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Abstract
Purpose: Karachi is the third most populous city globally, inhabiting over 20 
million people. Its air quality is hardly ever comprehended despite ever-
increasing vehicular and industrial emissions. The present paper investigates 
the outdoor concentrations of 10 air pollutants, viz. NO, NO2, NOx, SO2, CO, 
O3, CH4, methane carbon, non-methane hydrocarbons, and total hydrocarbons 
at three sites of the city and their relationship with meteorological parameters. 

Method: All ten air pollutants were measured continuously for 24 hours at all 
three city sites by the Air Quality Monitoring Station, equipped with the Horiba 
AP-370 series, which has a built-in calibration solenoid valve for calibration 
simply by connecting the calibration gas. The meteorological parameters were 
measured simultaneously by the device installed outside the station. The data 
were then transferred to a computer for analysis. 

Results: The results demonstrate that these pollutants severely affected 
the city’s air quality. The annual mean concentrations of both NO2 and SO2 
exceeded the WHO guidelines at some sites. The city experiences varied 
concentrations of major air pollutants because three fuels, viz. diesel, gasoline, 
and compressed natural gas operate the motor vehicles in this conurbation. The 
study also correlates the air pollutants with each other and with meteorological 
factors. All three nitrogen oxides are related to each other at all three sites, with 
SO2 at Defense Housing Authority, CO at North Nazimabad, and meteorological 
factors at Sohrab Goth and Defense Housing Authority. 

Conclusion: The higher air pollution in the city is due to the adoption of lenient 
vehicular emission standards. Stringent emission standards cannot be adopted 
because of the non-availability of low or zero sulfur fuel. Moreover, ineffective 
regulation of exiting standards also contributes to higher vehicular emissions in 
the city.

Keywords: Air Pollution, Meteorological Factor, Karachi, Correlation, Fuel Type

Introduction
Ambient air pollution is a foremost global environmental concern in the urban 
areas of developing countries (Li et al., 2019). According to statistics released 
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AGJSRby the World Health Organization (2016), which covered 3000 cities of more than a 
hundred thousand inhabitants from 103 low and middle-income countries revealed that 
98% of them exceed the WHO air quality guidelines. Moreover, the air quality levels of 
91% of human-populated areas of the world do not meet WHO guidelines.  The ambient 
air pollution generally exceeds the WHO air quality guidelines in Pakistan, India, China, 
and Bangladesh.  

The high-income countries have substantially improved the air quality of their cities over 
the last few decades by regulatory interventions and the adoption of advanced emission 
control technologies in their motor vehicles (Crippa et al., 2015).  The developing countries 
are struggling to control the emissions from the combustion process of motor vehicles, 
power generation, domestic burning, and heating. These air pollutants cause many 
human diseases, particularly cancer, cardiovascular and pulmonary diseases (Turner et 
al., 2020; Namvar et al., 2020) that lead to millions of premature human deaths across 
the globe (Lelieveld et al., 2015).  

Outdoor air pollution begets 4.2 million premature deaths annually due to heatstroke, 
cardiovascular and respiratory diseases. More than two-thirds of them expire prematurely 
in Southeast Asia and Western Pacific (WHO 2021). According to them, 22,000 adults 
breathe their last prematurely every year in addition to 163,432 DALYs (disability-adjusted 
life years) due to outdoor air pollutants in Pakistan. The WHO Health Observatory 
computed that about Replace 25 deaths with 25 persons per hundred thousand expire 
due to outdoor air pollution in this country. These figures may be much higher due to 
infrequent and limited studies. Lelieveld et al. (2015) revealed that about 3.3 million 
expire prematurely worldwide in 2010 due to outdoor air pollutants, estimated to increase 
to 6.5 million by 2050.  

Li et al. (2018) reported an association between the ambient carbon monoxide and 
hospitalization of the people in Beijing for coronary heart diseases. They found a 
positive relationship between carbon monoxide levels and heart failure. The ambient 
ozone instigates chronic obstructive pulmonary ailment and cardiopulmonary mortality 
(Khaniabadi et al., 2017; Zhang et al., 2019). PM2.5 (particulate matter < 2.5µm) triggers 
the ischaemic cardiac disease, cerebrovascular disease, acute lower respiratory illness, 
chronic obstructive pulmonary ailment, in addition to pulmonary cancer (Hayes et al. 2020).

