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Abstract: 
Recent economic development in various Asian cities has seen a burgeoning growth in 
their respective population along with the sharp rise in demand for inter and intra city 
transportation. City of Hyderabad, India due to its flourishing statue of being an 
international information technology hub, has almost doubled its population from 3.6 
million in 2001 to 7 million in 2004 (Census Bureau of India). Between 2002 and 2007 the 
city added 700,000 vehicles of all kinds on its roads thereby increasing the air pollution 
(PM10, PM2.5, NOx, SOx etc.) load by 21% from the 1998 levels (Andhra Pradesh Pollution 
Control Board; APPCB,2006). Vehicular pollution has also significantly increased the NOx 
emissions thereby further contributing to the existing Green House Gas levels in the 
atmosphere. The detrimental health impacts of such unsustainable growth are already 
being felt, with a close to 36% of the population from certain prominent city locations 
reporting different forms of respiratory disorder. Vehicular air pollution is predominantly 
affecting the young and working population between 20-40 years (most exposed due to 
lifestyle reasons) which is of a serious concern (APPCB).  
Hyderabad is possibly undergoing a period of growth which had once been witnessed by 
certain major western cities such as Philadelphia and Pittsburgh. These cities due to their 
massive industrial growth during early 1900s saw a quantum leap in their ambient air 
pollution levels. This paper is a comparative study between the ambient air quality 
management practices of these western cities and Hyderabad. It especially tries to 
understand how these major industrial cities of the west tackled their once polluted 
ambient air quality. The paper further investigates into the strategies, planning, 
technologies, institutional arrangements and policies applied by these cities that could be 
possibly used to arrest the deterioration of the ambient air quality standards of 
Hyderabad. 
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1. Introduction 
The City of Hyderabad (Hyderabad) due to its phenomenal growth in the Information Technology (IT) 
sector has witnessed a surge in its economic activities for the past decade.  Thousands of jobs created 
directly or indirectly by the IT sector has lead to a steady influx of people from other parts of India and 
abroad. Hyderabad’s growth can be compared to the rise of various American cities such as Philadelphia 
and Pittsburgh in the early 1900s. Growth of economy, standard of living and population has its 
detrimental impacts on a city’s resources and environment. Massive industrialization in these US cities 
and the associated coal combustion lead to a steady rise in the concentrations of Particulate Matter 
(PM2.5 and PM10), Carbon-Dioxide (CO2), Sulfur Oxides (SOx), and Nitrous Oxides (NOx); all of which are 
considered air pollutants. 

Recent ambient air quality studies of Hyderabad and its adjoining areas show an alarming rise in 
the concentration of PM, SOx and NOx over the past decade. Source Apportionment Study (April 2008) 
conducted by the Andhra Pradesh Pollution Control Board (APPCB), an Indian based environmental firm 
compared the city’s results to the United States Environmental Protection Agency (EPA) database to 



indicate the city’s vehicular fleet accounts for 48% of all PM10 and 49% of all PM2.5 present in the�ambient 
air samples of the city. The economic growth and in turn the population boom India has profited from 
during the past decade has shown deleterious effects on emission rates. 

2. Scope and Objective 

2.1 Scope  

The scope of this paper is limited to the study of ambient air quality management practices adopted in 
India and the US to control PM2.5, PM10, SO2 and NO2 with particular focus on on-road mobile sources.  

2.2 Objective 

The overall purpose of this paper is to understand in general the ambient air quality management 
practices currently evolving in India and the US.  Examples of Hyderabad and Pittsburgh are provided as 
reference to realize the level of air quality related challenges witnessed by these two countries. The paper 
also focuses on emissions control strategies aimed at on-road mobile sources. 

