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MEASUREMENT OF SULPHUR DIOXIDE AND PMIO AT KORANGI INDUSTRIAL AREA

AND PHOTOCHEMICAL OXIDANTS AT UPTOWN AREA OF KARAcm
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Baseline measurements of sulphure dioxide and PMI 0 were carried out by Air Pollution Monitoring Mobile Laboratory
in the Korangi Industrial Area of Karachi. This is the first study performed in this area. The highest concentration of SO 2
and PMIO was found to be 25.8 and 177.9 Ilgm-3respectively. Both S02 and PMIO shows similar variations throughout
the measurement period, this indicates that these pollutants originate from a similar source. Traffic density at the sampling
site was also low and it was concluded that the contribution of SO 2and PM I0 from mobile sources in this area is relatively
small. The pollution found in this area is mostly within WHO threshold limits. Ozone and oxides of nitrogen were also
measured at a sampling site located in the uptown area of Karachi. Average variations ofO 3' NO, NO" and solar radiation
have been presented for winter. The formation of ozone due to photochemical reactions has also been discussed. Ambient
concentrations of NO, NO, and 03' are strongly interrelated. It has been concluded that the level of photochemical oxi-
dants found in this area during winter time is mainly due to vehicular traffic from near by super high way.
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Introduction

Rapidly increasing population, factories, processing industries
and transport fleet have adversely affected the quality of air,
specially in urban areas of Pakistan. At the rate at which the
cities are growing and with the general absence of pollution
control measures, air pollution will probably worsen. The
quality of life of many urban residents will continue to dete-
riorate. WHO commission for health and environment have
identified urban air pollution as a major enviornmental health
problem deserving high priority for rectification. Developing
countries face a major challenge in trying to reconcile growth
with urban air quality and global air quality, In some cities
such as Mexico, Delhi and Bangkok, air quality problems are
already acute, and are accompanied by severe traffic conges-
tion, other major cities in rapidly developing countries could
face a similar problem in future. The urban air quality moni-
toring and assessment program in GEMS/AIR within the frame
work ofWHO/UNEP selected some megacities for continous
air pollution monitoring. Megacities are defined as urban ag-
glomerates with current or projected populations of 10 mil-
lions or more. Karachi has also been declared as megacity
among the 20 megacities of the world (Lyuba 1993).

The major cause of air pollution is combustion. Combustion
of coal, wood, and oil, various industrial. activities, and heavy
vehicular traffic gives rise to air pollutants. Sulphur dioxide
emission can be associated with suspended particulate matter
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releases leading a complex mixture of pollutants during fossil
fuel combustion. Sulphur dioxide has a natural global bio-
geochemical cycle, (eg. volcanic emission) but emissions can
be substantial 80% of all sulphur dioxide emissions due to
fossil fuel combustion. Refineries and smelters also produce
significant amount of sulphur dioxide. It has been estimated
that about 127x 106 tonnes per year of sulphur dioxide is be-
ing emitted in the atmosphere by man of which 90% is pro-
duced in northern hemisphere (UNEP 1983). Sulphur diox-
ide disperse in air and reacts with other substances, eventu-
ally it reaches a 'SINK' which may be land surface, ocean or
a receptor, such as plants or man. It also goes through the
phenomenon oflong range transportation of air pollution. SO 2
and its oxidation products can travel thousand of kilometers,
and not only cross the national boundary but also create envi-
ronmental problems for other countries. During transport and
dispersion chemical oxidation to sulfuric acid along with di-
lution concentration lead to videly varying S02 in the air.

Solid and liquid aerosols suspended in the atmosphere are
referred to as particulate matter, They arise either from con-
densation process or from dispersion process such as erosion,
grinding, spraying, etc. Their size ranges from 0.0002~1 to 500ll
in diameter. Particulate larger than 1Op settles out of the air
quite easily, while sub lOll PM I° causes two major problems,
deposition and adhesion. Adhesion of particulate refers more
specifically as respiratory tissue adhesion. Most of the damages
due to adhesion in respiratory tract is caused by particulate
from 0.5 to·2.0 micron in diameter and these particle are
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most difficult to remove from atmosphere by pollution con-
trol equipment. Particles less than lOll follow the motion of
the gas in which they are borne and remain suspended for
significantly longer period as their settling velocities are very
small (Howard 1973). Suspended particulate matter also arise
from other human activities such as dust rai ed by vehicular
traffic. These pollutants constitute a major part of the urban
air pollution in many places. Although there are many air pol-
lutants of concern but only two have been extensively mea-
sured so far by GEMS/Air monitoring project and data for
sulphur dioxide and particulate matter are available from 1973
(UNEP 1987). Natural production of nitrogen oxides has been
estimated to be 990 x 106 tonnes per year mainly from volca-
nic emission and bacterial activity. Man-made emissions of
nitrogen oxides come principally from combustion of fossil
fuels, which were estimated to be 48 x 106 tonnes per year
(UNEP 1983). NOx and other primary pollutants can react to
form secondary pollutants referred to as photochemical oxi-
dants, the major components of which include NOx' ozone
and per oxyacetylnitrate (PAN). Nitric oxide (NO) plays an
important role in the formation of nitrogen oxide (NO), which
is an active compound in photochemical smog formation. Tn
urban areas where traffic density is high, NO

