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ABSTRACT

This review article deals with measurements of aerosols, their chemical properties and precursor trace gases at Agra
near to the zone of the historical monument: The Taj. This article explains the transportation of urban plumes may be
responsible for high concentration some of acidic gases like as SO2 and NO2. Along with the gases, the high wind
speed from North West direction influences the aerosol load too. Even, TSPM load is higher during prefoggy/foggy
days and lower during post foggy. Ambient aerosol samples were collected from urban and suburban sites in the Agra
region. The samples were collected on Whatman-41 filters using a CPS-105 size-segregated impactor. The effects of
urban aerosols are many and varied. Aerosol deposits on land downwind of cities are modified the chemical and
radiative properties of the downwind atmosphere and alter regional cloud precipitation which causes the degradation
of building materials.
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Introduction

Atmospheric aerosols are explained as dispersions (or suspensions) of solid or liquid in the atmosphere and the term
particulate matter (PM) is commonly used to represent the solid phase suspended matter in the atmosphere. In the
literature, the term aerosol and PM are often interchangeably used even though the term aerosol has a broader
definition and scope. These aerosols are produced from a wide range of natural and anthropogenic activity on earth
and within the atmosphere. The study of aerosols in the atmosphere from an environmental and public aspect has not
been in the news for the last several decades but now it is into the focus especially due to effects that are global in
scale.
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Some of the fundamental issues are explained the behaviour of atmospheric aerosols and their interaction with gas-
phase chemical components in the environment, which are now widely used as textbook material related to
atmospheric aerosols and their chemistry. Indeed, there are various surveys accessible on the recent patterns in
aerosol science of the atmosphere. Out of these reviews, some are in focus on particular issues of atmospheric aerosols.
These include the characterization of organic components in atmospheric aerosols, their estimated procedures®’, affect
on territorial climate, surface reactivity and science of aerosols, impact on regional weather®1°, surface reactivity and
chemistry of aerosols.!! The study of atmospheric aerosols has two common objectives: (i) impact of exposure near
the surface of earth and (ii) role of the chemical and physical processes in the atmosphere. For any of these, the initial
step is to gather a large volume of data related to the ambient atmosphere and this data may be the concentration of
aerosols, their size and composition as a function of location and time.*? As a rule, the example of aerosol behaviour
or dynamics observed in one a part on the planet may likewise be seen in an alternate part of the world. Nonetheless,
regularly there are specific regional patterns that might be helpful to comprehend the nearby conduct of aerosols and
give profitable knowledge into the procedures influencing neighborhood and regional pollutant dynamics.*® Following
this approach, there have been done a number of studies on atmospheric aerosols in India. Out of these reviews, the
aim is to highlight the some of the important aspects that have been addressed in studies conducted in Agra. The
review is explained on the basis of some of the points raised above and discusses the works conducted in the last
decade or so.
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AMBIENT AEROSOL MEASUREMENTS AND ANALYSES

The measured data of aerosols in the ambient environment can be accomplished with a variety of objectives which

define the detailed scope, methodology and analysis of the results. The following discussion looks at few of the data

collected in different campaigns.

Sample measurements

The primary interest is to monitor the mass concentrations of suspended matter in ambient air as a direct indicator of
the potential hazard to human health. The several agencies all over the world have designated several particle sizes
and issued ambient air quality standards as PM10 and PM2.5, where the subscript refers to the particle size represented
as an aerodynamic diameter (in microns) cut-off limit. * For the characterization of the PM, samples collected at all
locations with special focus at Tajmahal was conducted for a roughly one-year period. Generally, filters were collected
every sixth day each month for both PM2.5 (fine particulate matter having diameters less than 2.5 um) and total
suspended particulate matter (TSP), and analyzed for major anions, and trace elements. The most commonly used
method to collect PM2.5 is the time-averaged method using a high or low volume sampler which intercepts the desired
size PM on a filter medium in which mass collected on the filter medium is measured gravimetrically using a 4-digit
or 7-digit balance. Time-averaged measurements are useful in evaluating general trends in ambient air quality in a
given region or a season, and for comparing trends between regions. This filter can be analysed to check for the
integrated mass measurement or for chemical analysis, while the TSP directly sampled ambient air.*®

Multichannel speciation samplers are also used to collect PM samples, especially when a multi-component chemical
analysis of the sample is the objective. Up to four channels of PM samplers are operated simultaneously with different
filter media suitable for the analysis of different chemical species. Lower timescale measurements are useful in
evaluating specific events in an environment.6

These instruments are useful for measuring almost real-time analysis of PM.