3. Background of Growth Patterns in Hyderabad 
The 450 year old historic City of Hyderabad, which is also the capital of the southern state of Andhra 
Pradesh (Figure 1)  

 
Figure: 1 Political State Map of India 

                                                                                                          Source: Infobase Pvt. Ltd. 
is currently spread over an area of roughly 625 sq km  with a population of approximately 7 million 
(Census Bureau of India, 2004). According to the census reports there has been an addition of 
approximately 1 million people from 2001 to 2004. Majority of the growth in businesses and real estate 
has been localized in the Central Business District (CBD) area. The CBD comprises of only 9% of the 
entire city area but is home to 60% of Hyderabad Metropolitan Area (HMA) population and 70% of all the 
employment according to a report (“Action Plan for Traffic Transportation Management in Hyderabad 
Metropolitan Area”) submitted to Hyderabad High Court in December 2005. Economic growth due to the 



flourishing IT sector has lead to a sharp rise in the traffic volume (700,000 vehicles of all classes were 
added between 2002 and 2007) as a result the ambient air quality of the city has steadily deteriorated.  

3.1.  Rise in Ambient Air Pollution Levels in Hyderabad-India 

United States Agency for International Development (USAID), New Delhi in cooperation with the US EPA 
implemented the Integrated Environmental Strategies (IES) program in the year 2002. The Hyderabad 
specific IES studies reported that there were 1.2 million private vehicles in the city of which 75% are in the 
two and three wheeler category. The engine technology typically used in the two and three wheeler 
category make them high emitters of PM10 and hydrocarbons. Air Quality Index Map of Hyderabad 
(Figure 2) shows large sections of the city experiencing moderate to severe levels of air pollution due to 
both mobile and immobile sources. However, mobile sources are currently the major contributor to the 
cities air pollution woes. 

Researchers at the Centre of Science and Technology and the Institute of Science and Technology, 
Hyderabad recorded ambient air pollution levels at 44 selected traffic junctions throughout Hyderabad 
city. Ambient air pollution levels at each junction were monitored for 24 hours for a period of one week. 
The experiment was conducted from April 2002 to May 2003 excluding the rainy days. 

The research group headed by Y. Anjaneyulu (“Assessment of Ambient Air Quality in the Rapidly 
Industrially Growing Hyderabad Urban Environment”; Better Air Quality Conference 2004, Agra, India) 
observed that except for SO2, all the other parameters recorded concentrations higher than the existing 
National Ambient Air Quality Standards (NAAQS)-India standards (Figure 2).   

 
Figure 2: Air Quality Index Map of Hyderabad  

                                                                                                                                                       Source: APPCB, 2004 



 
Figure 3: Ambient Air Quality Data from Various Traffic Junctions in Hyderabad 

                                                                  Source: Compiled from Data Published at BAQ-2004 Technical Paper 

4. The “ Smoky”  Past-Pittsburgh, America 
The city of Pittsburgh in Pennsylvania saw massive growth in steel industry since the 1700s. Growth in 
steel industry was catalyzed by the cities proximity to the coal and oil reserves. Burning of coal 
(containing sulfur) to fire the boilers and smelting processes lead to the release of thousands of tons of air 
pollutants, such as Carbon Monoxide (CO), SOx, NOx and PM into the atmosphere for decades. With the 
increase in the steel production there was an unimaginable rise in the level of air pollution (Figure 3, 
Figure 4) in the city.  

With the passage of time, Pittsburgh gradually witnessed a slowdown in the steel sector. However, 
the economic boom continued in other sectors which lead to the growth in the automobile usage in 
Pittsburgh as in many other US cities. Such a growth in the automobile sector is something similar to the 
increase in personal vehicular traffic being currently experienced in Hyderabad. 
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Figure 3: Downtown Pittsburgh at 9:20 AM; 1946                           Figure 4: Annual Arithmetic Avg. TSP & SO2 Conc.   
              Source: Carnegie Mellon Library, Pittsburgh                                                      Source: Davidson et al., 2000 
 