Furthermore, ambient air pollution jeopardizes the sustainable development of society 
(Zhao et al. 2018). Haze pollution significantly reduces the sustainable economic 
development of any region. For instance, on average, an upsurge of 5 µg/m3 in PM2.5 
levels may cause a decline of around 2500 Yuan in Gross Domestic Products per capita 
in China (Hao et al., 2018).       

Consequently, the developed countries started to monitor ambient air pollution a few 
decades back (Crippa et al., 2015), followed by the developing countries to address 
the apprehension regarding urban air pollution (Gulia et al. 2020; Zhang et al. 2020; 
Guttikunda et al. 2019; Hashmi et al. 2018; Jan et al. 2017; Wu et al. 2017; Chen et al. 
2007; Barletta et al. 2002; Shams and Beg 2001). Many researchers investigated the 
correlations between meteorological factors and outdoor air pollutants across the globe 
(Kayes et al., 2019; Zhang et al., 2015; Karagiannidis et al., 2015; Jassim et al., 2018; 
Kalisa et al., 2018; He et al., 2017; Pearce et al. 2011). 

Various studies divulged the outdoor air quality of Karachi. For instance, Barletta et al. 
(2002) investigated the mixing ratios of 72 air pollutants, mainly methane and non-methane 
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hydrocarbons of the city atmosphere. Jan et al. (2017) correlated outdoor air pollutants 
of Karachi, and Hashmi et al. (2018) classified the study sites of the same city based on 
their air quality index. Shams and Beg (2001) monitored ambient carbon monoxide in 
the streets of the metropolitan area. Bibi et al. (2017) investigated the relationships of 
black carbon with meteorological parameters in an urban area. Ali et al. (2020) studied 
aerosol trends over 12 urban neighborhoods of Pakistan and tried to develop their links 
with meteorological factors. Studies regarding the correlations between meteorological 
factors and outdoor air pollutants are uncommon in Karachi. It is one of the densest cities 
in the world (City Mayors Statistics 2018). The effect of meteorological factors on some 
air pollutants is not yet clearly understood. Therefore, the present study investigates the 
ambient concentrations of ten different air pollutants at three designated sites of the city 
and their relationship with meteorological parameters.

Figure 1. Air Pollutants Sampling Sites in Karachi

 Sohrab Goth DHA North Nazimabd

Materials and Methods
Study Sites
Karachi is the most populous city in Pakistan and the third most populous city on earth 
(City Mayors Statistics 2018). It is an industrial nucleus of the country. It spans over an 
extent of 3530 km2 (Karachi Metropolitan Corporation 2021). It lies along the coastline of 
the Arabian Sea, between 24° 43’ N to 25° 38’ N and 66° 43› E to 67° 33’ at an altitude 
of eight meters. The city has a hot arid desert climate (Kottek et al. 2006), distinguished 
by little precipitation (250mm annual). The city experiences extended warm summer 
seasons (March – October) with a mean daily temperature between 25 oC to 35 oC and 
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mild winter seasons (November – February) with a mean daily temperature between 18 
oC to 20 oC. The high relative humidity and high southwestern wind in monsoon seasons 
(June to September) are common in the city. The wind velocity exceeds 19 km/hr during 
monsoon seasons. Three designated sites, viz., North Nazimabad, Defense Housing 
Authority, and Sohrab Goth were selected for the present study.

1. North Nazimabad, Karachi
North Nazimabad is a residential area of middle-income inhabitants (FBR 2019) with 
commercial activities, namely, shopping malls, restaurants, hospitals, gas stations, 
schools, and colleges. It is located in the central north of the city, 20 km away from the 
Arabian Sea. This study area has an air quality monitoring station 10 meters above the 
ground on a building located at 24ᴼ57’05.4” N and 67ᴼ03’42.8” E. 

2. Defense Housing Authority, Karachi
Defense Housing Authority, commonly known as DHA, is predominantly a residential area 
of high-income inhabitants (FBR 2019). The neighborhoods have commercial activities 
that include towering shopping plazas, restaurants, hospitals, gas stations, schools, and 
colleges. It is located in the southern part of the city, very close to the Arabian Sea. It is 
a well-planned and well-developed area of Karachi. The study area has an air quality 
monitoring station 7 meters above the ground on a building located at 24ᴼ49’52.9” N and 
67ᴼ03’35.5” E. 

