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Abstract: 

Air pollution problem  is a serious issues in adjoining  highly populated villages  

around geo-stone granite mining are as well as other existed industries in Bundelkhand 

specially Jhansi region. for the solving health hazards problem in Jhansi region it is vital 

Need the regular monitoring  especially in and around the granite  mining areas where highly 

dust pollution sources emitted  and their impact on human population settlements 

concentrated around it. Improper land use industrialization of geo-mining activities for the 

regional economic growth are proceeding at devastating rapid pace accompanied by 

increasing of the different kinds of gaseous  emission and also huge dust quantities generation 

affect the ambient air quality standard set by NAAQS permissible limits. For the prevention 

and minimization of the pollution sources, some of the new techniques for maintain the air 

quality standards should be adopted more important to help in alleviating this pollution 

problem in specially geo-mining sectors in Jhansi region, Bundelkhand.  In the present 

investigation, TSPM has been observed above the prescribed limit standard given by CPCB. 

But SOx and NOx are found within the  limits at all sites of the study area. 
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Introduction 

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

for necessary for the 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 [14].  
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 Air pollution means any solid, liquid or gaseous substances (including noise) present 

in the atmosphere in such concentration as may be or tend to be injurious to human being or 

other living creatures or plant or property or environment [9].  

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

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

air quality of locality unpredictable. The growth of population, industry, and numbers of 

vehicles and improper implementation of stringent emission standards make the problem of 

air pollution still worse [15].   . 

 Stated the importance and utility of National ambient air quality monitoring 

programme (NAAQMP) in India. (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 of various air pollutants[3]  

Mining is the extraction of valuable minerals dimensional rocks and various ores 

materials from the earth. Modern geo-mining process involves prospecting of various 

metallic and non metallic body analyses for the profit potential of a proposed mine. 

Extraction of desired materials and finally for reclamation of the degraded mining land to 

prepare it for other uses ones where the mines were closed. Stone crushing in India is 

basically a labour intensive small scale industry where of the operations are perform 

manually [2]. 

Exposure to heavy dust concentration from stone crushers may produce several 

disease chief among them being pneumoconiosis [22]. Silicosis caused by inhalation of dust 

containing silica is an important form of the disease. Respiratory damage resulting from such 

exposure can range from reversible functional changes to reversible damage to the lungs and 

in some extreme exposure, cause lunges cancer [12].     

. The covering damages about 20 times the large area including forest land, pasture 

land and agricultural field by way of over burden deposits and their disturbing drainage [19]. 

Geo- granite mining and rock crushing activities are in Jhansi region constitute a major 

hazard problems with considerable effect to man and environment Though it generates 

various risks to the employed workers engaged in mines and crusher units which become 

disabled at the age of 40 years due to inhaled dust and also using polluted ground water 

mining related areas created diseases specially from air, water and soil borne environmental 

components. The reported different types of diseases related health hazard from which the 
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mines worker have generally suffered mainly tuberculosis, asthma, liver disease, and other 

diseases by the respirable particulates depends in size range from 0.5 to 10 µm in the open-

cast granite mining and rock crushing areas . Different types of pollutants such as TSPM, 

SOx and NOx are common pollution problems in satellite village areas around granite mining 

centres and rock crushing unit in Jhansi region. Their concentrations are becoming in 

alarming conditions and increasing in the heavily RCU and densely populated rural areas. 

Damage to agricultural fields, forest cover, animal and also impacts on human beings caused 

by air pollutants which has been generated by the granite mining activities in different 

location in Jhansi region. [1]. 

 

Geo-Environmental Setting of the Study Area: 

Geologically, the Bundelkhand massif represents a unique set of granitic terrain as 

well as specific geographical and climatic features which have had profound adverse effect 

on environment and human health due to infrastructural and economic development at 

regional and national level by anthropogenic mining activities and rock-crushing processes. 

Granite of varying types of the different nature from the lower Precambrian era are the 

predominate geological rock material occur throughout the region. The resulting these hard 

rock granite terrains is found as undulating topographical features grading slowly into a 

somewhat level plain due to the exposes of buried hillocks.     

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

Massif of Uttar Pradesh  occupies almost 70,000 square kilometers of the central plains in 

India. The Bundelkhand massif covers about 26000 sq km of the total area of the southern 

Uttar Pradesh and north-eastern Madhya-Pradesh in central India and forms the northern 

fringes of the Peninsular Indian shield. The district Jhansi lies in southwest portion of Jhansi 

division of Uttar Pradesh state of India between 25
º 
30' N and 25

º 
57' N latitudes and 78º 40' E 

and79º 25' E longitudes. The present study area of the district according to survey of India is 

covering 5,024 square kilometers. Jhansi falls under a semi arid climate, with two main 

seasons specially Monsoon and Dry. Mining and rock crushing are the major essential 

activities that provides the raw material for society and the Jhansi is known one of the 

important granite mining centres in the Bundelkhand region (Figure 1). Due to lack of proper 

adequate preventive measures adoption for the activities of granite mining it has caused 

serious negative impacts on the environment and also on human health in and around existing 

mining areas. In Jhansi, granite mining is done mainly through the open cast mining by 
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manual and some extent to machnised methods because of the following reasons; (i) it 

requires less mining investment (ii) mechanization is likely to prove inefficient (iii) 

availability of cheap labor and (iv) large scale unsystematic way of underground dynamite 

blasting large scale activities. 

