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Abstract 

 

        Jhansi is an important historic walled city in Bundelkhand region where, once the heroic 

young Rani Lakshmi Bai, had reigned and led her force into battle against the British 

imperialism. Rapid increase in urbanization with vehicle congestion has increased menacingly on 

the roads of Jhansi city. As a result of this, gaseous pollutants (SOx, NOx) and respirable and 

suspended particulate matter pollutants are continuously increasing in the ambient air of Jhansi 

city. These pollutants have been assessed using Respirable dust sampler (Model 2009 APM 460 

NL Manufactured by Envirotech Instrument Pvt. Ltd. India) for residential, commercial, heavy 

traffic street and sensitive areas in Jhansi city. It has been observed that the average 

concentrations of the SPM and RSPM are high in autumn season in comparison to the spring 

season. It was noticed in this study that the SPM and RSPM levels at all selected sites exceeds 

the prescribed limits of the NAAQS as stipulated by central pollution control board (CPCB) New 

Delhi. The average ambient air concentration of SOx and NOx were found below the permissible 

limits of NAAQS of CPCB at all the sites. Comparatively somewhat higher concentration of SO2 

and NOx were observed during autumn season. 
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Introduction  

 

The growth of population, various industry developments, and number of vehicles 

increases and improper implementation of stringent emission standards make the problem of air 

pollution still worse (Raviendra et.al., 2003). The single most important factor responsible for 

the deterioration of air quality in the cities is the exponential increase in the number of vehicles, 

vehicular pollution contributes to 70% of total pollution in Delhi, 52% in Mumbai and 30% in 

Calcutta (CPCB. 2003; Ravindra et.al. 2005). 

 The vehicle fleets in our country are old and poorly maintained roads are narrow and the 

number of two stroke engines, thus increasing the significance of motor vehicles as a pollutants 

source [3](Pandey, et.al., 1998; Khioyangbam, R. S. 2010). Assessed the status of respiratory 

morbidity in Delhi over the four year period from 2000-2003. An attempt was to make to 

investigate the role of important pollutants (SO2, NO2, RSPM and SPM) and various 

meteorological factors (Temperature, relative humidity and wind speed) in being responsible for 

respiratory admissions on account of asthma and emphasyema [4](Agrawal et.al., 2006).   

Pollution in the Jhansi city has associated serious moderate health problems due to high 

level of total suspended particulate matter (TSPM) sulpher dioxide (SO2) and lead. At least 

500,000 premature deaths and 4 to 5 million new cases of bronchitis are reprted each year 

[5](WHO, 1992). 

     Suspended particulate matter (SPM) is constituted of aerosol dust or other particulates of size 

1 to 200 microns suspended in air [6](Chandrasekaran et al, 1997; senthilnathan, 2003-a). It is 

generated by crushing, chipping and grinding of rock and soil. Dust particles of the size above 

100 microns settle quickly on the ground. Dust particles of size 10-100 microns constitute coarse 

dust and settle on the ground in due course of time while, particles size 2.5-10 microns constitute 

fine dust particles and take very long time to settle, while particles of size 1 micron or less 

constitute very fine dust particles and do not at all settle at all. They remain suspended in the air 

and get entry in the respiratory tract and pulmonary system of human beings and have a long 

term effect on health. Smoke is an aerosol of very fine carbon particles of size ranging from 0.5 

to 1.0 micron and is produced by organic particles like coal and wood [7](Senthilnathan, 2006). 

The combination of smoke with fog results in smog. Soot is an agglomeration of carbon particles 

of size 1 to 10 microns. It is formed due to incomplete combustion of carbonaceous materials 

[8](Krishnamohan, 1996; Senthilnathan, 2005a). Mist is an aerosol of liquid droplets formed by 
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the condensation of vapor. The size of mist is less than 10 microns. Water mist is fog and it is a 

visible aerosol. Haze is an air pollution condition formed due to the presence of very fine dust, 

mist, fumes and so on in the atmosphere [9](Pandey et al, 1998; Senthilnathan, 2007-a).  

