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Abstract. In the assessment of variation trends in ambient air quality at five selected regions of Karachi city, four air
pollutants namely carbon monoxide, sulphur dioxide, nitrogen oxide and nitrogen dioxide were monitored, along with
metrological parameters, for eight consecutive days. The results suggested that all the pollutants were mainly due to
the emissions from motor vehicles and industries, owing to the absence of regulatory laws/standards about ambient air
quality in Pakistan. The results have been discussed with reference to recommendations of the World Health Organiza-

tion for the same.
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Introduction

Karachi is the largest metropolitan city of Pakistan having an
estimated population of above 10 million. Total amount and
complexity of toxic pollutants in the environment of Karachi are
increasing day by day with the rapid increase of population
and proportional increase of industries, vehicular traffic and open
air garbage burning. Rate of atmospheric pollution is 40 percent
higher in Karachi than the other cities of Pakistan (Qureshi, 1997).

Typical major ambient air pollutants in the urban environ-
ment include CO, SO,, NO, NOx, HC and PM10. CO is
formed during combustion of carbon containing compounds.
It is a toxic gas and its prolonged exposure, even at very low
levels, may adversely affect central nervous system. When
inhaled, it reacts with the haemoglobin of the blood stream
to form carboxy-haemoglobin. CO attaches to haemoglobin
roughly about 210 times more than the oxygen (All
Refer.com, 2005). SO, is also generated by the combustion
of high sulphur fuels. SO, is toxic to human body especially
for persons having previous history of respiratory diseases,
such as emphysema; besides, it also causes pneumonia.
Nitrogen oxides are generated at high temperatures during
combustion. Their ultimate effect on human beings is still
not clearly understood, but they act as irritants to breathing
and create discomfort to eyes and also destroy the celia in
the respiratory system.

Present study was carried out in various industrial, residential/
commercial and down-town regions of Karachi city to gene-
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rate base-line data on these localities by air pollution moni-
toring analyzers, to identify major sources of air pollution and
suggest their remedial measures. The data so generated may
assist in the formulation of the country air quality standards.
Information about the industries was obtained from different
civic agencies and the Department of Industries.

Materials and Methods

The subtropical city of Karachi is located in a semiarid zone.
It is the largest industrial and commercial centre in Pakistan
and declared as one of the twenty mega cities of the world
(Mage et al., 1996). Growing urban population, industrializa-
tion and traffic congestion are the main causes of air pollution
in Karachi city. In order to assess the load of air pollutants in
the environments of the city, monitoring of different air
pollutants was carried out at five different locations (as shown
in location map) of the city, categorized as follows:

1- Region A: the site with urban background, moderately
populated, having low vehicular traffic density. It is
one km distant from the main super highway. The area
around the sampling site is sparsely populated.

Region B: a commercial site, densely populated, having
high vehicular traffic density. This site is the busiest
intersection of Karachi, surrounded by multistoried
commercial as well as residential buildings. The popula-
tion around this site mostly belongs to high income group.
Region C: an industrial area in district South of Karachi,
with nearly 2000 different types of industries, approxi-
mately 60 percent comprising of textile mills, while
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Location map: sample collection points

other industries are related to pharmaceuticals, chemi-
cals, detergents, iron and steel, sulphur refining, vegetable
oils, beverages and food products.

4- Region D: an industrial area in district East of Karachi
with approximately 2000 various types of industries
including tanneries (more than 100 units), pharmaceuti-
cal, textile and chemical units and refineries etc.

5- Region E: also an industrial area in district East of
Karachi with 300 industrial units of different catego-
ries including textile, food, chemical, pharmaceutical
and engineering units.

Measurement of major ambient air pollution components
such as CO, SO, NO and NO, was carried out in summer
season, for eight consecutive days at each of the five
stations. Average variations of the pollutants were
recorded for 11 hours at hourly intervals, at the selected
regions (A-E).

Air quality measurements were performed, using air ana-
lyzer, designed and fabricated by Environmental SA,
France. Average values of CO, SOZ’ NO, NO, and NOx

concentrations for 15 min were used for determining daily
average hourly concentrations. The daily hourly average
concentration values were further averaged for determin-
ing values for 8 days and for time weighted average (TWA)
values for 1 h, 8 h and 24 h for each region.

