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ABSTRACT 

 Air pollution is no longer confined to metro cities only. Fast paced urbanization during last two decades 

in India has exposed even smaller cities to the unsuspected high level of pollution with dust emerging as 

a major irritant. Increased economic activities and consequent steep rise in automobiles have 

overburdened inadequate road infrastructure predisposing them to degraded air quality. However, most 

of the pollution studies in India have been focused on major cities alone. As a pioneering work for the 

typical small city Rewa of central India, the study involved elaborate air sampling to analyze 

atmospheric dust load and toxic heavy metals, the two major pollutants. The annual average 

concentrations of atmospheric dust recorded regarding Respirable Suspended Particulate Matters 

(RsPM) and Suspended Particulate Matters (SPM) were several times higher than the permissible 

standards of Environmental Protection Agency, USA (EPA) and American Public Health Association 

(APHA) while 8.7 and 20.2 times higher than the standards prescribed by Central Pollution Control 

Board (CPCB), India. The annual average concentrations of atmospheric heavy metals recorded for lead, 

copper and manganese were within limits, but at par with mega cities of the world. Findings not only 

provided valuable maiden reference database for the city based on extensive monitoring but clearly 

pointed towards grave air pollution conditions in the small urban centers, especially in the wake of 

established carcinogenicity of air pollution. The study may provide insights into the air quality of other 

small cities in India and other developing countries having common dynamics of the economy, 

demography, and infrastructural factors. 
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1. Introduction 

The issue of air quality is a major concern 

world over, particularly in developing 

countries. Particulate matter (PM) and heavy 

metals are major air pollutants. PM consists 

of various small and large particles 

emanating from both natural and 

anthropogenic sources and majorly 

classified as fine and ultrafine RsPM (<10 

µm) and coarse SPM (>10 µm). Despite 

several abatement measures, the 

concentration of PM is continuously 

increasing and even after the nationwide ban 

on lead additives in fuels the presence of 

lead in the atmosphere are lingering.  
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Increased automobile exhaust coupled with 

poor road infrastructure and other factors 

generates an enormous amount of dust 

clouds comprising of PM and heavy metals 

among other pollutants. PM loaded with 

heavy metals is more toxic (Farfel et al., 

2005; Lopez et al., 2005; Montgomery & 

Mathee, 2005). They have several adverse 

impacts on humans, animals, and plants 

exposed to the pollution of high traffic 

(Olivares, 2003; Dubey & Sharma, 2005; Ji-

Tao et al., 2006; Singh & Verma, 2006). 

Curiously, characteristics of PM are 

changing with the change in dynamics of 

road transportation and nature of fuels. They 

are getting finer. The finer PMs stay longer 

in the atmosphere and can pass through the 

natural protective mechanism of the human 

respiratory system and are therefore more 

dangerous. Recently, International Agency 

for Research on Cancer (IARC), the 

specialized cancer agency of the World 

Health Organization (WHO) has categorized 

outdoor air pollution as carcinogenic to 

humans. There is sufficient evidence that 

exposure to outdoor air pollution causes 

lung and bladder cancer. PM, the major 

component of outdoor air pollution was 

evaluated separately and was also classified 

as carcinogenic to humans. 

 

Contrary to the general 

understanding, the air pollution is no longer 

confined to large cities only. The increasing 

population, expanding economy, inadequate 

public transportation system and demand of 

individual means of transportation result in 

traffic congestions and pollution. This, 

coupled with poor road infrastructure, use of 

old and poorly maintained vehicles and lax 

compliance of norms precipitates into 

increased pollution in small cities. PM and 

heavy metal pollution are now proven 

threats, and there is a significant need of 

regular updates on the subject with a greater 

spatial and temporal resolution for a better 

understanding of the dynamics of 

atmospheric aerosols in the Indian context 

(Krishna, 2012). 

 

The study involved analysis of atmospheric 

PM (SPM and RPM) and associated key 

toxic heavy metals with objectives to: a) 

explore the status of air pollution in smaller 

cities of India, b) bridge  the information 

gap based on quality monitoring and 

sampling of the city and c) undertake 

quantitative & qualitative analysis of spatial 

and seasonal variations of key pollutants 

with source identification   

 

2. Materials and Methods 

 

2.1. Area of Study 

 

The study was conducted in Rewa 

city, a typical small urban center in the 

central India, situated in the northeast of 

Madhya Pradesh. It is located at 24
0
 -21’ 

latitude North, and 81
0
-21' longitude East 

and 316 meters above mean sea level (MSL) 

on Rewa-Panna plateau flanked by 

Vindhyan mountain ranges in North and 

Kaimore ranges in the south. The city has a 

humid subtropical climate with cold misty 

winters, hot summer (when the highs 

regularly exceed 40
0 

C) and humid monsoon 

season (annual rainfall of about 41 inches). 