Suspended particles of size 10 micron get increased due to the operation of fuel burning plants 

and other industrial and commercial processes. In addition, chemical and physical processes in 

the atmosphere form significant portions of respirable dust particles [10](Kumar et al.,) . The 

chemical processes range from relatively simple oxidation reaction of SO2 to produce sulphate 

particles to complex multiple photochemical processes. The highest concentrations of RSPM and 

SPM have been reported in various part of India [11] (Sharma et al., 2005: Chelani and Devotta, 

2007: Nidhi and Jayaraman, 2007) and in Haridwar region (Joshi and Swami, 2007; Joshi et al., 

2006; Joshi and Chauhan, 2008; Chauhan, 2008; Chauhan and Joshi, 2010) and also in Dehradun 

(Chauhan, 2010).  

          Gaseous pollutants can be classified into organic and inorganic type based on their 

chemical compositions. The most important oxide emitted by pollution sources is sulphur 

dioxide. It is a colourless, nonflammable and non-explosive gas [12] (Rao, 1993; Senthilnathan, 

2003-a). It cause taste sensation at concentrations ranging from 0.3 to 1.0 ppm in air. At 

concentrations greater than 3 ppm, SO2 gas has a pungent irritating odour. It is partially 

converted to sulphur trioxide or sulphuric acid and its salts by photochemical or catalytic 

processes in the atmosphere. In a polluted atmosphere, SO2 reacts photo chemically or 

catalytically with other pollutants. Sulphur dioxide gas alone can irritate the upper respiratory 

tract and it can be carried deep into lungs [13] (Scorer, 1968). Further, there are several oxides of 

nitrogen in which three oxides namely nitrous oxide (N2O), nitric oxide (NO) and nitrogen 

dioxide (NO2) are formed [13] (Senthilnathan, 2007-a,b) in the atmosphere. Generally NO and 

NO2 are analyzed together and are referred to as NOx.  

Methodology: 

Study area: 

      Jhansi is one of the important districts of Bundelkhand region which is occupies almost 

70,000 sq-km. of the central plains in India which bounded to the north by the Yamuna River 

and to the south by the hills of Vindhyan Plateau. Jhansi district lies between 23
0
 35’ N–26

0
 N 

latitudes and 78
0 

E-82
0
 E longitudes. Air quality study in this city is the result of complex 
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interaction between natural and anthropogenic environmental condition. It has sub-tropical 

climate with spring, summer, monsoon, autumn and winter seasons. Many places in Jhansi city 

have found heavy traffic areas, large open dumping sites, various drainage and sewers, industrial 

areas and mining sites. Mixed traffic and earth moving activities related to the construction 

activities further add to this menace. The study of the impact adverse air quality on environment 

around the city is discussed.  

Monitoring Locations: 

       Sampling of the specific sites of the Jhansi city was done for the status examine of ambient 

air quality. It is very important to know that the various factors related to it and depends on the 

location of sampling station, size of the site sampling, duration and rate of sampling 

(Senthilnathan, 2005a, 2006). 

Selection of Sampling Sites 

       The location of sampling station should be in the free atmosphere without interferences from 

stagnant spaces or from large buildings and so on. It should be located at a minimum height of 

1.5 m but not exceeding 15 m from the ground level. Based on this sampling criterion, four 

sampling stations, Shivaji Nagar, Veerangana nagar, Manik chauk, Jail Chauraha, Bundelkhand 

University, Maharani Laxmi Bai Medical College & Hospital, Gwalior road nearby BKD and 

Kanpur road nearby BKU were selected for present study.  Shivaji Nagar and Veerangana nagar 

comes in the residential zone, Manik chauk and Jail Chauraha were choosen as in the 

commercial area and Bundelkhand University and Maharani Laxmi Bai Medical College & 

Hospital were selected in the sensitive area. Gwalior road nearby BKD (Bundelkhand Degree 

college) and Kanpur road nearby BKU (Bundelkhand University) find were in the heavy traffic 

street. 