3. Sohrab Goth (SG), Karachi
Sohrab Goth comprises commercial, residential, and industrial areas. The main road 
of this area connects the city to the rest of the country through a motorway. For that 
reason, the neighborhood has one of the busiest roads. The road carries all types of 
motor vehicles round the clock. Nonetheless, diesel-powered heavy motor vehicles, like 
10-wheeler trucks and buses, dominate the road even at night. The air quality monitoring 
mobile station was located at 24o 56’42.10” N and 67o 05’08.10’’ E on the main street of 
Sohrab Goth to determine the ambient air quality of the area. 

Experimental:
The ambient parameters were monitored continuously at all three designated sites of the 
city by the Air Quality Monitoring Station, equipped with Horiba AP-370 series viz. APNA-
370, APHA-370, APMA-370, APSA-370 and APOH-370. A station was at the rooftop of 
the buildings at each of the two sites, namely, DHA and North Nazimabad, and the third 
station having the equipment of the same AP-370 series was at the rooftop of a mobile 
van for data collection at Sohrab Goth. 

APNA-370 continuously measured the ambient concentrations of nitric oxide (NO), 
nitrogen dioxide (NO2), and nitrogen oxides (NOX). APHA-370 measured ambient 
concentration of methane (CH4), non-methane hydrocarbons (NMHC), and total 
hydrocarbons (THC), and while APSA-370, APMA-370, and APOH-370 measured 
sulfur dioxide (SO2), carbon monoxide (CO), and ozone (O3). These instruments 
measured daily all the parameters. The Central Processing Unit (CPU) connected all 
these instruments. The devices installed outside the station simultaneously measured 
the meteorological parameters. 

Later, the monthly averages of every parameter were transferred to an Excel sheet 
for analysis. Analysis of Variance was executed to divulge the statistical differences of 
ambient concentrations of different parameters among the city’s three sites. Pearson’s 
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correlation was performed to determine the correlations among each other.  The box 
and whisker plots illustrate the medians, first and third quartiles, minimum and maximum 
concentrations of all the parameters.  

The AP-370 series has a built-in calibration solenoid valve for calibration simply by 
connecting the calibration gas. APNA-370 works on crossflow modulation, reduced 
pressure chemiluminescence, APMA-370 operates on cross-flow modulation, non-
dispersive infrared absorption technology, APSA-370 functions on UV fluorescence, and 
APOH-370 works on Non-dispersive ultraviolet-absorption method.

Results
Figure 2 demonstrates the annual concentrations of nitrogen dioxide (NO2) and sulfur 
dioxide (SO2) in the ambient air of Sohrab Goth, DHA, and North Nazimabad, their 
averages, and the World Health Organization guidelines for their maximum permissible 
limits.    

Figures 3 - 12 reveal the ambient concentrations of eight primary and two secondary 
air pollutants during twelve months at three designated locations of Karachi, namely 
Sohrab Goth, DHA, and North Nazimabad. The ambient concentrations of four primary 
air pollutants, viz., nitric oxide, nitrogen oxides, sulfur dioxide, and carbon monoxide 
(CO) differed significantly among three designated sites (p < 0.001). Nitrogen dioxide, 
a secondary pollutant, significantly differed among these three sites (p < 0.05). The 
ambient concentrations of nitric oxide, nitrogen dioxide, and carbon monoxide in North 
Nazimabad were lower than Sohrab Goth and DHA (p < 0.01). The concentration of 
nitrogen dioxide (p < 0.05) and sulfur dioxide (p < 0.001) in the ambient air of Sohrab 
Goth were significantly higher than those at DHA and North Nazimabad. 

However, the ambient concentrations of four primary air pollutants, viz., methane (CH4), 
non-methane hydrocarbons (NMCH), total hydrocarbons and methane carbon, and 
ozone, a secondary air pollutant, did not differ significantly among Sohrab Goth, DHA, 
and North Nazimabad. 

Nitric oxide revealed its highest ambient concentration (90.4 µg/m3) in November at 
Sohrab Goth and its lowest concentration (8.22 µg/m3) in May at North Nazimabad 
(Fig 3). Ambient nitrogen dioxide divulged the highest concentration (109.33 µg/m3) in 
January at DHA, and its lowest concentration (17.54 µg/m3) was in February at North 
Nazimabad (Fig 4).  Nitrogen oxides demonstrated their highest concentration (113 ppb) 
in December at Sohrab Goth, while the lowest concentration (17 ppb) was in June at 
North Nazimabad (Fig 5). Ozone showed its highest ambient concentration (48.78 µg/
m3) in April at DHA and the lowest concentration (9.41 µg/m3) in August at the very 
same location (Fig 6). 

