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PREFACE
It gives me immense pleasure to submit the report of the taskforce cons�tuted by the 

state planning commission on a vital subject like 'environment management' with state specific 
terms of reference. This subject is important as the state is developing at a rapid pace on all 
fronts and the nega�ve spin-off in the form of deteriora�on in all environmental parameters is 
cause of concern, and needs to be addressed with equal vigor. This also calls for infusing greater 
sensi�vity towards the environment in our collec�ve conscience. It is important to maintain a 
healthy balance between development and environment. 

With uncontrolled urbaniza�on, increased construc�on ac�vi�es, tremendous growth 
in vehicular traffic, shortage of housing, worsening of water quality, excessive air pollu�on, 
noise, dust and heat and problems of disposal of solid and hazardous waste are collec�vely 
telling on the health of environment and in industrial townships the problem is ge�ng further 
aggravated by excess in pollu�on and waste genera�on by industries. Fly ash, dolochar etc. 
generated from power plants, metallurgical industries and other waste are also cause of worry. 
Facili�es for safe disposal of solid waste, bio-medical waste, plas�c waste, industrial waste, 
effluent, waste water, sewerage etc. are also not adequate in the townships which further 
worsens the situa�ons. Our town planners, municipal authori�es and regulators are to 
confront with these ground reali�es. 

Keeping in mind, the above state specific problems related to environment the state 
planning commission has ably decided on the terms of reference for the task force. This 
taskforce decided to cons�tute theme based four working groups with experts in the specific 
theme to deliberate the ToRs assigned to them and to come up with their recommenda�ons.

Taskforce wants to place on record the valuable inputs from Dr. Shamsh Pervez, Mr. R.P. 
Tiwari, Dr. M. Suresh Kumar, Dr. A. N. Vaidya, Dr. Manjeet Kaur, Mr. Suresh Singh and other 
expert members of the working groups on finalizing this report. I am sure that this taskforce 
report will serve useful purpose and will find favour with state planning commission for sharing 
with planners, policy makers, regula�ng agencies, academicians, civil society groups and all 
those interested in knowing the problems bese�ng the state and its likely solu�ons.   

Dr. K. Subramaniam 
Chairman

Taskforce on Environment Management
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1. Executive Summary 

i) Background

	 Making safe potable water available to people is a major environmental concern, and 
knowing the availability of piped water to urban dwellings and safe disposal of waste water, 

	 The State of Chha�sgarh, came into existence in the year 2000 and since its crea�on, 
the state has endeavored to become preferred choice for industrial and business growth. 
Chha�sgarh is an appealing investment des�na�on due to the availability of raw materials, 
land, and water, uninterrupted power supply, a tranquil industrial environment, industry and 
business-friendly state policies, and other welcoming aspects. The presence of rich mineral 
resources such as Haema�te (Iron Ore), Coal, Bauxite (Aluminum Ore), Dolomite (Magnesium 
Ore), Limestone, Tin, and so on has drawn significant producers of steel, power, aluminium, 
cement, and so on to this state.Apart from the aforemen�oned major minerals, the state also 
has a plethora of minor minerals available for quarrying and mining, such as quartz and 
quartzite, fire clay, flag stone, granite, soap stone, china clay, corundum, low grade lime stone, 
sand, and so on, which contribute to the construc�on and manufacturing industries. Even 
precious stones such as garnet, diamond, and alexandrite can be discovered in Gariaband 
district of the state. These all make the state a front-runner in the basic industries sector in the 
country. The contribu�on of the mining and industrial sectors to the state GDP is around 46.4 
percent, which is significantly larger than the contribu�ons of agriculture (17.6 percent) and 
services (36%) sector. Mineral revenue exceeds Rs. 6,000 crores, accoun�ng for approximately 
27 percent of the state's overall revenue receipts. The contribu�on of the state in terms of 
value of minerals produced is around 15% of the total mineral produced in India.

	 Aside from other forthcoming industrial infrastructure projects, the state's important 
industrial infrastructure includes eight no�fied industrial areas, four big industrial areas, and 
seven industrial parks. Large industries are centered in the central por�on of the state at Korba 
(Korba), Urla, Siltara, Bhanpuri-Rawabhata, Tilda (Raipur), Sirgi�, Tifra, Dagori, Silphari 
(Bilaspur), Boria, Bhilai (Durg), and Lara (Raigarh). The state features over 200 large industrial 
units and a slew of small businesses. Metallurgical industries, cement, and power genera�on 
are examples of businesses that rely heavily on coal and contribute to air pollu�on in industrial 
clusters. Increased human and ca�le popula�on, rapid urbaniza�on and construc�on 
ac�vi�es, massive increase in vehicular traffic, careless waste water discharge, genera�on of 
massive amounts of municipal solid waste and their burning, poor disposal of bio-medical 
waste, use of solid fuel for cooking, stubble burning, poor disposal of domes�c sewage, 
industrial effluent and wastewater flowing into water bodies and water courses are all found to 
be major contributors in  degrading air, water and soil quality in the state. Aside from the 
garbage men�oned above, industrial waste such as fly ash from power plants and char, 
dolochar from sponge-iron businesses is also contribu�ng to the problem. It's also a major 
issue to figure out how to use these industrial solid wastes into the manufacturing process or 
how to appropriately dispose of them.	

Page 1

Taskforce Report on Environmental Management in Chhattisgarh



1. Executive Summary 

i) Background

	 Making safe potable water available to people is a major environmental concern, and 
knowing the availability of piped water to urban dwellings and safe disposal of waste water, 

	 The State of Chha�sgarh, came into existence in the year 2000 and since its crea�on, 
the state has endeavored to become preferred choice for industrial and business growth. 
Chha�sgarh is an appealing investment des�na�on due to the availability of raw materials, 
land, and water, uninterrupted power supply, a tranquil industrial environment, industry and 
business-friendly state policies, and other welcoming aspects. The presence of rich mineral 
resources such as Haema�te (Iron Ore), Coal, Bauxite (Aluminum Ore), Dolomite (Magnesium 
Ore), Limestone, Tin, and so on has drawn significant producers of steel, power, aluminium, 
cement, and so on to this state.Apart from the aforemen�oned major minerals, the state also 
has a plethora of minor minerals available for quarrying and mining, such as quartz and 
quartzite, fire clay, flag stone, granite, soap stone, china clay, corundum, low grade lime stone, 
sand, and so on, which contribute to the construc�on and manufacturing industries. Even 
precious stones such as garnet, diamond, and alexandrite can be discovered in Gariaband 
district of the state. These all make the state a front-runner in the basic industries sector in the 
country. The contribu�on of the mining and industrial sectors to the state GDP is around 46.4 
percent, which is significantly larger than the contribu�ons of agriculture (17.6 percent) and 
services (36%) sector. Mineral revenue exceeds Rs. 6,000 crores, accoun�ng for approximately 
27 percent of the state's overall revenue receipts. The contribu�on of the state in terms of 
value of minerals produced is around 15% of the total mineral produced in India.

	 Aside from other forthcoming industrial infrastructure projects, the state's important 
industrial infrastructure includes eight no�fied industrial areas, four big industrial areas, and 
seven industrial parks. Large industries are centered in the central por�on of the state at Korba 
(Korba), Urla, Siltara, Bhanpuri-Rawabhata, Tilda (Raipur), Sirgi�, Tifra, Dagori, Silphari 
(Bilaspur), Boria, Bhilai (Durg), and Lara (Raigarh). The state features over 200 large industrial 
units and a slew of small businesses. Metallurgical industries, cement, and power genera�on 
are examples of businesses that rely heavily on coal and contribute to air pollu�on in industrial 
clusters. Increased human and ca�le popula�on, rapid urbaniza�on and construc�on 
ac�vi�es, massive increase in vehicular traffic, careless waste water discharge, genera�on of 
massive amounts of municipal solid waste and their burning, poor disposal of bio-medical 
waste, use of solid fuel for cooking, stubble burning, poor disposal of domes�c sewage, 
industrial effluent and wastewater flowing into water bodies and water courses are all found to 
be major contributors in  degrading air, water and soil quality in the state. Aside from the 
garbage men�oned above, industrial waste such as fly ash from power plants and char, 
dolochar from sponge-iron businesses is also contribu�ng to the problem. It's also a major 
issue to figure out how to use these industrial solid wastes into the manufacturing process or 
how to appropriately dispose of them.	

Page 1

Taskforce Report on Environmental Management in Chhattisgarh



ii) Cons�tu�on of Taskforce

iv) Cons�tu�on of Working Groups

5. Dr. A. N. Vaidya, NEERI Nagpur- Member

5. 	 Other ma�ers suggested by the Working Group.

	 Hence, environment and ecology related issues are source of worry for planners, 
regulators and those who are responsible for healthy growth and development of the state.  
This made the instant study relevant, �mely and ably captured in the Terms of Reference set by 
the State Planning commission. Each and every theme in the ToR needed thorough study by 
subject ma�er experts and to come up with workable sugges�ons, to remedy the prevailing 
situa�on. To this end, State Planning Commission has cons�tuted a Taskforce with Terms of 
Reference to go into the details and provide suitable recommenda�on for the state. The 
taskforce included following members: -

environmental awareness among all segments of society. Environmental and ecological issues, 
if not treated promptly and pro-ac�vely, can damage quality of life and pose a threat to life.

3. Dr. Manjeet  Kaur, FES  Raipur- Member

8. Suresh Singh, State Planning Commission- Co-Convener

4. 	 To suggest on safe disposal of 'fly ash' from thermal power sta�ons, 'char' 'dolochar' 
from other metallurgical industries and their safe use by adding value.

2. Dr. Ruchi Pant, UNDP Delhi- Member

1. 	 To suggest measures for the safe disposal of urban solid waste, biomedical waste 
and disposed water and the possibili�es of improvement in them.

3. 	 To give sugges�ons on the treatment of polluted water effluents from industries.

4. Dr. M. Suresh Kumar, NEERI Nagpur-Member

7. Representa�ve of Department of Housing & Environment / Commerce &I		ndustries- 
Convener

6. Dr. Shamsh Pervez, Pt. Ravishankar Shukla University, Raipur- Member

iii) Terms of References of the Taskforce: 

1. Dr. K. Subramaniam, Member, planning commission – Chairman

	 All Terms of Reference were thoroughly addressed at the taskforce's first mee�ng, held 
on July 6, 2021, at the headquarters of the state planning commission. Dr. Ruchi Pant was 

2. 	 To suggest the possibili�es of improving the air quality in the ci�es connected with 
the industrial areas.

sewerage, and solid waste in densely populated urban areas is the most difficult challenge that 
requires a deeper understanding in order to quan�fy the problem and find a workable solu�on. 
In comparison to Service Level Benchmarks of 100 percent, the availability of safe potable 
water and coverage of metropolitan areas with piped drinking water supply is just 38 
percent.The urban regions produce 857.8 MLD (million liters per day) versus a demand of 960.8 
MLD, resul�ng in a 102 MLD demand-supply mismatch. Water availability is 78 LPCD, compared 
to the SLB of 135 LPCD. Non-Revenue Water (NRW)/Unaccounted for Water (UFW) accounts 
for an average of 39% of total water generated, compared to an allowed maximum of 15-20% in 
urban areas. In Raipur, this figure is 48%. The per capita revenue generated by all ULB is Rs. 
78.50, with an O&M expense of Rs. 337.70. This deficit is evident in the services offered by 
ULBs.

