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Abstract: 

 

  Air pollution is one of the major environmental problems in India. In the pursuit 

of accelerated industrialization and urbanization, the mushrooming of vehicles started on 

the city roads and highways in the last two decades are chocking the major cities of our 

country. It has been estimated that in all the big cities of our country, about 800 to 1000 

tonnes of pollutants are being injected into the atmosphere every day.  Due to boom 

increase in automobile number in recent years on Indian roads, air pollution has reached to 

alarming proportion in the city. Air pollution has significant effects on exacerbation of 

asthma, allergy and other respiratory diseases. 

The present study was under taken to assess the ambient air quality status of Jhansi 

city, India. The samples were collected for Suspended Particulate Matter (SPM), 

Respirable Suspended Particulate Matter (PM10), oxide of Sulfur (SOx) and oxide of 

Nitrogen (NOx) during january-2012 to december-2012 from commercial and sensitive 

area of city. The ambient air concentration of SPM and RSPM observed was well above 

the prescribed standards during summer and winter season at both sites.  The average 

ambient air concentration of SOx and NOx were found below the permissible limits at both 

sites. Air quality Index (AQI) prepared for different sampling sites shows that these areas 

were slightly polluted, is indicative for the need of promising priorities for the control of 

pollution at this level. 

Key Words:  Air quality Index, SOx, NOx, RSPM, SPM, Air quality monitoring and 

Health effects. 
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Introduction: 

 

For the survival of life five abiotic components viz., air, water, food, heat and light 

are necessary for human beings. Man breaths nearly 22,000 times in a day and inhales 

approximately 15 kg of air per day. Generally, human beings can live for five weeks 

without any food, five days without any water but not even five minutes without air. Even 

though, the air is abundantly available over the surface of the earth, but it contains lot of 

impurities [1].  

Entry of the pollutants into the atmosphere occurs in the form of gases or particles. 

Continuous mixing, transformation and trans-boundary transportation of air pollutant 

makes air quality unpredictable for any localities. The growth of population, 

industrialization, increase in numbers of vehicles and improper implementation of stringent 

emission standards makes the problem of air pollution still worse [2]. 

Approximately 70% of the total pollution load of the city is contributed by 

automobile exhaust. Unplanned increase in vehicles (especially by two stroke engine)  

have brought the ambient air in an alarming level. The petrol driven three wheelers emit 

large quantities of unburned hydrocarbons beside carbon monoxide, nitrogen di-oxide and 

particulate [3]. Air pollution consistently ranks as one of the major environmental concern 

and primary cause of adverse health effects on human beings [4, 5, 6]. Pollution in the 

cities has associated serious to moderate health problems due to high levels of total 

suspended particulate matter (TSPM), sulfur dioxide (SOx) and lead. At least 500,000 

premature deaths and 4 to 5 million new cases of chronic bronchitis are reported each year. 

Further 4% to 8% of premature deaths on a global scale are due to exposure to high levels 

of particulate matter in ambient air [7]. 

Hance the importance and utility of National ambient air quality monitoring 

programme (NAAQMP) in India has been stated. (NAAQMP) can be utilized for various 

purposes like public dissemination, development of an environmental data bank, preparing 

trend reports, working out of action plan to control air pollution in non- attainment cities 

and also to conduct epidemiological studies to assess the health effects due various air 

pollutants [8] . 
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To monitor the quality of air in different cities of India, a network of air quality monitoring 

stations has been established by National Environmental Engineering Research Institute 

(NEERI), Nagpur in cities where its zonal lab are present. However , there is no air 

monitoring station of NEERI in Jhansi. Therefore  In the present study, an attempt has 

been made to assess the prevailing concentration of the SPM, RSPM, SOx and NOx  in  

various areas of  city . 

 

Materials and Methods: 

 

Study Area: 

 

Jhansi is well known district of Bundelkhand region of Uttar Pradesh with a 

geographical area of 502.75 thousand hectare. The district is situated in the South West 

corner of the region at 24º11' - 25º57' N latitude and 78º10' - 79º23' E longitudes. 

Population of Jhansi is near about 4, 79,612.The western area of the district is covered with 

hillocks. Jhansi is located in the plateau of central Indian area dominated by rocky reliefs 

and minerals underneath the soil. The city has a natural slope in the north as it lies on the 

south western border of the vast Tarai plains of Uttar Pradesh. The elevation rises on the 

south. The land is suitable for citrus species fruits. Crops include wheat, pulses, peas, 

oilseeds etc. The region relies heavily on Monsoon rains for irrigation purposes. Under an 

ambitious canal project (Rajghat canal), the government is constructing a network of 

canals for irrigation in Jhansi and Lalitpur and some area of Madhya Pradesh. Being on a 

rocky plateau, Jhansi experiences extreme temperatures.  