 

Fig- 1: Geo-environmental setting of U.P. part in the Bundelkhand region and their monitoring 

locations of the study area 

Methodology for Estimation of Air Pollutants:  

                      A high volume sampler (AMP-430) was used for collecting air samples from 

different localities of mining and rock-crushing areas. The high volume air sampler is popular 

and frequently used equipment for the determination of total suspended particulate matter 

(TSPM) and SOx and NOx gaseous pollutants. 

Table 1: Methodology for Air Quality Monitoring by High Volume Sampler 

(HVS/AMP-430): 

Particulars  TSPM (SPM+RSPM)  SOx NOx 

Sampling equipment High Volume Air 

Sampler HVS(APM-430) 

HVS with gaseous 

sampling attachment 

HVS with gaseous 

sampling attachment 

Collection 

Media 

Glass fibre filter paper TCM 

(Tetrachloromercurate 

NaOH+ sodium arsenite 

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

Analytical 

Method 

Gravimetric method Spectrophotometry 

method (West and Gaeke 

method) 

Spectrophotometery 

method (Jacobs- 

Hochheiser) 

Time 

Frequency 

8 Hourly 4 Hourly 4 Hourly 

Sampling 

Duration 

continuously for 24 

Hours 

Continuously for 24 

Hours 

Continuously for 24 

Hours 
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Followed the Precautionary procedures: 

 Check the manometer fluid which filled up should be zero mark. 

 Do not take flow rate reading immediately after switching on the machine. The data 

will be taken after five minute for flow stabilization and wait for heat up the blower 

components. 

 During the TSPM data collection, flow rate of manometer reading never below 1.1 

m
3
/ minute and do not fold filter paper completely. 

 TSPM concentration should be collects on filter paper. 

 To avoid the effect of moisture absorption on the filter. It must be kept suitable 

conditioned in a desicator at room temperature for 12 to 16 hours before sampling. 

 Glassware used in analysis need to be cleaned properly. 

 Chemicals whose strength change with time need to prepared fresh (e.g. Sodium-meta 

– sulphide) 

 Reagent bottles should be properly tightened. 

 Always use analytical grade reagent for air pollution monitoring samples. 

 Check quality of distilled water regularly.  

 

Collected Samples for lab Transportation and Analysis: 

Air monitored Samples are collected in the field and it transported to laboratory 

during sampling day. Filter paper for TSPM are taken out from the field station carefully in 

A-4 size paper cover and it  kept in water proof envelop. Gaseous samples especially for SOx 

and NOx are collected in impingers which are carried to laboratory in suitable stand kept in 

ice box. Ice is kept in box to preserve the sample during transportation and its further analysis 

is carried out, based on standard procedure and guideline for ambient air quality monitoring 

development by CPCB.  

 

Method for Estimation of TSPM:  

 

Using Type of Filter Paper in HVS:  

EPM 2000 Glass fibre filter paper was used for collecting Total Suspended Particulate Matter 

(TSPM) in high volume sampler. Glass fibre filter paper are comparatively intensive to 

changes in relative humidity (RH%), but collected particulate can be hygroscopic also,It has 

high retention efficiency combined with low pressure drop, high existence to blocking and 
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low alkalinity for moisture depends on size of filter paper 20.3x25.4 cm (8x10 inch) and also 

conditions of size of particles 3-10µm collected on filter paper. 

 Some of Precaution are made to calibrate the equipment for the improvement of the 

quality of data under follows:  

 During 24 hourly sampling, filter paper is changed an interval of every 8 hours 

regularly.  

 The number and the initial weight of filter paper are always kept with its rough side. 

Rough side put up in upper side and smooth surface is lower side in condition.  

 Manometer reading is set in such way that it noted every hour and regularly check 

up the average flow rate should not be less than 1.1 m
3
/ minute. 

 After sampling is completed, flow rate is recorded and noted the elapsed time in 

same manner and then sampling duration is calculated. 

 Sampled Filter paper is collected from the field and again equilibrated and re-weight 

in same manner as initial weight where differences between initial and final weight 

is calculated.  

Calculation of TSPM in Ambient Air: 

 

                                                               (W 2 –W1) x 106  

                             TSPM (µg/m3) =      

                                                                           V 

 

                                                  Q1+Q2 

 V =          Q.T   ,        Q = 
                                                      2 
 

Where, 

V= Volume of air sampled in m3                     Q= Average flow rate in m3 /minute 

Q1= Initial flow rate                                         Q2= Final flow rate 

T=Total sampling time in minute                    TSPM= Total suspended particulate matter 

W1= Initial weight of filter paper in gm          W2= Final weight of filter paper in gm 

10 6 =Conversion of gm in µg/m3   

 

Flow Chart for Nitrogen dioxide (NO2) Estimation  

The collection and fixation of nitrogen-dioxide (NO2 ) in air is done by scrubbing a 

know volume of air through a solution of basic sodium arsenite. The nitrite ion thus formed is 

reacted with sulfanilamide and N-(1-naphthyl) ethylene diamine (NEDA) in phosphoric acid 
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to form the highly coloured azo dye. The absorbance of the highly coloured azo-dye is 

measured on a spectrophotometer at a wavelength of 540 nm[10]. 