Field description and measurements

Agra district is situated in western U.P. between 27.45' to 27.23’degree Latitude North and 77.27' degree to 78.53'
degree Longitute East. Its Altitude is 168 meters above sea level, situated in south-western most part of U.P. it is
bounded on the west by Bharatpur (Raj.), on the East by Firozabad and Etawah Districts and on the North 3 by Mathura,
Etah districts and on the South by Hilly terrains of M.P. and Raj. It is situated on the banks of Yamuna river, 200 km
away from the national capital New Delhi. The local traffic in Agra city mostly depends on two and three wheelers,
which emitted lots of smoke and other pollutants. There are a total of 386,635 registered vehicles in Agra.
According to conservative estimates, at least 25 metric ton (MT) of diesel is sold in the city every day. The reported
sampling sites, namely, Dayalbagh (DB), St John’s College (SJC), Rambagh (RB), Sikandara (SD) and Tajganj(TG)
according to their different population patterns and traffic densities have been discussed for monitoring PM.Y
The locations of these sites have been shown in Fig. 1.

fig.1: Different reported sites of Agra near the Taj

Dayalbagh (DB)
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The site is of residential area located in the north of the city. The site is having agricultural practices
carried out at a distance of about 1 km towards the north of the sampling site. The vehicular population is due
to two and three wheelers. In this sampling site, there are no industries and heavy vehicle population is
negligible. A national highway (NH-2) is also situated at a distance of 3 km south of the sampling site.

St John’s College (SJC)

It is traffic prone site and situated in the heart of the Agra city. The sampling site lies by the side of a road
that carries mixed vehicular traffic. The traffic volume of the road is very high. A major road junction halts
traffic results in production of smoke and total suspended particulate matter. A major railway station is also
located at a distance of 0.2 km towards the west direction from the sampling site having almost 80 trains per
day. Thus, the particulate level at this site is mainly done by vehicular emissions.

Rambagh(RB)

ltisaurban area under the commercial and residential site experiences high traffic load of heavy
diesel vehicles, two stroke vehicles and diesel driven three and four wheelers through-out the day. Major urban
activities are held in the West of the sampling site.

Sikandara(SD)

It is located on NH-2 about 80 km away from kanpur toward west and towards south from Jhinjhakat a distance 20
kilometer. Auraiya city is towards west from Sikandara and Pukhrayan town is towarad east. Due to congested area,
the pollution levels are very high.

Tajganj(TG)

Located to the east of the center of the city, Tajganj is only a few kilometers away from the heart of the city. The buses
are connected from Taj Road to reach the center of the city. It is also connected by railroads. The Agra Fort railway
station is the nearest railway station which is having a distance of 4 kms from Tajganj.

RESULTS AND DISCUSSIONS

According to the advanced studies of literature, the statistics of different mass concentration and the gaseous
concentration on the particular sites are entirely different from the standard air quality assessment applicable on spacial
sites in different seasons. 1823

Local Std. values(ng/m3) Reported range
Site (ng/m3)
PM10 PM2.5 PM10 PM2.
5
DB 100.245.2 | 25.7+2.2 105.3- | 30.7-
121.4 40.2

SJC 110.7+3.4 | 40.5%1.2 127.9- | 46.4-

1354 50.5
RB 115.3+3.6 | 47.8+1.2 132.6- | 57.8-
140.3 62.4
SD 124.5+4.5 | 50.9+1.5 137.5- | 62.9-
145.6 68.7
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TG 135.8+2.8 | 55.5+1.1 140.8- | 69.5-
150.4 75.8

Tablel: PM data on different reported sites with their standard parameters

Local Site | Reported gases in atmosphere at Agra (
approx value in pg/m3)
O3 NO; SO; CO

TG 35.6 25.7 46.7 1.8

SD 32.7 19.5 35.4 15

RB 28.3 16.8 22.6 1.3

SJC 24.5 14.9 15.6 0.9

DB 15.8 10.5 5.4 0.8

Table2: Average conc. of gases on different reported sites at Agra.