Winter begins in October with the retreat of the Southwest Monsoon (Jhansi does 

not experience any rainfall from the Northeast Monsoon) and peaks in mid-December. The 

mercury generally reads about 4 
o
C minimum and 21

o
C maximum. Spring arrives by the 

end of February and is a short-lived phase of transition. Summer begins by April and 

summer temperatures can peak at 47 
o
C in May. The rainy season starts by the third week 

of June (although it may vary year to year). Monsoon rains gradually weaken in September 

and the season ends by the last week of September. In the rainy season, average daily high 

temperature hovers around 36 
o
C Celsius with high humidity. The average rainfall for this 
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city is about 900 mm per year, observed almost entirely within the three-and-a-half months 

of the Southwest Monsoon.  

Jhansi is a city of Uttar Pradesh state of northern India. Jhansi is a major road and 

rail junction, and is the administrative seat of Jhansi District and Jhansi Division. The 

original walled city grew up around its stone fort, which crowns a neighboring rock. The 

National Highway Development Project, initiated by the government of India has sparked 

Jhansi development. The North-South Corridor connecting Kashmir to Kanya Kumari 

passes through Jhansi. The East-West corridor also goes through this city, so there has 

been a sudden rush to infrastructure and real estate development in the city. Two sites 

selected for air quality monitoring in Jhansi city Old City (Shahar) as Commercial area and 

Medical College as Sensitive area (fig-1). 

 

              

 

 

 

 

 

 

                                                                      

 

 

 

 

Fig:1- Location of sampling sites in Jhansi city (Not in scale) 

 

Analytical design: 

 

A respirable Dust Sampler (RDS) was used for collecting air samples from 

different areas of Jhansi city. The RDS air sampler is popular and frequently used 

equipment for the determination of respirable Suspended Particulate Matter, Suspended 
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Particulate Matter, SOx and NOx gaseous pollutants. The analysis of collected sample was 

done according to the guidelines of Central Pollution Control Board (CPCB). Detailed 

analytical processes used in the present study have been mentioned in Table- 1. 

 

Table-1: Methods used for Air Quality Monitoring by Respirable Dust Sampler 

 

Parameters RSPM SPM SOx NOx 

Sampling 

equipment 

Respirable Dust 

Sampler (RDS) 

Respirable Dust 

Sampler (RDS) 

RDS with gaseous 

sampling attachment 

RDS with gaseous 

sampling attachment 

Collection 

Media 

Glass fibre filter 

paper 
Dust cup 

TCM 

(Tetrachloromercurate 
NaOH+ sodium arsenite 

Flow Rate 1.0-1.3 m3 / min 1.0-1.3 m3 / min 0.5 L/min 0.5 L/min 

Analytical 

Method 

Gravimetric 

method 
Gravimetric method 

Spectrophotometry 

method (West and Gaeke 

method) 

Spectrophotometeric 

method (Jacobs- 

Hochheiser) 

Time 

Frequency 
8 hourly 8 hourly 4 hourly 4 hourly 

Sampling 

Duration 

continuously for 

24 

hours 

 

continuously for 24 

hours 

 

Continuously for 24 

hours 

Continuously for 24 

hours 

 

Air Quality Index (AQI): 

 

AQI is developed to provide the information about air quality from a series of observation. 

An index (a ratio or number) is derived which is an indicator or measure of condition or 

concentration of the major pollutants  monitored. The subsequent converted into the AQI  

using standard formula [9]. 
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            Vx100 

Q = 

                Vs 

Where,  

Q= Quality rating 

 V= the absorbed value of the pollutants   

Vs= Standard value recommended for that pollutants.  

The Vs value used was the recommended national ambient air quality standard (Table-2) 

for different areas.  

Table:2- shows the National ambient air quality standards for 24 hours time average. 

Pollutants 

Concentration in ambient air (µg/ m
3 

) 

Sensitive area Commercial area 

SO2 30 80 

NO2 30 80 

SPM 100 200 

RSPM 75 100 

               

Source: Central pollution Control Board (CPCB), New Delhi India. 