x
(NO+N02),

poses real danger and plays an active role in photochemical
reactions. Vehicular emissions are of particular significance
because oflow emission heights. Seventy percent ofN02 con-
centration in urban areas can be attributed to vehicle pollut-
ants which causes 90% episode conditions (Simpson 1987;
Simpson et at 1988).

Experimental

The ambient air quality measurements were made by Air Pol-
lution Monitoring Mobile Laboratory designed and fabricated
by Environmental S.A., France. The laboratory is fully
equipped to measure low concentrations of pollutant gases
such as S02' NO, NOx' CO, OJ' I IC and inhalable particulate
(PM 10) in suspension. Chemiluminescent analyser model AC
30M was used for the estimation of NO, NO, levels. AC30
analyser is of two channel type and measures NO and NO,
simultaneously on the same sample. The interference due to
hydrocarbons was eliminated by the use of optical filter. Ozone
was measured by a UV photometric ozone monitor, model 03
41M, which provides continuous ozone measurements. Mea-
surement of solar energy was made by Pyranometer. The labo-
ratory is also equipped with meterological sensors mounted
on a telescopic mast, data acquisition and processing system.
These advanced technology sophisticated instruments are mi-
croprocessor regulated and define homogeneous and coher-
ent range. This range of automatic and continuous analyzers
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enables to monitor ambient air continuously. An intelligent
data logger SAM32 records site concentrations every second
and accumulates these to provide 15 minute averages. The
logger also monitors instrument alarm and diagnostic func-
tions and controls zero/span response checks of every ana-
lyzer. A SCANAJR software was used for acquisition, editing
and recording logical and analogical data from SAM32. Fif-
teen minutes average data of 15 days from Korangi industrial
area for S02 and PM 10 and Photochemical oxidants at up-
town area of Karachi is presented in the form of Histogram
and graphs.

Results and Discussion

The quantum of air pollution caused by industrial and trans-
port sector is still not known in Pakistan. This is the first
baseline study carried out for the measurement of air pollut-
ants in Korangi industrial area. There are more than 20,000
small and large industrial units working in various industrial
e tates of Karachi, such as Sindh industrial Trading Estate
(SITE), Landhi Industrial Trading Estate (UTE), Korangi In-
dustrial Trading Estate (KITE) etc. Korangi industrial area is
located in the South East of Karachi (Lat:24°-51 '/Long:67°-
11') in the district East. It has a total area of 34.4 sq.Km and
approximately 2000 various types of industries are located in
this area, which include tanneries (more than 100 units), phar-
maceutical, textile, chemical and refineries etc. Continuous
measurements of PM I0 and SO 2were carried out for fifteen
days in the month of March, 1994. Fifteen minutes average
concentration of PM I0 and S02 is presented in the form of
Figs 1 & 2. Adequate quality control procedures were fol-
lowed during the measurements to ensure the validity of the
data collected. The validity criterion was 75%.
Greater attention is being paid for characterising the nature of
suspended particulate matter because of the heterogeneous
nature of the pollutant. The data collected as total suspended
particulate matter have only limited value for health effect
assessment. Therefore monitoring objectives have been nar-
rowed to determine specific size fractions of particulate mat-
ter, such as matter less then 10 micrometers in diameter
(PM 10), which is in the respirable size range. Sulphur diox-
ide and PM I0 usually occur together representing a complex
mixture of by-products of combustion of fossil fuels. On the
basis of observation, WHO evaluated jointly S02 & PMl 0 in
air quality guidelines (WHO 1987).

Measurements of S02 and particulate matter were carried
out in a multinational pharmaceutical industry locatedc in
sector 20-21 of Korangi industrial area. Location diagram of
Air Pollution Monitoring Mobile laboratory is given in guide
map.
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The maximum average concentration 179 ugm? ofPMI0 was
observed between! 0 to 20 h. Fig I shows average variations
of PM 10 in the Korangi industrial area. PMl 0 shows signifi-
cant relationship with the weather variables. The wind speed
increased with the increase in temperature during day time
where as the humidity decreases. The increase in the PM! 0
may be due to the increase in wind speed and decrease in
himidity which tends to blow the particles in the air and re-
mained suspended for longer period.