UV fluorescent SO, Analyzer Model AF21 M consisted of
zinc ray UV lamp with stabilized power supply, continuous
energy monitor and compensation for measurement at
constant energy level and integrated carbon kicker for
continuous removal of interfering hydrocarbons.

The chemiluminescent NO-NOx Analyzer Model AC 31M
was of two channel type coupled with serial R232 output
signal processing and continuous zero control by the micro-
processor. The air sampled by a pump placed at the circuit
end, is carried, on the one hand via a converter oven towards
the NOx chamber and on the other hand, directly into NO
chamber. The radiation emitted in the NOx chamber is
proportional to NO+NO, (reduced to NO).

Concentration of carbon monoxide was measured by Snift
CO Analyzer (Model 50). The meter was kept at about 1.2 m
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above the ground level and readings were taken at intervals
of 15 minutes.

Results and Discussion

Hourly average variations of the pollutants, recorded at five
selected regions A, B, C, D and E are graphically presented in
Fig. 1 to 5. Table 1 gives the time weighted average (TWA)
values for 1, 8, and 24 h, along with permissible ambient air
quality limits, recommended by WHO.

Maximum average concentration of CO was found to be 4,
21, 11,9, and 6 ppm in regions A, B, C, D and E, respectively
(Fig. 1). The main source of CO at regions A and B may be
motor vehicles plying on nearby main super highway and
University Road, where traffic density is high, whereas, at
regions C, D and E, the combustion of fuels in nearby indus-
tries and power generation plants.

Maximum hourly average concentrations of SO, were 5.7,
349.1,74.5,42.2 and 21.2 ppb at the regions A, B, C, D, and
E, respectively, the highest concentration of SO, being
349.1, recorded at region B (Fig. 2). The main cause of this
high concentration of SO, at this region may be very high
traffic density due to narrow and congested roads, surrounded
by high rising buildings. At region A, the main source of
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Fig. 1. Hourly average CO concentrations in regions A-E.
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SO, is considered to be the vehicular traffic, whereas, at
regions C, D, and E, the combustion of fuels in the nearby
industries.

The highest average concentrations of NO were found to be
17.2,231.3,193.5, 157.4 and 132.5 ppb (Fig. 3), and those of
NO,, 9.8,127.3,122.2,103.2 and 79.2 ppb (Fig. 4), whereas
the highest average concentrations of NOx were found
to be 27.0, 358.6, 315.7, 260.6 and 211.7 ppb (Fig. 5) in the
selected regions A, B, C, D and E, respectively.
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Fig. 2. Hourly average SO, concentrations in regions A-E.
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Fig. 3. Hourly average NO concentrations in regions A-E.

Table 1. Concentration of CO, SO, and NO, evaluated for 1, 8 and 24 h (TWA) and permissible limits of WHO.

Pollutants Time weighted average (TWA) values Averaging
RegionA  Region B Region C RegionD  Region E WHO Unit time
CO 3 12.25 6.7 3.7 3.5 30 mg/m’ lh
2.1 15.75 8.8 4.1 3.8 10 8h
SO, 4 159.1 42.1 30.6 15.9 350 pg/m? lh
100-150 24 h
NO, 5.6 79.4 47.7 359 329 400 ug/m? lh

150 24 h
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Fig. 4. Hourly average NO, concentrations in regions A-E.
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Fig. 5. Hourly average NOx concentrations in regions A-E.

Carbon monoxide is not easily detected by olfactory senses.
High concentration of this pollutant in central parts of the
cities due to traffic jams may creat serious problems. (ALA,
2000; WDNR, 2000). Exposure to carbon monoxide may lead
to head ache, tiredness, dizziness, nausea, vomiting and
drowsiness and in very acute situations, to unconsciousness
and even death (Malakootian and Yaghmaeian, 2004). Expo-
sure to elevated carbon monoxide level is associated
with impairment of visual perception, work capacity, manual
dexterity, learning ability and performance of complex tasks
(Aziz and Qureshi, 2003).