There are other studies that look at specific environments and the levels of aerosol concentration in pre-foggy and
post-foggy days which indicates that pollution is very high in pre-foggy days as comparison to post-foggy days by the
long-range transportation of pollutants from nearby polluting regions.

Effect of Aerosols

Effect on Buildings

Buildings have always been subject to attack by weathering. Throughout the world, emissions of sulphur
dioxide and nitrogen oxides contribute to the international problem of acidification. Structural harm to underground
pipes, links and foundations submerged in corrosive waters can likewise happen, in addition to harm to buildings,
bridges and vehicles above the ground.

While dry deposition contributes to the corrosion of materials. The sulphated layers are more readily caused the
permanent alteration of stone surfaces by the action of acid deposition is known as sulphation.?

Sulphur dioxide is the main pollutant in respect to corrosion including nitrogen oxides, carbon dioxide, 0zone and so
on. Research has revealed that when nitrogen dioxide is available with sulphur dioxide, expanded corrosion rates
happen. This is because that the nitrogen dioxide oxidizes the sulphur dioxide to sulphite which promotes further
sulphur dioxide absorption.

The connections between building materials and pollutants are complex and numerous variables are involved.?>?
Deposition of pollutants onto surfaces relies on atmospheric concentrations of the pollutants and the atmosphere and
microclimate around the surface. Once the pollutants are on the surface, interactions will fluctuate depending on the
amount of exposure, the reactivity of various materials and the measure of moisture present.?2 The last factor is
especially essential because the sulphur dioxide that falls as dry deposition is oxidised to sulphuric acid in the presence
of moisture on the surface. 23

Effect on Climate

One of the main focal points in recent decades has been the effect of air pollution on regional weather patterns and
global effects such as greenhouse gas effect. One of the key components in this discussion is the presence of aerosols
at a particular location on the earth’s surface. There are a number of uncertainties in this regard, to measure the effects
of radiative forcing by aerosols®> 33, Regional interest is primarily from a point of view of prediction of the weather
patterns, especially the monsoons on which India depends critically. Reports of local weather changes due to large
aerosol clouds lead to questions of pollution sources, local regulation and management. A large number of independent
and cooperative studies have looked at aerosols in general and specific constituents in the atmosphere.

Effects on Human
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Health effects are arising from exposure to PM or aerosols have been widely reported and vary from mild respiratory
ailments to very severe chronic effects. There are a few examples of studies where direct physiological evidence is
available for connecting aerosol exposure to an ailment. The respiratory health of workers employed in a municipal
solid-waste disposal landfill facility was monitored as a function of age, gender and socioeconomic conditions. In
comparison to a control group, the landfill workers had a higher incidence of symptoms such as respiratory trouble
and a host of other ailments. Spirometry tests revealed impairment in lung function for a significant section of these
people. Sputum cytology studies revealed other pathological evidences of deposition, inflammation or infection on
different components of the respiratory system. One such study simulated the effect of the particles emitted from
biofuel combustion and the activity of surfactants present on the surface are badly affected the other parts of the
respiratory tract. There have been a number of studies that measure the exposure of different groups of population to
PM as a function of occupation, location and socio-economic background®. In combination with the health effects
studies, these exposure studies are also valuable in designing better tools for combustion, or better residential design,
or a change in public policy.

CONCLUSIONS

A large body of aerosol work in India is focused on the radiative forcing effect and on the effect on the earth. There
is also a reasonably large set of studies involved in aerosol characterization. Thought this is done in a manner at
different locations, it has covered wide sections of the country especially near the historical monument: The Taj. There
has been research on specific issues that do not come under the parameter of ambient air quality, but those which focus
on the processes and mechanisms are underlying the cause of pollution. The general principles are known through the
former studies conducted elsewhere and available in the open literature, that the biggest need at this time is the
collection of reliable data with good spatial and temporal solution. A big difference between the state of the science
in aerosol literature in general and the studies in India is the current reliance on techniques of chemical characterization
that are not real-time. In this review, aerosol science as an environmental science application academic discipline is
yet to be airborne in India. General pollutant transport theories are well established and validated all over the world.
There are, however, very specific local microenvironments such as that in a busy urban road, where pollutant transport
assessment can lead to better prediction of exposure and risk. Field experimental validation of such studies is
challenging and can be substituted by conducting studies in the simulated environments. The simulation and
experimental validation of a large number of such studies can be useful in the formulation of efficient strategies of the
optimization.