The city had a population of 183 thousand 

(2011) and emerged as an educational and 

manufacturing hub. Well known for white 

tigers, it is an entry point to many tourist 

places and some major state and national 

highways passages through Ttfre321`he city. 
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There are two mega cement plants and some 

small and medium enterprises (SMEs) 

including a few stone crusher units on the 

outskirts. 

 

2.2. Study program and Sampling sites 

 

Rigorous monitoring of atmospheric 

PM along with major heavy metals (Cu, Pb 

and Mn) were done for all the three seasons 

during the year (2006-07). Based on 

meteorological conditions, anthropogenic 

activities and relative traffic load, as many 

as ten sites (including control site) from the 

entire city were identified for a study to 

generate more extensive database. The 

control site was located in the middle of the 

large University Campus having a minimal 

vehicular movement. A detailed description 

of sites is given in Table 1 and Fig 1. 

 

  

Figure 1. Sampling Location and sites. 

 

Table 1. Description of sampling sites 

S.No Sampling Site 

with code for 

identification 

Site description/features 

 

Site # 1: 
UTD (Controlled 

Site) 

Situated 5 km. from Sirmaur Chowk in the north of the city, the controlled 

site UTD is centrally located in the university campus covering approximately 

375 acres of land and has minimal vehicular movement.   

Site # 2: Sirmaur Chowk: 

(SRC) 

Most busy traffic junction of the city, it is situated on NH-7 and  has several 

big shopping complexes and office.   

Site # 3: Civil Lines: 

(CLS)   

Located  about one km towards north-west  from Sirmaur Chowk. Well 

planned, posh residential area of the city has residences and official buildings 

and moderate population with lesser traffic and a lot of greenery. 

Site # 4: Stadium Chowk: 

(STC)  

Situated on university road, 2.5 km from Sirmaur Chowk, it is surrounded by 

university stadium, shops and school and has   marked traffic load. 

Site # 5: Dhobia Tanki: 

(DhT) 

It is situated on the junction of two highways, 2.5 Km towards south from 

Sirmaur Chowk, it  is  densely populated having unplanned residential 

houses, slums, and a taxi stand and a number of congested shops of auto parts 

and repairing. There is high traffic density at this site.   

Site # 6: PTS Chowk: Close to site no #5 and situated on State highway it has traffic load of mostly 
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(PTC) heavy vehicles (trucks, buses etc.). 

Site # 7: Jaistambh 

Chowk: 

(JSC) 

Situated on the busy national highway (NH 7) near bus stand, it is old area 

having dense population, heavy traffic characterized by two petrol pumps, 

lead battery discharging shops besides compactly situated other shops. 

Site # 8: Nagar Nigam 

Building: 

(NNM) 

It is located on state highways (SH 9) and characterized by congested old 

shops with high traffic density. 

Site # 9: Prakash Chowk: 

(PRC)   

This site is situated in the heart of the city surrounded by major shopping 

complexes, hospital and temples it has heavy traffic load. 

Site # 10: Saman Chowk: 

(SAC) 

It is located on busy national highway (NH-7), 3.3 Km from Sirmaur Chowk. 

There is high traffic density of all type of vehicles (trucks, buses, taxi, cars, 

two wheelers, three wheeler auto-rickshaws etc.).  

   
 

2.2. Sample Collection and Analysis 

 

2.2.1. Air Quality Monitoring 

 

SPM, RsPM, and atmospheric heavy 

metals were monitored by Respirable Dust 

Sampler (RDS), Model Envirotech, APM 

460 BL-411 (1996) for 8 hours in a day as 

per the standards of CPCB (India). RsPM 

and heavy metals were collected on Glass 

Fabric filter papers (GFA-3) and SPM was 

collected in the dust cup. The samples were 

analyzed as per methods described in 

manuals of RDS and NEERI. Detailed 

handling requirements and analytical 

methods are available in the relevant chapter 

of Methods of Air Sampling and Analysis, 

NEERI Manual (1996).  

