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This presentation will cover

• Background of the study

• Objectives

• Location of study area

• Instrumentation and method

• Results

• Discussion

• Conclusion

This presentation will cover Background of the study Objectives Location of study 
area Instrumentation and method Results Discussion Conclusion.



Background
• Aerosols:
i) interfere with Earth’s energy balance,  
i) degrade visibility and reduce incoming sunlight 
i) affect  the  local climate & human health.
• Few studies about Pakistan that analyze aerosol sources and their 

impact on air quality.
-------------------------------------

• Thus, for 4 metropolitan cities of Pakistan, we determine:
i) Aerosols size distribution, 
i) Particle mass (PM) / mass concentrations and 
i) compare these with WHO air quality guidelines.
• Finally, we calculate Lung deposition fractions (IDEAL-code)

Background: 

•The impacts of aerosols on both the natural and social environment are of 
particular concern because of their role in changing the Earth’s energy balance, 
in degrading visibility, in reducing sunlight and affecting the local climate and the 
humans health. 

•In past studies have been conducted to assess aerosol concentrations on filters 
in Pakistan to analyze different sources of aerosols and their impact on air 
quality. 

•During the present study aerosol measurements in terms of size distribution, PM 
and mass concentrations is carried out in four metropolitan cities of Pakistan to 
compare these concentrations with the WHO air quality guidelines. 

•Lung deposition fractions using stochastic lung model IDEAL (Inhalation, 
Deposition exhalation of Aerosols to/from the Lungs) is performed for the 
measured particle size range and mass concentrations.
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Objective of the study

• Measurement in  terms of size, mass  and  
particulate matter (PM). 

• Comparison with WHO air quality  guidelines 
(PM).

• Chemical analysis of crustal & trace elements.

• Calculation of lung deposition (of measured 
poly-disperse particle concentrations). 

Objective of the study:

To measure aerosol concentrations in terms of size, mass and particulate matter 
(PM). 

To compare PM with the WHO air quality guidelines. 

To analyze the crustal and trace elements. 

To calculate aerosol lung deposition fractions for the measured polydisperse 
particle concentrations. 
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Location of study areas
• Karachi
Population: >16 million.  
Location: flat, sandy, next to Arabian Sea & Indus river delta. 
Climate: relatively mild,  subtropical/arid, low rainfall. Summer temps: 30-

44°C. 
• Lahore
Population: approx. 8 million.
Location: situated  along the Ravi river next to India.
Climate:  hot semi-arid, hot summers & dry warm winters. Summer temps b/w 

36-46°C. 
• Rawalpindi
Population: about 4.5 million.
Location: near  Islamabad.  Agro-commercial  center.  
Climate: humid, subtropical, hot summers & mild wet winters. Summer temps 

around 38°C and winter temps around 8°C.
• Peshawar
Population: 3 million.
Climate: tropical, max. summer temps of  40°C  and  10°C  in winter. 

Location of study areas:

Karachi: It is the largest city of the country with a population of more than 16 
million. It lies on the flat, sandy coast facing the Arabian Sea just north of the 
Indus river delta. Its climate is a relatively mild, subtropical/arid with low rainfall. 
The temperature during summer ranges from 30 to 44°C. 

Lahore: It is the second largest city of Pakistan. It is situated along the Ravi river 
near the border with India. Its population is approximately 8 millions. The climate 
in Lahore is hot semi-arid with extremely hot summers and dry warm winters. The 
temperature in summer ranges between 36 and 46°C. 

Rawalpindi: It is the fourth largest city in Pakistan with a population of 4.5 
million. It is situated near the capital city Islamabad. Rawalpindi is the commercial 
center for the nearby productive agricultural. The climate in Rawalpindi is humid 
subtropical with hot summers and mild wet winters. The mean temperature in 
summer is 38°C and in winter is 8°C. 

Peshawar: Peshawar, the capital city of the province Khyber Pakhtunkhwa 
located in the northern part of Pakistan with as population of 3 million. The 
climate is tropical with a mean maximum temperature of 40°C in summer and 
10°C in winter. 
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Wider area of Pakistan showing the sites of this investigation:

Karachi It. 

Lahore: It. 

Rawalpindi:. 

Peshawar:  . 
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Instrumentation

Grimm 1.109
•portable, battery powered OPC.
•Resolution: 31 different size 
channels (0.25 to 32 μm).
•Operates in the following modes: 
environmental, 
occupational health, 
mass distribution [µg/m3]
count distribution [1/L].
•Gravimetric filter measurement 
possible (built-filter chamber).

Instrumentation 

•Grimm 1.109, portable optical Aerosol spectrometer (Optical Particle Counter, 
OPC) particle counter was used. which uses light scattering technology for single 
particle counts. 