 

 

         Sodium hydroxide + Sodium Arsenite 

                                                          Gas 

     

              Nitrogen dioxide (NO2) Fixed   

                                                           H2O2    (for  Remove SO2) 

                            Sulfanilamide 

 

                       Diazosulphanilic acid 

                        NEDA 

       (Coupling reagent)  

                 A red color azo dye  

 

                   540 nm (absorbance) 

 

Chemicals:  

 NaOH (Sodium Hydroxide)                           Sulfanilamide 

 Sodium arsenite                                              NEDA 

 H2O2-30%                                                       NaNO2 

 Phosphoric acid (85%) 

Reagent:  

Preparation Absorbing Media: 

Dissolve 4.0 g of sodium hydroxide in distill water, add 1.0g of sodium arsenite and dilute to 

1,000 ml with distilled water. 

Sulfanilamide: 

 20 gm sulfanilamide are dissolved in 700ml distilled water 50 ml concentrated 

phosphoric acid is added thoroughly mixed and then diluted in last volume 1000 ml 

with distilled water. 
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NEDA (Solution): 

Dissolved 0.5 g of NEDA in 500 ml of distilled water. This solution is stable for one month, 

if refrigerated and protected from light. 

H2O2 (hydrogen Peroxide Solution): 

 Dilute 0.2 ml of 30% hydrogen peroxide to 250 ml with distilled water. 

Preparation of Calibration curve: 

 (i) Standard Nitrite Solution: 

(a) Stock Solution- (1000 µg NO2/ml)-   Dissolved 1.546 g of desiccated sodium nitrite 

in distilled water and dilute to 1000 ml in such that a solution containing µg NO
-
2/ml 

obtained. 

(b) Solution A- Take 5 ml of stock solution into a 500 ml volumetric flask and dilute to 

volume with distilled water.  This contains 10 µg NO2/ml. 

(c) Take 25 ml solution A into a 250 ml volumetric flask and dilute to volume with 

absorbing solution. This contains 1 µg NO2/ml. Prepare fresh daily. 

Flow Chart of Standard Nitrite Solution: 

1.546 gm NaNO2 dilute in D W last volume make up1000 ml ( stock Solution) 

 

                        Take 5.0 ml from stock solution dilute in D W make volume 500 ml.(Solution A) 

 

Take 25 ml from Solution A dilute in absorbing media last volume make up 250 ml-  Now this solution is 

1µgNO2 /ml. (standard nitrite solution)  

1. 1ml standard nitrite solution are taken in test tubes followed by the addition of  

10 ml sulfanilamide ,1 ml H2O2  solution and  1. 4 ml   NEDA solution  and last 

volume 50 ml make up by distill water. Absorbance is read  at 540 nm. A curve 

is drawn between  NO2  concentration and absorbance as same manner 2, 3, 4, 

5, ml standard nitrite solutions take and get their absorbance at different 

concentration solution. 

 

Formulation of Graph factor: 

                                              Concentration / Absorbance  
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Calibration Factor of NO2 

 

Fig.2  Show the calibration factor of NO2 drawn between NO2 concentration and absorbance or 

Transmittance (%) 

Sample Analysis of NO2:  

(A) Prepared Standard Blank reagent: 

1- 10 ml absorbance are taken in 100 ml volumetric flask followed by the addition of 10 ml 

sulfanilamide, 1 ml H2O2  solution and  1. 4 ml   NEDA solution and last volume 50 ml make 

up by distill water absorbance is read at 540 nm. 

(B) Prepared for Sample reagent: 

 2-  10 ml sample are taken in 100 ml volumetric flask followed by the addition of 10 ml 

sulfanilamide, 1 ml H2O2  solution and  1. 4 ml   NEDA solution and last volume 50 ml make 

up by distill water absorbance is read at 540 nm. 

Formula of NO2:  
                                   Standard Graph x Absorbance x 1000 x vs 

NO2 µg / ml = 
                                       Time in Minute x Flow Rate x .82 x vt 

vt= Aliquot taken for analysis 
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vs= Final volume of sampling solution 

0.82= Sampling efficiency 

In ppm NO2 = µg NO2 / m
3 
X 5.32 X 10

-4
  

Principle, chemicals and their Standard Curve required for SO2 Gaseous Air 

Pollutants:   

Flow Chart for Sulphur dioxide (SO2) Estimation: 

When SO2 from the air stream is absorbed in a sodium tetrachloromercurate solution, it 

forms a stable dichlorosulphitomercurate complex (HgCl2 SO3)
2-

, which then behaves 

effectively as fixed SO3
2-

 in solution. The amount of SO2 is then estimate by the color 

produced when p- rosanilinehydrochloride and formaldehyde is added to the solution. The 

red violet color is shown strong absorbance at 540 nm[20].    