 

2.2.2. Heavy Metal Analysis 

 

The seasonal atmospheric 

concentration of Lead (Pb
++

), Copper (Cu
++

) 

and Manganese (Mn
++

)  were analyzed in 

the ambient air with the help of Atomic 

Absorption Spectrophotometer (AAS), 

Model PERKIN ELMER, MLA MLS 300 

(1998-99) as per the standards of the CPCB, 

India. This instrument has a lower detectable 

limit of 0.001 ppm. Analytical methods are 

available in Methods of Air Sampling and 

Analysis, APHA Edition II (1977). 

 

2.2.3. Statistical Analysis 

  

The data was subjected to (i) 

student’s t-test to measure the level of 

significance between concentration of PMs 

and heavy metals present in the atmosphere; 

and (ii) Coefficient of correlation to test the 

level of significance for any correlation in 

between concentration of PM and its metal 

constituents. GraphPad InStat v3 software 

was used  for statistical analysis.  

  

3. Results and Discussions 

 

3.1 Particulate Matter 

  

The seasonal, spatial and average 

annual concentrations of RPM and SPM of 

all ten sampling sites are presented in Table 

2 and Annual seasonal average 

concentrations are shown in Table  3.  

 

3.1.1 Respirable Particulate Matters 

(RPM) 

  

Observed Seasonal variation in RPM 

concentrations was in the range of 109 to 

2411µg/m
3
 in winter, 146 to 535 µg/m

3
in 
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summer and 212 to 611µg/m
3
 in monsoon 

(Table 2). There were significant variations 

across different sampling sites, which may 

be attributed to the different degree of traffic 

load and quality of road infrastructure. 

There were two mega cement plants, 

situated about 15 to 20 km away from the 

sampling sites. Therefore, the primary 

source of RPM in the city was vehicular 

emission as the contribution of industries 

was very less. Vehicular emission as a major 

contributor to RPM was also concluded in 

the studies of Verma et al. (2003), Gajghate 

& Banarkar (2004), Li et al. (2006) and 

Madhavi Latha & Highwood (2006). The 

annual average concentration of RPM was 

recorded as 520.54 µg/m
3
 which is higher 

than those of Delhi (217.33 µg/m
3
), Kolkata 

(184.67 µg/m
3
), Mumbai (118.0 µg/m

3
) and 

Chennai (67.17 µg/m
3
) and also 8.7 times 

from the standards of CPCB (2005), which 

is 60 µg/m
3
 (Table 3). 

 

Table 2. Average concentrations of particulate matter (µg/m
3
) in 

the ambient air at various sites during summer, monsoon and 

winter seasons 

Sites 

Summer Monsoon Winter 

RPM SPM RPM SPM RPM SPM 

UTD 74 516 139 648 1071 1421 

STC 153 546 230 701 1195 3287 

SRC 230 925 301 1066 503 2588 

SAC 405 1758 475 1898 2411 10848 

PTC 515 4947 589 5096 264 11601 

DHT 535 3448 611 3602 637 3005 

CLS 146 262 212 393 109 456 

JSC 416 1808 496 1968 1384 9079 

NNM 365 1844 445 2004 606 2885 

PRC 451 1929 522 2069 130 2296 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Annual average of seasonal 

concentrations of particulate matter (µg/m
3
) 

 

Seasons RPM SPM 

Winter 830.90 4746.66 

Summer 328.72 1798.35 

Monsoon 402.02 1944.66 

Annual 

Average 
520.54 2829.87 

 

3.1.2 Suspended Particulate Matters 

(SPM) 

 

The SPM of the ambient air of Rewa 

city had seasonal variation range of 456 to 

116 µg/m
3 

in winter, 262 to 4947µg/m
3
 in 

summer and 393 to 5096 µg/m
3
 in monsoon 

(Table 2). The higher SPM levels in the city 

may probably be attributed to the rapid 

increase in vehicle number, traffic jams, old 

vehicles and unpaved roads. A large number 

of vehicles plying the city did not strictly 

comply with the emission norms either. 

Apart from vehicular emissions, burning 

garbage and backyard dumps contribute 

significantly to the SPM levels. According 
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to a recent estimate, burning a ton of garbage produces 0.098 tons of SPM 

(IGIDR, 2000). The impact of exceptionally 

dry periods of three years in the region 

might also have added to the level of SPM. 

The annual average concentration of SPM 

recorded as 2829.87µg/m
3
 (Table 3) is much 

higher (20.2 times) than the standard (140 

µg/m
3
) for residential areas prescribed by 

the CPCB, India.  