•The instrument collects sample in 31 different size channels (0.25 to 32 μ m). 

•Operates in 4 mode (Environmental, occupational health, mass distribution and 
count distribution). 
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Methods
Particle number and mass distributions

• Calculation of  mass concentrations

(PM10, PM2.5, and PM1). 

• Using both std density factor of 1.6 [g/cm3].

• Comparison with built-in algorithm (Grimm).

• Gravimentric filter analysis.

Methods 

Particle number and mass distributions 

•Mass concentrations, as well as PM10, PM2.5, and PM1 concentrations, were 
calculated from the particle size distributions. 

•Standardized density factor of 1.6 g/cm 3 . 

•Used the built-in Grimm algorithm. 



Chem. Analysis of crustal and trace elements

OPC-filters analyzed using inductively coupled plasma atomic 
emission spectrometry (ICP-AMS, Thermo Scientific - USA).

Therefore, samples have been: 

•mineralized using aqua regia & hydrofluoric acid.

•microwaved digestion procedure (multiwave 3000 digestion 
system, Anton Paar - Austria).

•diluted in approx. 30mL.

•stored in fridge @ 4oC  until  final  analysis.

•analyzed in ICP-AMS using  a hydrofluoric acid resistant kits.

Chemical analysis of crustal and trace elements 

•Collected OPC-filters were analyzed using inductively coupled plasma atomic 
emission spectrometry (ICP-AMS by Thermo Scientific, USA). 

•The collected aerosol samples were completely mineralized using aqua regia, 
hydrofluoric acid. 

•A microwave digestion procedure carried out in a multiwave 3000 digestion 
system (Anton Paar, Austria ) 

•After digestion, samples were diluted to approximately 30 mL and stored in a 
refrigerator at 4 o C until final analysis. 

•ample introduction was performed using a Thermo Scientific hydrofluoric acid 
resistant kit. 
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Calculation of Lung deposition

Particle Size spectra fed into the stochastic  airway  generation  
model IDEAL; it enables determination of:
•deposition fraction (based on measured average  breathing  
parameters of persons; i.e. traffic coworkers.
•lung deposition for the measured polydisperse aerosol size  
spectrum between 0.25 to 10 µm.

Lung deposition model 

•To analyze the health effects of inhaled aerosol, deposition fraction in the human 
lung was calculated using the stochastic airway generation model IDEAL 
developed by Hofmann & Koblinger, (1990); Koblinger & Hofmann, (1990). 

•The deposition fraction was calculated using the measured average breathing 
data of the persons (i.e. traffic coworkers) working in these environments. 

• During the current study the lung deposition modeling was performed for the 
measured polydisperse aerosol size ranges of 0.25-10 µm. 
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Results

Particle size distribution
• M. A.  Jinnah  road (Karachi): the  busiest road in Karachi, with 

the highest particle concentrations.

• Fine particle size range: bimodal  distribution one at 0.29µm the 
other at 0.38µm 

• Coarse particles: mono-modal pattern centered around 4.5µm.

• Particle  concentration decreases with increases in particles size .

• Volume concentration: rapidly increases with increase in particle 
size (both for fine and coarse modes).

Results 

Particle size distribution 

•M. A. Jinnah road (Karachi), being one of the busiest road in Karachi, reveals 
some of the highest particle concentrations. 

•For fine particle size range, the size distribution reveals a bimodal distribution, 
one at 0.29 µm and the other at 0.38 µm and for coarse particles uni-modal 
pattern centered around 4.5 µm for coarse particles. 

•Particle concentration decreases with increases in particles size . For both fine 
and coarse particles, the volume concentration rapidly increases with increase in 
particle size. 
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Aerosol volume size distributions
(a)
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Mass concentrations

Conversion to mass: using unit density factor of 1.6  [g/cm3]. 
Maxima found at: 
•559 [µg/m3] and 573 [µg/m3] - late afternoon for both 
Peshawar and Karachi (M. A. Jinnah).
•261 [µg/m3] 523 [µg/m3] – in residential areas for both 
Lahore and Rawalpindi.
•Soaring coarse mode  concentrations  during  morning  and  
afternoon rush  hours with peaks for:
i) Morning hours @: 381,  367,  352 [µg/m3] and
i) afternoon hours @: 402, 387, and 370 [µg/m3] 
for Rawalpindi,  Peshawar  & Karachi  (M.  A.  Jinnah).

Mass concentrations 

•Incorporating the unit density factor of 1.6 g/cm 3 into the volumetric data series 
yields the mass distributions for the time series for both fine and coarse particles. 