In region A, the highest hourly average concentration of CO
was recorded to be 4 ppm, from 7:00 to 9:00 a.m. and from
5:00 to 7:00 p.m. In the morning, the movement of traffic is
down town and is reverse in the evening. Variations in the
concentrations of carbon monoxide show that the concentra-
tion gradually increases till 9:00 a.m. and then comes down at
1:00 p.m. and again increases around 6:00 p.m. which are the
rush hours. In region A, the air pollution was generated by
vehicular traffic as the air currents were coming from main
Super Highway that has quite high traffic density.
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In region B, the pollution generation is mainly due to vehicu-
lar traffic. This site is the busiest intersection on M.A. Jinnah
Road having high traffic density and traffic jams with high-
rising buildings on both sides of the road creating tunnel
effect. On the contrary, in regions C,D, and E, the
pollution generation may be due to the emissions from
nearby industries, power generation plants and boilers of the
industries.

Sulphur dioxide originates mostly from the combustion of
trace amounts of inorganic and organic sulphur, contained in
the fuel. The estimated background concentration of SO, is
0.2 ppb and calculated atmospheric residence time is 4 days
(Bhatia, 2005). Short term high level of SO, may enhance
respiratory diseases, lung function disturbance and even
mortality in adults and children (Nautiyal et al., 2007). The
maximum average concentrations of SO, at regions A and B
were found to be 5.7 and 349.1 ppb, respectively, during 7.00
to 9.00 a.m. At these stations, the high concentration of SO,
may be due to the fuel combustion by vehicular traffic. At
regions C, D and E the highest values of SO, were 74.5, 42.2
and 21.2 ppb, respectively, at 6:00 p.m. The main source of
SO, at station C may be power plants and boilers of the indus-
tries and at stations D and E, a large oil refinery, all located in
SW directionof the areas. Relatively high concentration of
SO, obtained at regions C, D, and E, during specified period
may be due to emissions from the nearby industrial units.

Nitrogen oxides are of great concern, being precursors in
ozone production in the presence of sun light. NO and NO,
are emitted together from combustion sources and exist in
equilibrium in the atmosphere; together, they are usually
referred to as NOx. The diurnal pattern of NO and NOx
has correlation with solar energy. A distinct photochemical
relation between NO, NOx and solar energy has been estab-
lished and as the solar energy increases during the day time,
the level of NO, NOx decreases. The reaction of photochemi-
cal oxidants has a time scale of one to a few minutes (Clark,
1988). At region C, the highest concentrations of NO and
NOx were found to be 193.5 ppb and 306.1 ppb, respectively,
between 7.00 to 9.00 a.m. which may originate from the com-
bustion of industries and power plants, about 45-60 meters
away. The reaction is therefore, even more rapid here, having
a time scale of only few seconds. The chemical reaction
between the two mixing species was not completed due to
time lag and shows high concentration of NO and NOx
during the day time. However, at regions A, B, D and E, the
highest values of hourly average concentration of NO and
NOx were found before the sunrise which started decreasing
as the ultra-violet radiations from the sun increased, and again
increasing with the decrease of ultra-violet radiations from
the sun. The main contributor of NO and NO, at regions A
and B were the emissions from the vehicular traffic due to
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combustion of fuel, whereas, at regions D and E, the combus-
tion gases emitted by the industries.

A comparison of the time weighted average values of all
the measured pollutants at the selected stations, with those of
the WHO recommended air quality guidelines shows that
the concentrations of ambient air pollutants found at these
stations are well within the WHO limits.

Air pollution has become a world wide public health prob-
lem, particularly in large towns and cities of the developing
countries where people are commonly exposed daily to very
high levels of pollution for 3-7 hours for the last many years
(Engel et al., 1998). Effect of air pollution on human health
varies according to the intensity, duration of exposure and
health status of exposed population. Air pollution increases
the risk of chronic obstructive pulmonary diseases and acute
respiratory infections in childhood, lung and chest cancer,
tuberculosis, prenatal outcomes including low birth weight
and eye diseases. The worst affected age group had been
between 50-60 years, followed by the lower age group of
45-55 years (Maddission, 1997).

Conclusion

The baseline data generated for major ambient air pollutants
at different urban sites of Karachi show that the concentration
of ambient air pollutants such as CO, SO,, NO and NOx, are
all within WHO threshold limits. The values recorded
indicate that all the pollutants are emitted by the industries
and motor vehicles. It is expected that the generated data
will play a part in laying the foundation for developing appro-
priate ambient air quality standards for Pakistan and their
implementation.
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