 

3.2 Heavy metal concentration 

 

The PM collected from ambient air 

was analyzed for Pb, Cu and Mn contents to 

determine their atmospheric concentrations. 

The values of concentration for all meals 

across all weather are depicted in Fig 2, 3 

and 4.  

 

3.2.1 Lead Concentration: 

 

 The seasonal and spatial variation of 

Pb concentration in air ranged from 0.054 

µg/m
3
 (UTD) to 0.437 µg/m

3 
(SRC) in 

winter, 0.030 µg/m
3
 (UTD) to 0.139 µg/m

3
 

(JSC) in summer, and 0.032 µg/m
3
 (UTD) to 

0.375 µg/m
3
 (SRC) during monsoon . The 

concentration of   Pb was highest during 

winters followed by monsoon and summer 

months. Higher winter Pb was also reported 

in different studies conducted by Gajghate & 

Bhanarkar 2004; Chelani et al. 2001; Lopez 

et al. 2005; Lee et al. 2006. This is attributed 

to the lesser dispersion of pollutant in 

winters. 

 The annual average concentration of 

Pb was recorded in the city as 0.117 µg/m
3
 

with lowest and highest concentrations 

respectively as 0.052 µg/m
3 

and 0.306 

µg/m
3
. All the values were at different 

sampling sites were within the standard limit 

of CPCB, India (0.75-1.5 µg/m
3
) and the 

WHO (1.0 µg/m
3
). However, it was more or 

less equal to the concentrations prevailing in 

several mega cities of India and world like 

Chennai, Delhi, Kolkata, Mumbai (NEERI, 

2000); New York, Washington (EPA, 2006) 

and Beijing (2006). 

 

 
 

Figure 2. Seasonal concentration of Pb in ambient air in (µg/m
3
) 
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The higher level of lead at certain sampling 

sites (spatial variation) can be attributed to 

the higher traffic density. Motto et al. 

(1970), Wagela (1998) and Malviya & 

Wagela (2001) also reported higher 

concentrations of Pb in areas adjacent to 

high road traffic. Automobile exhaust emits 

lead in the ambient air, which ultimately 

settles down and gets mingled with roadside 

dust (Wagela, 1998). Besides, the high 

traffic density also causes resuspension of 

Pb, adding to the concentration of ambient 

Pb indirectly. The results of the study 

corroborate the correlation of ambient lead 

concentration with automobile pollution, as 

direct and indirect cause. These findings are 

in concurrence with observations of Bari et 

al. (2001), Chelani et al. (2001), Sayed et al. 

(2002), Pradhan et al., (2004).  

Since the ban on Pb additives in fuel 

was imposed all over India in the year 2000, 

this result suggests stricter compliance of 

pollution control measures in the bigger 

cities and indicates that  either the ban in the 

city  was not scrupulous or the combined 

effect of resuspension and fresh addition of 

Pb from non-exhaust sources was 

overbearing (Montgomery & Mathee, 2005; 

Farfel et al., 2005). However, various recent 

studies support the latter possibility (Banat 

et al., 2005; Li, 2006; Nabulo et al., 2006). 

The improper recycling and open discharge 

process of lead acid battery and demolition 

of older buildings having lead paints are 

non-exhaust sources. Brake linings, tires, 

and asphalt wear are the other vehicular 

sources of Pb in the environment (L. Sorme 

et al., 2000). Although the level of ambient 

air lead in this study was found below the 

permissible standards, continuous exposure 

to this concentration may adversely affect 

soil, vegetation and human beings 

(Krishnaya & Bedi, 1986). 

 

 3.2.2 Copper (Cu) Concentration 

 

 The seasonal and spatial variations 

of copper (Cu) concentrations are shown in 

figure 3. The highest and the lowest values 

recorded were 1.349 µg/m
3
 (DHT) to 0.007 

µg/m
3
 (UTD) in winter, 0.254 µg/m

3
 (PTC) 

to 0.012 µg/m
3
 (UTD) in summer and 0.427 

µg/m
3
 (DHT) to 0.006 µg/m

3
 (SRC) in 

monsoon season. The seasonal variation of 

concentration at different sites is attributed 

to meteorological and anthropogenic factors 

like scrubbing and vehicular emissions 

respectively (Bari et al., 2001; Sayed et al., 

2002; Chelani et al., 2001; Pradhan et al., 

2004; Lloy & Daisey, 1987). The major 

source of Cu in the air is automobiles (Kar 

et al., 2009). Non-exhaust sources are brake 

linings, radiators, electrical groundings, 

cables, generator parts, transformers, 

capacitors, break-pipes, and asphalt wear (L 

Sörme et al., 2000). This is why the site 

DHT (0.670 µg/m
3
) recorded the peak level 

of Cu among all the sites. DHT site is 

characterized as a densely populated area 

with high traffic density having taxi stands 

and shops for electrical items, auto parts and 

vehicle repairing. 
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Figure 3. Seasonal concentration of Cu in ambient air in (µg/m