5. Air Quality Management in the United States of America 

5.1. Institutional Mechanism  

The urgent need for air quality management (AQM) was felt due to increase in the air pollution related 
health effects in several prominent US cities such as Pittsburgh. AQM in the US is primarily the 
responsibility of the elected legislature such as Congress, executive bodies including a conglomeration of 
federal and state agencies, and judiciary rulings. Although various county and municipal laws, municipal 
smoke ordinances for example, existed in different parts of the US which addressed local air quality 
issues; some of the major air quality control laws started to take shape as early as 1955 with the 
introduction of Air Pollution Control Act (APCA). APCA was followed by the Clean Air Act (CAA) in 1963 
which initiated research on relationships between air pollution levels and their corresponding health 
effects. In 1970; seven years after the introduction of CAA, the US Congress not only amended the 
existing act but also created USEPA with the objective of forming and enforcing more specific 
environmental quality guidelines including those related to air quality. EPA’s air quality division in its 
present shape has approximately 4000 staff spread over ten zones all across America. Some of EPA’s 
original assignments involved the following: 1) formulate a National Ambient Air Quality Standard 
(NAAQS), 2) enforce these standards nationally, 3) set and enforce emission standards for large 
stationary sources as well as for automobiles. CAA also granted powers to EPA to oversee various 
environmental programs of each state and make provisions to impose deadlines and sanctions on any 
violating state, industry or agency which fails to meet its guidelines/standards. Public participation in 
environmental issues is highly encouraged in the CAA. With the provision of Citizen Suit, the public can 
engage in interactions with the various federal/state regulatory agencies along with the judiciary on any 
environment related issue.  

The other federal agencies which work in tandem with core environmental agencies are; 1) US 
Department of Transport (DOT), which records any effects in the air quality data due to the nation’s 
transport system, 2) US Department of Interiors (DOI), manages nation’s energy utilization plans while 
safeguarding the air quality. Agencies such as Bureau of Land Management, Fish and Wildlife Services, 
National Park Service, US Geological Survey along with other agencies are required by National 
Environmental Policy Act (NEPA) to set up their respective policies with due concern towards the 
protection of environment.  



5.2. Regulatory Framework for Air Pollution Control 

EPA through its Office of Research and Development (ORD) constantly sponsors research activities to 
better understand existing and emerging emission sources, changing air concentration of pollutants, 
exposure scenarios and their corresponding health effects. Based on the latest research, EPA 
establishes and reviews NAAQS every 5 years. Currently NAAQS includes six (6) criteria pollutants 
namely; PM, CO, O3, SO2, NO2 and particulate lead (Pb). EPA also created welfare based Secondary 
Standards, which have been developed to improve the visibility of an area and protect existing eco-
systems.  

EPA ensures that the NAAQS standards are followed across the nation with the help of an annual 
Attainment Review plan. FY-2007 had allocated $185 million to sample and monitor the air quality of 
various regions in the country with particular focus on urban areas in order to minimize growth of new 
“non-attainment” areas and manage the existing “non-attainment” areas. Once the non-attainment areas 
are identified, EPA rigorously monitors the State Implementation Plan (SIP) for the non-attainment areas 
aimed at achieving the standards within an EPA specified time frame. EPA and other federal agencies 
extend all necessary technical, financial and logistic support to state agencies or organizations which are 
involved in the attainment process. EPA through the powers vested by CAA however retains the right to 
impose sanctions on the violators if such need arises.  

5.3. Strategies for Reducing Automobile Emission and Corresponding Emission Trends 

EPA regularly comes up with innovative strategies in order to reduce tail pipe emissions. Some of the 
recent EPA strategies are as follows: 

·  High Occupancy Vehicle (HOV) Exemption: Congress approved the usage of HOV lane for low 
emission vehicles even if the vehicle is being occupied by a single person. This incentive makes 
purchase of low emission vehicles more attractive as the owner of low emission vehicle can now 
by-pass heavy traffic (on regular lanes) by driving on the HOV lane.  

·  Tier -2 Vehicles and Gasoline Sulfur Program: 1) all new sports utility vehicles (SUVs), pickup 
trucks and all passenger cars are now subjected to the stringent NAAQS emission level; 2) 
vehicle and fuel will be treated as an integrated system and engines are designed so that low-
sulfur fuel is mandatory for the vehicles best performance, 3) regardless of type of fuel all light 
vehicles must conform to the new emission standards. 

·  On-Board Diagnostics (OBD) and Inspection & Maintenance (I/M): in 1990 CAA required all light 
duty vehicles and trucks to install a chip for monitoring the performance of the vehicle including 
emission release. State agencies have adopted programs where regular OBD checks are 
conducted as part of their I/M program. This helps state agencies to ascertain the condition of the 
vehicle in terms of emission and thereby prepare an accurate emission report for a city, town or 
state.  