ACKNOWLEDGEMENT
Authors thanks to Mr. Ranjit Kumar, the resource person in Department of Chemistry, Faculty of Science, Dayalbagh
Educational Institute, Dayalbagh (Deemed University), Agra, India for the keen interest in this work.

REFERENCES

[1] "Seinfeld, J. H. and Pandis, S. N., Atmospheric Chemistry and Physics: From Air Pollution to Climate
Change, Wiley Inter- science, Hoboken, NJ, USA, 2006, 2nd edn.

[2] Finlayson-Pitts, B. and Pitts Jr, J., Atmospheric Chemistry: Fun- damentals and Experimental Techniques,
John Wiley, USA, 1986.

[3] Hinds, W. C., Aerosol Technology: Properties, Behavior and Measurement of Airborne Particles, Wiley-
Interscience, USA, 1999, 2nd edn.

[4] Friedlander, S. K., Smoke, Dust and Haze: Fundamentals of Aero- sol Dynamics, Oxford University Press,
USA, 2000, 2nd edn.

[5] Jacobson, M. C., Hansson, H.-C., Noone, K. J. and Charlson, R. J., Organic atmospheric aerosols: review
and state of the science. Rev. Geophys., 2000, 38(2), 267—294.

[6] Jimenez, J. L. et al., Evolution of organic aerosols in the atmo- sphere. Science, 2009, 326(5959), 1525—
1529.

[7] Sullivan, R. C. and Prathers, K. A., Recent advances in our un- derstanding of atmospheric chemistry and
climate made possible by online aerosol analysis instrumentation. Anal. Chem., 2005, 77, 3861-3886.

[8] Kroll, J. H. and Seinfeld, J. H., Chemistry of secondary organic aerosol: formation and evolution of low-
volatility organics in the atmosphere. Atmos. Environ., 2008, 42(16), 3593-3264.

® 46
G JESR (C)Global Journal Of Engineering Science And Researches



[IDSTM: January 2017] ISSN 2348 - 8034
Impact Factor- 4.022

[9] Carslaw, K. S., Boucher, O., Spracklen, D. V., Mann, G. W., Rae, J. G. L., Woodward, S. and Kulmala, M.,
A review of natural aerosol interactions and feedbacks within the Earth system. Atmos. Chem. Phys., 2010,
10(4), 1701-1737.

[10] Menon, S., Koch, D., Beig, G., Sahu, S., Fasullo, J. and Orlikowski, D., Black carbon aerosols and the third
polar ice cap. Atmos. Chem. Phys., 2010, 10(10), 4559-4571.

[11]Menon, S., Hansen, J., Nazarenko, L. and Luo, Y., Climate effects of black carbon aerosols in China and
India. Science, 2002, 297(5590), 2250-2253.

[12]Reddy, M. S. and Venkataraman, C., Atmospheric optical and radiative effects of anthropogenic aerosol
constituents from India. Atmos. Environ., 2000, 34(26), 4511-4523.

[13] Adams, P. J., Seinfeld, J. H. and Koch, D. M., Global concentra- tions of tropospheric sulfate, nitrate, and
ammonium aerosol simulated in a general circulation model. J. Geophys. Res. D, 1999, 104(11), 13791-
13823.

[14] Massie, S. T., Torres, O. and Smith, S. J., Total ozone mapping spectrometer (TOMS) observations of
increases in Asian aerosol in winter from 1979 to 2000. J. Geophys. Res. D, 2004, 109(18), D18211/1—
D18211/14.

[15] Carslaw, K. S., Boucher, O., Spracklen, D. V., Mann, G. W., Rae, J. G. L., Woodward, S. and Kulmala, M.,
A review of natural aerosol. Atmos. Chem. Phys., 2010, 10(4), 1701-1737.

