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Abstract. Measurement of respirable suspended particulate matter (RSPM) and analysis of toxic
metals in air of Kochi city was carried out for a period of one year, 1997. Seasonal variations of RSPM
and toxic metals are analysed to identify the influence of meteorological parameters. The air pollution
problem with respect to RSPM and lead is moderately significant especially in winter season. The
profile of other toxic metals in RSPM is not much significant. Domestic fuel used mainly coal/wood
and petrol/diesel fueled motor vehicles are the major contributors to the RSPM and toxic metals.
Various control strategies are delineated for reduction of ambient RSPM and toxic metals in air of
Kochi city.
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1. Introduction

India has 23 cities of population over one million people, and ambient air pollution
levels exceed WHO health standards in many of them. Urban air pollution is wors-
ening due to upward trends in power consumption, industrialization, and vehicle
use. Five of the 10 largest cities in India: Mumbai, Delhi, Kolkata, Ahmedabad,
and Kanpur have severe air pollution problems with annual average levels of
suspended particulate matter (SPM) at least three times higher than WHO standards
(NEERI, 2000). SPM concentration levels in various towns in Haryana sub-region
of National Capital Region (NCR) in India exceeding the National Ambient Air
Quality Standards (Bhanarkar et al., 2002a). Brandon and Homman (1995) have
reported that ambient air pollution levels exceeding WHO standards in 36 major
Indian cities/town account for 40 350 premature death, 1 98 05000 thousand
hospital admissions and sickness requiring medical treatments, and 1201 mil-
lion incidences of minor sickness annually. NEERI (1998) estimated human
health damage due to air pollution in National Capital Territory, Delhi at Rs.
1168 millions per year. Respirable suspended particulate matters (RSPM) have
been linked with human morbidity and mortality (Dockery and Papes, 1994;
Anderson et al., 1992). Since 1990, measurement of atmospheric concentration
of RSPM and toxic metals are being carried by NEERI in 10 major cities of
India as a part of National Air Quality Monitoring programme. The RSPM
samples were collected on 24-h basis, 8 days in each month throughout the
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year. The profile revealed critical air quality with respect to RSPM in industrial
locations of Kanpur, Ahmedabad, Delhi and Kolkata shared high levels of
RSPM during 1997 (NEERI, 2001). It is experienced that the toxic metals are
found to be associated with fine dust, which remains in air environment for
longer duration under the prevailing meteorological conditions (Schroeder et al.,
1987). It is further transported from one place to other and it contaminates into
other pristine environment. Presence of the lead in the environment has led
to an increasing awareness and concern about its detrimental effect on the
ecosystem and human health (WHO, 1977; Mathur et al., 1997). It is found that
toxic metals are associated with fine particulate matter present in the ambient air
of Indian urban agglomerations (Negi et al., 1987; Sadasivan and Negi, 1990;
Gajghate and Hasan, 1997 and 1999; Gajghate et al., 1997). In the city of Mumbai
(India), lead along with other toxic elements has been observed to be present in
considerable quantities in the ambient air (Khandekar et al., 1984; Chelani et al.,
2001). Status of airborne metals in the environment of India and various strategies
and approaches for its management has been reported (Gajghate and Hasan, 1995
and 1996; Bhanarkar et al., 2002b). The present study highlights the levels of
ambient fine dust and toxic metals level in the ambient air of Kochi city during 1997.