Analytical design 

          The method for sampling of particulate pollutants is based on the size of the particulates to 

be sampled (Rao, 1993; senthilnathan, 2003-b). Suspended particulate matter (SPM) and 

Respirable suspended particulate matter (RSPM) were analyzed using Respirable Dust Sampler 

(RDS) APM 460 and operated at an average flow rate of 1.0-1.5 m
3
 min

-1
. Pre-weighted glass 

fibers filter paper (GF/A) of whatman and cup were used as per standard methods. The respirable 
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particulate matter (RSPM) was collected on glass fiber filter paper and suspended particulate 

matter was collected by gravity settling method. Samples were collected continuously for 48 hrs 

every week at 8-hourly intervals. The sampling and analysis method was followed in accordance 

to USEPA Method: 40 CFR 50Appex: 

         SO2 and NOx were measured with help of RDS APM 460 with gaseous attachment APM 

411 by sucking air into appropriate reagent for 48 hrs every week at 4-hourly intervals and after 

air monitoring it procured into lab and analysis for the concentration level. SO2 and NOx were 

collected by bubbling the sample in a specific absorbing (sodium tetrachloromercurate of SO2 

and sodium hydroxide for NOx) solution at an average flow rate of 0.2-0.5 min
-1

. The impinger 

samples were put in ice boxes immediately after sampling and transferred to a refrigerator until 

analyzed. The concentration of NOx was measured with standard method of Modified Jacob- 

Hochheiser method (1958) and SO2 was measured by modified West and Geake method (1956) 

Results and Discussion 

Ambient air quality of residential, commercial, sensitive area and heavy traffic street of Jhansi 

City has been monitored for the spring (October, 2009 and November, 2009) and autumn 

(February, 2010 and March, 2010). 

Suspended Particulate Matter (SPM) and Respirable Suspended Particulate Matter ( 

RSPM): 

Autumn (February, 2010 and March, 2010): 

It was observed from (Table 1) the average concentration of suspended particulate matter 

during autumn season at residential, commercial, heavy traffic street and sensitive area was 

recorded 355.20, 442.19, 414.77 and 401.17 µg/m³ respectively. Average concentration of SPM 

at residential areas mainly Shivajinagar and Veerangananagar was found 358.49 and 351.92 

µg/m³ respectively while at commercial areas Manik chowk and Jail chauraha was observed 

442.36 and 442.02 µg/m³ respectively. Similarly,  average concentration of SPM at heavy traffic 

streets at Gwalior road nearby BKD and Kanpur road nearby BKU was found 418.46 and 411.09 

µg/m³ respectively . At sensitive areas of M.L.B. medical college and hospital and in 

Bundelkhand University was found 403.49 and 398.85 µg/m³ respectively.  
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        The analytical result of average concentration of Respirable suspended particulate matter 

during autumn season at residential, commercial, heavy traffic street and sensitive area was 

160.04, 219.1, 210.71 and 192.12 µg/m³ respectively given in Table-2. Average concentration of 

RSPM at residential areas Shivajinagar and Veerangananagar was recorded 160.78 and 159.31 

µg/m³ respectively and at commercial areas Manik chowk and Jail chauraha was observed 

219.10 and 219.17 µg/m³ respectively. Similarly, average concentration of RSPM at heavy 

traffic streets Gwalior road nearby BKD and Kanpur road nearby BKU was 212.79 and 208.64 

µg/m³ respectively and at sensitive areas M.L.B. medical college and hospital and Bundelkhand 

University was noticed range 193.22 and 191.02 µg/m³ respectively.  

Spring (October, 2009 and November, 2009) : 

         It was observed from (Table 1) the average concentration of suspended particulate matter 

during spring season at residential, commercial, heavy traffic street and sensitive area was 

recorded 351.66, 413.27, 384.21 and 360.93 µg/m³ respectively. Average concentration of SPM 

at residential areas Shivajinagar and Veerangananagar was observed 353.56 and 349.76 µg/m³ 

respectively. At commercial areas Manik Chowk and Jail Chauraha was found 414.05 and 

412.50 µg/m³ respectively. Similarly average concentration of SPM at heavy traffic streets 

Gwalior road nearby BKD and Kanpur road nearby BKU was noticed 386.51 and 381.91 µg/m³ 

respectively. In sensitive areas M.L.B. medical college and hospital and Bundelkhand University 

was 364.00 and 357.87 µg/m³ respectively. 