The various steps taken towards the emission reduction has resulted in significant reductions in 
certain criteria pollutants and SO2 (Figure 5). A significant portion of the criteria pollutants and SO2 in 
ambient air in the US is generated by on-road vehicles. Figure 5 clearly shows that the measures taken 
by EPA and DEQs towards abetment of air pollution have resulted in a drastic reduction in reportable 
emission levels. 



 
Figure 5 : Air Emission Trends-US (All Sources) 

                                                                              Source: Compiled from Air Trend Website; USEPA 

5.4. Technology Improvement for Further Automobile Emission Reduction 

Some of the latest technological measures that are being tried are as follows: 
·  Usage of three way catalytic converters helps reduce NOx to nitrogen gas.  
·  Introduction of Hybrid (electric-gas) cars which consumes less gasoline and in turn reduces 

emissions to the atmosphere.  
·  Concept of “Zero Emission Vehicles” (ZEVs), which will basically be powered by electricity, are 

also being looked into as an option by some states in order to ensure greater emission reduction 
from automobile sector.  

6. Air Quality Management in India 

6.1. Institutional Mechanism 

In a consorted effort to comply and revolutionize India’s air quality concerns the Nation has constructed 
The Ministry of Environment and Forest (MoEF), Central Pollution Control Board (CPCB) and various 
state pollution control boards (SPCBs) whose primarily responsible include standards setting, regulating 
and enforcing of the provisions as directed by the Environment Protection Act (EPA, 1986). CPCB in 
coordination with SPCBs provide technical advice to MoEF to fulfill the objectives outlined in the Air Act of 
1981. Other government departments involved in implementation of specific sections of the Air Act 
includes the Department of Transport, Factory Inspectorates and Municipalities. Research centers such 
as National Environmental Engineering Research Institute (NEERI), Indian Institute of Technologys (IITs), 
Indian Institute of Science (IISc), and others undertake extensive research on various environmental 
related issues including air quality monitoring and thus assist the government in settings standards, 
policies or in developing new technologies/techniques to control pollution. 

6.2. Regulatory Framework for Air Pollution Control  

The authors of the Indian constitution were the first in the world to make provisions for protection of 
environment in the Indian constitution as directed in Article 48-A & Article 51-A (g). After the 1972 
Stockholm conference a need was felt to frame a uniform environmental law for the whole nation. The Air 
(Prevention and Control of Pollution) Act, 1974 was enacted by the Parliament and the central and state 
environmental agencies were given the responsibility for its implementation. The Air Act in its concept is 
quite similar to the CAA. Just like CAA, Air Act mandates CPCB and SPCBs to; 1) establish NAAQS for 
criteria pollutants, 2) assist government in planning future environmental prevention and control 
strategies, 3) carry out research to better understand environmental issues, 4) undertake nationwide air 
sampling to ascertain the ambient air quality in India and identification of the problem areas, 5) conduct 
air quality inspections in areas of concern. Also, the respective SPCBs can set more stringent standards 



than the existing national standards in their respective states; similar to the local division of the USEPA 
operates.  

Schedule IV of Environment (Protection) Rules, 1986 provides tailpipe emission standards with 
respect to CO, NOx and Hydrocarbons (HC). Annexure I (1991) of the same schedule set emission 
standards for all new light duty vehicles, two-wheelers and diesel driven vehicles.  

6.3. Strategies for Reducing Automobile Emission and Corresponding Emission Trends 

·  National Auto Fuel Policy: was envisaged to introduce Bharat/EU (II-IV) auto emissions standards 
for four wheel vehicles in ten major cities by 2010. The policy also plans on enforcing Bharat III 
standards for all two and three wheelers no later than 2010 in 10 major cities. According to Tata 
Energy Research Institute (TERI) there has been significant reduction in emissions due to the 
gradual implementation and extension of this policy to various parts of India. In two and three 
wheeler category from pre-Bharat norm (1996) to Bharat III (2008), emissions of HC, NOx, and 
CO reduced by 69%; for diesel cars emissions, PM, HC, NOx, CO reduced by 78% from Bharat I 
(1992) to Bharat 4 (2005). Similarly for Heavy Duty Diesel Vehicles, emissions (PM +NOx + HC 
+CO) registered a 71% reduction from Bharat I (1992) to Bharat 5 (2008) standards.  