[16] Al-Abadleh, H. A. and Grassian, V., Oxide surfaces as environ- mental interfaces. Surf. Sci. Rep., 2003, 52,
63-161. 17. Central Pollution Control Board (CPCB), India, National Air Monitoring Programme (NAMP),
New Delhi; http://www. cpcb.nic.in/air.php

[17]CPCB, Source apportionment studies; http://www.cpcb.nic.in/ Source_Apportionment_Studies.php

[18] Ramachandra, T. V. and Shwetmala, Emission from India’s transport sector: statewise synthesis. Atmos.
Environ., 2009, 43(34), 5510-5517.

[19] Monkkonen, P. et al., Relationship and variations of aerosol number and PM10 mass concentrations in a
highly polluted urban enviro- nment, New Delhi, India. Atmos. Environ., 2004, 38(3), 425-433.

[20] Laakso, L. et al., Aerosol particles in the developing world, a comparison between New Delhi in India and
Beijing in China. Air, Water Soil Pollut., 2006, 173(1-4), 5-20.

[21] Chelani, A. B. and Devotta, S., Impact of change in fuel quality on PM10 in Delhi. Bull. Environ. Contam.
Toxicol., 2005, 75(3), 600-607.

[22] Reynolds, C. C. O., Grieshop, A. P. and Kandlikar, M., Climate and health relevant emissions from in-use
Indian three-wheelers fueled by natural gas and gasoline. Environ. Sci. Technol., 2011, 45(6), 2406-2412.

[23] Gupta, I., Salunkhe, A. and Kumar, R., Modelling 10-year trends of PM10 and related toxic heavy metal
concentrations in four cities in India. J. Hazard. Mater., 2010, 179(1-3), 1084-1095.

[24] Khillare, P. S., Agarwal, T. and Shridhar, V., Impact of CNG im- plementation on PAHs concentration in
the ambient air of Delhi: a comparative assessment of pre- and post-CNG scenario. Envi- ron. Monitor.
Assess., 2003, 147(1-3), 223-233.

[25] Balakrishnan, K., Sambandam, S., Ramaswamy, P., Mehta, S. and Smith, K. R., Exposure assessment for
respirable particulates asso- ciated with household fuel use in rural districts of Andhra Pradesh, India. J.
Exposure Anal. Environ. Epidemiol., 2004, 14(Suppl. 1), S14.

[26] Balakrishnan, K. et al., Daily average exposures to respirable parti- culate matter from combustion of biomass
fuels in rural house- holds of southern India. Environ. Health Perspect., 2002, 1.

[27] Moenkkoenen, P. et al., Fine particle number and mass concen- tration measurements in urban Indian
households. Sci. Total Environ., 2005, 347(1-3), 131-147.

[28] Varghese, S., Gangamma, S., Patil, R. and Sethi, V., Particulate respiratory dose to Indian women from
domestic cooking. Aero- sol. Sci. Technol., 2005, 39(12), 1201-1207.

[29] Sahu, M., Peipert, J., Singhal, V., Yadama, G. N. and Biswas, P., Evaluation of mass and surface area
concentration of particle emissions and development of emissions indices for cookstoves in rural India.
Environ. Sci. Technol., 2011, 45(6), 2428-2434.

[30] Padhi, B. K. and Padhy, P. K., Domestic fuels, indoor air pollu- tion, and children’s health: the case of rural
India. Ann. N.Y. Acad. Sci., 2008, 1140, 209-217.

[31] Smith, K. R., Aggarwal, A. L. and Dave, R. M., Air pollution and rural biomass fuels in developing countries:
a pilot village study in India and implications for research and policy. Atmos. Envi- ron., 1983, 17(11), 2343~
2362.

® 47
G JESR (C)Global Journal Of Engineering Science And Researches



¢ THOMSON REUTERS

7 ENDNOTE
[IDSTM: January 2017] ISSN 2348 - 8034
Impact Factor- 4.022
[32] Nesamani, K. S., Estimation of automobile emissions and control strategies in India. Sci. Total Environ.,
2010, 408(8), 1800-1811.
[33] Majumdar, D., Mukherjee, A. K. and Sen, S., Apportionment of sources to determine vehicular emission
factors of BTEX in Kolkata, India. Water, Air Soil Pollut., 2009, 201(1-4), 379-388."

= 48
&
a JESR (C)Global Journal Of Engineering Science And Researches



