increase in industrialization 

and uncontrolled urbanization coupled with heavy traffic volumes [7]. Like other Asian countries, Pakistan is also 

facing the problem of air pollution and severity of the issue can be reflected from the fact that Karachi, Lahore, 

Peshawar and Rawalpindi cities of Pakistan have been placed among the top fifty most polluted cities of the world by 

WHO in 2016. The reports of Pak-EPA, 2006 and World Bank, 2006 have identified particulate matter concentrations, 

industrial emissions and enhanced traffic volumes as key factors involved in deteriorating the air quality of the region. 

Government of Pakistan has taken some initiatives such as drafting of Pakistan Clean Air Program (PCAP) and 

National Environmental Quality Standards (NEQS), however practically no change has been observed yet. Moreover, 

the above mentioned drafts are not only out-dated now and require a comprehensive revision but guidelines in them 

are still higher than the limits provided by WHO as given in (table 1S).    

In recent times, enhanced elemental contents of atmospheric aerosols have been observed as a result of extensive 

anthropogenic burdens along with other secondary sources especially in the urban areas [8-10]. Many studies have 

associated the major human ailments to the elemental constituents present in the respirable fraction of particulate 

matter [11, 12]. That’s why the elemental particulates have been given due importance due to their potential to affect 

different strata of the environment [13]. Elemental particulates take entry into the atmosphere by natural as well as  
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anthropogenic means. Natural elemental contributions mainly comprised of emissions from disintegration of earth-

crest and re-suspended surface soil or dust, while anthropogenic sources include emissions from vehicles, industry and 

burning of fossil fuels [14, 15]. There has been observed a significant variation in the elemental distributions 

worldwide due to disparity in local anthropogenic activates and prevailing metrological conditions [16, 17]. Due to 

adverse elemental effects on human health and environment, some limited and short-term studies based on trace 

elemental profiles have been carried out from diverse localities of Faisalabad (study area). The studies conducted from 

dense traffic areas, commercial centers and industrial zones reported very high concentrations of anthropogenic 

elements such as Zn, Ni, Pb, Cd, etc., while reports from rural and residential areas described elevated levels of crustal 

elements such as Fe, Mg, Na, Ca, Ba, Yb, Cs, La, Rb, etc. Majority of the concentrations were crossing the limits 

fixed by Pak-EPA, US-EPA and WHO [18].       

In order to overcome the health effects imposed by toxic elements and to control the elemental emissions into the 

atmosphere, it is high time to characterize elemental fraction of particulate matter along with their source 

apportionment. The main objective of this study is to measure PM10 concentrations during different seasons over a 

year in the urban area of Faisalabad along with study of composition, seasonal variations and source identification of 

elemental contents. The source profile of elemental constituents has been estimated by using enrichment factor 

analysis, principal component analysis and cluster analysis, which are considered as effective tools for identification 

and understanding of elemental distributions in the particulate matter [19, 20]. Moreover, health risk assessment of 

some selected non-carcinogenic elements has also been evaluated.   

 

Experimental part 

Site description  

Faisalabad is located in the North-West part of the Indo-Gangetic Plain (Latitude 30°31.5' N; Longitude73°74' E) 

at an elevation of 184 m above the sea level. Being the third largest metropolitan and major industrial center of the 

country, it is situated on the main road of China-Pak Economic Corridor (CPEC), leading from China border to the 

Gwadar harbor. The geographical location of Faisalabad and sampling place within the city has been shown in (Figure 

1).   

 

 
 

Fig. 1. Location of Faisalabad within the political map of Pakistan and sampling place within 

the city 

 

The city lies in the subtropical zone with extreme climatic conditions. The city is prime industrial hub of the area 

having sugar, flour and seed oil mills. The products such as beverages, fertilizers, fabrics, hosiery, dyes, paper etc. are 

produced and processed here. The industries of electrical & agricultural equipment and railway maintenance yards are 

also established in the city. However, just like other developing cities, the city air quality has been worsen by factors 

such as open solid waste combustion, inappropriate dumping of toxic industrial discharge, dense vehicular traffic and 

insufficient air emission monitoring and treatment.  
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Sampling  

In total 117 samples of PM10 size fraction were collected on 47 mm quartz fiber filters (Tissuquartz, Pall Life 

Sciences) from a site located on Kotwali road near the Clock Tower (city center). The sampling campaign continued 

from September 2015 to December 2016 with frequency of two samples per week and sampling duration of 24 hours. 