Sulfur dioxide showed the highest ambient concentration (171.18 µg/m3) at Sohrab Goth 
in April, and its lowest concentration (7.2 µg/m3) was in June in the air of DHA (Fig 7). 
Carbon monoxide revealed its highest ambient concentrations (1.7 µg/m3) at Sohrab 
Goth in July, while its lowest concentration (0.33 µg/m3) was in June in the air of North 
Nazimabad (Fig 8).

Methane demonstrated the highest concentration (6,527.5 µg/m3) at DHA in July (Fig 
10). Its lowest concentrations with insignificant variation were in April and May at all 
three sites. The methane concentration ranged from 1,586.1 µg/m3 to 6,527.5 µg/m3 at 
three different locations. Non-methane hydrocarbons showed their highest concentration 



AGJSR AGJSR

123

(3870 ppb) in February at Sohrab Goth. The lowest concentration (502 ppb) was noted 
in April at the same location (Fig 11). 

The total hydrocarbons recorded their highest concentration (10,245 ppb) in October 
at Sohrab Goth (Fig 12), the greatest concentration among all the ten pollutants at all 
the designated sites. The concentration of total hydrocarbons ranged from 2,398 ppb 
to 10,245 ppb in the ambient air at these locations. Its lowest concentration was found 
in February in the troposphere of North Nazimabad, while Sohrab Goth recorded the 
highest concentration in October. As a whole, total hydrocarbons, methane, and non-
methane hydrocarbons were higher, followed by carbon monoxide and sulfur dioxide 
compared to the other five air pollutants.

Figure 2. Annual mean concentrations of sulfur dioxide (SO2) and nitrogen dioxide (NO2) at 
Sohrab Goth (SG), Defense Housing Authority (DHA), and North Nazimabad (NN) and their 

WHO guidelines.

Figure 3. Nitric oxide concentrations of different sites differ statistically (p < 0.001)
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Figure 4. Nitrogen dioxide concentrations of different sites differ statistically (p < 0.05)

Figure 5. Nitrogen oxides concentrations of different sites differ statistically (p < 0.001)

Figure 6. Ozone concentrations do not differ statistically.
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Figure 7. Sulfur dioxide concentrations of different sites differ statistically (p < 0.001)

Figure 8. Carbon monoxide concentrations of different sites differ statistically (p < 0.001)

Figure 9. Methane carbon concentrations of different sites do not differ
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Figure 10. Methane concentrations of different sites do not differ.

Figure 11. Non-methane hydrocarbon concentrations of different sites do not differ.

Figure 12. Total hydrocarbons do not differ among different sites.

 

0

1000

2000

3000

4000

5000

6000

7000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

C
H

4
C

on
ce

nt
ra

tio
n 

(µ
g/

m
3 )

Sohrab Goth
Defense Housing Authority
North Nazimabad

 

0

1000

2000

3000

4000

5000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

N
M

H
C

 C
on

ce
nt

ra
tio

n 
(p

pb
)

Months

Sohrab Goth
Defense Housing Authority
North Nazimabad

 

0

2000

4000

6000

8000

10000

12000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

TH
C

 C
on

ce
nt

ra
tio

n 
(p

pb
)

Months

Sohrab Goth
Defense Housing Authority
North Nazimabad



AGJSR AGJSR

127

Figure 13 reveals the Box-and-Whisker plots of six air pollutants: NO, NO2, NOx, SO2, 
O3, and methane carbon at three different designated sites of the city. The line that 
divides black and gray boxes is the median of the pollutant. The upper quartile is by the 
upper end of the black box, and the lower quartile is indicated by the lower end of the 
gray box. Minimum and maximum values are shown by thin bars. Figure 14 divulges 
the plots of three air pollutants, namely methane, non-methane hydrocarbons, and total 
hydrocarbons. Figure 15 shows the box plots of only carbon monoxide. The plots are 
displayed in 3 different figures due to huge concentration differences.