         NaCl + HgCl2                    Na2 HgCl4   (Sodium Tetramercurate) 

EDTA                                                           Air 

Removal of Heavy Metals 

HgCl2SO3 (Dichlorosulphutomercurate ) + 2H_ + Cl- 

       Sulphamic acid                                            HCHO 

        Removal of NO2 

                    Hydroxyl Methyl Sulphamic acid  

                Pararosanilline 

                    Pararosanillinemethyl Sulphamic acid 

 

Chemicals: 

 Sodium Chloride                                          Mercuric Chloride 

 Pararosanilline Hydrochloride                     Sodium meta sulphite 

 Formaldehyde                                              Starch Powder 

 Iodine Solution                                            Conc. HCl 

 EDTA                                                          Sulphamic Acid       

(i) Absorbing media:  

11.7 gm sodium chloride, 27.2 gm mercuric chloride and 0.66 gm EDTA are dilute in 

double distilled water make up 1000 ml volume. This solution can be stored at room 

temperature and can be used for six months. 

(ii) Sulphamic Acid (0.6%):  

0.6 gm sulphamic acid is dissolved in 100 ml DDW (keep one week). 
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(iii) Pararosanilline Hydrochloride Solution (0.2%): 

(a) Step I Solution-(Stock Solution) 

0.5 gm Pararosanilline is dissolved in 100 ml DDW and it kept 48 hours in the refrigerator 

overnight. 

(b) Step II solution- Working Solution 

       10 ml of stock solution is taken in a 500 ml volumetric flask. Add con. 15 ml HCl (12 N) 

make last volume makeup 250 ml with D.W. 

(iv )Formaldehyde solution (0.2% to be prepared fresh): 

Dilute 5 ml Formaldehyde solution (36-38%) to 1 litre with D.W 

(v) Iodine Solution:  

(i)- Stock solution (0.1N) 

12.7 gm iodine in a 250 ml beaker add 40 gm potassium iodide and 25 ml water. Stir until all 

is dissolved, then dilute to 1000 ml D.W.  

(ii ) Working Solution (0.01N): 

Prepare approximately 0.01 N Iodine solution by diluting 50 ml stock solution to 500 ml with 

D.W. 

(vi) Starch Solution: 

0.4 gm starch, 0.002 gm mercuric chloride and dissolved in 200 ml DDW then continue 

boiling until the solution is clear, cool and transfer to a glass-stoppered bottle. 

(vii) Hypo-solution 

(i) Stock solution-  

mixing  25 gm sodium thiosulphate and 0.1 gm Sodium Carbonate are dissolved and to 

bring  1000 ml DDW in final volume. 

Calculate thiosulphate normality: (0.1N) 

Dried Potassium Iodate 1.5 gm dilute in 500 ml DDW (Solution-A) 

 

take 50 ml from solution A + 2 gm potassium Iodiet + 10 ml HCl (Solution B) 

 

Solution B-Titrate Sodium thiosulphate to dark yellow color (Solution C) 

 

5 ml starch add in Solution C find out  blue color 

 

Again titrate to disappear blue color 

Count no. of ml sodium thiosulphate (near about 40-50 ml) 
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                                      1.5x 1000 x 0.1 

Normality of Thiosulphate = 

                      no. of Thiosulphate ml x 35.67 

                                                       

(ix) Sodium sulphite solution: 

 

0.4 gm sodium sulphite and or 0.3 gm sodium metabisulphite are dissolved in 500 ml DDW 

(found 300-400 µg SO2 /ml). 

Calculate the concentration Sodium Sulphite Solution: 

50 ml of iodine solution (v) are taken into two 500 ml conical flask (A and B). To “A” 

(blank) and “B” 25 ml DDW and 25 ml sulphite solution (vii) are added. After 

keeping flasks in dark for 5 minute for reaction, then titration is done with sodium 

thiosulphate till color becomes faint yellow. 5 ml starch solution is added and titration 

continued till blue colors produced due to addition of starch disappear. Titration 

should be repeated to get a constant reading. These methodologies are given below in 

the form of flow diagram follow:       

 

 A                                                                B 

 

500 ml  bottle                                             500 ml  bottle       

              

add 50 ml Iodine solution                         add 50 ml Iodine solution 

 

25 ml D.D.W.                                            25 ml Sulphite Solution 

 

Titrate Sodium thiosulphate                  Titrate Sodium thiosulphate 

 

5 ml starch solution blue color            5 ml starch solution blue color 

 

 

Disappear after titration                                  Disappear after titration 

Count no. of ml sodium thiosulphate              Count No. of ml sodium thiosulphate  
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                                                             (A-B) x N x K 