2. Materials and Methods

2.1. SITE CHARACTERISTICS

Captivating Kochi is a perfect reflection of the cosmopolitan society of state
of Kerala (India). Here one can see the oldest Church in India, old Portuguese
houses and palace, Chinese fishing nets, a 16th century synagogue, all in complete
harmony. It is also known as the “Queen of the Arabian Sea”. It has one of finest
natural harbours in the world. Kochi, the commercial capital of the state and a major
tourist center is known for its scenic beauty with beautiful lagoons and backwaters.
Kochi is one of the most interesting towns in south India. Today Ernakulam–Kochi
is a dynamic city with soaring land prices and rapidly industrializing suburbs.
There is a range of good-value accommodation and some fascinating historic
remains and a trading port since Roman times. It is Head Quarter of the southern
command of Indian Navy, and has an airport and a railway terminus. Kochi has
a population of 5 83 000 based on 1991 census. The annual rainfall varied from
475–600 mm and temperature varied from 22 to 32 ◦C in the city during 1997. The
major measurement of industries of the city comprises a refinery and a fertilizer
plant. The city also has several medium and small-scale industries.

2.2. MONITORING AND ANALYSIS

A sampling network spread over Kochi city was operated activity zone wise to get
entire coverage of ambient RSPM and metal concentrations. For Kochi city, three
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sampling sites representing residential, commercial, and industrial activity were
selected. RSPM were collected from these locations using Respirable Suspended
Particulate Matter (RSPM) samplers operated at a rate of 1.5 m3/min for 24 h on
pre-weighed glass fiber filter of 20 cm × 25 cm size and filters were reweighed after
sampling in order to determine the mass of the particles collected. The concentra-
tions of particulate matter in ambient air were then computed by dividing mass by
the total volume of air sampled. For the determination of metal concentration, the
samples were prepared by taking 12 circles of 1′′ diameter from the filter paper
and digesting them in concentrated nitric acid using microwave digestion system.
The content was filtered through Whatman paper No. 42 and final volume was
made up to 100 mL by adding double-distilled water. The filtrate was used to
determine the metals including Cr, Cd, Fe, Pb, Zn, and Ni by GBC 900 Atomic
Absorption Spectrophotometer (AAS). The details of sampling procedure are
given elsewhere (Katz, 1977).

3. Results and Discussion

Micrometeorology data regarding wind speed and wind direction was collected
from Indian Meteorological Department. The examination of the wind speed and
wind direction data of the year 1997 revealed that wind direction varied significantly
during various seasons (Figure 1). The annual wind pattern showed that predominant

Figure 1. Seasonal and annual Windrose for Kochi during 1997.
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Figure 2. RSPM concentrations in the air of Kochi at three sites during 1997.

wind direction was from East with calm conditions around 49% during 1997. In
winter, summer and monsoon seasons, the predominant wind direction was easterly
and calm conditions was around 80%, 32% and 32%, respectively most of the time.

RSPM monitoring was carried out at three sites, which represent industrial (I),
commercial (C) and residential (R) area in the city of Kochi. The study revealed
that monthly average of RSPM level ranged from 23–77 µg/m3 at industrial site,
33–178 µg/m3 at commercial, and 52–161 µg/m3 at residential site (Figure 2).
The data revealed that the higher concentration of RSPM in industrial, commercial
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and residential area was observed during the winter season. Seasonal mean RSPM
concentration at industrial, commercial and residential sites were found 58, 101, 91
during winter, 30,85,64 during summer and 43, 37, and 54 during monsoon sea-
son, respectively. The levels of RSPM violated the CPCB standard at commercial
and residential sites during the December, February, March and April months.

(a)

Figure 3. Metal concentrations in the air of Kochi at three sites during 1997.
(Continued on next page)
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(b)

Figure 3. (Continued )

The annual average of RSPM was 47, 81 and 76 µg/m3 at industrial, commercial,
and residential respectively. The levels of RSPM are not high during the mon-
soon and summer seasons, however, exceeded the CPCB standards at commercial
sampling locations especially in winter seasons. Further, annual average concen-
tration of RSPM exceeded the CPCB standards at commercial and residential sites.
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Vehicular activities apart from localized industrial and domestic emission may
be contributing to high levels of RSPM (World Bank, 1997). The monthly av-
erage concentrations of six metals are delineated in Figures 3a and 3b. Monthly
average concentrations of Pb over a year ranged from 0.022 to 0.54, 0.004 to
0.68 and 0.010 to 0.500 µg/m3 at industrial, commercial, and residential sites,