Figure 13. Boxplot for six pollutants at Sohrab Goth (SG), DHA, and North Nazimabad (NN).
*Unit of NOx: ppb

Figure 14. Boxplot for 3 pollutants at Sohrab Goth (SG), DHA, and North Nazimabad (NN).
*Unit of CH4: µg/m3

 

0

20

40

60

80

100

120

140

160

SG

D
H

A

N
N SG

D
H

A

N
N SG

D
H

A

N
N SG

D
H

A

N
N SG

D
H

A

N
N SG

D
H

A

N
N

NO NO2 NOX * SO2 O3 MC

Co
nc

en
tra

tio
n 

(µ
g/

m
3 )

Air Pollutants

 

0

2000

4000

6000

8000

10000

12000

SG DHA NN SG DHA NN SG DHA NN

CH4 * NMHC THC

Co
nc

en
tra

tio
n 

(p
pb

)



AGJSR AGJSR

128

Figure 15. Boxplot for carbon monoxide at Sohrab Goth (SG), 
DHA, and North Nazimabad (NN).

Sohrab Goth revealed the highest median concentrations of CO, NO, NO2, NOx, SO2, 
and methane carbon, while DHA demonstrated the highest median concentrations of 
methane, non-methane hydrocarbons, and total hydrocarbons. North Nazimabad showed 
the highest median concentrations of only ozone among the three designated sites. 

North Nazimabad demonstrated the lowest median values of CO, NO, NO2, NOx, SO2, 
CH4, total hydrocarbons, and Sohrab Goth revealed the lowest median concentration of 
ozone and non-methane hydrocarbons. DHA showed the lowest median concentration 
of only methane carbon among the three designated sites of the city. Total hydrocarbons 
demonstrated the greatest median concentration, while methane carbon revealed the 
lowest median concentration among the ten air pollutants.   

Tables 1 - 3 present Pearson’s Correlations to demonstrate the association of different 
ambient air pollutants with each other and with different meteorological parameters at 
three designated sites of the city. All the oxides of nitrogen, viz. NO, NO2 and NOx 
demonstrated a positive correlation with each other at all the designated sites. They 
divulged a highly positive correlation (p < 0.001) with each other and a negative correlation 
with air temperature, wind velocity and direction, and relative humidity at Sohrab Goth 
and DHA. They showed a positive correlation with ambient carbon monoxide at DHA 
and North Nazimabad. They revealed a positive correlation with carbon monoxide at 
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DHA and North Nazimabad. They were positively associated with methane carbon only 
at Sohrab Goth (Table 1). They demonstrated a negative correlation with radiation at 
Sohrab Goth and North Nazimabad. 

Nitric oxide and nitrogen dioxide were positively correlated (p < 0.05) with total hydrocarbons 
at DHA and North Nazimabad. Nitrogen oxides and carbon monoxide are negatively 
correlated with every meteorological factor at North Nazimabad (Table 3). Nitrogen dioxide 
and nitrogen oxides are negatively correlated with wind direction and velocity, relative 
humidity, and radiation only at North Nazimabad. Sulfur dioxide was correlated (p < 0.01) 
with all the oxides of nitrogen and negatively correlated (p < 0.01) with air temperature, 
wind direction and velocity, and relative humidity only at DHA (Table 2). 

Methane and non-methane hydrocarbons did not show any strong association with 
meteorological factors at all the designated sites. However, methane demonstrated a 
negative correlation (p < 0.05) with air temperature, wind velocity, and relative humidity at 
Sohrab Goth (Table 1), and non-methane hydrocarbons were found positively correlated 
(p < 0.05) with radiation at DHA (Table 2). Total hydrocarbons were positively correlated 
(p < 0.05) with nitric oxide and nitrogen dioxide at DHA and North Nazimabad. They were 
negatively correlated (p < 0.05) with radiation at Sohrab Goth and with wind velocity, 
relative humidity, and radiation at DHA.

*Significant (p > 0.05), **Significant (p > 0.01), ***Significant (p > 0.001)

Table 1. Pearson’s Correlation among Different Parameters at Sohrab Goth
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Methane 0.59* 0.44 0.48

 Non-methane
HCs 0.00 -0.12 -0.19 0.46

 Total
Hydrocarbons 0.57 0.38 0.31 0.24 -0.10

 Carbon
Monoxide -0.05 0.19 0.15 0.06 -0.34 -0.19

Sulfur Dioxide 0.12 0.33 0.36 -0.35 -0.22 -0.42 -0.01

Ozone -0.35 -0.18 -0.20 -0.20 -0.24 -0.40 0.68* -0.08

 Methane
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*Significant (p > 0.05), **Significant (p > 0.01), ***Significant (p > 0.001)