Concentration SO2 µg/ ml =    

                                                                     V                               

No. of ml sodium thiosulphate used in titration in blank -A     

No. of ml sodium thiosulphate used in titration in sulphite solution – B 

Normality of sodium thiosulphate =N 

K= 32000 

V=25 ml  

Conc. SO2 µg/ ml will be near about 4-7 

Calculation of Graph Factor: 

1. Sodium Sulphite 

 

                                              

                                        a.0.5      b.1.0     c.1.5     d. 2 ml 

2. 0.5 ml  sodium sulphite are taken in test tube followed by the addition of absorbing 

media bring volume 10 ml and 1 ml sulphamic acid, 2 ml formaldehyde and 2 ml 

pararosanilline and last volume makeup 25 ml with DW and take absorbance 560 nm 

after some time . As same manner 1, 1.5, 2, ml standards sodium sulphite take 

and get absorbance. 

3.   Formula of Graph factor: 

                                                Concentration / Absorbance  
Calibration Factor of SO2 

 

Fig:3- Shows the calibration graph factor of SO2 drawn between SO2 concentration and 

absorbance or transmittance (%). 
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Sample Analysis:  

Prepared Blank reagent: 

1- 10 ml absorbing media+1 ml Sulphamic acid +2 ml Formaldehyde + 2 ml pararosanilline 

and last volume makeup 25 ml with D.W. and take absorbance 560 nm after some time. 

 Prepared Sample reagent: 

2- 10 ml sample +1 ml Sulphamic acid +2 ml Formaldehyde + 2 ml pararosanilline and last 

volume makeup 25 ml with D.W. and take absorbance 560 nm after some time. 

 

Formula of SO2 Calculation:  

                                                               (A-Ao) x 10
3 x B 

                          SO2 µg/m
3
       =  

                                                                         V 

Where:  

A= Sample absorbance 

Ao=Reagent blank absorbance 

103=Conversion litre to cubic meter 

B= Calibration factor, µg/absorbance 

V= volume of air sampled in litre 

 

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 property the concentration of the major pollutants based on monitored and 

subsequent converted into the AQI (Table-2) using standard formula [18]. The categorization 

of ambient air quality on the basis of AQI is presented in Table-2. 

Table:2 shows the Air Quality Categories Based on AQI (Tiwari and Ali, 1987) 

Category AQI of Ambient air  Description of ambient air 

quality 

I < 10 Very clean 

II    10-25 clean 

III     25-50 Fairly clean 

IV     50-75 Moderately polluted 

V    75-100 polluted 

VI   100-125 Heavily Polluted 

VII >  125 Severely Polluted 

 



INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY                                          

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                                                               

ISSN: 2249-9954 

 Page 55 
 

The air quality index (AQI) was calculated using the method suggested by Tiwari and Ali 

(1987). First of all, the air quality rating of each pollutant was calculated by the following 

formula- 

 

              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 as the recommended national ambient air quality standard (table-1) for 

different areas. 

 If total „n‟ indicate the number of pollutants where considered for air quality 

monitoring. While geometric mean of these „n‟ number shows the quality rating as calculated 

in the following way: 

 

Table .3: Shows the National Ambient Air Quality Standards (NAAQS) for 24 hours 

time average. 

Pollutants 

Concentration in ambient air (µg/ m
3 

) 

Sensitive area Industrial area 

 

Residential area 

SO2 30 120 80 

NO2 30 120 80 

TSPM 100 500 200 

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

 

Following way:  

 

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

G=     Antilog       

                                                        n 

 

Where: 

 

G= geometric mean, while a, b, c and x represent different values of quality rating and „n‟ is the number of 

values quality rating. 
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Results and Discussion:  

                    Mining of granites, gabbro and doleritic rocks of study area and their associated 

various activities like drilling, blasting, transportation and rock crushing have generated high 

amount of varying size dust in the form of  suspended particulate matter and some other gases 

such as  SOx and NOx in the air which  affect the harmful to the worker engaged in the 

mining environmental regime. 

 

Particulate Matter: 

 When the particulate matter of the different particles sizes inhaled by human beings it 

will deposited in various parts of the respiratory system with reference to mining and rock 

crushing areas. If particle size is greater than 10 µm, they are retained by the cilia of the nose 

whereas size of the particles is less than 10 µm they may enter into the upper respiratory 

tract. The upper respiratory tract consist of nasal cavity, nasal pharynx, larynx and trachea. 

The size of the particles ranges from 2-to 10 microns which may inter specially into the 

trachea but the movement of cilia sweep mucus upward, carrying particles from windpipe to 

mouth, where they can swallowed. The lower respiratory tract consists of bronchi, 

bronchioles, alveolar ducts, alveolar sacs and alveoli of the lungs. Particles size less than 2 

microns are deposited mostly in bronchioles but few of them may reach the alveolar ducts. 

Particles size ranges from 0.25 to 1 µm enter mainly into the alveoli of lungs and it deposited 

which reduces the volume of the alveoli thereby causing damage to the lungs by minimizing 

the oxygen exchange from air to blood.   