For this purpose, an automatic sampling device equipped with a PM10 pre-separation head (Leckel, Germany) having 

air intake capacity of 2.3 m3 per hour was used. Some field blanks were also collected in order to estimate any 

sampling artifacts. The collected samples were stored in the refrigerator by keeping them in parafilm sealed Petri 

dishes until further analysis.  

 

Chemical analysis  

PM10 mass was measured gravimetrically before the analysis. The selected elements were extracted from the filters 

by using a mixture of hydrochloric acid (37 %) and nitric acid (65 %). Simultaneous multi-elemental analysis (Al, Ba, 

Ca, Fe, K, Mg, Mn, Na, P, Pb, S and Zn) was performed by using an iCAP 6500 series ICP-OES spectrometer 

(Thermo Scientific, USA). All chemicals used were procured from Merck (Darmstadt, Germany) and were of 

analytical grade. The custom assurance multi-element standards from Merck and Spex Certiprep (NJ, USA) were 

diluted in order to prepare standard solutions of the elements. In order to assess the accuracy and applicability of the 

method used, a certified reference material SRM 2709® from National Institute of Standards and Technology (NIST-

Gaithersburg, USA) was investigated. The procedure of PM10 sample preparation, measurement of selected trace & 

crustal elements and detail about uncertainties in the chemical analysis have been given by Mukhtar and Limbeck 

[21].   

 

Meteorology   

The meteorological parameters recorded during different seasons have been summarized in the (table 2S). The 

autumn season spans from mid of September to half past November. Heavy smog episode was witnessed during 

autumn 2016. The winter season starts from mid-November and lasts till halfway of February. The lowest temperature 

(-1°C) along with dense fog spells were noticed during this season. The spring season starts after winter, having 

comparatively moderate temperature range (23‒25°C). The duration of summer season is from mid of April to the end 

of June. Dust storms, speedy winds and highest temperatures (up to 48°C) were observed during this season. An 

average precipitation of 250 mm is observed annually and one half of it occurs in the monsoon. The duration of 

monsoon season is from July to mid of September. 

In order to trace air mass origins at the study site during different seasons, the HYSPLIT backward trajectories 

were computed. In total one marine and two terrestrial air mass regimes were distinguished as illustrated in (Fig. 1S). 

The first air mass regime considered during autumn (September 2015) and summer (June 2016) was having air flow 

from the Arabian Sea and the areas of Thar & Cholistan deserts. The second air mass regime was having air flow from 

Afghanistan and Iran along with locally derived air masses. It was simulated during winter (February 2016), spring 

(March 2016) and autumn (November 2016). The third air mass regime computed during August 2016 was from the 

eastern Indian side having lowest particulate concentrations due to the scavenging effects of eastern monsoon 

precipitation. The similar backward trajectory patterns were also simulated in other studies from the same region [22, 

23].         

 

Results and discussions 

PM10 concentration  

 The PM10 concentrations measured during different seasons have been summarized in (table 3S). The average 

PM10 concentration (744 ± 392 μg m-3) measured in the present study was quite high in comparison to the reports from 

other Asian cities such as Islamabad (280 μg m-3), Quetta (331 μg m-3), Shanghai (100 μg m-3) and Hangzhou (119 μg 

m-3) [24-26].   

Strong seasonal variations were observed during the sampling period and majority of the concentrations were out 

of the boundaries specified by Pak-EPA (150 μg m-3), US-EPA (150 μg m-3) and WHO (50 μg m-3). The highest 

concentrations were observed in the winter 2015-16 (966 ± 253 μg m-3) and autumn 2016 (1098 ± 454 μg m-3). 