	 In terms of the genera�on and safe disposal of Municipal Solid Waste, the state has 
done well so far, but much more needs to be done in all local bodies, urban and rural. The state 
generates around 2000 MT/day of solid waste in ULBs, of which 1680 MT/day is collected, 1411 
MT/day is treated, and no garbage is disposed of in a landfill. Municipali�es have solid waste 
collec�on and transporta�on services.SHG workers collect source-segregated MSW on 
tricycles and mini �ppers, and in some regions, they are able to recycle some waste and make 
some cash from this source. Despite a few silver linings, industrial townships in par�cular, and 
other urban areas in general, have several environmental concerns and risks that have a 
nega�ve influence on people's health and overall quality of life.Under Sec�on 4 of the Water 
(Preven�on and Control of Pollu�on) Act of 1974, the state established the Chha�sgarh 
Environment Conserva�on Board to oversee the implementa�on of all laws related to the 
Water Act of 1974, the Air Act of 1981, the Environment Protec�on Act of 1986, and the rules 
and regula�ons made thereunder. This Board is tasked with reviewing emission standards for 
pollutants from various industries, general effluent standards, noise standards, vehicle 
emission standards, hazardous waste management and handling, bio-medical waste 
management, municipal solid waste management, recycled plas�c manufacture and usage, 
ba�ery management and handling, and so on.This Board is meant to work with other 
government departments to ensure that all environmental laws are followed and to raise 

	 In terms of sewerage systems, currently 68.12 percent and 31.81 percent of houses are 
connected to sep�c tanks and single or twin pit systems, respec�vely. Sewerage systems cover 
barely 0.03 percent of the land area. Only 5 MLD of sewage was processed despite the fact that 
504.41 MLD of waste water was created. The majority of latrines in the state are either sep�c 
tanks or single/twin pit latrines.Though li�le informa�on about sep�c tank effluent is available, 
it is assumed that it either travels into open sewers or into soak pits. Both systems are 
hazardous to both people's general health and the environment. Similarly, liquid from pits 
percolates into the ground and pollutes ground water in an irreversible manner. There is no fee, 
and the per capita revenue expenditure for sewage collec�on and treatment is Rs. 138.62. 
Despite these shortcomings, the state was ranked first in Swachhata Survekshan in 2019 and 
2020.It has also been included in the list of Best Prac�ces in the Swachh Bharat Mission. 
Chha�sgarh is the first state in the country to be granted ODF++ status. 
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ii) Cons�tu�on of Taskforce

iv) Cons�tu�on of Working Groups
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 Terms of Reference:

1. Determining the industrial process specifics and quan�ty of fly ash and 
dolochar generated in Chha�sgarh. 

2. Research current developments in the physical, molecular, and other 
technical aspects of fly ash and dolo-char. 

4. Sugges�ng appropriate mi�ga�on steps depending on current status and 
gaps

5. Sugges�ng effec�ve and useful approaches for safe disposal and value-added 
products.

Theme: 3 Environment Educa�on and Impacts

3. Bio-geo-environmental impact assessment.

 Working Group Members:

No Name and Organiza�on Role 

1 Dr. Manjeet Kaur Bal, FES, Raipur Coordinator 

2 Ms Archana Mhaske, Raipur Member 

3
 

Ms
 

Geetanjoli Das Gupta, Expert, Labour Welfare and Social 
Security, Raipur

 Member
 

4
 

Shri Anupam Singh Sisodiya, Researcher, Bio -diversity, Raipur
 

Member
 

5
 

Ms Asha Verma, Consultant, Climate Change, 
 

Member
 

6
 

Mr. Syed
 

Parwez, Project Manager, UNDP
 

Member
 

No  Name and Organiza�on  Role  

1 Dr. Shamsh Pervez, Professor, Environmental Science, Pt. 
Ravishankar Shukla University, Raipur  

Coordinator 

2 Dr. Shubha Verma, Associate Professor, IIT Kharagpur,  Member 

3 Dr. S. N. Kaul, Ex-Director, NEERI  Member 

4 Dr. Suman Chakraborty, MD & CEO, Somani Eco builds Products, 
Mumbai  

Member 

5 Prof. Pradeep Kumar Pradhan, Professor, Department of Civil 
Engineering, Veer Surendra Sai University of Technology, Burla, 
Odisha  

Member 
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unable to a�end this mee�ng. Members of the taskforce who were present in-person or 
virtually agreed that key areas in the ToR require extensive debate and that it would be 
appropriate and prac�cable to have four working groups address specific themes and make 
sugges�ons. The following theme-based working groups were formed with subject ma�er 
specialists to conduct thorough research and delibera�on on every possible issue while 
keeping state-specific needs in mind, and to make recommenda�ons within three months.

Theme: 1  Ambient Air Quality of ci�es closer to Industrial Areas in Chha�sgarh
  Working Group Members:

No  Name and Organiza�on  Role  

1  Dr. Shamsh Pervez, Professor, Environmental Science, Pt. 
Ravishankar Shukla University, Raipur  

Coordinator  

2  Dr. Anjali Shrivastava, Ex -Director, NEERI, Nagpur  Member  
3  Prof. Manas Kan� Deb, Professor, Pt. Ravishankar Shukla 

University, Raipur  

Member  

4  Dr. Deepanjali Majumdar, Zonal Lab, NEERI, Kolkata  Member  
5  Dr. Madhuri Verma, Postdoctoral research fellow , Pt. 

Ravishankar Shukla University, Raipur  

Member  

6 Dr. Ajay Vikram Ahirwar, NIT, Raipur Member

6. Sugges�ng effec�ve impact assessment studies and mi�ga�ng strategies.

5. Designing measurement protocol for organic pollutants.

  Terms of Reference:

1.   Iden�fying ci�es and places in Chha�sgarh that are closer to industrial and 
mining clusters where air pollu�on and issues of ambient air quality are 
severe.

3.  Current status of iden�fying sources, air monitoring, and health risk 
assessment

2.   Iden�fying types of air pollu�on, sources, environmental pathways 
(atmospheric physics and chemistry) and its impact on surrounding bio-geo-
environment.

4. Sugges�ng suitable mi�ga�ng measures based on present status and gaps.

Theme: 2  Sugges�on for safe disposal approaches and value-added products for   
Flyash and Dolochar in Chha�sgarh 

 Working Group Members:
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  The first working group covering ambient air quality of ci�es closer to industrial zones 
had given number of useful and doable sugges�ons. This working group was of the view that 
intensive field studies combined with updated emission inventories, air quality monitoring and 
numerical modelling analysis could be used to understand the causes that trigger air pollu�on 
and accordingly design cost-effec�ve emission control measures. The group was aware that 
there are 18 air quality monitoring sites around the state detec�ng four classed pollutants 
present in the air: PM 2.5, PM 10, Sulphur Dioxide, and Nitrogen Oxides, out of the 12 criterion 
pollutants of the Indian NAAQS-2009 programme. The group examined data on ambient PM 
2.5 and its sources in rural and urban areas of the state and discovered the following situa�on:

Though the en�re report of each working group is annexed to this Taskforce report, a 
summary of the findings and recommenda�ons is provided below:

6. To suggest for expansion of common bio-medical waste treatment and disposal 
facility in the state.

7. To suggest safe disposal of waste water, sewage water and effluent.

4. To suggest measures to ensure 100% segrega�on, collec�on, treatment and 
disposal of bio-medical waste generated from medical health services located in 
the state.

A.  Theme:1  

v) Summary of Working Group's Findings and Recommenda�ons:

5. To give sugges�on for improving quality of common bio-medical waste treatment 
and disposal facility opera�ng in the state.

 All of the Working Groups met and discussed the theme captured in the ToRs assigned 
to them, as well as sourced research material to have an updated understanding of the issue. 
These discussions were extremely beneficial because they provided honorable members with 
the opportunity to first become acquainted with the state-specific problems, to take a 360-
degree view of the ground reali�es, and then to use their domain knowledge, exposure, and 
experience to find workable solu�ons.Because the expert members of each working group had 
been or are serving in the country's finest ins�tu�ons and have the benefit of comprehending 
the challenges related to the environment and its safeguards, delibera�ons became quite 
pointed and relevant.

Major sources of ambient PM 2.5 in Chha�sgarh's rural and urban environments

4
 

Nominated Representa�ve of Indian Medical Associa�on
 

Member
 

5
 

Shri A C Malu, Supd�. Engineer, Environment Conserva�on 
Board, Raipur

 Member
 

6
 

Shri S K Diwan, Senior Scien�fic Officer, Environment 
Conserva�on Board, Raipur

 Member
 

7
 

Shri Ashish Tikariha, Addi�onal CEO, SUDA, Raipur
 

Member
 

1. To suggest measures to ensure 100% segrega�on and collec�on of municipal     
solid waste generated from urban bodies in the state.

3. To suggest for qualita�ve improvement in Integrated Solid Waste Management 
facility located at Raipur and Bilaspur.

2. To suggest improvement in the quality of Solid And Liquid Resource Management 
(SLRM) centre set up for treatment of solid waste in urban bodies.

 Terms of Reference:
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Terms of Reference:

1. To iden�fy the exis�ng gaps in environmental awareness ac�vi�es and key 
messages in the state of Chha�sgarh and recommend suitable 
environmental educa�on IEC and areas of focus.

 Working Group Members:

4. To assess the impact of public consulta�ons while giving environmental 
clearance and sugges�on for making changes, if any.

2. To analyse the health impact of industrial pollu�on on communi�es residing 
closer to industrial areas in the state of Chha�sgarh and suggest remedial 
measures.

3. To recommend climate resilience prac�ces to make people climate smart.

Theme: 4  To give sugges�ons for improvement in the disposal system of urban 
solid waste, bio-medical waste and waste water in the state of 
Chha�sgarh

No Name and Organiza�on  Role  
1 Shri R P Tiwari, Member Secretary, CG Environment 

Conserva�on Board, Raipur  
Coordinator 

2 Shri B Verma, Chief Engineer, Directorate of Urban 
Administra�on, Raipur  

Member 

3 Dr. R S Mandavi, Joint Director, Directorate of Health & Family 
Welfare, Raipur  

Member 
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	 The group also proposed manda�ng the appointment of environmentalists/ 
environmental engineers in all industries/agencies involved with pollu�on genera�on, such as 
Municipal Corpora�ons (to monitor solid waste management, water supplies, domes�c 
hea�ng emissions, in-city road and civil construc�ons), PHE (to monitor water supply system), 
PWD (to oversee road construc�on from an environmental standpoint), and Traffic-Police (to 
monitor vehicular emissions). 