 In the present investigation, maximum particulate matter concentration i.e. 1205 

µg/m
3 

was recorded in the months of June at Bijauli (sites-iii) whereas minimum 

concentration i.e. 692 µg/m
3
 was determined in the month of January at Daun (site-i) of the 

investigated areas. 

 

SO2:- Sulphur dioxide can cause irritation of visibility and respiratory diseases. Healthy 

person are mostely 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. In 

present investigation maximum concentration was recorded 12 µg/m
3
 in January at Daun 
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(site-i) whereas minimum concentration about 5.6 µg/m
3 

in June at Bijauli (site-iii) of the 

study area. 

 

NO2:- Nitric oxide (NO) and nitrogen dioxide (NO2) are 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 affinity for absorbing NO2 than O2, which reduce oxygen 

carrying capacity of the blood. Nitrogen oxides can cause damaging lung tissues to become 

leathery capacity of blood, lung cancer and also emphysema. Threshold value is 0.12 ppm of 

NO2. Increased air way resistance occurs at 2 to 5 ppm SO2 for 1 hour exposure. Nitrogen 

dioxide at high-level exposures at the range of 150 ppm (285 mg/m
3
) and above may be fatal 

to humans. In the present investigation maximum concentration was recorded 25 µg/m
3 

in 

January at Daun (site-i) whereas minimum concentration i.e, 16 µg/m
3
 SO2 in June at Bijauli 

(site-iii) in the study area.
   
 

 

Table:4-TSPM is major air pollutant in the mining area on the basis of TSPM find out 

fallowing air quality Index (AQI) at different monitoring sites of mining area. 

 

 

SITE 

MONTH 

 

DAUN BASOWA BIJAULI KHAILAR 

January 710±32.4 692±6.12 827±9.2 735±2.1 

February 833±14.5 725±8.97 1014±20.68 816±9.17 

March 861±6.35 854±5.2 1089±5.1 863±2.08 

April 905±1.73 761±1.52 1123±.57 948±4.62 

May 1026±3.05 1008±1.73 1176±1.52 1021±1.52 

June 1048±1.15 1026±1.73 1205±4.73 1067±3.7 

 AQI 444.73 417.06 532.47 450.29 
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Table:5- Average Ambient Air Concentration of Pollutants (µg/m
3
) and their AQI for different granite 

mining and Rock crushing areas of Jhansi region during the winter and Summer Seasons-(2011) 

MO

NT

H 

DAUN   (SITE-I) BASOWA SITE-II BIJAULI  (SITE III) KHAILAR    (SITE IV) 

SOx NOx 
TSP

M 

AQI 

CAT

** 

SOx 
NO

x 
TSPM 

AQI 

CAT

** 

SOx NOx TSPM 

AQI 

CAT

**  

SOx NOx TSPM 

AQI 

CAT

** 

Jan 12± 

.24 

26±

1.5 

710±3

2.4 

IV 

(50-

75) 

Mod

.Pol. 

8.6±

.72 

18±

3.84 

692± 

6.12 

III 

8±1.1 
21±2.

5 
827±9.2 III(2

5-

50) 

F.C 

9±1.0 27±1.5 735±2.1 
III 

Max

-Min 

12.4

-

11.6 

29-

24 

775-

671 
9.8 

26-

14 

704-

683 
11-6 26-18 845-814 11-8 29-24 740-733 

SD 
0.41 2.64 56.21 1.25 

6.6

5 
10.59 2.5 4.35 15.9 1.7 2.64 3.7 

Feb 
10.8

±.51 

25±.

57 

833±1

4.5 

IV 

8±.3

7 

16

±1.

15 

725±8.

97 

III 

7.3± 

.29 

18±.2

6 

1014± 

20.68 

III 

9±.34 24±.31 
816±9.1

7 

III 

Max

-Min 

9.3-

11 

24-

26 

810-

860 

7.4-

8.7 

18-

14 

741-

710 

7.8-

6.8 

18.4-

18.1 

1054-

985 
9.6-8.4 

24.6-

23.5 
828-798 

SD 

0.88 1 25.23 

0.65

5743

85 

2 
15.524

1747 

0.503

3223 

0.458

25757 

35.7910

603 
0.6 

0.5507

5705 
15.87 

Mar 
8.2±

.08 

22.6

±.33 

861±6

.35 

III 

7.5± 

.20 

15

±.5

7 

854±5.

2 

III 

6.5± 

.81 

16±1.

0 

1089±5.

1 

III 

8±.57 21±.57 
863±2.0

8 

III 

Max

-Min 

8.4-

8.1 

23-

22 

872-

850 

7.8-

7.1 

16-

14 

863-

845 
7.8-5 18-15 

1092-

1079 
9-7.0 20-22 866-859 

SD 0.15 0.57 11 0.36 1 9 1.41 1.73 8.88 1 1 3.60 

Apl 
7.5±

.66 

20±

1.52 

905±1

.73 

III 

7.3±

.08 

15

±.5

7 

761±1.

52 

III 

6.2±.1

8 

15±1.