Topographical features and meteorological conditions playa
vital role in the transportation and dispersion of air pollut-
ants. Mountains and ridges can also serve as barriers to air
pollutants transport.

Karachi has a relatively level topography and its climate is
influenced by a body of water. The presence of a significant
body of water can lead to microclimatological effect and to
onshore and offshore diuranal wind pa.tterns. Karachi is lo-
cated in a semiarid zone and 40-60 percent of the suspended
particulate matter is usually wind blown dust (Yousufzai et at
1991). Measures to control the anthropogenic suspended
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Fig 1.Average variation of PM 10 at Korangi industrial area.
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Fig 2. Average variation 0[S02 at Korangi industrial area.
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particulate matter emission in such areas have only limited
effect.

Very little work has been published relating to the health ef-
fects of inhalable particles (PMIO) and no study was pub-
lished till 1995 (Bert et al 1995). Many recent studies have
emphasized that particles may exert ill effects on health even
in the absence of high levels of sulphur dioxide (Wieslaw
1995). It has been observed that 24 h PM 10 levels were signifi-
cantly associated with all respirable admissions, cardia-vas-
cular disease admission, bronchitis admission, chronic ob-
structive pulmonary disease (COPD) deaths and pneumonia.
WHO has established guideline l50-230~gm·3 for suspended
particulate matter (UNEP 1987), where as United States, EPA
promulgated 24 h PM1 0 National Ambient Air Quality Stan-
dard of 150~lgm·3 without consideration of concurrent levels
ofS02 (USEPA 1987).

In United Kingdom EPAQS recommended 50 ugm' PM] 0 as
standard in 1995 (Air Health Strategy 1996). The health effect
study carried out for EPAQS in UK observed that al Ougm"
rise in PMI 0 would result in 2.4% increase in respiratory ad-

35.00 ,

J<l.OO 1
1
.r;

-g, 25.00 ".

!~o.oo j ".
o(J 1 ..... , ... :
0' 15.00 ~ ' ••
z
~" 10.00

.'

'..
,.

5.00 . ••••••••.•••••.••••••• NO

0.00 L "",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~,,:;:,;,;,,,,:,,,,,,"'~'"''''''''
~ ~ ~ 8 ~ ~ ~ 8 ~ ~ ; 8 ~ ~ ~ 3 ~ ~ ~ s
8 ~ a ~ $ 8 ~ g ~ ~ ~ ~ ~ : ~ : ~ ~ ~ ~

Local time

Fig 3. Average variation of NO, NO., & 03 in winter at up town
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700.00 1

2' 600.00 i
~ 500.00 1
~~::1
1J
~ 200.00 1
a 100.00 ~

t),oo .1 "-_""""""....-"""""''''''''''''' •••••••• __

Solar

'" '" '" '" 80 e- c:> ~.;> ~ N l:J ~
Local limo

Fig 4. Average variation of solar power in winter at up town
area.



SO}' PM10 and Photochemical Oxidants in Air

.....

missions, 2.1 increase in cardiovascular disease admissions
and I. I% increase in all cause mortality (Wordley et al 1995).
The low levels of exposure at which effects on health need
re-evaluation in WHO air quality guidelines.

Sulphur dioxide can be oxidised to form sulphate containing
compounds including sulphuric acid and ammonium sulphate.
It is this heterogeneous mixture that produces the various
health and environmental effects in many areas. Exposure to
sulphur dioxide and sulphate aerosol results in respiratory
ailment in humans particularly in urban areas. Estimated back-
ground concentration of sulphur dioxide is 0.2ppb and calcu-
lated atmospheric residence time is 4 days (Kenneth and Cecil
1976).

Figure 2 shows the average variation of S02 in the Korangi
industrial area. Maximum average concentration of SO 2 was
recorded between 1800 to 2200 h. The wind direction during
this period was between 200 to 250° and average wind speed
was between 2.34 to 3.96 msec'. Higher concentration of
S02 observed here may be due to the refinery which is about
1 km away in SW direction of the receptor (Fig 1). The low-
est average concentration ofS02 was 2.351lgm,J at 3:00 hour,
during this period wind direction was 106° and wind speed
was 1.6 m sec'.

Low level ofS02 was observed between 0-9 h the concentra-
tion of S02 gradually increased and reached to the maximum
at 16:45 h. Most of the industries in this area are working on
single shift basis from 9:00 h to 5 :00 h and almost all indus-
tries are using natural gas for boilers and other combustion
purposes. The gas (Sui gas) supplied is almost free from sul-
phur. This may be one of the causes for low level of S02
found in the atmosphere of th is area.