Comparatively moderate concentrations were noted in autumn 2015 (622 ± 277 μg m-3), spring 2016 (612±338 μg m-3) 

and summer 2016 (757 ± 301 μg m-3), while lowest concentrations were observed in the monsoon 2016 (283 ± 76 μg 

m-3). In autumn season, higher particulate concentrations were appeared due to massive burning of crop remnants so 

that fields can be cleared for next cultivation [27, 28]. Due to heavy smog episode in autumn 2016, about 1.7 times 

higher PM10 concentrations were recorded as compared to autumn 2015. In winter 2015-16, higher PM10 values were 

observed due to biomass combustion for heating on small house hold and commercial scales [29, 30]. Moreover, low 

mixing height and stagnant air masses along with fog spells restrict the particulate dispersions and trigger the 

formation of secondary particulates [31-33]. In summer 2016 and spring 2016, major particulate contributions were 

from crustal and road dust re-suspensions which were favored by high temperatures, fast blowing winds and dust 

storms [34]. Lowest concentrations in monsoon were reasoned due to washout effects of rains [35, 20].  



Rev. Chim. 71 no. 2 2020 htpps://revistadechimie.ro                                      291                                         https://doi.org/10.37358/RC.20.2.7928  

 

 

Elemental concentrations  

The summary of the average elemental concentrations, standard deviations and ranges have been provided in the 

(table 3S). The highest concentrations were appeared in the summer 2016 followed by autumn 2016 and winter 2015-

16, while lowest levels were observed in the monsoon 2016. Among the major elemental constituents, the highest 

concentration was observed for Ca for all the seasons except autumn 2016 as shown in (Fig. 2). The average 

concentration of Ca was found to be 33.59 ± 18.67 μg m-3, with the highest value in summer 2016 and lowest during 

monsoon 2016. The average concentrations of Al, Fe and Mg were found to be 22.13 ± 10.50 μg m-3, 18.77 ± 11.47 μg 

m-3 and 10.42 ± 7.06 μg m-3 respectively. The seasonal trend of these elements was same i.e. the highest levels during 

summer 2016 and lowest levels during monsoon 2016. On the other hand, the average concentration of S and K was 

found to be 20.56 ± 21.04 μg m-3and 12.38 ± 8.07 μg m-3 respectively; having highest values during autumn 2016 and 

lowest during monsoon 2016. In terms of %age contribution towards total elemental contents, the highest 

contributions of Ca, Fe and Mg were observed during summer 2016 (33, 19 and 11%) and lowest during autumn 2016 

(18, 9 and 5%). The elements such as S and K adopted completely opposite trend i.e. highest contributions during 

autumn 2016 (26 and 13%) and lowest during summer 2016 (6 and 4%). Al contributed moderately in all seasons 

except monsoon 2016, in which slightly high contribution of 23 % was noticed.  

 

 
Fig. 2. The average concentrations of elements along with their percentages measured 

during different seasons 

 

Among the minor elemental constituents, the highest concentration was observed for Zn for all the seasons except 

summer 2016. The average concentrations of Zn and Na were found to be 5.54 ± 5.25 μg m-3 and 4.23 ± 1.94 μg m-

3respectively, with the highest levels during autumn 2016 and lowest during monsoon 2016. The average 

concentration of Pb was found to be 3.93 ± 2.22 μg m-3, with the highest level during winter 2015-16 and lowest 

during monsoon 2016. On the other hand, the average concentrations of P, Mn and Ba were found to be 0.96 ± 0.44 μg 

m-3, 0.66 ± 0.47 μg m-3and 0.51 ± 0.88 μg m-3, having highest values in summer 2016 and lowest during monsoon 

2016. In terms of % contribution, the highest contribution of 6 % was observed for Zn during autumn 2016 and spring 

2016, while lowest during summer 2016 (2%). A constant contribution was observed for Na (3%), Pb (2%) and P 

(1%) for all the seasons. Among all the elements, the lowest contribution of ≤ 1 % was observed for Mn and Ba for all 

the seasons. 