 

If total ‘n’ number of pollutants were considered for air quality monitoring. geometric 

mean of these ‘n’ number of quality rating is calculated in the following way: 

                             (log a +  log b + log c + ----------- log x ) 

G =    Antilog       

                                                        n 

Where: 
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G= geometric mean, while a, b, c and x represent different values of quality rating and ‘n’ 

is the number of values quality rating. The AQI calculated was then compared with the 

standard developed by Tiwari and Ali 1987,  Table-3. 

 

 

Table: 3- Shows the Air Quality Categories Based on AQI 

Category AQI of Ambient air  Description of ambient air quality 

I Below       10 Very clean 

II Between   10-25 Clean 

III Between   25-50 Fairly clean 

IV Between   50-75 Moderately polluted 

V Between   75-100 Polluted 

VI Between   100-125 Heavily Polluted 

VII Between   125 Severely Polluted 

Results and Discussion:  

The result of ambient air quality status of Jhansi city are summarized in Table-4 

and discussed below. 

 

Particulate Matter (RSPM and SPM): 

  

The  increase in particulate matter level cause  serious atmospheric pollution, that 

in turn causes severe health problems. These particles enter into respiratory system and are 

responsible for asthma, painful breathing chronic bronchitis, decreased lung functions and 

allergy. Particles containing fungi, viral or bacterial pathogens loading in ambient air may 

play a role in transmission of infectious diseases. The  recent study has experienced that 

road transport is a major source of PM10 with other significant contribution from power 

plant combustion process and non combustion process in addition of road dust refuse 

burning and marine aerosol [10]. In the present investigation maximum concentration of 

SPM and RSPM was 247.56 and 130.33 µg/m
3
  respectively Sensitive area, and 311.26 
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and 151.66 µg/m
3 

respectively at commercial area was in November. Minimum 

concentration of SPM and RSPM was 118.33 and 55.86 µg/m
3
 respectively in September 

and July at sensitive area, and 148.43 and 64.96 µg/m
3 

in July at commercial area. (Table 

no.4) 

 

 

SOX:  

Sulphur dioxide can cause irritation of visibility and respiratory diseases. Healthy 

person are mostly affected by experience broncho-construction at 1.6 ppm of SO2 for a few 

minutes exposure. Throat irritation occurs at 8-12 ppm level. 10 ppm SO2 can cause eye 

irritation. At 20 ppm SO2 concentration may cause immediate cough and eye irritation 

results. Exposure ranges from 400 to 500 ppm of sulphur dioxide even for a few minutes is 

highly dangerous to human life. Normally urban air contains 0.001 to 0.2 ppm SO2. During 

the present investigation maximum concentration of SO2 was recorded  8.36µg/m
3
 in 

March and May at sensitive area, and 9.64 µg/m
3 

in December at commercial area. 

Minimum concentration of SO2 was recorded 5.69  µg/m
3
 in July at Sensitive area, and 

6.07 µg/m
3 

in September at commercial area (Table no 4).  

 

NOX :-  

Nitric oxide (NO) and nitrogen dioxide (NO2) are also of interest to the concern of human 

health. NO is not irritant and it will not cause any adverse health effects at atmospheric 

concentrations. But when NO undergoes oxidation to NO2, it poses health hazards as 

oxidant haemoglobin having 300000 time more affinity for absorbing NO2 than O2, which 

reduce oxygen carrying capacity of the blood. Nitrogen dioxide at high-level exposures at 

the range of 150 ppm (285 mg/m
3
) and above may be fatal to humans. During the present 

investigation maximum concentration of NO2 was recorded  22.99 µg/m
3
 in May at 

Sensitive area, and 27.93 µg/m
3 

in December at commercial area. Minimum concentration 

of NO2 was recorded 13.29 µg/m
3
 in July at Sensitive area, and 17.36 µg/m

3 
in July at 

commercial area (Table no.4).  
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Table: 4- Air Quality Status of Commercial and Sensitive area of Jhansi city 

 

 

 

 

 

 

 

 

Sampling 

sites 
Sensitive Area ( Medical College) Commercial Area ( Old City) 

Parameters 

 

Month 

 