         From the observation data (Table 2) reveals the average concentration of Respirable 

suspended particulate matter during spring season at residential, commercial, heavy traffic street 

and sensitive area was recorded 142.21, 203.00, 193.07 and 171.32 µg/m³ respectively. Average 

concentration of RSPM at residential areas mainly Shivajinagar and Veerangananagar was found 

142.97 and 141.45 µg/m³ respectively. At commercial areas of Manik Chowk and Jail Chauraha 

was 202.12 and 203.88 µg/m³ respectively. Similarly Average concentration of RSPM at heavy 

traffic streets Gwalior road nearby BKD and also Kanpur road nearby BKU was noticed 195.91 

and 190.23 µg/m³ respectively. In sensitive areas M.L.B. medical college and hospital and 

Bundelkhand University the RSPM was recorded172.23 and 170.41 µg/m³ respectively. 
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  It was noticed in this study SPM and RSPM (Table 1 and 2) comparing the levels at all selected 

sites in all seasons exceeds the prescribed limits as stipulated by central pollution control board 

(CPCB) New Delhi given in Table-5. 

Table -1: Average concentration (μg/m
3
) of Suspended Particulate Matter (SPM) in 

different areas of Jhansi City  

Location Autumn Spring 

Range Mean Range Mean 

Residential Area     

Shivaji Nagar 341.25 – 381.22 358.49 336.45 – 376.42 353.56 

Veerangana Nagar 334.22 – 374.65 351.92 332.23 – 373.47 349.76 

Commercial Area     

Manik Chowk 435.23 – 452.13 442.36 404.15 – 426.66 414.05 

Jail Chauraha 432.36 – 451.64 442.02 401.11 - 428.12 412.50 

Heavy Traffic Street     

Gwalior road nearby BKD 385.65 – 440.32 418.46 375.45 – 398.67 386.51 

Kanpur road nearby BKU 383.67 – 435.98 411.09 371.21 – 392.78 381.91 

Sensitive Area     

MLB medical college and 

Hospital 393.65 – 415.64 403.49 346.78 – 380.12 364.00 

Bundelkhand University 389.89 – 411.21 398.85 342.65 – 375.32 357.87 

 

Table -2: Average concentration (μg/m
3
) of Respirable Suspended Particulate Matter 

(RSPM) in different areas of Jhansi City  

Location Autumn Spring 

Range Mean Range Mean 

Residential Area     

Shivaji Nagar 150.98 – 

176.45 160.78 
130.98 – 

152.63 142.97 

Veerangana Nagar 149.98 – 

174.58 159.31 

128.64 – 

150.67 141.45 

Commercial Area     

Manik Chowk 204.14 – 219.10 196.87 – 202.12 
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234.56 208.76 

Jail Chauraha 202.28 – 

236.43 219.17 

198.34 – 

211.67 203.88 

Heavy Traffic Street     

Gwalior road nearby BKD 202.69 – 

225.65 212.79 184.67- 213.45 195.91 

Kanpur road nearby BKU 198.69 – 

221.68 208.64 

179.64 – 

209.84 190.23 

Sensitive Area     

MLB medical college and 

Hospital 182.45 - 210.3 193.22 
159.67 – 

189.67 172.23 

Bundelkhand University 179.45 – 

207.69 191.02 

157.88 – 

187.85 170.41 

 

Gaseous Pollutants: 

Sulphur dioxide (SO2)  

Autumn (February, 2010 and March, 2010) 

The average concentration of sulphur dioxide during autumn season at residential, 

commercial, heavy traffic street and sensitive area was recoded 17.34, 22.21, 21.47 and 18.34 

µg/m³ respectively is given in (Table 3). Average concentration of SO2 at residential areas 

Shivajinagar and Veerangananagar was found 17.35 and 17.33 µg/m³ respectively. At 

commercial areas Manik chowk and Jail chauraha was found 22.24 and 22.18 g/m³ respectively. 