The average concentration of Pb (3.93 μg m-3) in the present study was found to be higher than the specifications of 

Pak-EPA (1.0 μg m-3), WHO (0.5 μg m-3) and US-EPA (1.5 μg m-3). Similarly, the average concentration of Mn (0.66 

μg m-3) was out of the safety limits of WHO (0.15 μg m-3) and US-EPA (0.5 μg m-3) [13]. For comparison, a summary 

of some studies on the elemental concentrations in the particulate matter from regional and international locations 

have been given in the (table 1).  

The elemental concentrations emerged in the present study were found to be higher than the nationwide inventories 

from (Faisalabad [36], Lahore [37], Islamabad [38]). The concentrations were also found higher than the reports from 

international cities such as (Dhaka [39], Chengdu [40], Istanbul [41], Milan [42]).          
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Table 1 

SUMMARY OF THE ELEMENTAL CONCENTRATIONS IN PARTICULATE 

MATTER FROM NATION WIDE AND INTERNATIONAL STUDIES 

 

 
 
 

Correlation analysis  

In order to disclose a preliminary linkage between elements and their possible sources, a correlation analysis of 

elements has been given in the (table 2). In the present study, Al was significantly correlated with Ca (r = 0.78), Fe (r 

= 0.78), Mg (r = 0.77), Mn (r = 0.62) and Na (r = 0.61). Similarly Ca was strongly correlated with Fe (r = 0.98), Mg (r 

= 0.98), Mn (r=0.83), P (r = 0.52) and Na (r = 0.50). Mg was significantly correlated with Mn (r = 0.80), while Mn 

was strongly correlated with Na (r = 0.64) and P (r = 0.60). In the literature, airborne soil [37] and fugitive dust [43] 

has been reasoned for the emission of these elements. Fe was correlated with Mg (r = 0.99), Mn (r = 0.84) and P (r = 

0.53). These elements have been regarded as markers of construction activities [40] and rubber & steel industries [37].  

K was correlated with Na (r = 0.78), S (r = 0.73) and Zn (r = 0.54). Na was significantly correlated with P (r = 

0.80) and S (r = 0.50), while S was significantly correlated with Zn  (r = 0.56). Anthropogenic contributions such as 

biomass burning, industrial and vehicular exhaust/non exhaust emissions were assumed for these elements [13, 43].   
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Table 2 

CORRELATION COEFFICIENT MATRIX OF ELEMENTS IN PM10 

Variable Al Ba Ca Fe K Mg Mn Na P Pb S Zn 

Al 1            

Ba .276** 1           

Ca .786** .250** 1          

Fe .782** .267** .982** 1         

K .341** .053 .048 .020 1        

Mg .779** .263** .980** .993** -.014 1       

Mn .624** .218* .832** .844** .263** .805** 1      

Na .610** .163 .509** .483** .783** .460** .642** 1     

P .431** .063 .520** .530** .282** .489** .609** .532** 1    

Pb -.017 .009 -.030 .009 .256** -.030 .228* .240** .269** 1   

S .334** -.016 -.142 -.126 .733** -.159 .039 .501** .172 .318** 1  

Zn .171 -.083 -.144 -.114 .544** -.162 .065 .324** .223* .447** .565** 1 

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed) 

 

Characteristic elemental ratios  

The characteristic ratios of the elements such as Al, Ca, Fe, Zn, S and Pb were used in order to 

visualize their seasonal variations and then to predict their source contributors according to the reports 

from Asian cities. The seasonal variations of S/Al, Ca/Al, Fe/Al and Zn/Pb have been plotted in the 

(Fig. 3). Generally, two types of seasonal trends have been noticed. The first type includes S/Al and 

Zn/Pb, having highest values in autumn 2016 and lowest in summer 2016. This trend depicts 

dominance of anthropogenic contributions such as fossil fuel combustion during low temperature 

months. The second type includes ratios of Ca/Al and Fe/Al, having highest values in summer 2016 

and lowest in autumn 2016. This trend predicts dominance of natural sources such as earth-crest and 

airborne dust during high temperature months [44].           