	 The second working group discussed safe disposal methods and the development of 
value-added products from fly ash and dolochar in the state. The ini�al step in achieving the 
goals is to comprehend the magnitude of overall genera�on, as well as its physicochemical, 
thermal, and energy-related aspects, in order to properly u�lise Fly ash and Dolo-char.A�er 
extensive delibera�on, the group concluded that there is a large informa�on gap about the 

	 It is proposed that the state construct one contemporary Environmental Research 
Laboratory (for air, water, soil, and sound pollu�on, among other things) in ac�ve collabora�on 
with universi�es that have Environmental Science as one of their fields. A clean fuel policy is 
significant for the state because it can create incen�ves to adopt cleaner fuels. This could 
include a list of permi�ed fuels. The state may support cleaner fuels such as gas (coal bed 
methane, natural gas, and so on) and electricity. It is cri�cal to discourage the use of high-sulfur 
and heavy-metal-containing fuels such as furnace oil, pet coke, tyre oil, and so on (unless where 
pet coke is u�lized as a feedstock, such as cement).A favorable taxa�on and price strategy is 
required to make greener fuels affordable. A clean fuel strategy is cri�cal for small and medium-
sized units with minimal or no emission control systems.

	 The group has also advised that the 2015 no�fica�on standards for PM, SOx, and NOx in 
thermal power plants be followed. A road strategy for the phase-out of very old power plants is 
required for this to happen. To control automobile emissions, it is beneficial to strengthen the 
PUC programme for on-road vehicle emissions tes�ng. Strengthening periodic audi�ng and 
oversight of PUC centres, as well as equipment calibra�on and third-party reviews, would 
increase trust in the system. Measures will be put in place to ensure that no vehicle can operate 
without a valid PUC cer�ficate. A link between the PUC cer�ficate and the necessary third-party 
insurance for automobiles would aid in compliance.

B. Theme:2 

	 The open burning of municipal waste is common in many towns and ci�es, and it should 
be discouraged. Adop�ng waste management procedures for all waste streams (municipal 
solid waste, plas�c waste, e-waste, etc.) and enforcing a comprehensive ban on garbage 
burning throughout the region may be beneficial, but this should be preceded by raising public 
awareness. Promo�ng ex-situ measures to reu�lize straw in electricity genera�on, bio CNG 
produc�on, pellets as fuel, building materials, and so on would be beneficial and produce value 
for straw as well as an incen�ve for farmers.More innova�ons are required in this direc�on and 
Recommenda�ons of the group and ra�onale behind them are given in detail in the working 
group report. 

	 The group advised that the health effects of short and long-term air pollu�on, as well as 
health risk assessment, be studied, par�cularly in areas near big ci�es. Industries must adapt to 
advanced furnaces to control fugi�ve emissions: bag filter house systems, wet / dry scrubbers, 
coal of acceptable quality and moisture content, and other measures will assist to significantly 
reduce fugi�ve emissions. Air pollu�on control devices, as well as an air quality monitoring 
sta�on with an online display, should be mandated. An expert commi�ee could create emission 
standards for small-scale companies.The environment clearance for road construc�on 
ac�vi�es is cri�cal since bitumen prepara�on degrades air quality and the smoke emi�ed 
during the opera�on is hazardous to labourers and passengers. Making LPG fuel available to 
rural homes could be a useful first step toward reducing their dependency on solid fuel.

	 Certain administra�ve adjustments were proposed by the group in order to improve 
the func�oning of the regulatory body. The group agreed that the exis�ng regulatory Board's 
cons�tu�on should be amended by assigning professionals to the posi�ons of Chairman and 
Members of the Board.Similarly, the CECB's prevailing power to inves�gate industrial sources 
of pollu�on while leaving other major sources of air pollu�on to concerned departments, 
namely, civil construc�on under the Urban Local Bodies, vehicular exhausts under the Regional 
Transport Officer and traffic police, road re-suspended dusts under the Public Works 
Department and Municipal Corpora�ons (ULBs), open biomass burning under ULBs, 
agricultural field burning under the agricultural department under an overarching framework. 
It is proposed that a standing advisory council comprised of specialists from several sectors be 
formed for the state of Chha�sgarh's environmental management.

 Aside from these, the presence of carbonaceous ma�er and ionic species in the air, such 
as sulphate ion, chloride ion, nitrate ion, ammonium ion, fluoride ion, and potassium ion, is 
regarded as a key cause of worry. The group believes that all 12 major air pollutants listed in 
NAAQS should be measured, along with carbonaceous ma�er, vola�le organic compounds, 
and polycyclic aroma�c hydrocarbons, in all districts of the state, because these compounds 
are released due to incomplete combus�on of fuel in industrial processes where coal is used as 
a fuel, and they are health hazards and have climate effects associated to organic aerosol.

	 Developing source inventories like, chemical source profiles, emission factors of source 
marker's species for emission resul�ng from all types of industries, domes�c hea�ng ac�vi�es, 
all types of vehicular exhausts, agriculture field burning, natural dust re-suspension be taken up 
and updated every alternate year. Developing locally derived source profiles for source 
appor�onment is to be taken up as it would provide wealth of informa�on and improve our 
understanding for remedial measures.

	 The group believes that a long-term air quality monitoring and analysis programme 
should be designed in the framework of a source-receptor impact study, using a longitudinal 
measurement plan and adhering to the standard protocol of selec�ng air pollutants, sampling 
and monitoring, pollutant analysis, and data interpreta�on. It has proposed the installa�on of 
online con�nuous emission monitoring devices in and around all major pollu�ng sectors.
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C. Theme 3: 

	 Involving industry representa�ves in the formula�on and implementa�on of all of the 
above-men�oned management plans.

	 A center of excellence might be formed to promote crea�ve research for 
environmentally acceptable and financially feasible disposal technologies and value-added 
products from industrial wastes, as well as to s�mulate industry collabora�on. In the 
mean�me, extensive research on the ac�va�on and func�onaliza�on of dolochar, as well as 
the efficacy of func�onalized and ac�vated dolochar for the removal of anions and ca�ons from 
water and wastewater systems, may be considered in collabora�on with premier research 
ins�tu�ons and academia. The amount of cenosphere in the fly ash of the state's thermal 
power plant has been reported to be between 18.5 and 21.2 percent.The extrac�on of 
cenospheres for the prepara�on of low-density concrete could be tried. The group felt that 
because the amount of dolochar produced by each industry is so li�le, it should be used within 
the industry and not disposed of outside the industrial premises un�l a safe eco-friendly 
subs�tute is iden�fied.

	 The third working group went into great detail about environmental educa�on and 
awareness, emphasising the need of ins�lling environmental awareness in people so that they 
comprehend the fragility of the ecosystem and the importance of protec�ng it. The 
organisa�on believes that raising knowledge of the environment and ecosystem services is the 
only way to get people involved in protec�ng and maintaining nature and natural resources for 
the present and future.It is about educa�ng the average guy about all areas of life that are 
intertwined with his immediate surroundings and beyond. This is also about raising public 
awareness about the environmental concerns that are staring us in the face and discussing 
poten�al solu�ons with individuals. This is cri�cal in laying the groundwork for informed and 
ac�ve par�cipa�on in the cause of environmental protec�on, as well as the careful and ra�onal 
use of natural resources. When individuals are properly empowered to make judgments about 
sensible resource use and responsible behaviour, protec�ng the environment becomes easier.

	 The group discussed the issue and concluded that in order to provide comprehensive 
environmental informa�on, it is cri�cal to target the proper people and communicate relevant 
informa�on to them. The correct environmental knowledge enables ci�zens to make informed 
consump�on decisions and to penalise those who do not follow the norms through peer 
pressure. Environmental educa�on must become an inherent element of the formal educa�on 
system in order for this to occur. Though ecology is a subject in current school and college 
curricula, it is merely theore�cal and does not pique the interest of young brains.To make it 
more successful, prac�cal parts will be incorporated in which young minds will be oriented 
toward close observa�on of nature and understanding and feeling the interplay of nature and 
societal processes, as well as how it affects all life forms. Their interconnectedness with human 

j) any other eco-friendly purposes as no�fied from �me to �me

	 A study should be carried out to forecast total fly ash and dolochar genera�on in the 
future (up to 2040), taking into account the expansion plans of specific thermal power plants 
and enterprises in the state. A feasibility study, preferably with industry partners, for several 
possible approaches of safe u�lisa�on of dolochar and fly ash for waste to wealth conversion, 
as well as their economic and commercial feasibility, may also be done. According to a 
no�fica�on issued by the Ministry of Environment, Forests, and Climate Change in New Delhi 
on 22 April 2021, all coal or lignite-based thermal power plants (including cap�ve and/or co-
genera�on sta�ons) are primarily responsible for ensuring 100 percent u�lisa�on of ash (fly 
ash and bo�om ash) generated by them in an environmentally friendly manner. According to 
the no�fica�on, the ash generated by coal or lignite-based thermal power plants must be used 
for the following environmentally favourable purposes:

i) export of ash to other countries

	 A short-term study should be conducted to characterise the dolochar and fly ash 
created in the various industrial sectors around the state. A ques�onnaire survey should be 
conducted in all relevant registered industries to assess the current genera�on of dolochar and 
fly ash and their characteris�cs. It is also proposed that a dedicated web portal be developed to 
collect all informa�on accessible with the individual companies regarding the development 
and proper�es of fly ash and dolochar. To cer�fy the development of these two categories of 
waste, a third-party audit may be performed.

f) manufacturing of sintered / cold bonded ash aggregate

characteris�cs, genera�on, and usage scenarios of fly ash and dolochar created in the state's 
thermal power plants and sponge iron facili�es, respec�vely. Because the quan�ty of fly ash 
and dolochar created in the state is not precisely known industry by industry or loca�on by 
loca�on, it was felt appropriate to take a broad view of the problem. Following extensive 
considera�on in the mee�ngs, the group suggested the following ac�on plan:

a) manufacturing of brick / blocks / �les

b) cement manufacturing, ready mix concrete Construc�on of road and fly over 
embankment, ash and geo-polymer-based construc�on material.

d) filling up of low-lying area

e) filling of mine voids 

g) agriculture in a controlled manner based on soil tes�ng

h) construc�on of shoreline protec�on structures in costal districts 

c) construc�on of dam 
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produce collec�on, which has an impact on their income. This implies that the community 
adequately prepare for climate change.