15 

1123±.5

7 

III 

7±.57 
19±1.1

5 

948±4.6

2 

III 

Max

-Min 

8.8-

6.6 

23-

19 

902-

908 

7.5-

7.2 

16-

14 

764-

759 
6.6-6 17-13 

1124-

1122 
8-7.0 21-17 956-940 

SD 1.15 2.64 3 0.15 1 2.64 0.32 2 1 1 2 8 

May 
7±1.

04 

18±

1.00 

1026±

3.05 

III 

7±.9

5 

14

±1.

15 

1008±1

.73 

III 

6±.28 
14±1.

07 

1176±1.

52 

III 

6.8±.15 17±.57 
1021±1.

52 

III 

Max

-Min 

8.5-

5 

20-

17 

1030-

1020 

8.7-

5.4 

16-

12 

1011-

1005 

6.5-

5.5 

16-

12.3 

1179-

1174 
7-6.5 18-16 

1124-

1119 

SD 1.80 1.73 
5.291

50262 
1.65 2 3 0.5 1.86 2.64 0.26 1 2.64 

Jun 
7±.5

7 

18±

1.15 

1048±

1.15 

III 

6±.5

7 

12

±1.

73 

1026±1

.73 

III 

5.6±.8

8 

12±1.

5 

1205±4.

73 

III 

6.5±.81 
15±1.5

2 

1067±3.

7 

III 

Max

-Min 

8-

6.0 

20-

16 

1050-

1046 

7-

5.0 

15-

9 

1029-

1023 
7.0-4 14-9 

1214-

1198 
7.8-5 17-12 

1074-

1061 

SD 1 2 2 1 3 3 1.52 2.64 8.18 1.41 2.64 6.55 

S.D= Standard Deviation, Mod.Pol. = Moderately Polluted, F.C. = Fairly Clean.
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a.                                                                                     b. 

    

c.                                                                                       d. 

   

e.                                                                                       f. 

Fig:4-Show Monthly Variation(a-f)  of TSPM, SOx and NOx at Daun site of mining areas in Jhansi. 
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a.                                                                                   b.

 

c.                                                                                    d. 

 

e.                                                                                   f. 

Fig:5-Show Monthly Variation(a-f)  of TSPM, SOx and NOx at BASOWA site of mining areas in 

Jhansi. 
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a.                                                                                    b. 

  

c.                                                                                      d.  

  

e                                                                                        f 

Fig:6-Show Monthly Variation(a-f)  of TSPM, SOx and NOx at BIJAULI site of mining areas in 

Jhansi 
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a.                                                                                     b. 

  

c.                                                                                      d. 

  

e.                                                                                     f. 

    Fig: 7-  Show Monthly Variation (a-f)  of TSPM, SOx and NOx at KHAILAR site of mining areas 

in Jhansi 
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            An Environmental Management Plan (EMP) For Sustainable mining Activities: 

Environmental management plan for sustainable mining operations is relatively a 

new concept in this country. The economic growth and development is not only depends 

on the resource industrialization but also on the environmental management. The force of 

progressive development should be on the ground of sustainable resource utilization. This 

aspect of resource industrialization was not envisaged by our planer in the past. The 

problem became acute with the increased demand on resources with the population growth 

resulting in the uncontrolled exploitation of various rocks and minerals, particularly in past 

20 years. Fortunately, the government as well as public mined at large scale explained 

resources that were not aware about pollution problems. Hence the pollution control 

became an important issue in the development projects, especially in the area of mining. 

However, the environmental laws are not forced on the various mining of rocks and 

crushing of the building stones such as sandstone, limestone and granite which have 

causing unhindered immense damage to the environment as well as creates health hazard 

problems in the Jhansi region. For the environmental management plans (EMPs) based on 

sustainable mining activities are followed different methodological and technological 

approaches as given below [19]. 

 

Degraded land Reclamation: 

Degraded land reclamation is key to environmental rehabilitation and is a well-recognized 

procedure for environmental management. Concurrent reclamation is one of the new 

approaches. Most of the mine owners are unable to take extensive restoration, 

rehabilitation, revegetation and afforestation measures for amelioration of environmental 

hazards resulting from geo- mining operations. The owners neither have experience nor 

expertise to carry on with such environmental measures. Hence, the Departments of Forest 

and Mines in the States should fill up this gap as they are the competent agencies to take 

up such work which is highly technical. The cost must come from the mining agencies 

themselves. Various improvemental measures suggested for degraded land should be 

followed: 

1. All dump material stacked on either side of roads should be removed to reclaim the land. 

2. All dump hills should be vegetated by native plant species like Azadirachta indica, 

Withania somnifera, Aloevera, Commiphora Wightii, Dendrocalamus strictus (bamboos) 
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which are of high economic value and can thrive on all kinds of habitats suitable in semi-

arid region. 

3. The exhausted mines should be refilled with dump material and reclaimed for 

agricultural purposes. 

4. Where the mined-out pits are deep them and filled with water and they should be 

developed for “pisiculture”. 

5. Dump material should be taken away for construction purposes. Even some subsidy in 

transporting the material to construction sites may be given. 