Table 2. Pearson’s Correlation among Different Parameters at Defense Housing Authority (DHA)
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Air Temperature -0.67* -0.87*** -0.72** -0.39 -0.02 -0.43 -0.34 -0.97*** -0.32 -0.17 0.63* 0.61*

 Relative
Humidity -0.85*** -0.89*** -0.77** -0.52 0.14 -0.58* -0.60* -0.92*** -0.24 -0.23 0.92*** 0.57 0.86***

Radiation -0.65* -0.51 -0.47 -0.42 0.58* -0.63* -0.59* -0.37 -0.09 -0.28 0.70* 0.54 0.17 0.54
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*Significant (p > 0.05), **Significant (p > 0.01), ***Significant (p > 0.001)

Table 3. Pearson’s Correlation among Different Parameters at North Nazimabad
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 Nitrogen
Dioxide 0.64*

 Nitrogen
Oxides 0.64* 0.77**

Methane 0.48 0.30 0.54

 Non-Methane
HCs -0.14 -0.13 -0.29 0.02

 Total
Hydrocarbons 0.67* 0.62* 0.51 0.07 -0.15

 Carbon
Monoxide 0.63* 0.75** 0.94*** 0.55 -0.36 0.35

Sulfur Dioxide -0.51 -0.19 -0.34 0.05 -0.09 -0.55 -0.15

Ozone 0.04 0.13 0.41 0.32 0.44 -0.05 0.25 -0.39

 Methane
Carbon 0.35 0.38 0.68* 0.31 -0.17 0.54 0.59* -0.35 0.31

Wind Speed -0.45 -0.66* -0.81** -0.35 -0.11 -0.27 -0.74** 0.39 -0.60* -0.46

 Wind
Direction -0.28 -0.65* -0.83*** -0.48 0.27 -0.36 -0.82*** -0.12 -0.30 -0.64* 0.59*

 Air
Temperature -0.06 -0.38 -0.70* -0.51 0.02 -0.11 -0.67* -0.12 -0.55 -0.60* 0.60* 0.90**

 Relative
Humidity -0.40 -0.61* -0.78** -0.46 -0.07 -0.23 -0.74** 0.14 -0.61* -0.31 0.77** 0.77** 0.79**

Radiation -0.85*** -0.75** -0.79** -0.53 0.16 -0.52 -0.83*** 0.25 -0.07 -0.43 0.58* 0.57 0.35 0.59*
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Discussion
The results demonstrate that the annual mean concentration of nitrogen dioxide (NO2) 
exceeded its WHO guidelines (40 µg/m3) at two sites, viz. Sohrab Goth (61.34 + 7.17 µg/
m3) and DHA (51.17 + 16.44 µg/m3). The annual mean of NO2 met the guideline at North 
Nazimabad (Fig. 2). Nonetheless, the average (49.36 + 18.21 µg/m3) of annual mean 
concentrations of all three sites exceeded the WHO guidelines, taken as a representative 
mean annual concentration of NO2 for Karachi in this study. The annual NO2 mean value 
of the city exceeded that of 14 Indian cities. However, the mean NO2 values of six Indian 
cities transcended Karachi (Guttikunda et al. 2019). Furthermore, the annual mean value 
of the city understudy did not go beyond those of four Chinese megacities, namely, 
Beijing, Shanghai, Guangzhou, and Tsuen Wan in Hong Kong (Chan and Yao 2008). 
These cities are highly motorized and industrialized, which are great contributors to the 
Chinese economy. Nonetheless, the annu’/\al NO2 mean value of Karachi exceeded 
those of other Chinese cities. 

Furthermore, the results show that the annual mean concentration of SO2 (81.22 + 
17.30 µg/m3) exceeded the WHO Guideline (50 µg/m3) only at Sohrab Goth. The mean 
values of the other two sites, namely DHA and North Nazimabad did not go beyond the 
guidelines. The mean SO2 value of Sohrab Goth also exceeded all the twenty Indian 
cities (Guttikunda et al. 2019) and the megacities of China (Chan and Yao 2008). 