   

 

 
 

        Fig. 3. The characteristic ratios of the certain elements and their seasonal variations 
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Enrichment factor analysis  

 In order to estimate elemental contributions from sources other than natural ones, enrichment 

factors (EFs) of the analyzed elements were calculated. The following equation (1) has been used for 

this purpose:   

 
                                       [EF]  =  [Element X/Element R] Air_ __                                                                (1) 

                                                             [Element X/Element R] Source    

 

Whereas Element X is the element under study and Element R is the element with reference to which 

the factor has to be calculated [45]. In the present study, Fe was used as a reference element and the 

data of the elemental concentrations from the source was obtained from the study of Yaroshevsky 

[46]. The EF values were divided into three levels. If EF ≤ 1, then natural emissions; if 1 < EF < 10, 

then mixed profiles and if EF ≥ 10, then anthropogenic contributions were considered [40]. The 

emission factors of the analyzed elements during different seasons have been presented in (Fig. 4). 

The EF values were less than 1 throughout the study for the elements such as Na, Al and Fe; 

employing discharge of these elements entirely from natural sources such as soil or the disintegration 

of the earth-crest [47]. The EF values of K were less than 1 for all the seasons except autumn 2016. In 

autumn 2016 additional contribution from biomass burning was deduced along with natural origin 

[48]. 

Similarly, Ba has EF values less than 1 for all the seasons except autumn 2015, spring 2016 and 

autumn 2016. The elements such as Mg, Ca, Mn and P have situation of 1 < EF < 5, explaining minor 

contributions from vehicular non-exhaust emissions and industrial dust [41].  The elements such as S, 

Zn and Pb have EF values > 10 for all the seasons, suggesting purely anthropogenic emissions from 

heavy duty diesel vehicles and combustion of fossil fuels [49].  

 

 
 

Fig. 4. The emission factors (EFs) of the analyzed elements during different seasons 

 

Principal component & cluster analysis   

The results of the factor analysis (Varimax normalized rotation) for elements have been 

summarized in the (table 3), explaining a cumulative variance of 73.4 %. Three factor groups having 

Eigen-value greater than unity were inspected. In the first factor, elements such as Ca, Mg, Fe and Al 

were strongly loaded with the total variance of 40.1 %. These compounds have originated from the 

wind-blown dust [15, 13]. In the second factor, elements such as K, S, Zn and Na were loaded with 

total variance of 24.6 %. The elements grouped in this factor are well-known markers of biomass 

burning and fossil fuel combustion [50, 51]. The strong negative loading of temperature in this factor 

has justified the fact that emission intensity of these elements is more pronounced in comparatively 

low temperature seasons. The third factor accounted for 8.5 % of the variance, having strong loading 

of Pb and negative strong loading of humidity variable. This factor explains indirect emissions of lead 
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from vehicular traffic [14]. Pb emitted from vehicle exhaust is settled in the road side and entry of this 

element in air is more obvious in the dry conditions. 

 

 
Table 3 

VARIMAX ROTATED PCA LOADINGS FOR ELEMENTS IN PM10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                Three factors with eigen values exceeding unity were included. 

                                The absolute factor loading greater than ± 0.60 for each variable is shown with asteric. 

 

The cluster analysis (Ward’s linkage) verified the results of PCA to some extent as revealed by a 

dendrogram in the (Fig. 5). In total, three clusters were appeared. In the first cluster elements from 

earth-crest such as Fe, Mg, Ca, Mn, Al and P were gathered. In the second cluster only Ba was placed. 

In the third cluster elements such as K, Na, S, Zn and Pb were assembled. All these elements are 

emitted from biomass burning, coal based industries and vehicular exhaust/non-exhaust emissions [52, 

19].   