3
) 

 

 

3.2.3 Manganese (Mn) Concentration 

 

The seasonal and spatial variation of 

Mn concentration in air is shown in fig 4. 

The highest and lowest values recorded were 

0.580 µg/m
3 

(SAC) to 0.054 µg/m
3
 (UTD) in 

winter, 0.305 µg/m
3 

(SAC) to 0.032 µg/m
3
 

(UTD) in summer and 0.410 µg/m
3
 (SRC) to 

0.076 µg/m
3
 (PRC) in monsoon season 

(Table 6 and figure 5).  

The cement plants are one of the 

major sources of Mn emission besides coal 

and oil fuels. The combustion of coal fuel 

emits more Mn than the oil fuel (Krishnan & 

Hellwig, 1982). The incineration of 

municipal refuse and sewage sludge are the 

other major sources of Mn in the 

environment (Gerstle & Albrinck 1982). 

Automobile exhaust also releases Mn in the 

form of Manganese oxides (Ter Haar et al., 

1975). The high concentration of Mn were 

recorded at sites SAC (0.415 µg/m
3
), SRC 

(0.320 µg/m
3
) and JSC (0.237 µg/m

3
). The 

open incineration of municipal refuse and 

sewage sludge contributed to peak 

concentration of Mn at SAC. 

 

 

 
Figure 4. Seasonal concentration of Mn in ambient air in (µg/m

3
) 
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3.3. Average Annual concentrations of 

heavy metals  

 

  Average annual concentrations of 

the main heavy metals in the atmospheric 

dust were 0.117µg/m
3
 for Pb, 0.118 µg/m

3
 

for Cu and 0.194 µg/m
3
 for Mn . The 

concentrations of each metal were found to 

be lower than the standards of the CPCB and 

WHO. Nevertheless, values are significantly 

comparable to the main cities of Asia as 

noticed in the study of Fang et al. (2005) 

who reviewed the available data for metallic 

elements in PM measured across Asia 

during 2000 to 2004. Trends of spatial, 

seasonal and annual concentrations of Pb, 

Cu and Mn of the city is shown in Fig 2, Fig 

3 and Fig 4 respectively. Peak concentration 

of all the metals were recorded for winter 

season and high traffic areas. The higher 

level of metal concentration in the air has 

been noted in heavy traffic areas (Al-

Khashman, 2007). The majority of the 

metallic apportionment is due to re-

suspension and fresh addition from various 

non-exhaust sources (Montgomery & 

Mathee, 2005; Farfel et al., 2005). A 

correlation has been seen between traffic 

density, resuspension and metal pollution in 

the air. Briefly, the major sources of Pb 

pollution in the city were re-suspension, non 

exhaust sources and possibly vehicular 

exhausts. Automobile exhaust and electric 

wirings were identified as prominent sources 

of Cu and the  open garbage disposal 

practices were found to be the major reason 

for Mn concentration in the air.  

 

4.      Conclusions 

 

The findings provided a valuable reference 

database for the city based on the quality 

monitoring. The study clearly pointed 

towards the status of increased air pollution 

in the small urban center, particularly in 

terms of PM. These values were much 

higher than the standard limits of the CPCB, 

India and the level of those of the bigger 

cities. This is mainly due to infrastructural 

and vehicular reasons. The high 

concentration of PM beyond the standard 

permissible limits was identified as a real 

risk to human health as well as plants and 

other biota. Again, the metallic c
o
ntent of 

atmosphe
r
ic dust was within the standard 

permissible limits, but sufficient enough to 

cause toxicity on long term exposure. The 

study provides insights into the general 

conditions of other small cities in India and 

other developing countries having common 

dynamics of the economy, demography, and 

infrastructural factors. Better town planning 

and road infrastructure, the introduction of a 

reliable public transport system, better 

regulation of traffic, compliance of 

environmental norms and reasonable 

restriction on the surge in private vehicles 

may go a long way in retaining healthy air 

quality of the small cities.  
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