Compressed natural gas (CNG), gasoline, and diesel operate diverse motor vehicles in 
the city. Diesel runs heavy-duty vehicles, while motorcars and light-duty motor vehicles 
run either on CNG or gasoline. The diesel contains substantially higher than 500 ppm 
sulfur, gasoline contains 500 ppm, while CNG has a low concentration of sulfur (Sánchez-
Triana et al., 2014). CNG-powered vehicles are predominant in the areas of the middle-
income population of the city since it has a lower price, and gasoline-powered motor 
vehicles commonly operate in the areas of the high-income population. Heavy diesel-
powered vehicles, particularly 10-wheeler trucks are generally plied in the industrial 
expanses of the city. Hence, different types of motor vehicles operate in various areas, 
which causes substantial spatial variation in the ambient concentrations of air pollutants. 

10-wheeler trucks and buses are predominantly operated at Sohrab Goth because it is 
a gateway that connects the city with the rest of the country to supply industrial goods 
and to provide transportation to the intercity passengers. Furthermore, the neighborhood 
has a few high sulfur-fuel-operated factories that worsen its air quality (Sánchez-Triana 
et al., 2014). The heavy-duty diesel-powered vehicles instigated the greatest ambient 
SO2 concentration at Sohrab Goth, followed by DHA (35.47 + 17.09 µm/m3) and North 
Nazimabad (26.50 + 7.20 µm/m3).     

DHA and North Nazimabad are residential areas that do not have industries. Therefore, 
heavy-duty vehicles infrequently operate in these areas. DHA inhabits mainly a high-
income population while the middle-income population resides in North Nazimabad 
(FBR 2019). Motorcars and light-duty motor vehicles extensively operate in both areas. 
However, gasoline-powered motor vehicles at DHA and CNG-powered vehicles at North 
Nazimabad predominantly cater to private and commercial activities. North Nazimabad 
demonstrated the lowest ambient concentration, which may be due to the dominance of 
CNG-powered motor vehicles in its vicinity. 

High fuel sulfur not only causes SO2 emissions but also restricts the adoption of the latest 
emission control devices. For instance, a three-way catalytic converter, which controls 
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the emissions of hydrocarbons, carbon monoxide, and nitrogen oxides, cannot function 
properly in the presence of high sulfur fuel. Fuel Sulfur damages the catalyst that controls 
the three pollutants. Pakistan adopted Euro II vehicular emission standard in 2009 for 
gasoline-powered vehicles. After a decade, the country adopted the same standards for 
diesel-powered vehicles, mainly due to the unavailability of low sulfur fuel.  Furthermore, 
many motor vehicles do not comply with Euro II Emission Standards because of weak 
regulatory intervention. 

Due to these factors, motor vehicles in Karachi emit a higher quantity of oxides of sulfur 
and nitrogen, all the hydrocarbons, carbon monoxide, and ozone. Barletta et al. (2002) 
pointed out the leakage of natural gas and liquefied petroleum for the elevation of the 
methane and non-methane hydrocarbons in the atmosphere of this city. According to them, 
vehicular exhaust emissions are the most imperative source of ambient hydrocarbons. 
The developed countries adopted more stringent vehicular emission standards only in 
the presence of low or zero sulfur fuel in their countries. China and India have reduced 
sulfur content in their fossil fuel over the last few years, which allowed them to adopt 
more stringent emission standards for their motor vehicles. 

Furthermore, the results demonstrate that some air pollutants are closely related to each 
other and meteorological factors. The present study reveals that all the nitrogen oxides 
are closely correlated at all designated sites. Jan et al. (2017) found a similar correlation 
between various nitrogen oxides when analyzing their data of 98 days air quality of 
Karachi. They also affirmed a significant correlation of carbon monoxide (CO) with each 
oxide of nitrogen. The current study demonstrated a similar relation of CO with all oxides 
of nitrogen at two study sites.

Meteorological factors, namely, air temperature, wind velocity and direction, relative 
humidity, and radiation influenced the temporal distribution of ambient concentrations 
of air pollutants, particularly at DHA, mainly due to its close location to the Arabian 
Sea. Air temperature, wind velocity and direction, and relative humidity revealed 
a statistically significant negative correlation with NO, NO2, NOx, and SO2 at DHA. 
All oxides of nitrogen also showed a significant negative correlation with the above-
mentioned meteorological factors at Sohrab Goth. However, the meteorological factors 
did not divulge any correlation with SO2 at Sohrab Goth. It indicates uninterrupted SO2 
emission due to the continuous operation of intercity diesel-powered trucks and buses at 
this site. Carbon monoxide (CO) demonstrated a strong negative correlation with all the 
meteorological factors only at North Nazimabad, a centrally located in of the city. CO did 
not show any correlation with any meteorological factor at Sohrab Goth. Nonetheless, 
it divulged a negative correlation (p < 0.05) with wind velocity, relative humidity, and 
radiation at DHA.
   