The variation of both in sulphur dioxide and PM10 in the
Korangi industrial area hows similar variations through out
the measurement period, which indicates that these pollut-
ants originate from similar sources. Average concentration
of PM I0 and S02 was found to be 147.2 ~lgm'] and 7.4/-lgm·
3, maximum average concentration during the monitoring pe-
riod was 177.9 and 25.8 ugm', where as minimum average
concentration measured were 114.9 and 2.3 ugrn", for PM 10
and S02 respectively.

Although the motor vehicle traffic is also a significant source
of air pollution in all the megacities of the world. Karachi has
more than 650 thousand registered motor vehicles (Yousufzai
1991), but the traffic density near by road of sampling site at
Korangi industrial area is quite low. Traffic density survey
conducted by the Traffic Engineering Bureau, Karachi
Development Authority has observed that total number of
7934 vehicles per day are plying on this road between 7:00 to
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22:00 h. The road was quite wide and open. The relative con-
tribution of mobile source on the measured concentration of
PM 10 and sulphur dioxide seems to be small.

Measurement of NO, N02 and 0] were carried out at sub-tropi-
cal city of Karachi. The sampling site was located at Lat.: 24°71'
and Long: 76°08' in the uptown area about 20 kilometres down-
wind from the city centre (Fig 1 site 2). Continuous measure-
ments of NO, N02 and OJ for fifteen days were carried out in
the month of January 94. Fifteen minutes average concentra-
tion of NO, N02 and 0] for winter is presented in the form of
Figs 3 & 4.

Ozone is generated more significantly, as a result of chemical
reaction involving the absorption of solar radiation by nitro-
gen dioxide (N02) in the presence of volatile organic com-
pound (VOC) and carbon monoxide. It behaves as a green-
house gas as well as a respiratory irritant and potentially dam-
aging to plants. There is evidence to suggest that tropospheric
level of ozone have roughly doubled in rural parts of Europe
since the turn of century. This increase is widely attributed to
human activities (UNEP 1994). The environmental impact of
photochemically derived ozone was first studied in 1950 in
Los Angeles during smog. Reactions with other pollutants were
also observed during the photochemical formation of ozone
(Howard 1973). Ambient concentration of NO, NOx and 03
are strongly interrelated. Photochemically generated ozone and
equilibrium between NO, NO, and 0] is quickly established
in the absence of local pollutant emissions. This equilibrium
is reached in few minutes typically in well mixed air. The con-
centrations of photo oxidants in ambient atmosphere is also
influenced by the rate at which the chemical mechanisms
proceed.

Figure 3 shows average variations of °3' NO, NO, in winter.
The formation of ozone is evident during day and highest con-
centration of ozone was found when solar radiations were at
its peak level as shown in graph IV. The sampling site is about
1 Km away from the super highway. Wind direction during
winter is mostly NS and average wind velocity during winter
was found to be 1.86 meter per second, low wind speed usu-
ally accompany inversion, so there was little horizontal dis-
persion of pollutants, Air masses reaching the sampling site
were generally coming from super highway. The maximum
average concentration of NO, NO x and 0] was found to be
13.5,29.6 and 31.8, ppb whereas minimum average concen-
tration was recorded as 0.9, 4.0 and 5.1 ppb respectively. The
amount of NO x emitted from vehicles varies as a function of
speed as well as dependent on the type ofvehicJe. Emission of
NO. from road traffic have increased significantly over past 20
years. NO, is now a major contributor to poor urban air quality
both as a toxic gas and as a precursor in the photochemical
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production of ozone. NO x also plays a significant role in acidi-
fication . There is no residential or industrial area in and around
two kilometre of the sampling site. Total number of vehicles
playing of the super highway was recorded to be 50015 ve-
hicles per day (Traffic Engg Bureau 1993). The main sources
of air pollution in this particular area are motor vehicles. All
the observed quantities can be attributed to motor vehicle
plying on the super highway.

Conclusion
The measurement of sulphur dioxide and PM I0 carried out at
the Korangi industrial area was mostly within the WHO thresh-
old limits. The air masses during the measurement period were
usually coming from the sea and the emissions from the in-
dustries were also diluted because of topographical condi-
tion. Jt was also concluded that the relative contribution of
mobile sources on the measured concentration of PM I0 and
S02 was not significant. Total NO, NOx levels at any location
were dependent primarily on emission and meterological con-
ditions. The level of photoxidants found in the uptown area
was mainly due to the vehicular traffic of super highway. Am-
bient concentration of NO, NOx and ozone are strongly corre-
lated with solar radiation.
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