 

 
 

Fig. 5. Dendrogram of the Cluster analysis (Ward’s linkage) for the elements in PM10 

 

Health risk assessment     

A health risk caused by non-carcinogenic trace elements such as Pb, Zn and Mn was assessed 

according to the method specified by US-EPA [40]. The risk assessment was conducted by using the 

mean concentrations of the selected elements and single exposure route via inhalation was assumed for 

calculations. The Average Daily Dose (ADD) in  mg.kg-1.d-1 units was first calculated by using the 

following formula (2) which later on would be used for the calculation of Health Risk (R):  

 

Variable Factor 1 Factor 2 Factor 3 Communality 

Ca 0.934* -0.163 0.255 0.964 

Mg 0.927* -0.207 0.241 0.960 

Fe 0.926* -0.171 0.285 0.967 

Al 0.891* 0.265 -0.035 0.865 

Mn 0.768* 0.076 0.501 0.847 

Ba 0.383 0.009 -0.110 0.159 

K 0.191 0.903* 0.080 0.858 

S 0.036 0.878* -0.047 0.774 

Temperature 0.276 -0.739* 0.027 0.623 

Zn -0.118 0.721* 0.250 0.595 

Na 0.597 0.636* 0.250 0.824 

Pb -0.184 0.336 0.719* 0.663 

Humidity -0.316 0.130 -0.677* 0.576 

P 0.458 0.202 0.596 0.606 

Eigenvalue 5.624 3.455 1.202  

Variance (%) 40.169 24.681 8.589  
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                                                   ADD = [C x IR x ED] / [BW x AT]                                                   (2)   

 

Whereas C = Concentration of the elements in mg.m-3, IR = Inhalation Rate in m3.d-1 (15.2 for men, 

11.3 for women and 8.7 for children), ED = Exposure Duration in days (30 years for adults and 18 

years for the children), BW = Body weight in kg (70 for men, 60 for women and 36 for children) and 

AT = Average Time in days (30 x 365 days for adults and 18 x 365 days for children). 

The Health Risk (R) to the population exposed over a 70-years life span was calculated by using 

the following formula (3):  

 
                                                       R = [ADD x 10-6] / [RfD x 70]                                                     (3)  

 

Whereas RfD = Reference Dose in mg.kg-1.d-1 (4.30 x 10-4 for Pb; 3.00 x 10-4 for Mn and 1.00 x 10-2 

for Zn). The results of the assessment have been shown in the (Fig. 6). The Health Risk (R) values 

were out of the acceptable limits (10-6 per year) fixed by US-EPA, due to high ADD values. The 

children were more prone to the health risk as compared to the adults and risk levels to the elemental 

exposures were observed in the order of Pb > Mn > Zn.      

 

 
 

Fig. 6. The Health Risk (R) and Average Daily Dose (ADD) for the selected elements 

 

Conclusions 
 The statistical analysis of PM10 size fraction and elemental contents revealed distinct seasonal 

variations. Many elements either exhibited same or opposite distribution patterns, indicating their 

common source of origin. The low temperature conditions during autumn and winter seasons preferred 

the distribution of elements such as S, K, Zn and Na. On the other hand, high temperature and dry 

conditions during spring and summer seasons favored the distribution of elements such as Ca, Mg, Al, 

Fe, P, Mn and Ba. The data spread around mean values of elements indicate contributions from some 

random sources as well. The elemental concentrations appeared in the present study were higher than 

the local and international inventories and were crossing the limits fixed by environment protection 

and regulatory bodies. The EF values showed that elements such as S, Zn and Pb have emerged 

dominantly from the anthropogenic sources. The study revealed airborne soil, industrial & fugitive 

dust from construction activities, biomass burning, heavy duty diesel vehicles, fossil fuel combustion 

and vehicular non-exhaust (wear & tear of engine, tires and brakes) emissions are key factor involved 

in deteriorating the local air quality. The results of the health risk assessment unveiled that children 

were more prone to danger imposed by non-carcinogenic elements in the order of Pb > Mn > Zn. 