SOx 

 
NOx RSPM SPM 

AQI 

Cat** 
SOx NOx RSPM SPM 

AQI 

Cat** 

January 7.22±.10 19.91±.30 109.66±1.17 231.81±2.42 
53.41 

9.58±.11 27.27±.18 139.13±1.14 287.03±2.03 
85.76 

SD .32 .97 3.70 7.65 0.36 .58 3.63 6.43 

February 8.09±.14 20.18±.22 101.46±1.11 211.20±2.78 
5014 

8.71±.20 24.12±.39 137.93±2.39 279.33±3.06 
84.83 

SD .44 .77 3.52 6.78 .65 1.24 7.57 9.69 

March 8.36±.37 21.81±.53 97.09±1.83 203.93±4.08 
52.55 

9.36±.16 27.56±.39 135.93±2.43 278.70±4.68 
85.50 

SD 1.18 1.70 5.80 12.92 .50 1.24 7.69 14.82 

April 6.36±.11 20.39±.35 108.66±1.43 230.23±2.97 
51.30 

8.38±.10 25.39±.51 141.29±1.39 295.13±2.71 
83.25 

SD .35 1.12 4.55 9.39 .31 1.61 4.39 8.57 

May 8.36±.37 22.99±.54 117.56±2.87 245.80±4.72 
49.44 

9.36±.20 17.36±.33 133.19±3.53 275.23±5.53 
95.23 

SD 1.18 1.73 9.08 14.92 .64 1.05 11.17 17.51 

June 7.80±.29 19.92±.82 117.46±1.65 245.23±4.04 
48.38 

8.60±.21 20.45±.36 139.89±1.68 285.33±3.69 
90.15 

SD 0.93 2.59 5.21 12.80 .67 1.14 5.31 11.68 

July 5.69±.21 13.29±.38 55.86±1.00 121.16±2.16 
30.88 

6.69±.16 18.06±.27 64.96±1.88 148.43±3.37 
52.46 

SD 0.69 1.20 3.17 6.84 .53 .88 5.95 10.67 

August 6.48±.13 18.53±.49 85.06±2.13 175.06±4.19 
39.94 

7.13±.10 18.43±.55 110.13±3.24 225.30±6.35 
71.72 

SD 0.42 1.56 6.75 13.25 .34 1.76 10.25 20.11 

September 6.15±.24 14.07±.36 56.39±3.30 118.33±7.11 
33.68 

6.07±.12 19.75±.95 79.84±1.89 172.29±3.04 
54.08 

SD 0.77 1.16 10.44 22.48 .39 3.02 5.97 9.61 

October 6.92±.26 14.11±.41 95.86±5.47 199.73±9.71 
48.62 

7.48±.10 23.54±.54 141.99±1.51 286.50±3.12 
72.54 

SD 0.82 1.30 17.30 30.72 .32 1.73 4.80 9.87 

November 7.50±.86 
19.21±1.0

3 
120.33±5.66 247.56±13.1 

56.31 

10.16±.6

6 
26.86±.32 151.66±6.37 

311.26±14.1

0 89.12 

SD 2.27 3.26 17.90 41.62 2.11 1.03 20.16 44.59 

December 
6.31±. 

09 
22.01±.37 115.30±1.34 237.73±2.36 

53.53 
9.64±.19 27.93±.25 137.60±1.58 283.86±2.71 

95.06 

SD .31 1.18 4.25 7.48 .60 .80 5.02 8.59 
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RSPM: Respirable Suspended Particulate Matter,  SPM: Suspended Particulate Matter, 

SD:  Standard Deviation , 

AQI: Air Quality Index .
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Fig.2: Status of Different Parameters of Air during Pre Monsoon (a), Monsoon (b) and 

Post Monsoon (c) 
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     Fig.3 :  Shows Air quality of Pre Monsoon, Monsoon and Post Monsoon of Sensitive 

area (a, b, c) and Commercial area (d, e, f) on the basis of AQI .                         

 

 

Conclusion: 

 

Jhansi is one of the important districts out of the five district of Bundelkhand 

massif of Uttar Pradesh occupies almost 70,000 square kilometer of the central plains in 

India. It is historic city always remembered for its areat people such as Rani Laxmibai, 

Dhyanchand, Maithlisharan Gupt and Vrindavan Lal Verma. However in persent time, it is 

also being recognized as an emerging big city. 

The study revealed that concentration of the pollutants in commercial, and sensitive 

area showed little variations which indicates that pollutants are well dispersed within the 

urban area. The major concern is the particulate matter which is much higher than the 

permissible limit and affects on historical buildings like fort and Rani Mahal and human 

health. The effect of pollutant especially the particulate matter in urban areas depends on 

several factors like number of vehicles, concentration, size composition, time of exposure, 

and lastly the receptor (in case of humans these factors depend on age, health conditions 

etc.). Thus it is necessary to monitor the air quality as well as the health effects on regular 

interval at strategic locations. 
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