	 The Fourth Working Group was entrusted with the task to iden�fy issues of urban solid 
waste, biomedical waste, and waste water disposal and recommending steps to find feasible 
solu�on. Members of this group came from various relevant government departments and 
Chha�sgarh Envionment Conserva�on Board, which is a regulatory body. Though the 
members are already aware of the difficul�es at hand, the forma�on of this group provided 
them the opportunity to come out of their silos, sit together, share data and notes, and 
deliberate about the issues in a coordinated manner.The group conducted lengthy discussions 
on each issue, and collec�vely they comprehended the exis�ng situa�on of waste genera�on 
and disposal in the state, as well as gaps where they needed each other's assistance and 
coopera�on. The Group had made recommenda�ons for the Taskforce's considera�on and 
submission to the State Planning Commission. Some of the working groups' proposals include:

ii) The number of collec�on boxes per ward should be increased to ensure complete waste 
collec�on

	 In its report, the group informed about the state ini�a�ves to combat the nega�ve 
impact of climate change by releasing the State Ac�on Plan on Climate Change (SAPCC) as an 
overarching climate response framework: to reduce vulnerability, hazards, and exposure; pool, 
transfer, and share risks; prepare and respond effec�vely; and increase capacity to cope with 
unforeseen events, while ar�cula�ng flexible sector specific response strategies and ac�on. 
The report also states that the state is a�emp�ng to include climate-resilient ini�a�ves into 
development planning. Many research and climate-related studies are being commissioned, 
and capacity building on climate change mi�ga�on for authori�es, farmers, and other 
stakeholders is being performed. Strategies for rural and urban areas, community-level smart 
planning, capacity building for urban dwellers to deal with disasters such as flash floods, fire, 
lightning, and heat waves, promo�ng green infrastructure, organising awareness events, 
introducing climate change educa�on and preparing training modules for teachers and 
educators, and capacity building for media professionals for climate change repor�ng have all 
begun.The report also discusses the environmental health impact of various sectors and the 
districts in which they are located. Specific recommenda�ons are offered to address the issue. 
While gran�ng environmental clearance for projects, the group has also made 
recommenda�ons about the public consulta�ons process. They proposed improving the 
current public consulta�on process to make it more effec�ve and objec�ve. Finally, the panel 
provided ac�on sugges�ons that are generally feasible for the state's considera�on.The 
working group's report has taken care to cover all of the areas of its terms of reference and to 
add some topics that the group felt were relevant for policy making and ac�on.

D     Theme 4:  

i) Encourage source segrega�on at the household level by adop�ng a two-bin system.  

	 In its report, the group emphasised the urgent need for the state to implement climate-
resilient ini�a�ves. According to the report, the state is extremely vulnerable to climate change 
and its consequences. A state with a big popula�on that relies on agriculture on marginal 
grounds, with small landholdings and is primarily rain-fed, is reliant on monsoon rainfall for 
Kharif crops. These people's lives are s�ll made difficult by irregular rainfall caused by climate 
change. Over the years, there has been a decreasing tendency in rainfall and a change in rainfall 
pa�ern in a few areas, which has impacted the economic well-being of small and marginal 
farmers. Similarly, forest dwelling communi�es that rely on forest produce as a secondary 
source of income are threatened by climate change because it disrupts the ecosystem's 
equilibrium in mul�ple ways, including an increase in forest fires, reduced plant regenera�on, 
worsening insect and pest a�acks, the spread of plant diseases, and, as a result, a reduc�on in 

life and ac�vi�es can be be�er appreciated if young children are given opportuni�es to 
experience for themselves the harmful effects of tampering with nature outside of the 
classroom.

	 The group has iden�fied specific pollu�on sources that are a source of worry for the 
state. The health impact of air pollu�on was studied in industrial townships such as Korba, 
Champa, and Raipur, and it was discovered that severe PM 2.5 pollu�on in the air laden with 
heavy metals such as nickel, manganese, silica, and lead are all leading causes of respiratory 
and cardiovascular diseases in these areas. Raigarh, another town, suffers from severe air 
pollu�on due to the presence of numerous coal-based sponge iron and steel and thermal 
power plants. Pollu�on of various forms is also wreaking havoc on the villages surrounding 
these townships.Chromium, Cadmium, Manganese, and Selenium are also discovered in 
excess of their permi�ed levels in samples obtained from communi�es near industrial ci�es. In 
urban townships, solid waste management and bio-medical waste management are addi�onal 
difficul�es. Other degrading factors that cause irrita�on and discomfort include garbage 
burning, non-segrega�on of trash at the source, and incorrect dumping of waste near water 
courses. Vehicle emissions are emerging as a major contributor to rising air pollu�on, 
par�cularly in ci�es like as Raipur, Durg-Bhilai, and Bilaspur, where traffic density has expanded 
drama�cally in recent years.Increased construc�on ac�vity in all major ci�es and emerging 
urban centers contributes to poor air quality. These causal factors have higher health risks in 
pa�ents whose respiratory problems are mostly caused by poor air quality. Aside from these, 
there are no safe effluent and waste water disposal facili�es, which pollutes water bodies and 
water courses and leads to water contamina�on.

	 In light of all of these pollu�on sources, the commi�ee proposed that environmental 
health and safety educa�on begin at the school level, which might lead to sensi�za�on and 
educated concern, which would help to generate support and ac�ve engagement of residents 
in fixing environmental concerns. The group has highlighted several achievable tasks that can 
be conducted at the school/college level, at the societal level, and by non-governmental 
organisa�ons (NGOs) for posi�ve and affirma�ve ac�on in allevia�ng the afflic�ons of a 
degraded environment in their surrounds.
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experience for themselves the harmful effects of tampering with nature outside of the 
classroom.
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be conducted at the school/college level, at the societal level, and by non-governmental 
organisa�ons (NGOs) for posi�ve and affirma�ve ac�on in allevia�ng the afflic�ons of a 
degraded environment in their surrounds.
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v) Installa�on of plas�c reverse vending machines in SLRM Centres. Ini�ally, 50 such 
machines may be deployed in the state's 05 largest ci�es, namely Raipur, Bilaspur, 
Bhilai, Korba, and Raigarh. According to UAD informa�on, the an�cipated cost of more 
than 50 machines is around Rs. 12 crores. 

vii) Prepara�on of a feasibility report for the installa�on of a waste-based power plant in 
the integrated facili�es in Raipur and Bilaspur. This will not only aid in the opera�on and 
maintenance of the integrated facility, but will also improve the disposal facility's 
efficiency.

iii) Decentralized waste management techniques, such as community compos�ng 
facili�es, should be supported.

iv) Ini�a�on of a public awareness campaign in collabora�on with local non-governmental 
organisa�ons. Organizing awareness campaigns in each ward, as well as environmental 
groups in schools and colleges.  

vi) Establishment of a C&D waste processing unit in each of the state's 12 municipal 
corpora�ons. According to UAD data, the an�cipated cost of more than 12 such units is 
around Rs. 25 crores.

viii) Imposi�on of fines and penal�es for li�ering of wastes.

ix) Municipal Solid Garbage Management is a vital municipal func�on, and all municipal 
authori�es are required to offer this service in order to maintain ci�es and towns clean, 
process waste, and dispose of le�over municipal solid waste in an environmentally 
appropriate manner. This comprises municipali�es developing their municipal solid 
waste system systemically by carefully assessing the demands for tools, equipment, 
vehicles, and processing and disposal facili�es in a way that is locally feasible, meets the 
municipali�es' long-term goals, and is financially viable. While developing such an 
MSWM strategy for the municipal region, a�en�on must be given to ensure that it is 
compliant with the SWM Rules, 2016. 

x) Engaging with informal associa�ons as a suitable partner organisa�on for the delivery 
of solid    waste management services. By retrieving valuable material from garbage, 
the informal sector, such as the 'kabaadi' system or waste pickers, plays a significant 
role in the MSWM value chain. They help to lessen environmental impacts by 
increasing resource recovery and decreasing disposal needs. They also contribute by 
lowering overall system costs, suppor�ng the local recycling industry, and crea�ng new 
job possibili�es. They can be formed into self-help groups.

xi)  Promo�ng programmes to provide social security and health benefits to informal 
rubbish        pickers, kabadis, and other waste management workers.  

xii) Low-interest loans to waste pickers' SHGs for the purpose of bidding on and 
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a) waste u�liza�on

b) waste recycling

xiii) Se�ng aside area in the development plan for decentralised processing of 
biodegradable waste and the establishment of a material recovery plant. 

c) waste processing

d) waste to eneregy 

e) land filling 

xiv) Long-term measures will involve examining local situa�ons and methodically planning 
trash management in ci�es and towns. This may involve, in a systema�c manner, the 
following steps: 

Regarding Safe Disposal of Bio-medical Waste

Working group has also deliberated on safe disposal of biomedical waste from towns and 
ci�es and came up with following recommenda�ons :

par�cipa�ng in    tenders and contracts. Tax breaks and other incen�ves may be used to 
encourage them.

vi. Inclusion of health elements of Common Bio-Medical Waste Treatment and Disposal 
Facility plant personnel and neighbouring inhabitants. 

i. Make arrangements for regular and adequate training for all health workers, in 
collabora�on with the IMA and the Nursing Home Associa�on, to deal with the 
management and safe disposal of Bio-Medical Wastes. 

iii. Ensuring quick and covered transporta�on arrangement while li�ing the Bio-Medical 
Wastes from Healthcare Facili�es around the State.

ii. Insis�ng on improvements in the opera�on of the Common Bio-Medical Waste 
Treatment and disposal Facili�es. Opera�onal compliance by common biomedical 
treatment facili�es is related to safe collec�on, handling, transporta�on, recep�on, 
treatment, and disposal, and strict a�en�on is required at all �mes.

v. The use of personal protec�ve equipment (PPEs) by handlers is cri�cal at all stages.

iv. Installing a Global Posi�oning System (GPS) to track vehicles transpor�ng Bio-Medical 
Waste in real �me.
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Safe Disposal of Waste Water

2. 	 An inventory of industrial effluent genera�ng sources from industrial clusters, as well as 
the quantum of industrial effluent genera�on from various industrial sources, needs to 
be created.

	 Waste water origina�ng from human habita�on, industries, agriculture land etc. needs 
to be treated before it is discharged into the water course. Safe disposal of waste water is 
important as water is precious natural resource which can be recycled and reused. Treated 
water is within the permissible limits as far as physical, chemical and microbial impuri�es are 
concerned and hence safe to use for mul�ple func�ons of our daily life. Increasing 
urbanisa�on, industrializa�on and intensified agricultural opera�ons, all have resulted in the 
discharge of waste water  which contaminate surface water bodies, par�cularly rivers and 
ground water. 

4. 	 Coordina�on among the execu�ng authori�es / departments responsible for execu�on 
within their respec�ve jurisdic�ons and within a specific �me range is cri�cal. 