 

Abreviations  
A.S.L =Above Sea Level 

ADD =Average Daily Dose 

AT =Average Time 

BDL =Below Detection Limit 

BW =Body Weight 
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C =Concentration 

CA =Cluster Analysis 

CPEC      =China Pak Economic Corridor 

ED =Exposure Duration 

EFs =Enrichment Factors 

HYSPLIT =Hybrid Single Particle Lagrangian Integrated 

ICP-OES =Inductively Coupled Plasma-Optical Emission Spectrometry 

IR =Inhalation Rate 

NEQS =National Environmental Quality Standards 

NIST =National Institute of Standards and Technology 

Pak-EPA =Pakistan Environmental Protection Agency 

PCA  =Principal Component Analysis 

PCAP =Pakistan Clean Air Program  

R =Health Risk 

RfD =Reference Dose 

US-EPA =United States Environmental Protection Agency 

WHO =World Health Organization 
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Table 1S 

SUMMARY OF THE STANDARDS PROVIDED BY PAK-EPA, US-EPA AND WHO 

Pollutants 

NEQS by Pak-EPA NAAQS by US-EPA WHO 

Average 

Time 

Concentration Average 

Time 
Concentration 

Average 

Time 
Concentration 

2009 2012 

Sulphur Dioxide (SO2) 

μg m-3 

24 Hrsb) 120 120 24 Hrs 140d) 24 Hrs 20 

1 Yearb) 80 80 1 Year 30d) 1 Year 50 

Oxides of Nitrogen as 

(NO) μg m-3 

24 Hrsb) 40 40 
‒ ‒ ‒ ‒ 

1 Yearb) 40 40 

Oxides of Nitrogen as 

(NO2) μg m-3 

24 Hrsb) 80 80 
1 Year 53d) 

1 Hr 200 

1 Yearb) 40 40 1 Year 40 

O3 μg m-3 1 Hr 180 130 
1 Hr 120d) 

8 Hrs 100 
8 Hrs 80d) 

Suspended Particulate 

Matter (SPM) μg m-3 

24 Hrsb) 550 500 
‒ ‒ 24 Hrs 120 

1 Yeara) 400 360 

Respirable Particulate 

Matter (PM10) μg m-3 

24 Hrsb) 250 150 24 Hrs 150 24 Hr 50 

1 Yeara) 200 120 1 Year 50 1 Year 20 

Reparable Particulate 

Matter (PM2.5) μg m-3 

1 Hr 25 15 

24 Hrs 65 

1 Hr 1 

24 Hrsb) 40 35 24 Hrs 25 

1 Year 15 

1 Yeara) 25 15 1 Year 10 

Lead (Pb) μg m-3 
24 Hrsb) 2.0 1.5 

3 months 1.5 1 Year 0.5 
1 Yeara) 1.5 1.0 

Carbon Monoxide (CO) 

mg m-3 

8 Hrsb) 5.0 5.0 1 Hr 35c) 1 Hr 30 

24 Hrsb) 10 10 8 Hrs 9c) 8 Hrs 10 

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

interval 

b) 24 hourly/8 hourly values should be met 98% of the year. 2% of the time, it may exceed but not on two 

consecutive days 

c) Value in ppm 

d) Value in ppb 

 
 

 

Table 2S 

DESCRIPTIVE DATA OF THE METEOROLOGICAL 

VARIABLES EXIST IN THE FAISALABAD CITY 
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Table 3S 

THE AVERAGE CONCENTRATIONS (µg.m-3) OF PM10 AND ELEMENTS ALONG WITH THEIR SEASONAL VARIATIONS  

Specie Overall Autumn 2015 Winter 2015-16 Spring 2016 Summer 2016 Monsoon 2016 Autumn 2016 

 Avg±SD Range Avg±SD Range Avg±SD Range Avg±SD Range Avg±SD Range Avg±SD Range Avg±SD Range 

PM10 744± 392 177-2064 622±277 201-1138 966±253 505-1413 612±338 177-1340 757±301 270-1284 283±76 207-475 1098±454 550-2064 

Al 
22.13±10.5

0 
7.92-61.06 

14.71±4.0

2 
7.92-22.09 

21.95±5.6

7 

11.12-

33.64 

17.05±5.5

3 

10.01-

30.99 

33.30±14.