·  Compressed Natural Gas (CNG) for Public Transport: New Delhi, became the first city in India to 
convert its entire public transport system comprising of roughly 9000 buses and other vehicles 
including taxis, three wheelers and some private cars averaging 70,000 to run on CNG by 2003 
(“Development of CNG Infrastructure in India with Special Reference National Capital Territory of 
Delhi”; Indraprasta Gas Limited; De, A. K). Gas Authority of India (GAIL) noted that this move 
helped reduce HC (63.19%), CO (71.35%), CO2 (41.82%), NOx (20%) among three wheeler 
category. Similarly the pollutant concentrations decreased by 16.17% for HC, 19.37% for CO, 
41.77% for NOx and 97.68% for PM10 amongst the entire city buses.��

 
After the success of the CNG project in New Delhi, other major cities in India such as Mumbai and 

Kolkata have also resorted to powering its public transport by CNG.  

7. Ambient Air Quality Trends in Major Cities in United States and the City of 
Hyderabad 

In this section we look at the air quality trends of some of the major US cities such as Houston, Chicago, 
Pittsburgh and Los Angeles (LA) from 1990 to 2007. This particular time frame of investigating the air 
trends was chosen to see if the establishment of NAAQS (in 1990) and the following concerted efforts by 
EPA and other agencies did have any positive impacts on the improvements of air quality in some of US’s 
major cities. The following figures were derived from data available from the Air Trends website of EPA. 

 

Figure 6 a: Annual NO2 Concentration in Major US Cities  
 Source: Compiled from EPA Air Trend Website 

 



 

Figure 6 b: Annual SO2 Concentration in Major US Cities 
Source: Compiled from EPA Air Trend Website 

 

 
 

 Figure 6 c: Annual PM Concentration in Major US Cities 
     Source: Compiled from EPA Air Trend Website 

 
Salient Features observed from the above figures (Figure 6 a, b and c) are as follows: 

·  Overall, there has been a reduction in the ambient NO2 concentrations in all the above US cities. 
Average ambient NO2 levels were less than NAAQS during the period of 1990 through 2007. LA 
had the maximum concentration of recorded ambient NO2 all along since 1990, whereas Houston 
recoded the lowest ambient concentration of   NO2.  

·  Ambient concentration of SO2 was consistently low since 1990; however there was a slight 
decrease in the concentration since year 2000. Pittsburgh was the only city (in the above list) 
which recorded substantially higher PPM when compared to other cities. Violation of SO2 against 
national standard (0.03 ppm) was also recorded in Pittsburgh twice (2001 & 2005) since 1990. 



·  Ambient PM10 concentration showed a fluctuating trend over the past few years in all the four 
major cities. Since 1990, the highest concentration (130 ug m-3) among all the cities was recorded 
in Pittsburgh in 2001 which was however less than NAAQS standard of 150 ug m-3.   

·  PM2.5 standard (15 ug m-3) was established in 1999 and most of the cities are still in the process 
of devising strategies to meet the NAAQS standards. The existing regulation and strategies have 
shown average results as the recorded concentrations are dangerously close to the NAAQS. LA 
frequently records concentration of PM 2,5 which are slightly higher than the established 
standards.  

 
     

Figure 7: Annual SO2, NOx and RSPM Concentration in Major US Cities 
     Source: CPCB, India 

 
Note: 1) NAAQS-India for RSPM; 2) NAAQS-India SO2, NOx for rural and other areas; 3) NAAQS-India for SO2, 
NOx for sensitive area (Sensitive Area is defined as: places were elderly, children or people with breathing 
problems could be residing.) 

 
Salient Features observed from the above figure (Figure 7) are as follows: 

·  The ambient air trend data (Figure xxx) shows a sharp decrease in the RSPM levels all over the 
city, however the RSPM levels which were recorded at 44 prominent traffic junctions all across 
the city were significantly higher (refer figure xxx) than the allowable NAAQS of 100 ug m-3.  