1. 	 Polluted River lengths in Chha�sgarh needs to be reassessed as the current report is 
based on the CPCB's Na�onal Water Quality Monitoring Programme 2016-17. 
Analyzing the current situa�on is cri�cal for taking correc�ve ac�on and making 
necessary course correc�ons. 

3. 	 Evalua�on of alterna�ve uses of treated water from industrial effluent for purposes 
such as industrial cooling, gardening, construc�on, or wherever feasible is to be found 
and u�lised for op�mal use of water. 

	 This working group is also given the task to understand the problems of waste water in 
the state  and suggest measures for its safe disposal. 

vii. To op�mise the overall performance of the facility, the operators of the Common Bio-
Medical Waste Treatment and Disposal Facility should ensure regular maintenance of 
the plant and machinery. 

	 The discharge of untreated municipal sewage in streams has been iden�fied as the 
largest source of river pollu�on in the state of Chha�sgarh. Major towns and ci�es located 
along the state's main water courses, such as the Kharoon, Seonath, Mahanadi, Hasdeo, and 
Kelo, are becoming contaminated as a result of untreated waste water disposed of in these 
rivers and water bodies. The Chha�sgarh Environment Conserva�on Board has directed all 
local authori�es to install and commission a sewage treatment plant (STP). The working group 
a�er its detailed delibera�on on the current status of waste water and its disposal found that 
certain remedial measures need to be taken up without further delay. Working group has 
suggested following steps : 

5. 	 CECB will convene monthly mee�ngs with municipal authori�es, industry 
representa�ves, gram panchayat office bearers, and all other stakeholders to execute 
and monitor safe waste water disposal.

7. 	 It is cri�cal to monitor the efficiency of current STPs as well as the progress of 
prospec�ve STP construc�on. 

8. 	 Efforts are to be made to achieve zero industrial discharge.

	 For a more in-depth understanding of the delibera�ons and conclusions, all working 
group reports are appended to this execu�ve summary.

6. 	 All urban and rural local governments, water users groups, and non-governmental 
organisa�ons (NGOs) to be sensi�sed, and a conducive atmosphere be created for their 
ac�ve engagement in the safe and usable disposal of waste water following treatment.
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 Air quality in the state of Chha�sgarh has become an issue of concern in recent years. 
Three million plus ci�es of this state are listed as non-a�ainment ci�es of India under Na�onal 
Clean Air Programme (NCAP). There are several poten�al sources of air pollu�on in this state 
such as industrial clusters (mainly coal-fired mineral based industries like iron processing, 
power genera�on and cement produc�on), mine ac�vi�es, transport, construc�on, residen�al 
combus�on, open burning, solid waste combus�on among others.

 Air quality management strategy of any given region is a complex task involving mul�-
�er scien�fic studies considering air pollutants, their effect on community health as well as 
economy. The state has a basic air quality monitoring network in place consis�ng of 18 number 
of monitoring sta�ons in loca�ons known for major industrial clusters (Raipur, Durg-Bhilai, 
Korba, Bilaspur, Raigarh). Addi�onally Con�nuous Ambient Air Monitoring Sta�ons (CAAQMS) 
are also in opera�on at Raipur, Bilaspur, Durg-Bhilai, Raigarh, Korba ci�es. Source 
appor�onment and load carrying capacity studies have recently been ini�ated for selected 
non-a�ainment ci�es.

 However, there exist a major data gap in understanding the sources, nature and extent 
of air pollu�on in the airshed of Chha�sgarh that encompasses the ci�es closure to industrial 
area. There lacks a state level 'Emission Inventory' es�mate which is one of the basic tools of air 
quality management of any region. Emission inventory gives a broad es�ma�on regarding the 
major air pollu�ng sources. A receptor source appor�onment study is also important to 
understand the actual source contribu�on to ambient air pollu�on.In this exercise, air sampling 
is performed in selected representa�ve loca�on referred to as receptor sites and they are 
chemically characterized further. U�lizing complex model such as CMB (Chemical Mass 
balance) or PMF (Posi�ve matrix Factoriza�on) and reference source signature, such a study 
will give an es�mate of the contribu�on frac�on of major sources at those receptor sites. The 
observed pollutant concentra�on as well as source contribu�on at any given receptor point will 
be subject to source intensity (as indicated by emission inventory) of various contribu�ng 
sources, meteorology driven dispersion and even secondary reac�ons of those primarily 
emi�ed air pollutants. Thus, a dispersion model is required to calculate and predict the air 
pollu�on level of a given region from an emission inventory under varying meteorological 
condi�on and to predict air-pollu�on levels arising from proposed changes to emission in that 
region. It is important to note that apart from the primary emission in the given region the 
observed level of air pollu�on will also corresponds to i) secondary pollutant formed in-situ, ii) 
pollutant received from immediate neighboring region, iii) pollutant in aged air mass that are 
transported from long range. Subsequent to these exercises, a set of pollu�on reducing tac�cs 
is needed in view of the requirement to achieve compliance to air quality standards.

 Along with Air pollu�on hazards Chha�sgarh faces the threat of climate change related 
natural disasters. Sources of air pollutants, climate forcers and greenhouse gases (GHG) 
responsible from climate change impacts are o�en co-linear. Hence it is essen�al that air 
quality management and climate change mi�ga�on programs are integrated at state level to 
maximize benefit.

SUMMARY
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7. Workshops for industries known for coal-firing to access clean coal technologies under 
the expert collabora�on with Clean Coal Consor�um, Washington University, St Louis, 
USA and Pt. R.S. University

8. Administra�ve Reforms and Responsibility

5. Air Quality monitoring and analysis: Analy�cal facili�es and documenta�on

9. Short term air quality management: implementable policy and economic tools

6. Air pollu�on control mechanism: anthropogenic and natural sources

 A detailed context are described in sec�on-3 'Recommenda�ons for improvement and 
management of air quality in the state of Chha�sgarh'

2. To develop mechanism for iden�fica�on and characteriza�on of the anthropogenic and 
natural source of air pollu�on emission in the state of Chha�sgarh.

 To a�end the clean air goal and place a robust air quality management program for the 
state of Chha�sgarh with special reference to the ci�es closure to industrial area, the following 
aspects have been elaborated in the recommenda�on.

4. To suggest measures for minimizing the air pollu�on at source, ambient and indoor air 
in the state of Chha�sgarh.

1. To iden�fy the gap between current state and required program of air quality 
monitoring and management program for improving the air quality in the state of 
Chha�sgarh.

An effec�ve air quality management program involves comprehensive integral planning of 
energy supply, transporta�on, land use, industrial development, waste management and even 
sustainable development. Specifically, pollu�on control op�on may include emission control 
norms, restric�on of certain fuel usage (e.g., solid fuel). Ban on certain ac�vity (such as open 
burning). However, all such ac�on needs to be examined for their effec�veness in reducing air 
pollutant level at receptor points u�lizing predic�ve dispersion modeling vis-a-vis their 
economic feasibility, rate of possible implementa�on as well as enforceability.

 This report recommends ac�on plan to meet the following objec�ves,

1. Long term air quality improvement and management

2. Air monitoring network and programs

3. Air Quality monitoring and analysis: Criteria and other pollutants

 Recommenda�ons for improvement and management of air quality in the state of 
Chha�sgarh

3. To develop predic�ve/ mi�ga�ve program for short- and long-term air pollu�on health 
and climate effects in the state of Chha�sgarh.

4. Air Quality monitoring and analysis: new technologies

1. Background

Working Group Commi�ee Report on:

Air quality improvement and management in Chha�sgarh

  Industrial clusters, located in the state of Chha�sgarh, are mainly known for 
coal-fired mineral based industries (iron processing, power genera�on and cement 
produc�on) and rice milling (Matawle et al., 2015; Sahu et al., 2019). Chha�sgarh produces 
100 % of Tin, 15 % of the cement and > 30 % of both sponge iron and aluminum. Many cement 
plants like ACC, Ambuja, Grasim, Ultratech, Jaypee and Lafarge of France are in the state. There 
are approximately 130 steel re-rolling mills and several mini steel plants. The state also boasts 
of 17 Ferro alloy units, steel/cast iron cas�ng units, engineering, and fabrica�on units apart 
from large number of agro-based and food processing, chemical, and plas�c, construc�on 
material, forest produce based units (CECB, 2015). Many Undertakings of Government of India 
like Bhilai Steel Plant (BSP), Na�onal Mineral Development Corpora�on (NMDC), South-
Eastern Coal Field Limited, NTPC are in the state. Other major industries of iron and steel sector 
are Tata, Jindal, NMDC, Essar, VISA, Neco, Prakash, Monnet, Surya, MSP, Godawari, SKS, Jai 
Balajee etc. In private sector, over 100 steel projects (sponge iron/pig iron) are also upcoming. 
Around 21 % of the country's coal reserves are in Chha�sgarh which is major contributor of 
power genera�on. NTPC is now installing a new power genera�on unit, the largest ever in 
Bilaspur district. NTPC has started construc�on on its 2,640 MW Super Thermal plant in Sipat 
and another 600 MW plant in Korba. The state has been also allo�ed various project for Energy 
produc�on (more than 70,000 MW power). Every year, these manufacturing industries (eg. 
Coal fired industries, steel, andcement factories) emit ~25 tonnes of atmospheric par�culate 
ma�er (Matawle et al., 2014; Gu�kunda et al., 2015; Dewangan et al., 2016, Dubey and 
Pervez, 2008; Balakrishna and Pervez, 2009; Balakrishna et al., 2010). One of the most 

 recently published research findings with documenta�on of the ambient PM₂.₅ concentra�ons,
one of the key parameter of air pollu�on, in Raipur (urban), Bhilai (industrial) Kosmarra, 
Dhamtari (rural) loca�ons during the 2018 has shown that annually averaged PM₂.₅ mass (71.8± 

-3 -3  -327µg.m  at rural site, 133 ± 51 µg.m  at urban and 244.5 ± 63.3µg.m  at industrial site) was 2-5 
�mes higher than annual report of con�nuous ambient air quality monitoring system 

  Air pollu�on in the state of Chha�sgarh is quite a serious issue with the major 
sources of emissions from domes�c (household solid fuel burning, municipal waste burning 
etc) and industrial hea�ng ac�vi�es (mostly coal-fired mineral based industries),vehicular 
exhaust, paved road dust, civil construc�on ac�vi�es and natural re- suspended dust 
(Balakrishna et al., 2010; Dubey and Pervez 2009, Dewangan et al.,2016; Matawle et al., 
2014, 2015; Pervez et al., 2019). In autumn and winter months, large scale crop residue 
burning in agriculture fields is also found to be a significant contributor to the air pollu�on in 
the state of Chha�sgarh. Biomass burning emissions from household cooking/hea�ng with 
kerosene oil and biofuels (e.g., wood, coal cakes, dung, and agricultural residues for >60% 
urban household and >90% of rural households), as well as emissions from agriculture field 
burning are the major contributor in the air pollu�on over rural atmosphere of the Chha�sgarh 
(CECB, 2020;Census, 2011).
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7. Workshops for industries known for coal-firing to access clean coal technologies under 
the expert collabora�on with Clean Coal Consor�um, Washington University, St Louis, 
USA and Pt. R.S. University

8. Administra�ve Reforms and Responsibility

5. Air Quality monitoring and analysis: Analy�cal facili�es and documenta�on

9. Short term air quality management: implementable policy and economic tools

6. Air pollu�on control mechanism: anthropogenic and natural sources

 A detailed context are described in sec�on-3 'Recommenda�ons for improvement and 
management of air quality in the state of Chha�sgarh'

2. To develop mechanism for iden�fica�on and characteriza�on of the anthropogenic and 
natural source of air pollu�on emission in the state of Chha�sgarh.