(a)

Figure 4. Seasonal variations in metals at three sites in Kochi.
(Continued on next page)
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(b)

Figure 4. (Continued)

respectively. Lead in the atmosphere contributed principally from vehicular ac-
tivities. Nickel in the atmosphere originates from the combustion of fossil fuels,
smelting and crystal sources (Chow et al., 1992). Monthly mean concentration of
Ni varies from 0.005 to 0.310, 0.006 to 0.031 and 0.002 to 0.111 µg/m3 at indus-
trial, commercial, and residential sites, respectively. The level of cadmium in the
ambient air of Kochi city was found insignificant. The Cd, Cr, and Ni are there
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from industrial activities and contributed by localized industries. Zinc originates
from coal combustion, smelting operations, incineration, and wood combustion.
The monthly mean concentration of Zn varies from 0.005 to 0.80, 0.008 to 0.972
and 0.024 to 1.524 µg/m3 at industrial, commercial, and residential sites, respec-
tively. The high concentration of Zinc is attributed to high rate of soil erosion.
Monthly mean concentration of Fe varies from 0.012 to 0.482, 0.166 to 1.719
and 0.162 to 0.751 µg/m3 at industrial, commercial and residential sites respec-
tively. While observing the seasonal variations in the trace elements (Figures 4a
and 4b), high levels of cadmium, nickel, zinc, and lead at industrial, commercial
sites were observed in monsoon seasons. However, iron and chromium was max-
imum at the three sites in winter and summer seasons. The results reveal that the
levels of the Cr, Cd, Zn and Ni are contributing marginally except Pb in commercial
area.

4. Conclusion

It may be concluded that there may be industrial sources, which contribute to
regular emission of RSPM and other toxic elements. Autoexhaust is the main
source contributing to RSPM and lead in the ambient air. In Kochi, ambient air
quality with respect to RSPM and toxic metals has moderate problem as compared
to other big cities of India. However, swelling of urban population, increased
vehicular traffic, and unplanned development of industrial activities in and around
the city will lead to severe air pollution problem in near future. Therefore it is
advocated that urban air quality management should be formulated. In light of that,
the study for carrying capacity of greater Kochi is already in progress to formulate
the control measures for reduction of the RSPM emission level. The unleaded
petrol and low sulphur diesel should be made available at all outlets of Kochi
city as one of the control measure for the abatement of pollution. Development
and widening of internal roads and disciplined traffic will reduce congestion and
reduction of pollution concentration built up at the inhalation level. Raising public
awareness about dangers of RSPM and toxic metals in ambient air will help in the
improvement of urban air quality. It is also advocated to grow plantation along the
roadsides to arrest the pollution from mobile sources.

Acknowledgement

The authors are grateful to the Director, National Environmental Engineering
Research Institute, Nagpur for according permissionto publish this paper. We are



128 D.G. GAJGHATE AND A.D. BHANARKAR

thankful to their colleagues at Kochi who generated primary data on ambient air
quality.

References

Anderson, K.R., Avol, E.L., Edward, S.A., Shamoo, D.A., Peng, R.C., Linn, W.S. and Hackny, J.S.:
1992, ‘Controlled exposures of volunters to respirable carbon and sulphuric acid aerosols’, J. Air
Waste Manage. Assoc. 42, 771–776.

Bhanarkar, A.D., Gajghate, D.G. and Hasan, M.Z.: 2002a, ‘Air pollution concentration in Haryana
sub-region, India’, Bull. Environ. Contam. Toxicol. 69, 690–695.

Bhanarkar, A.D., Gajghate, D.G. and Hasan, M.Z.: 2002b, ‘Assessment of air pollution from small
scale industry’, Environ. Monit. Assess. 80, 125–133.