•Maximum mass concentrations of 559 µg/m3 and 573 µg/m3 were observed in 
the late afternoon at about 18:30 hrs for Peshawar and Karachi (M. A. Jinnah), 
respectively. 

•In Lahore and Rawalpindi, the peak values of 261µg/m 3 523 µg/m 3 were 
observed. Where measurements in Lahore were carried out in residential area 
near sub-roads. 

•The coarse mode concentrations occur during rush hours in the morning and in 
the afternoon where these peak at 381, 367, 352 µg/m3 (morning) and 402, 387, 
and 370 µg/m3 (afternoon) in Rawalpindi, Peshawar and Karachi (M. A. Jinnah), 
respectively. 
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Mass concentration

Fine Particles [0.25-2.5µm] Coarse Particles [2.5-10µm]

Mass concentration Fine Particles Coarse Particles 
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Particulate matter (PM)

• Min and max particulate matter as  well  as  24  hour  average  
concentrations  for  the  size  fractions  of PM10, PM2.5,  and 
PM1 are  derived from  the mass  concentrations. 

Site PM10(µg/m3 ) PM2.5(µg/m3 ) PM1.0(µg/m3 ) PM2.5/ 
PM10
(%)

PM1.0/ 
PM10
(%)

Min. Max. 24h
Avg.

Min. Max. 24h
Avg.

Min. Max. 24h
Avg.

24h
Avg.

24h
Avg.

Peshawar 119 920 540 38 337 160 28 281 111 29.6 20.5

Rawalpindi 216 885 448 70 300 140 45 261 107 31.2 23.8

Lahore 146 284 198 62 141 91 45 107 68 45.9 34.3

Karachi Suparco 126 270 270 51 208 128 32 186 107 52.6 39.6

M.A. 
Jinnah

284 860 461 115 320 185 79 267 140 40.1 30.4

Sea 
View

74 127 88 51 84 60 33 48 34 68.1 38.6

Particulate matter (PM) 

•Min and max particulate matter as well as 24 hour average concentrations for 
the size fractions of PM10, PM2.5, and PM1 are derived from the mass 
concentrations. 
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Comparison with WHO (PM) 
concentrations

Fine Particles [0.25-2.5µm] Coarse Particles [2.5-10µm]

Comparison with WHO (PM) concentrations 
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Elemental composition and their 
concentrations

• OPC-filters analyzed for 

i) TSP 

i) 21 chemical elements – in search for heavy metals (see table).

• The elements include Al, Si, Ca, Mg, and Fe (crustal

elements) and  Ba, Cu, Mn, Fe, Zn, Pb, (traffic-related trace

elements). With Pb concentrations of 4.4 [μg/m3] in Lahore.
• Karachi - M.A.Jinnah Road: far exceeds that from the other sites -

classified as the most polluted air among the 4 city study.

• Rawalpindi, Lahore & Peshawar: exhibit also  poor air quality.

Elemental composition and their concentrations 

•Filters of the dust monitor were analyzed for TSP and screened for 21 elements. 
The average concentrations of heavy meatls together with their standard 
deviations are shown in the Table. 

•The elements analyzed include Al, Si, Ca, Mg, and Fe (crustal elements) and 
Ba, Cu, Mn, Fe, Zn, Pb, (traffic-related trace elements). With Pb concentrations 
of 4.4 μg/m3 in Lahore. 

•The aerosol inventory from the M. A. Jinnah Road ( Karachi) far exceeds that 
from the other sites in terms of elemental composition, and it can be classified as 
having the most polluted air of all the sites. 

•The measurement sites in Rawalpindi, Lahore and Peshawar also exhibit poor 
air quality. 
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Element

Concentration (µg/m3) 
(Mean±SD)

Karachi Lahore Rawalpindi Peshawar

Aluminum 19.92±6.21 9.52±2.13 10.77±2.19 7.38±2.18

Barium 0.180±0.012 0.100±0.015 0.152±0.017 0.048±0.011

Copper 1.15±0.84 0.66±0.21 4.98±1.04 0.69±0.12

Cadmium 89±7.67 59±9.77 82±8.92 85±18.56

Iron 16.87±4.43 8.24±2.17 15.03±3.42 8.56±2.26

Nickel 0.55±0.033 0.36±0.021 1.47±0.052 0.561±0.035

Strontium 0.243±0.027 0.072±0.007 0.30±0.0032 0.11±0.015

Titanium 0.527±0.034 0.207±0.027 0.58±0.035 0.21±0.019

Zink 2.83±1.01 1.64±0.83 5.03±1.20 1.45±0.92

Lead 4.20±1.21 1.10±0.60 3.90±1.92 4.10±1.01

Element Concentration (µg/m 3 ) (Mean±SD ) 
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Lung deposition calculation

For the measured particle spectrum (0.25 to 10 µm)

•ET deposition: 13 - 25 % 

•Total deposition  in  lungs: 35 - 44 %.