·  Citywide ambient SO2 levels have shown a lesser than “sensitive area” standard of 15 ug m-3 
which is a great relief for the city. This reduction was largely possible due to the introduction of 
Sulfur free fuels for the vehicles. 

·  Ambient concentrations of NOx all across the city remained significantly higher than the “sensitive 
area” standards (Figure xxxx). The NOx concentration for the 44 traffic junctions mentioned earlier 
in the paper showed regular violation of the established NAAQS standard of 60 ug m-3 (for rural 
residential and other area).  

8. Observations and Recommendations for the City of Hyderabad 

 
This paper made the following observations regarding the performance of air quality and its subsequent 
management by the City of Hyderabad: 

·  Existing air quality management practices, technology improvement, and enforcement of 
standards has resulted in a slow but steady progress towards realizing the city’s air pollution 
abetment objectives.  

·  Citywide concentrations of RSPM over the years were recorded to be lower than established 
standards, but the concentration of RSPM were found to be consistently higher in congested 
traffic junctions especially in the CBD area. It is worth noting that 60% of the city’s population 
lives in the CBD area and are regularly exposed to such threatening levels of RSPM.  
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·  NOx ambient concentrations were found to be above the sensitive area limit which is again a 
cause for concern particularly for the CBD residents.  

·  Increasing pollution levels and constant violation of NAAQS particularly at the traffic junction 
clearly shows that steady rise in the cities vehicular population particularly in the two & three 
wheeler sector has a disastrous effect on the air quality of the city. 

 
This paper compared the existing air quality management practices in India and USA and came up with 
the certain recommendations which Hyderabad can look into in greater details before their 
implementation.  
 
General Recommendations: 

·  Hyderabad must fast track its Mass Rapid Transport System which should be efficient, 
reasonably comfortable and affordable to the masses. 

·  All major bus terminals, airport and railway stations must have an integrated and dependable 
public transport system. This system needs to be coupled with the existing public transport 
system for easy flow of passengers.  

·  The city needs to synchronize its existing traffic signals which will help reduce instances of 
braking thereby significantly cutting down on “brake dust (major PM source).” This move will also 
reduce pollution due to idling of vehicles (particularly in the densely populated CBD area) and 
associated fuel loss. 

·  The city administration may also decide on taxing (by toll collection) any private vehicles entering 
certain highly congested areas. The taxation system can be based on parameters like energy 
efficiency and standard emission levels of a particular vehicle being taxed.    

·  Hyderabad must strive to meet the deadlines for converting its public transport fleet including 
taxis and three wheelers to CNG on the lines of Delhi.  

 
The following recommendations may act as add-on strategies for Hyderabad as these practices have 
been implemented by the EPA in various US cities with much success. 

·  Installation of On-Board Diagnostic (OBD) in all new cars which will not only ensure efficient fuel 
combustion (resulting in lower emissions) but also inform the state agencies about the cars 
emission status during the inspection of OBD by the later.  

·  Auto manufacturers selling new cars in the city must comply with an established minimum 
mileage per liter/gallon of fuel used. This strategy will be similar to the existing Corporate Average 
Fuel Economy (CAFE) introduced by EPA.  

·  Tax sop on purchase of Hybrid Cars will make them more attractive to the people planning on 
buying a new vehicle.  

·  Improving the catalytic converter technology by introducing the installation of 3 way catalytic 
converter which will do the following: 1) reduce NOx to N2 and O2; 2) oxidize CO to CO2; and 3) 
oxidize unburnt Hydrocarbons to CO2 and H2O. 

·  Target the Heavy Duty Vehicles which in general have regularly failed emission standards.  
·  APPCB can come up with periodic tamper proof vehicular Inspection and Monitoring system. 

OBD’s would help prevent tampering of the emission data collection. The state regulatory agency 
should make the emission data available online for each registered vehicle for the view of public 
and enforcing agencies. This will also help easily track the violating vehicles.  

·  APPCB can also introduce comprehensive plan to eliminate all public vehicles above 10 years 
and all private vehicles above 15 years from the cities roads. Refueling of such vehicles can be 
prevented to force their immediate withdrawal.  
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