 To a�end the clean air goal and place a robust air quality management program for the 
state of Chha�sgarh with special reference to the ci�es closure to industrial area, the following 
aspects have been elaborated in the recommenda�on.

4. To suggest measures for minimizing the air pollu�on at source, ambient and indoor air 
in the state of Chha�sgarh.

1. To iden�fy the gap between current state and required program of air quality 
monitoring and management program for improving the air quality in the state of 
Chha�sgarh.

An effec�ve air quality management program involves comprehensive integral planning of 
energy supply, transporta�on, land use, industrial development, waste management and even 
sustainable development. Specifically, pollu�on control op�on may include emission control 
norms, restric�on of certain fuel usage (e.g., solid fuel). Ban on certain ac�vity (such as open 
burning). However, all such ac�on needs to be examined for their effec�veness in reducing air 
pollutant level at receptor points u�lizing predic�ve dispersion modeling vis-a-vis their 
economic feasibility, rate of possible implementa�on as well as enforceability.

 This report recommends ac�on plan to meet the following objec�ves,

1. Long term air quality improvement and management

2. Air monitoring network and programs

3. Air Quality monitoring and analysis: Criteria and other pollutants

 Recommenda�ons for improvement and management of air quality in the state of 
Chha�sgarh

3. To develop predic�ve/ mi�ga�ve program for short- and long-term air pollu�on health 
and climate effects in the state of Chha�sgarh.

4. Air Quality monitoring and analysis: new technologies

1. Background

Working Group Commi�ee Report on:

Air quality improvement and management in Chha�sgarh

  Industrial clusters, located in the state of Chha�sgarh, are mainly known for 
coal-fired mineral based industries (iron processing, power genera�on and cement 
produc�on) and rice milling (Matawle et al., 2015; Sahu et al., 2019). Chha�sgarh produces 
100 % of Tin, 15 % of the cement and > 30 % of both sponge iron and aluminum. Many cement 
plants like ACC, Ambuja, Grasim, Ultratech, Jaypee and Lafarge of France are in the state. There 
are approximately 130 steel re-rolling mills and several mini steel plants. The state also boasts 
of 17 Ferro alloy units, steel/cast iron cas�ng units, engineering, and fabrica�on units apart 
from large number of agro-based and food processing, chemical, and plas�c, construc�on 
material, forest produce based units (CECB, 2015). Many Undertakings of Government of India 
like Bhilai Steel Plant (BSP), Na�onal Mineral Development Corpora�on (NMDC), South-
Eastern Coal Field Limited, NTPC are in the state. Other major industries of iron and steel sector 
are Tata, Jindal, NMDC, Essar, VISA, Neco, Prakash, Monnet, Surya, MSP, Godawari, SKS, Jai 
Balajee etc. In private sector, over 100 steel projects (sponge iron/pig iron) are also upcoming. 
Around 21 % of the country's coal reserves are in Chha�sgarh which is major contributor of 
power genera�on. NTPC is now installing a new power genera�on unit, the largest ever in 
Bilaspur district. NTPC has started construc�on on its 2,640 MW Super Thermal plant in Sipat 
and another 600 MW plant in Korba. The state has been also allo�ed various project for Energy 
produc�on (more than 70,000 MW power). Every year, these manufacturing industries (eg. 
Coal fired industries, steel, andcement factories) emit ~25 tonnes of atmospheric par�culate 
ma�er (Matawle et al., 2014; Gu�kunda et al., 2015; Dewangan et al., 2016, Dubey and 
Pervez, 2008; Balakrishna and Pervez, 2009; Balakrishna et al., 2010). One of the most 

 recently published research findings with documenta�on of the ambient PM₂.₅ concentra�ons,
one of the key parameter of air pollu�on, in Raipur (urban), Bhilai (industrial) Kosmarra, 
Dhamtari (rural) loca�ons during the 2018 has shown that annually averaged PM₂.₅ mass (71.8± 

-3 -3  -327µg.m  at rural site, 133 ± 51 µg.m  at urban and 244.5 ± 63.3µg.m  at industrial site) was 2-5 
�mes higher than annual report of con�nuous ambient air quality monitoring system 

  Air pollu�on in the state of Chha�sgarh is quite a serious issue with the major 
sources of emissions from domes�c (household solid fuel burning, municipal waste burning 
etc) and industrial hea�ng ac�vi�es (mostly coal-fired mineral based industries),vehicular 
exhaust, paved road dust, civil construc�on ac�vi�es and natural re- suspended dust 
(Balakrishna et al., 2010; Dubey and Pervez 2009, Dewangan et al.,2016; Matawle et al., 
2014, 2015; Pervez et al., 2019). In autumn and winter months, large scale crop residue 
burning in agriculture fields is also found to be a significant contributor to the air pollu�on in 
the state of Chha�sgarh. Biomass burning emissions from household cooking/hea�ng with 
kerosene oil and biofuels (e.g., wood, coal cakes, dung, and agricultural residues for >60% 
urban household and >90% of rural households), as well as emissions from agriculture field 
burning are the major contributor in the air pollu�on over rural atmosphere of the Chha�sgarh 
(CECB, 2020;Census, 2011).
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3. To develop predic�ve/ mi�ga�ve program for short- and long-term air pollu�on 
health and climate effects in the state of Chha�sgarh.

3. Recommenda�ons for improvement and management of air quality in the state of 
Chha�sgarh

  Along with Air pollu�on hazards Chha�sgarh faces the threat of climate change 
and its impacts. Available evidence shows that there is high probability of increase in the 
frequency and intensity of climate related natural hazards due to climate change and hence 
increase in poten�al threat due to climate change related natural disasters. Chha�sgarh is 
poten�ally highly sensi�ve and vulnerable to climate change and its impacts. Sources of air 
pollutants and greenhouse gases (GHG) responsible from climate change impacts are o�en co-
linear. Air quality improvement and energy efficiency policies are connected through 
sustainable development goals which addresses air quality management issues with 
complementary benefits for climate mi�ga�on. At the same �me a disjoint approach across 
these domains hinders effec�veness in addressing short-lived climate forcers (SLCFs) including 
methane, carbon monoxide, non-methane vola�le organic compounds and black carbon to 

 supplement CO2 mi�ga�on (Tibrewal and Venkataraman, 2021). Hence it is essen�al that air 
quality management and climate change mi�ga�on programs are integrated at state level to 
maximize benefit.

(CAAQMS, 2019) (Sahu et al., 2019). There are numerous na�onal highways that cross through 
Chha�sgarh, on which various modes of public transporta�on such as taxis, city buses, auto, 
tempos, rickshaws, Jeeps, and other vehicles, as well as heavy vehicles, run daily. Presently the 
state has more than 18 lakhs registered vehicles which are increasing at an average annual rate 
of about 9% (Sahu et al., 2019). Also, huge ongoing construc�on ac�vi�es, roads and fly over 
construc�on, mul�story apartment construc�on have also been contribu�ng to the air 
pollu�on.

4. To suggest measures for minimizing the air pollu�on at source, ambient and 
indoor air in the state of Chha�sgarh.

2. Objectives

  The present report aims towards better air quality of State of Chhattisgarh in 
future in line with sustainable development goals. The specific objectives are as follows,

2. To develop mechanism for iden�fica�on and characteriza�on of the 
anthropogenic and natural source of air pollu�on emission in the state of 
Chha�sgarh

1. To iden�fy the gap between current state and required program of air quality 
monitoring and management program for improving the air quality in the state 
of Chha�sgarh.

  Air quality policies based on scien�fic and technical informa�on are effec�ve for 
controlling air pollu�on and protec�ng public health. Analysis of observa�ons from periodic 
intensive field studies combined with updated emission inventories, air quality monitoring and 
numerical modelling can be used to address the causes that trigger air pollu�on and catalyze 

a. Primary emission

d. Secondary lower atmospheric reac�ons

3.1 Long term air quality improvement and management

  Source-receptor-impact study framework in a longitudinal measurement plan is 
suitable for air quality monitoring and improvement program in the state of Chha�sgarh by 
following the standard protocol of selec�ng air pollutants, sampling and monitoring, analysis of 
pollutants and data interpreta�on for achieving the objec�ves. A step wise work plan is 
formulated as below, Step wise work plan for long term air quality management:

I. Gridded state level emission inventory for CG with bo�om-up approach by end 
of 2022 (2015 and 2020 base year) for gaseous and par�culate pollutants as well 
as GHG.

II. Predic�on of air quality with respect to air pollutants using meteorology, 
emission inventory and state of art dispersion model up to 12 km x 12 km grid for 
en�re state of CG and up to 4 km x 4 km grid for non-a�ainment ci�es 
considering all the following:

b. Emission from immediate neighborhoods

c. Long range transport

the design of cost-effec�ve emissions control policies. Cu�ng- edge science is needed to 
address the air quality challenges posed by growing urbaniza�on and climate change, 
emergent emission sources, and changes in emission profiles resul�ng from the 
implementa�on of advanced technology and regulatory measures. Iden�fy measures and 
ac�ons towards building robust infrastructure and air quality management tools and rely on 
scien�fic research to a�ain cleaner air. The impacts of changes in emissions profiles and 
atmospheric chemistry under a changing climate need to be be�er understood and 
incorporated in the design of air quality management programs. Chha�sgarh Environmental 
Conserva�on Board (CECB) is the key regulatory agency driving for the air quality monitoring 
and control program in the state of Chha�sgarh.As per the informa�on provided by CECB, 18 
air quality measurement sites, across thestate are in opera�on for measurement of four 

 classified pollutants (PM2.5, PM10, SO2 and NOx) out of the 12 criteria pollutants of Indian 
  NAAQS-2009 program. Rela�ve Contribu�on of different source-categories to the ambient 

 PM2.5 in three  different environments of Chha�sgarh, using air quality receptor models, are: 
(1) Urban (Raipur)- Industrial (30%); Vehicular exhaust (50%), Biomass Burning with MSW 
(16%), Road dust (04%); (2) Urban-Industrial (Bhilai)- Industrial- 40%, Biomass Burning with 
MSW: 20%, Vehicular exhaust: 31%; Road: 06%; (3) Rural- Natural dust (29%), Biomass Burning 
including Residen�al Hea�ng (31%), Unpaved Road dust (16%), Vehicular (19%). Major concern 

2-  - 3- + - +are carbonaceous ma�er and ionic species (SO4 ,Cl , NO , NH4 , F , K ).