6. All mining activity in the agricultural fields and forest areas should be stopped 

immediately.    

7. In future, mining leases should be granted in wastelands only and the areas for dumping 

the waste material is specified on various wastelands. Approach of concurrent reclamation 

of mined out areas by backfilling and spreading of top soil and sub-soil so as to restore it to 

agricultural land should be adopted. 

8. Plots of wasteland should be leased out to mine leaser simultaneously with afforestation 

being an obligatory condition attached. 

9. Though mine leases are allotted in small size plots, in practice, it is only a few big mine 

owners who are working as proxy and hence these big mine owners should be held 

responsible for regeneration of land and environmental management under the control of 

Forest and Mines Department. 

 Other Important Remedial Measures 

Though the SPM in air measured at ranges from 411 to 467 µg/m
3
   are indicate 

below limits which is prescribed by CPCB 500 µg/m
3 

in NAAQS. It is more than twice 

particulate matter 199 µg/m
3
 found in the ambient air which impact on the villagers 

otherwise would inhale. The WHO considers only 55 µg/m
3
 as acceptable and above 90 

µg/m
3
 as unacceptable. Hence, it is necessary to have controlling measures of the 

pollutants with help of wet drilling and also blasting by effective stemming and 

millisecond delay detonators. Plantation of wide-leaf trees should be under taken around 

the mines, waste dumps lands, and on both sides of the mine as well as village roads. A 

wide-leaf tree intercepts dusts more rapidly. Sprinkling of water on the mine roads should 

be carried out for the   settles dust and reduce concentration dust particles in the air. If such 
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measures are adopted for the SPM in air which positive affects the health of mine workers. 

Further, control measures would be to install noise control equipments or to advance  

design inherently producing quiet sound. Personal hearing protection devices like “ear 

plugs” and “ear muffs” are most effective and easy to use. Thick green belts along road 

sides and in townships had been works as acoustic screens and help in reduction the noise 

intensities. 

 

Conclusion: 

Mining is a destructive development but having economic growth activity where 

ecological imbalance suffers. Unfortunately in the most regions of earth, the under ground 

geological natural resources such as rocks and minerals and are superimposed by 

biological resources. Due to the mining operations creating adverse impacts and involves 

deforestation, habitat destructions and biodiversity loss. An unspoiled nature can provide 

ecological security to people cannot bring economic prosperity. Scientific mining 

operation accompanied by ecological restoration and regeneration of mined wastelands and 

judicious use of geological resources, with search for eco-friendly substitute and 

alternatives must provide the answer.              

The AQI of the ambient air and their emission range of air pollution is monitored 

and their impact-ness informs the near by local public settlements around the mining rock-

crushing   as well as industrial sector existed mainly from Pariccha Thermal Power plant 

and Diamond Cement Factory for the awareness and especially associated with health 

effect resulting from inhaling polluted air.  In the study area, AQI show the some what 

higher value falls in the range from III
rd

 to IV
th 

 categories which indicates the impact on 

environment gives the moderately to unhealthy conditions by the present concentration of 

air  pollutants in selected four site  namely Daun, Basowa, Bijauli, and Khailar during the 

winter and summer seasons. The major pollutants that have adverse effect on human health 

including total suspended particulate matter (TSPM) sulphur dioxide and nitrogen dioxide 

have been considered and to give for reporting AQI to the authorized pollution control 

board. 

In bundelkhand, especially Jhansi region and also adjoining area are highly affected 

by the particulate matters and has reached alarmingly high level than the SOx and NOx air 

pollutanta due to mining and rock crushing activities over past two decades. Around the 
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mining sites within 5 Km radius a number of private government hospital situated as 

sensitive area, schools and University which comes under the highly dust pollution zone.  

Analysis of the ambient air quality data monitored over the last six months in the year 

2011 reveals that some of the pollutants especially particulate matter exceed the National 

Ambient Air Quality standards (NAAQS) set by the central pollution control board 

(CPCB) New Delhi. For example, The total suspended particulate matter (RSPM + SPM) 

concentration of 1205 ±4.73 µg/m
3
 recorded at Bijauli monitoring site in Jhansi region is 

more or less 7 times the stipulated 24 hours standards of 175 µg/m
3
 (RSPM + SPM) 

recommended for sensitive area, as set by CPCB in NAAQS. As Indian have short life 

span, the total impact on life year lost due to air pollution is greater than in developed 

countries. It is necessary to use a rating system, such as air quality index (AQI) which 

provide information system about the air quality of that area. This AQI data will be used to 

enable the public to take appropriate precautions to safeguard themselves their families and 

also communities against exposure to air pollution levels in in granite geo- mining terrains 

in Jhansi region. For the reduction of air pollution levels has to be enforcing regulatory 

measure for local impact. It is noted that the higher the AQI rating scale value, greater is 

the level of air pollution and also the greater is the danger to health. 

Unfortunately, there is no establishment of air quality monitoring station especially in 

granite mining areas in Jhansi region and also need financial assistant from any 

government or NGO for maintained the air quality standards. 
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