Similarly average concentration of SO2 at heavy traffic streets along Gwalior road nearby BKD 

and also Kanpur road nearby BKU was found 21.54 and 21.41 µg/m³ respectively while at 

sensitive areas mainly M.L.B. medical college and Bundelkhand University was estimate 18.36 

and 18.32 µg/m³ respectively. The high SO2 concentrations ranges from 20 to 40 μg/m
3
 was 

recorded in most of the cities of the developing countries comparing the daily average values 

rarely exceed 125 μg/m
3
 [33].  

Spring (October, 2009 and November, 2009): 

            Results from the (Table 3) shows that average concentration of sulphur dioxide during 

the Spring season at various sites namely residential, commercial, heavy traffic street and 

sensitive area was recorded 12.13, 19.14, 17.5, and 15.31 µg/m³ respectively. Average 

concentration of SO2 at residential areas mainly Shivajinagar and Veerangananagar was found 
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12.16 and 12.11 µg/m³ respectively while at commercial areas Manik chowk and Jail chauraha 

was observed 19.15 and 19.13 µg/m³ respectively. Similarly average concentration of SO2 at 

heavy traffic streets along Gwalior road nearby BKD and also Kanpur road nearby BKU was 

found 17.55 and 17.45 µg/m³ respectively. At sensitive areas M.L.B. medical college and 

hospital and Bundelkhand University was resulted 15.31 and 15.32 µg/m³ respectively. 

Table -3: Average concentration (μg/m
3
) of Sulphur dioxide (SO2) in different areas of 

Jhansi City  

Location Autumn Spring 

Range Mean Range Mean 

Residential Area     

Shivaji Nagar 9.34 - 20.64 17.35 8.28 - 14.67 12.16 

Veerangana Nagar 9.21 - 20.75 17.33 8.31 - 14.69 12.11 

Commercial Area     

Manik Chowk 13.12 - 26.58 22.24 11.55 - 22.78 19.15 

Jail Chauraha 13.25- 26.51 22.18 11.64 - 22.67 19.13 

Heavy Traffic Street     

Gwalior road nearby BKD 10.56 - 26.67 21.54 8.34 - 23.78 17.55 

Kanpur road nearby BKU 10.43 - 26.53 21.41 8.22 - 23.68 17.45 

Sensitive Area     

MLB medical college and 

Hospital 10. 42 - 22.68 18.36 8.87 - 19.65 15.31 

Bundelkhand University 10.31 - 22.76 18.32 8.64 - 19.58 15.32 

 

Nitrogen dioxide (NOx)  

Autumn (February, 2010 and March, 2010): 

            It was observed from (Table 4) the average concentration of NOx during autumn season 

at residential, commercial, heavy traffic street and sensitive area was observed 33.55, 40.76, 

37.68 and 35.24 µg/m³ respectively. Average concentration of NOx at residential areas 
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Shivajinagar and Veerangananagar was 33.65 and 33.45 µg/m³ respectively while at commercial 

areas Manik chowk and Jail chauraha was found 40.76 and 40.77 µg/m³ respectively. Similarly 

average concentration of NOx at heavy traffic streets along Gwalior road nearby BKD and also 

Kanpur road nearby BKU was observed 37.60 and 37.76 µg/m³ respectively.  At sensitive areas 

M.L.B. medical co llege and hospital and Bundelkhand University was recorded 35.36 and 35.13 

µg/m³ respectively. Similar results have been observed by Bhanarkar ,Kaushik, and Chauhan, 

[2,12,4].  