III. Valida�on of predicted air quality against real �me observa�on.

IV. Valida�on of predicted source contribu�on with real �me source 
appor�onment study.
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3. To develop predic�ve/ mi�ga�ve program for short- and long-term air pollu�on 
health and climate effects in the state of Chha�sgarh.

3. Recommenda�ons for improvement and management of air quality in the state of 
Chha�sgarh

  Along with Air pollu�on hazards Chha�sgarh faces the threat of climate change 
and its impacts. Available evidence shows that there is high probability of increase in the 
frequency and intensity of climate related natural hazards due to climate change and hence 
increase in poten�al threat due to climate change related natural disasters. Chha�sgarh is 
poten�ally highly sensi�ve and vulnerable to climate change and its impacts. Sources of air 
pollutants and greenhouse gases (GHG) responsible from climate change impacts are o�en co-
linear. Air quality improvement and energy efficiency policies are connected through 
sustainable development goals which addresses air quality management issues with 
complementary benefits for climate mi�ga�on. At the same �me a disjoint approach across 
these domains hinders effec�veness in addressing short-lived climate forcers (SLCFs) including 
methane, carbon monoxide, non-methane vola�le organic compounds and black carbon to 

 supplement CO2 mi�ga�on (Tibrewal and Venkataraman, 2021). Hence it is essen�al that air 
quality management and climate change mi�ga�on programs are integrated at state level to 
maximize benefit.

(CAAQMS, 2019) (Sahu et al., 2019). There are numerous na�onal highways that cross through 
Chha�sgarh, on which various modes of public transporta�on such as taxis, city buses, auto, 
tempos, rickshaws, Jeeps, and other vehicles, as well as heavy vehicles, run daily. Presently the 
state has more than 18 lakhs registered vehicles which are increasing at an average annual rate 
of about 9% (Sahu et al., 2019). Also, huge ongoing construc�on ac�vi�es, roads and fly over 
construc�on, mul�story apartment construc�on have also been contribu�ng to the air 
pollu�on.

4. To suggest measures for minimizing the air pollu�on at source, ambient and 
indoor air in the state of Chha�sgarh.

2. Objectives

  The present report aims towards better air quality of State of Chhattisgarh in 
future in line with sustainable development goals. The specific objectives are as follows,

2. To develop mechanism for iden�fica�on and characteriza�on of the 
anthropogenic and natural source of air pollu�on emission in the state of 
Chha�sgarh

1. To iden�fy the gap between current state and required program of air quality 
monitoring and management program for improving the air quality in the state 
of Chha�sgarh.

  Air quality policies based on scien�fic and technical informa�on are effec�ve for 
controlling air pollu�on and protec�ng public health. Analysis of observa�ons from periodic 
intensive field studies combined with updated emission inventories, air quality monitoring and 
numerical modelling can be used to address the causes that trigger air pollu�on and catalyze 

a. Primary emission

d. Secondary lower atmospheric reac�ons

3.1 Long term air quality improvement and management

  Source-receptor-impact study framework in a longitudinal measurement plan is 
suitable for air quality monitoring and improvement program in the state of Chha�sgarh by 
following the standard protocol of selec�ng air pollutants, sampling and monitoring, analysis of 
pollutants and data interpreta�on for achieving the objec�ves. A step wise work plan is 
formulated as below, Step wise work plan for long term air quality management:

I. Gridded state level emission inventory for CG with bo�om-up approach by end 
of 2022 (2015 and 2020 base year) for gaseous and par�culate pollutants as well 
as GHG.

II. Predic�on of air quality with respect to air pollutants using meteorology, 
emission inventory and state of art dispersion model up to 12 km x 12 km grid for 
en�re state of CG and up to 4 km x 4 km grid for non-a�ainment ci�es 
considering all the following:

b. Emission from immediate neighborhoods

c. Long range transport

the design of cost-effec�ve emissions control policies. Cu�ng- edge science is needed to 
address the air quality challenges posed by growing urbaniza�on and climate change, 
emergent emission sources, and changes in emission profiles resul�ng from the 
implementa�on of advanced technology and regulatory measures. Iden�fy measures and 
ac�ons towards building robust infrastructure and air quality management tools and rely on 
scien�fic research to a�ain cleaner air. The impacts of changes in emissions profiles and 
atmospheric chemistry under a changing climate need to be be�er understood and 
incorporated in the design of air quality management programs. Chha�sgarh Environmental 
Conserva�on Board (CECB) is the key regulatory agency driving for the air quality monitoring 
and control program in the state of Chha�sgarh.As per the informa�on provided by CECB, 18 
air quality measurement sites, across thestate are in opera�on for measurement of four 

 classified pollutants (PM2.5, PM10, SO2 and NOx) out of the 12 criteria pollutants of Indian 
  NAAQS-2009 program. Rela�ve Contribu�on of different source-categories to the ambient 

 PM2.5 in three  different environments of Chha�sgarh, using air quality receptor models, are: 
(1) Urban (Raipur)- Industrial (30%); Vehicular exhaust (50%), Biomass Burning with MSW 
(16%), Road dust (04%); (2) Urban-Industrial (Bhilai)- Industrial- 40%, Biomass Burning with 
MSW: 20%, Vehicular exhaust: 31%; Road: 06%; (3) Rural- Natural dust (29%), Biomass Burning 
including Residen�al Hea�ng (31%), Unpaved Road dust (16%), Vehicular (19%). Major concern 

2-  - 3- + - +are carbonaceous ma�er and ionic species (SO4 ,Cl , NO , NH4 , F , K ).

III. Valida�on of predicted air quality against real �me observa�on.

IV. Valida�on of predicted source contribu�on with real �me source 
appor�onment study.
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V. Projec�on of ac�vi�es (related to air pollu�on and GHG emission) for 5-year 
interval �ll 2050 [considering GDP/ economic growth / popula�on- Census 
2021] �ll 2050 (up to district level).

VII. Predic�on of air quality for future year for Chha�sgarh in 5-year interval up to 
2050 in 12 km x 12 km grid (district level) in business-as-usual scenario.

IX. Development of alternate scenario with best available technology/process 
followed by projec�on of related emission and air quality predic�on up to 2050.

A detailed framework of methodology is a�ached in Annexure I

VI. Predic�on of air pollutant emission based on ac�vity projec�on in 5-year 
interval up to 2050 in business-as-usual scenario.

VIII. Es�mate of health hazard and cost of air pollu�on control in business-as-usual 
scenario.

X. Development of best feasible scenario by consulta�on with state policy makers 
and a�er cost op�miza�on; projec�on of related emission and air quality 
predic�on up to 2050 with definite goal.

XI. Recalibra�on of air pollu�on management scenario and goal in every 5 years, 
based on updated emission inventory every 5 years and source appor�onment 
study every 10 years.

XII. Zoning of city as industrial zone, residen�al, traffic, agricultural is suggested. 
Planning monitoring sta�ons in each of the zones and regula�ng air quality and 
air pollutants zone-wide, in addi�on to that as a representa�ve sta�on for 
regional air quality assessment is required.

  A stra�fied random sampling plan with longitudinal study design Source-
receptor- impact framework may be most suitable to address the source emissions, air 
pollu�on concentra�ons in various classified atmospheric levels that include ambient, indoors, 
personal exposure levels and surface se�leable levels. The designing of the air pollu�on 
measurement programs may be separately designed for rural, urban and industrial 
environments. Similarly, separate designing of sampling plan for on-source emission 
monitoring, atmospheric receptor monitoring and impact evalua�ons must be considered. 
Temporal varia�on (both seasonal and diurnal) in emission intensity of major sources (such as 
industry, power plant, vehicular, open burning) may be iden�fied to help in micro-planning for 
mi�ga�on. Suitable selec�on of air samplers/real-�me monitors, filters/adsorbents, frequency 
of sampling, number of sampling/monitoring sites (for receptor monitoring), sample 
prepara�on, transporta�onand storage before analysis should be strictly carried out using 
reported standard procedures. Minimum one background site (upwind side in the city and free 
from any local source contribu�on) should be established in each district and major ci�es of the 
state with well equipped with installing suitable devices for measurements of meteorological 
parameters, mul�ple air sampler units, separately, for collec�on of classified par�culate 

3.2 Air quality monitoring network and programs

  frac�ons (PM1, PM2.5, PM10),gaseous pollutants, organics alongwith real-�me monitors. Other 
air monitoring sites in the industrial, commercial, residen�al, and sensi�ve zones of the city 
area should also be established. Addi�onally, one site, which represent contribu�on of all types 
of sources (anthropogenic and natural) and free from dominance of any local source, should 
also be established to carryout source appor�onment studies. In addi�on to the year-long 
measurements, sampling campaigns for objec�ves determined in the source-receptor-impact 
framework should also be considered �me-to-�me. All the designing of programs for air quality 
monitoring, improvement, and management along with pollu�on control programs should be 
performed under strict evalua�on of air quality experts, especially belonging to the 
academic/research establishments in the study area.

  Various microenvironments such as residen�al indoor, commercial indoor 
(cinema hall, malls etc), ins�tutes, refueling sta�ons may be included in air sampling plans in 
subsequent phases with targeted pollutants of concerns implica�ng human health risks.

