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Particulate Matter – Origin?
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Air Pollution and Effects: Basics 
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Atmospheric Haze

•Tiny particles at high concentrations that 
scatter and absorb sunlight 
•Diminished horizontal visibility 
•Natural and anthropogenic sources
•Factors such as prolonged dry weather, a 
stable atmosphere, and an abundant supply 
of pollutants. 



Modified after IPCC Report, 2007
based on Ramanathan et.al, Science, 2001
Twomey(1974), Atm. Env. 
Albrecht (1989), Science
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Role of Aerosol in Climate Change



Role of Aerosol in Climate Change



Outdoor Sources for Metals

Arsenic (As)       : stationary combustion of fossil fuel, coal 
burning, metallurgical industry.

Cadmium (Cd)   : gasoline, car parts corrosion.

Chromium (Cr)   : coal combustion, vehicle exhaust, crustal dust.

Copper (Cu)       : vehicle exhaust.

Mercury (Hg))     : coal power plants, smelters, cement 
production, steel making.

Nickel (Ni)           : industrial oil combustion, road transport.

Lead (Pb)            : metal industry, incinerator, refineries.

Iron (Fe)              : metal industry, crustal dust.



Arsenic (As)      : space heating by coal or oil burning.

Cadmium (Cd)   : tobacco smoking.

Chromium (Cr)   : pigments.

Copper (Cu)       : wood burning.

Mercury (Hg)      : fluorescent light bulbs.

Nickel (Ni)           : tobacco smoking.

Lead (Pb)            : indoor paints, wood burning.

Iron (Fe)              : smoke from biomass fuel burning.

Indoor Sources for Metals



Industries in and around Kanpur



Ground Based Measurement: Kanpur

More than 
0.3 million 
vehicles in 

Kanpur!



Ground Based Measurement: Kanpur



Ambient Aerosol Size Distribution

most metals associated with particle size less than 0.7 micron



Study Objectives
(a) To design and fabricate a submicron (PM1.0 ) 

particulate air sampler 

(b) To sample outdoor air throughout an year 
followed by elemental analysis.

(c) Use of source apportionment models for this 
dataset in order to determine the important 
sources for submicron aerosol in this part of 
Indo-Gangetic plains.



Impaction Theory

Conventional Impactor

Grease



Theoretical Design Considerations
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Key governing parameter for Impaction is the 
dimensionless Stokes number (Stk):

Stk  =                            (i)                   

Calculation of the theoretical cut point diameter(d50 ): 

d50 √Cc = (ii)

(Hinds, 1999)
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Experimental Setup
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 Collection Efficiency Curve for NaCl Particles

Collection Efficiency Curve for Talcum Powder Particles

all aluminum based weighs 500 g, uses silicone vacuum grease as an 
impaction substrate.
It has a 1.0 μm cutpoint at an air flow rate of 10 LPM.

Developed Submicron (PM1 ) Sampler



Outdoor PM Measurement

PM1 sampler used to collect 100 samples (8 h long) over a 
one year period at IITK.
Filters were subjected to chemical analyses for anions and 
elements.

• The samples were analyzed for 13 trace metals-As, Ca, Ca, Co, 
Cr, Cd, Mg, Fe, Ni, Pb, Cu, Zn, V, Se and 5 anions- F-, , Cl-, 
SO4

2-, NO3
-, PO4

3-



PM1 Concentrations
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Elemental Profile
SEASONAL VARIATION IN ELEMENTAL CONCENTRATIONS
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SEASONAL VARIATION IN ELEMENTAL CONCENTRATIONS
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Trends in Elemental Concentrations

In summer season crustal (Ca,Fe,Mg) element concentrations 
were relatively  higher than other season.

Lead was found in significant amount even after introduction of 
CNG.

Zn, Cu, Cd, Cr, Se shows higher concentrations during winter 
season, indicating to their possible anthropogenic origin.

As (Arsenic) was detected only in winter season, may be due to 
lower ambient temperature it transforms from vapor phase to 
particle phase.

Co was never detected in any of the samples may be due to it’s 
mainly associated with coarser particles.



Source Apportionment

Mathematical models were used to conduct source apportionment 
(UNMIX and PCA).



Secondary sources (39%)

Vehicular emission (24%)

Coal combustion (11%)

Road dust (14%)Unapportioned 
(12%)

Source Apportionment



Source Apportionment (PM10 Vs PM1 )

Sources PM10 Industrial
(Auto Fuel Policy Study)

PM1 IIT Kanpur
(Current Study)

Vehicular 
Exhaust
Resuspended 
Dust
Secondary 
Aerosol

Others

32

24

12

32

24

14

39

23



How well do we know PM?
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Source distribution of PM10 (RSPM) in various areas of 
Kanpur

Source: Auto Fuel Policy Study
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