Data Availability Statement: 
Raw data are available on request from the first author. The data are not available on 
any internet link. Data were generated at the facility available in the Sindh Environmental 
Protection Agency’s permanent and mobile monitoring stations, Karachi, Pakistan.
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 الاختلافات  المكانية والزمانية لملوثات الطبقة السفلى من طبقة التروبوسفير
وعلاقتها بعوامل الأرصاد الجوية في كراتشي، باكستان

المُـسـتخَـلصَ  
ــث  ــكان، حي ــدد الس ــث ع ــن حي ــم م ــي العال ــة ف ــر مدين ــث أكب ــي ثال ــي ه ــرض: كراتش الغ
يقطنهــا أكثــر مــن 20 مليــون شــخص. نــادراً مــا يتــم فهــم جــودة الهــواء علــى الرغــم مــن 
الزيــادة المســتمرة فــي انبعاثــات المركبــات والانبعاثــات الصناعيــة. تبحــث هــذه الورقــة فــي 
 NO ،NO2 ،NOx ،SO2 ،CO .ــق، أي ــواء الطل ــي اله ــواء ف ــات لله ــزات 10 ملوث تركي
O3 ،CH4، كربــون الميثــان، الهيدروكربونــات غيــر الميثانيــة، وإجمالــي الهيدروكربونــات 

فــي ثلاثــة مواقــع مــن المدينــة وعلاقتهــا بمعلمــات الأرصــاد الجويــة.

الطريقــة: تــم قيــاس جميــع ملوثــات الهــواء العشــرة بشــكل مســتمر لمــدة 24 ســاعة فــي جميع 
 Horiba مواقــع المدينــة الثلاثــة بواســطة محطــة مراقبــة جــودة الهــواء، المجهــزة بسلســلة
AP-370، التــي تحتــوي علــى صمــام ملــف لولبــي داخلــي للمعايــرة ببســاطة عــن طريــق 
ــة فــي وقــت واحــد بواســطة  ــم قيــاس معامــلات الأرصــاد الجوي توصيــل غــاز المعايــرة. ت

الجهــاز المركــب خــارج المحطــة. ثــم تــم نقــل البيانــات إلــى جهــاز حاســوب لتحليلهــا.

النتائــج: أظهــرت النتائــج أن هــذه الملوثــات أثــرت بشــدة علــى جــودة الهــواء فــي المدينــة. 
تجــاوزت التركيــزات المتوســطة الســنوية لــكل مــن NO2 وSO2 إرشــادات منظمــة الصحــة 
العالميــة فــي بعــض المواقــع. تشــهد المدينــة تركيــزات متنوعــة مــن ملوثــات الهواء الرئيســية 
ــوط  ــي المضغ ــاز الطبيع ــن والغ ــزل والبنزي ــل الدي ــود، أي. يعم ــن الوق ــواع م ــة أن لأن ثلاث
علــى تشــغيل المركبــات الآليــة فــي هــذا التجمــع الحضــري. كمــا ربطــت الدراســة ملوثــات 
ــن  ــط أكاســيد النيتروجي ــة. ترتب الهــواء مــع بعضهــا البعــض ومــع عوامــل الأرصــاد الجوي
الثلاثــة ببعضهــا البعــض فــي جميــع المواقــع الثلاثــة، مــع SO2 فــي هيئــة الإســكان الدفاعــي، 
 Sohrab ــي ــة ف ــاد، وعوامــل الأرصــاد الجوي ــون فــي شــمال ناظــم أب ــي أكســيد الكرب وثان

.Sohrab Goth and Defense Housing Authority

ــاهلة  ــر متس ــاد معايي ــى اعتم ــع إل ــة يرج ــي المدين ــواء ف ــوث اله ــاع تل ــتنتاج: إن ارتف الاس
لانبعاثــات المركبــات. لا يمكــن اعتمــاد معاييــر الانبعــاث الصارمــة بســبب عــدم توفــر وقــود 
كبريــت منخفــض أو معــدوم. عــلاوة علــى ذلــك، فــإن التنظيــم غيــر الفعــال لمعاييــر الخــروج 

يســاهم أيضًــا فــي زيــادة انبعاثــات المركبــات فــي المدينــة.
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