Spring (October, 2009 and November, 2009) : 

               From the observation of the different monitoring centres (Table 4) the average 

concentration of Nitrogen dioxide during spring season at residential, commercial, heavy traffic 

street and sensitive area was recorded 32.79, 38.7, 33.8 and 32.11 µg/m³ respectively. Average 

concentration of NOx at residential areas mainly Shivajinagar and Veerangananagar was recorded 

32.83 and 32.75 µg/m³ respectively while at commercial areas Manik chowk and Jail chauraha 

was 38.68 and 38.72 µg/m³ respectively. Similarly average concentration of NOx at heavy traffic 

streets Gwalior road nearby BKD and Kanpur road nearby BKU was found 33.83 and 33.77 

µg/m³ respectively. At sensitive areas M.L.B. medical college and hospital and Bundelkhand 

University was estimate 32.25 and 31.97 µg/m³ respectively. 

Table -4: Average concentration (μg/m
3
) of Nitrogen Oxides (NOx) in different areas of 

Jhansi City  

Location Autumn Spring 

Range Mean Range Mean 

Residential Area     

Shivaji Nagar 21.56 – 38.00 33.65 24.37 - 37.46 32.83 

Veerangana Nagar 21.00 - 38.72 33.45 24.35 - 37.31 32.75 

Commercial Area     

Manik Chowk 31.25 - 44.31 40.76 27.58 - 42.37 38.68 

Jail Chauraha 31.42 - 44.27 40.77 27.62 - 42.29 38.72 

Heavy Traffic Street     

Gwalior road nearby BKD 26.00 – 42.00 37.60 24.68 - 40.00 33.83 



International Journal of Advanced Scientific and Technical Research                  Issue 3 volume 2, March-April 2013          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

 Page 142 
 

Kanpur road nearby BKU 27.00 - 42.27 37.76 24.59 - 40.35 33.77 

Sensitive Area     

MLB medical college and 

Hospital 24.00 – 40.00 35.36 21.56 - 36.22 32.25 

Bundelkhand University 24.22 - 39.76 35.13 21.00 - 37.33 31.97 

 

Table 5: National Ambient Air Quality Standards (NAAQS) 

 

Pollutant Time 

Weighted 

average 

Concentration in ambient air Method of 

measuremen

t Industrial 

Area 
Residential. 

Rural & others 
Sensitive 

Area 

Sulphur 

Dioxide 

(SO2 ) 

Annual 

Average* 
80 g/m³ 60g/m³  15 µg/m³ Improved 

West and 

Geake 

method  24 hours  120 µg/m³ 80 µg/m³ 30µg/m³ 

Oxides of 

Nitrogen (NOx) 

Annual 

Average* 

80 g/m³ 60g/m ³ 15 µg/m³ Jacob & 

Hochheiser 

modified   
24 hours  120 µg/m³ 80 µg/m³ 30µg/m³ 

Suspended 

Particulate 

Matter (SPM) 

Annual 

Average* 

360 µg/m³ 140 µg/m³ 70 µg/m³ Gravity 

settling 

method 

(Average 

flow rate not 

less than 1.1 

m ³/minute) 

24 hours  500 µg/m³ 200 µg/m³ 100 µg/m³ 

Respirable 

Particulate 

matter (RSPM) 

Annual 

Average* 

120 µg/m³ 60g/m³ 50g/m³ 

24 hours  150g/m³ 100g/m³ 75g/m³ 

 

*Annual Arithmetic mean of minimum 104 measurements in a year taken twice a week 24 

hourly at uniform interval 

 

Conclusion: 

It has been observed that the average concentrations of the SPM and RSPM are higher in autumn 

in comparison to the spring seasons at all the sites. It has been also observed that SPM and 

RSPM concentration of commercial area are higher than residential, heavy traffic and sensitive 
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areas.  It was noticed in this study SPM levels at all selected sites exceeds the prescribed limits 

as stipulated by central pollution control board (CPCB) New Delhi. The average ambient air 

concentration of SO2 and NOx were found below the permissible limits of CPCB at all the sites. 

Comparatively higher concentration of SO2 and NOx were observed during autumn season. It has 

been also observed that SO2 and NOx concentration of commercial area are higher than 

residential, heavy traffic and sensitive areas.  
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