Brandon, C. and Kirsten, H.: 1995, ‘The Cost of Inaction: Valuing the Economy-wide Cost of
Environment Degradation in India’, World Bank, Washington, DC.

Chelani, A., Gajghate, D.G. and Hasan, M.Z.: 2001, ‘Ambient toxic metals in air of Mumbai city,
India’, Bull. Environ. Contam. Toxicol. 66, 196–206.

Chow, J.C., Watson, J.G., Lowenthal, D.H., Solomon, P.A., Mogoliand, K.L., Ziman, S.D. and
Richards, L.W.: 1992, ‘PM10 sources apportionment in California’s San Joaquin Valley’,
Atmos. Environ. 26A, 3335–3354.

Dockery, D.W. and Papes, C.A.: 1994, ‘Acute respiratory effects of particulate air pollution,’ Ann.
Rev. Public Health 15, 107–132.

Gajghate, D.G. and Hasan, M.Z.: 1999, ‘Ambient lead levels in urban areas’, Bull. Environ. Contam.
Toxicol. 62, 403–408.

Gajghate, D.G. and Hasan, M.Z.: 1997, ‘Lead pollution from gasoline powered motor vehicles and
abatement strategies’, Indian J. Environ. Protec. 17, 86–90.

Gajghate, D.G., Thakre, R. and Aggrawal, A.L.: 1997, ‘Strategic considerations for lead pollution
control in Kanpur city’, Indian J. Chem. Soc. 75, 23–26.

Gajghate, D.G. and Hasan, M.Z.: 1996, ‘Approaches for Management of Air Pollution and Control
Strategy’, in Proceedings of 3rd International Conference on Environmental Planning and
Management, Nagpur, pp. 169–175.

Gajghate, D.G. and Hasan, M.Z.: 1995, ‘Status of aerosol with specific reference to toxic trace metals
constituents in urban air environment’, J. Chem. Environ. Sci. 4, 67–74.

Katz, M.: 1977, ‘Methods for Air Sampling and Analysis’, 2nd ed., APHA Press, INC, Spring
Field, VA.

Khandekar, R.N., Mishra, U.C. and Vohra, K.G.: 1984, ‘Environmental lead exposure of an urban
indian population’, Sci. Tot. Environ. 20, 269–278.

Mathur, P.K., Gajghate, D.G. and Hasan, M.Z.: ‘Environmental lead and children: A review’, Indian
J. of Environ. Protec. 17, 161–165.

NEERI: 1998, Introduction of Environmental Economics into Decision Making for Sustainable
Development: Air Media Project Report Submitted to IGIDR under Capacity 21 Project, Nagpur,
India.

NEERI: 2000, ‘Ambient Air Quality Status in Ten Cities in India: 1996’, National Environmental
Engineering Research Institute, Nagpur, India.

NEERI: 2001, ‘Ambient Air Quality Status in Ten Cities in India: 1997–98’, National Environmental
Engineering Research Institute, Nagpur, India.

Negi, B.S., Sadasivan, S. and Mishra, U.C.: 1987, ‘A composition of aerosol and sources in urban
area in India’, Atmos. Environ. 21, 1259–1266.

Sadasivan, S. and Negi, B.S.: 1990, ‘Frequency distribution in the city of Varanasi, Atmos. Environ.
28, 2117–2323.



CHARACTERISATION OF PARTICULATE MATTER FOR TOXIC METALS 129

Schroeder, W.H., Dobson, M., Kane, D.M. and Johnson, N.D.: 1987, ‘Trace elements associated with
the air borne particulate matter: A review, JAPC 37, 1268–1285.

WHO: 1977, ‘Environmental Health Criteria’, Vol. 3, Lead, Geneva.
World Bank: 1997, ‘Urban Air Quality Management Strategy in Asia: Greater Mumbai Report’, in

J.J. Shah and T. Nagpal (eds), World Bank Technical paper No. 381, Washington DC, pp. 25–
29.