56 

13.49-

61.06 

17.93±4.7

1 

12.29-

29.72 

28.45±10.

16 

13.13-

51.95 

Ba 0.51±0.88 0.01-4.68 0.39±0.61 0.03-2.03 0.15±0.19 0.02-0.67 0.71±0.85 0.07-2.48 0.84±1.34 0.05-4.68 BDL BDL 0.68±0.62 0.07-2.59 

Ca 
33.59±18.6

7 

10.12-

116.45 

25.10±8.4

2 

12.53-

39.81 

36.92±11.

89 

13.26-

62.57 

23.88±9.3

7 

10.53-

47.98 

60.58±25.

01 

25.70-

116.4 

21.88±6.9

1 

10.12-

40.66 

30.24±9.2

9 

13.51-

47.19 

Fe 
18.77±11.4

7 
4.59-65.68 

13.76±4.7
7 

4.59-21.69 
20.94±7.6

5 
6.46-41.79 

12.61±5.1
2 

4.90-24.13 
35.99±15.

25 
14.17-
65.68 

12.11±3.5
8 

6.52-21.97 
15.30±4.5

5 
7.18-23.43 

K 12.38±8.07 1.72-48.34 
11.82±5.1

5 
4.64-22.32 

16.39±4.9

8 
6.77-26.55 

10.47±5.6

1 
3.19-26.44 8.35±1.75 5.51-11.69 3.47±1.02 1.72-5.61 

21.67±11.

53 
7.78-48.34 

Mg 10.42±7.06 2.62-40.02 7.30±2.32 2.95-10.85 
11.80±4.6

9 
3.56-23.40 6.55±2.78 2.62-13.71 

21.01±9.6
0 

7.09-40.02 6.56±2.67 3.07-15.20 8.15±2.75 3.19-13.21 

Mn 0.66±0.47 0.07-2.36 0.53±0.35 0.11-1.26 0.92±0.39 0.24-1.89 0.54±0.33 0.07-1.37 1.12±0.54 0.32-2.36 0.20±0.10 0.09-0.37 0.48±0.27 0.19-1.10 

Na 4.23±1.94 1.35-10.97 3.69±1.22 1.74-6.15 5.30±1.61 3.05-9.23 3.54±1.69 1.39-7.92 4.76±1.47 2.39-7.65 2.10±1.28 1.35-6.65 5.35±2.19 2.72-10.97 

P 0.96±0.44 0.29-3.55 0.71±0.27 0.29-1.37 1.07±0.31 0.61-1.75 1.05±0.47 0.42-2.29 1.35±0.59 0.76-3.55 0.68±0.15 0.35-0.96 0.83±0.24 0.45-1.37 

Pb 3.93±2.22 1.02-9.86 3.34±1.93 1.93-8.11 5.04±2.45 1.48-9.86 4.51±2.10 2.07-7.92 3.42±1.16 1.86-5.25 2.59±0.96 1.67-3.91 4.18±2.79 1.02-8.88 

S 
20.56±21.0

4 
4.14-

145.11 
13.26±5.2

5 
5.69-21.52 

25.70±16.
87 

10.23-
72.51 

19.95±14.
99 

4.20-61.79 
10.99±3.3

7 
6.41-18.32 9.39±2.43 4.14-12.96 

43.25±38.
28 

8.33-
145.11 

Zn 5.54±5.25 0.99-37.71 4.33±2.79 1.07-11.33 6.88±4.96 1.12-21.44 6.02±4.40 0.87-13.89 3.27±2.28 1.38-11.04 3.19±2.07 1.47-9.89 9.14±9.10 1.61-37.71 

    BDL = Below Detection Limit
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Fig. 1S. Three-days air mass back-trajectories simulate during different seasons at an altitude level of 500 m above ground level             