•significantly  higher  pulmonary  deposition  (originate  from  
urban  traffic).

•In residential areas:  deposition curves shifted  towards  the TB  
region.

•Extrapolation: traffic coworker can inhale up to 1.7 mg·d-1 of 
PM10 (considering an 8h-shift).

Lung deposition calculation 

•Extra-thoracic deposition ranges 13 to 25 % and the total deposition in the lungs 
ranges 35 to 44 % for the measured particle size range. 

•Deposition results revealed a significantly higher pulmonary deposition 
originating from urban traffic. 

•In residential areas the resulting deposition curves are shifted towards the TB 
region, indicating the presence of relatively large sized dust particles. 

•It is approximated that a traffic coworker can inhale up to 1.7 mg·d -1 of PM10 
while working at a traffic crossing. 
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Lung deposition calculation

Lung deposition calculation 
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Discussion
• NOAA HYSPLIT trajectories: air masses reach 

Karachi from sea side, 

Peshawar from Afghanistan, and 

other cites mostly locally derived.

• Karachi pollution inventory confirmed as one of the most polluted city 
in the world (ranking fourth in PM concentrations).

• Day-time concentration peaks for fine particles are directly related to 
high traffic volume and to the emissions from nearby industries.

• PM2.5 is up to 50% of  PM10 concentrations indicating the higher 
concretions of fine particles. 

• Lahore site: located in residential area near minor roads.  

i) low mass variations at this site.

Discussion 

•Trajectory analyses based on the NOAA HYSPLIT model shows that air masses 
that reached 

•Karachi were from sea side, to Peshawar were from Afghanistan, and to other 
cites were mostly locally derived. Karachi, one of the mega-cities of Pakistan, as 
the most polluted city in the world with the fourth highest PM concentrations. 

•Day-time concentration peaks for fine particles are directly related to high traffic 
volume and to the emissions from nearby industries. 

•PM2.5 is up to 50 percent of PM10 concentrations indicating the higher 
concretions of fine particles. 

•Sampling site in Lahore was located in residential area near minor roads. Low 
mass variations were consequently recorded at this site. 
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Forward and backward trajectories for various cities in Pakistan during 
March-April, 2010.

Forward and backward trajectories for various cities in Pakistan during March-
April, 2010. 
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Discussion (cont..)

• Karachi (SUPARCO and Sea View):m aerosol inventories 
more stable than other cities (close proximity to ocean).

• Lung deposition modeling: significantly higher pulmonary 
deposition originating from urban traffic.

The study will be helpful to

i) conduct epidemiological studies 

ii) draw exposure-response relationship 

iii)propose health guideline for inhaled particles in Pakistan. 

Discussion (cont..) 

•Due to their close proximity of the ocean, the aerosol inventories at Karachi 
(SUPARCO and Sea View) are more stable than other cities. 

•Deposition results revealed a significantly higher pulmonary deposition 
originating from urban traffic. 

•The study will be helpful to provide a ground to conduct epidemiological studies 
and draw exposure-response relationship which will make it possible to propose 
health guideline for inhaled particles in Pakistan. 
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Conclusions

• All four cities have a serious air pollution problem, 

• Will reflect in adverse health effects in the local populations.

• At all sites: 24-h averaged PM10 and PM2.5 concentrations are 2 to 10 times 
higher than the existing WHO recommendations. 

• Filter analysis: aerosols  emissions predominantly originate from vehicular 
emission, industrial  emissions,  re-suspension  of  road  dust.

• Hydrophobic  nature of particles (urban  traffic exhaust) predominantly 
deposit  in  the higher airway generations (alveolar region).

• Alveolar deposition is of greater health concern –organism-wide adverse 
direct effects. 

• Need for regular monitoring!

• Urgent actions required - mitigating the extremely high levels of air 
pollution.

Conclusions 

•The four cities investigated are clearly facing serious air pollution problems, with 
consequent negative effects on the health of the local populations. 

•The 24-h averaged PM10 and PM2.5 concentrations measured at all sampling 
sites are 2 to 10 times higher than the existing WHO recommendations. 

•On the basis of filter analysis, it was found that the major sources of the aerosols 
in these cities are from vehicular emission, industrial emissions, re-suspension of 
road dust and sea salt. 

•Hydrophobic particles, such as urban traffic exhaust, tend to deposit in the 
higher airway generations (alveolar region), and to a lesser extent in the 
bronchial region and hence posing human lung function for adverse direct effects. 

•The results indicate a need for regular monitoring and an even more urgent need 
for actions to mitigate the extremely high levels of air pollution. 
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