3.3 Air quality monitoring and analysis: Criteria and other pollutants

  CECB is, currently, measuring few air pollu�on parameters to address the air 
quality of the state. It is onlyfocused on par�cle mass (coarse and fine par�cle (PM10 & 

 PM2.5))andtwo gaseous pollutants (SO2 and NO2), while na�onal ambient air quality standards 
  (NAAQS), (2009) suggested 12 major air pollutants:sulfur dioxide (SO2), Nitrogen dioxide (NO2),

PM10, PM2.5, ozone (O3), Pb (lead), carbon monoxide (CO), ammonia (NH3), benzene, 
 benzo(a)pyrene, arsenic (As),nickel (Ni) are necessary for assessment of air quality. In addi�on 

to these NAAQS parameters, carbonaceous ma�er, ionics and toxic elements (other than Ni 
and As) are also found to be the significant contributor of air pollu�on masses over the 
atmosphere of Chha�sgarh due to emissions resul�ng from high-temperature industrial 
processes associated to mineral based coal-fired industries. Hence, the PM chemical 
components including sulphates, nitrates, carbonaceous par�cles need to be monitored. 
Besides, vola�le organic compounds (VOCs), polyaroma�c hydrocarbons (PAHs), especially in 
industrial zones are also required to be monitored. Moreover, bioaerosols monitoring is not s�ll 
in the monitoring radar of the CECB. A review of air monitoring program in industrial areas with 
similar mix of industries globally will help in iden�fying the pollutants of interest in Indian 
scenario in view of projec�ons for 2030 onwards. Furthermore, the collabora�on of using 
mul�ple analy�cal techniques with data from a wide range of meteorological, gas and aerosol 
measurements can improve the knowledge of the chemistry, dispersion, and transport 
processes of primary and secondary pollutants, and provide the necessary informa�on to 
advance the development of emission inventories and the performance of air qualitymodels. 
Extensive data of emi�ed species, reac�ve gases, photochemical products, andintermediates 
including radicals, speciated vola�le organic compounds (VOCs), and PM, as well as the 
meteorological parameters are very helpful to reduce the associated uncertain�es in emission 
es�mates and numerical simula�ons and provide guidance for se�ng priori�es for improving 
air quality management. Details of selec�on of air samplers, sample collec�on media, name, 
and type of pollutants to be included in the rou�ne air monitoring, associated analy�cal 
components are described in a�ached Annexure II. Need based and/or objec�ve oriented 
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3.2 Air quality monitoring network and programs
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studies may select specific types of pollutants viz emission factors development, CEPI scoring 
or bio-geo-environmental  impact  studies.

  Collabora�ve field campaigns, in which mul�ple state-of-the-art instruments 
are simultaneously deployed, are opportuni�es to prove novel hypothesis and test innova�ve 
measurement techniques. The data obtained from complementary and independent 
instrumenta�on makes possible to conduct in-depth analysis of the atmospheric processes, as 
well as to evaluate the performance of new measuring equipment, which eventually may be 
adopted by environmental agencies, and become integral parts of air quality networks. A 
fusion of sensor-based real-�me monitoring technologies and sampling technologies may be 
adopted for air quality monitoring with appropriate calibra�on technologies in the air 
monitoring sites. Advanced analy�cal technologies viz TD-GC-MS/MS/ECD/FID, ICP-MS, IC, ED-
XRF, SEM/TEM, OC/EC analyzers, CHSN/O analyzer, Fluorescence spectrophotometer along 
with analy�cal glasswares/labwares and consumables and ultrapure gas supplies systems may 
be established. So�ware selec�on to evaluate spa�otemporal varia�on, source 
appor�onment, influence of meteorological parameters on dispersion of air pollu�on and 
impact assessment should be based on regulatory criteria and user friendly.

  Air pollu�on sources can primarily be classified, as physical, and biological 
sources, secondly as natural sources. The physical pollu�on of the atmosphere is a 
consequence energy input like sound and heat energy. The most relevant physical pollu�on 
sources are the direct thermal pollu�on, natural or anthropogenic. The local climate is changed 
by heat (caloric input) generated by industry, household, agricultural and transporta�on and 
the air from the lower atmosphere. The indirect thermal pollu�on is a consequence of 
greenhouse effect and takes place in the troposphere and is linked to chemical anthropogenic 
pollu�on and its evolu�on in reference to the greenhouse gases. Following are the sugges�ve 
measures for minimizing the air pollu�on and improving air quality in the state of Chha�sgarh:

  Laboratory network should also be established in such a way that it should 
clearly address the requirements of objec�ves under source-receptor-impact framework. 
Strong recommenda�on of performing regulatory tasks with academic assignments 
andresearch experiments under one roof, especially located in a university premises (a perfect 
fusion of academia and research pla�orm). For development of laboratory network iden�fy a 
team that will lead the development of the laboratory network and define the purpose, short-
term and long-term vision, and poten�al benefits of the network. Long-term research 
collabora�ons with na�onal and interna�onal premier ins�tutes may also be worked out. 
Details of laboratory network is described in Annexure II 

3.6 Air pollu�on control mechanism: anthropogenic and natural sources

3.5 Air Quality monitoring and analysis: Analy�cal facili�es and documenta�on

i. Regular ambient air monitoring and sampling of air pollutants in each of all 32 
districts along with major ci�es in background, commercial, residen�al, 
industrial, and representa�ve sites should be carried out thrice in a week (once 

3.4 Air Quality monitoring and analysis: new technologies

ii. Indoor air monitoring of sensi�ve, commercial, and residen�al establishments 
should also be considered during summer and winter�me in every alternate 
year to update with indoor air quality in ci�es. Similarly, personal exposure 
assessment of various communi�es (industrial workers, people engaged in 
commercial ac�vi�es, housewives, and other vulnerable communi�es) should 
also be considered in every alternate year.

iii. Minimizing the carbonaceous ma�er and ions in the urban air of Chha�sgarh is 
the most challenging task. Major sources are emissions resul�ng from high 
temperature processes involved with coal-fired mineral based industries and 
domes�c hea�ng ac�vi�es. Major reason of carbonaceous ma�er and ions in 
atmosphere is incomplete combus�on associated to industrial and domes�c 
hea�ng ac�vi�es. Development of source inventories (chemical source 
profiles, emission factors of source marker's species) for emissions resul�ng 
from all types of industries, domes�c hea�ng ac�vi�es, all types of vehicular 
exhausts, agricultural field burning, natural dust re-suspension should be taken 
into account and update in every alternate year.

in weekend) by following the standard procedures of air monitoring and 
sampling and analysis. The current state of air monitoring, sampling analysis 
approaches of CECB needs to be improve extensively. A workshop on the said 
issue may be organized under the expert control of working group members.

iv. Spa�otemporal varia�on pa�ern of air pollutant masses, source 
appor�onment using U.S. EPA regulatory models (UNMIX6.0, PMF 5.0 and EV-
CMB 8.2) and performing Comprehensive Environmental Pollu�on Index 
scoring should betaken in to account under the expert collabora�on of locally 
established university research systems. Development of the locally derived 
source profiles for source appor�onment must be started.

v. Short- and long-term air pollu�on health effect and health risk assessments 
should, also, be taken into account in major ci�es of the state of the 
Chha�sgarh.

vi. Make mandatory for all industries to switch most advanced process of 
manufacturing (advanced furnaces etc.), control fugi�ve emissions, bag 
filterhouse system or hybrid one. Raw material consumed in the industries 
should carry standard quality e.g the coal that is consumed, should carry 
moisture content as per standard norms.

vii. Flexible emission norms may be used for small-scale industries and same be 
developed by an expert commi�ee.

viii. The industries should be equipped with proper air pollu�on control devices 
(APCD) and take full responsibility of controlling stack emissions (as per 
MoEFCC guidelines) including the air quality in their airshed zones. Air quality 
monitoring sta�ons with online display should be implemented within the 
industrial zones.
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Chha�sgarh.
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manufacturing (advanced furnaces etc.), control fugi�ve emissions, bag 
filterhouse system or hybrid one. Raw material consumed in the industries 
should carry standard quality e.g the coal that is consumed, should carry 
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3.7 Administra�ve Reforms and Responsibility

ix. 60% of households s�ll rely on solid fuels for cooking purposes. Make them easy 
to accessible the LPG fuel.

x. Shi� all construc�ons (commercial, sensi�ve, and residen�al establishments) 
500 m far away from the center of the main roads within the city and highways 
connec�ng ci�es.

ii. Currently the CECB act provide CECB to inves�gate industrial sources of 
pollu�on and leaving other major sources of air pollu�on viz civil construc�on 
under the PWD, vehicular exhausts under the RTO and traffic police 
department, road re- suspended dusts under PWD and municipal corpora�ons 

xi. Road construc�on quality should be improved, and environmental clearance 
should be made mandatory for the same. Bitumen prepara�on while road 
construc�on leads to bad air quality and the smoke released is harmful for 
laborers and commuters. A proper plan in road construc�on ac�vity with new 
technologiesis therefore required to be implemented.

xiii. Make mandatory-all civil construc�ons must be covered to avoid dispersion of 
construc�on dust.

xv. Promote clean public transporta�ons within the city and between the ci�es of 
Chha�sgarh. Implementa�on of electric vehicles for public transport may be 
considered. The public transport system across various loca�ons in city should 
be regulated adequately to reduce the usage of private vehicles.

xiv. Public awareness programs including that at village level should be planned for 
pollu�on exposure due to residen�al household combus�on and agricultural 
stubble burning.

i. To design the state-of-art policies for environmental pollu�on control program 
in the state of Chha�sgarh, the cons�tu�on of the board of CECB should be 
revised by appoin�ng experts in the post of chairman and members of the 
board as per theCECB act, which represent the water (preven�on and control of 
pollu�on) act, 1974, sec�on No. 04 (Cons�tu�on of state boards) and gaze�e 
no�fica�on of government of India, dated 24 November 2011 regarding the 
qualifica�ons for the person to be nominated for the postof chairman of the 
board (Details are a�ached as Annexure III).

xii. Facilitate the industries to excess clean coal technologies and workshops in 
regular intervals on clean coal technology and air quality improvement should 
be organized under clean coal consor�um, Washington University, ST. Louis, 
MO, USA and Pt Ravishankar Shukla University, Raipur for dissemina�ng 
knowledge about state- of-the-art technologies among the stakeholder.

xvi. Movement of heavy duty vehicles (e.g. trucks) within the city should be 
regulated and be allowed during late evening h only. Usage of clean fuel and 
PUC measures be applied for these vehicles.

c) The commi�ee will try to help the state to maximise the benefit of theavailable 
funding and resources in short term with long term vision of environmental 
management.

g) The commi�ee may be re-cons�tuted every five years.

(MNCs), open biomass burning under MNCs/Urban Local Bodies (ULBs), 
agricultural field burning under agricultural department. To bring all above 
sources and associated dealing departments under the purview of CECB, the 
act should also be amended appropriately as per provisions in Environmental 
Protec�on Act 1986.

e) The state may predefine the ac�vi�es to be reviewed by the commi�ee (e.g., 
ac�vity >50 Lakhs or >1cr etc.) with definite scien�fic/technical aspect.

h) The Chairman of CGPCB may also chair this commi�ee.

iii. It is proposed that that a standing advisory commi�ee should be cons�tuted 
with experts from various field for Environmental management of the State of 
Chha�sgarh:

a) The major decisions/ac�vity proposed by various state departments of 
Chha�sgarh (CGPCB or ULBS) towards air (or environmental) pollu�on control 
or abetment may be presented for review by this expert commi�ee.

v. Establishment of State of Art Environmental Research Laboratory and 
Regulatory System (for air, water, soil, and sound pollu�on etc.) with expert 
collabora�on of University Research System

b) There should be provision for invi�ng addi�onal subject experts for review of 
specific task.

iv. Make Mandatory the recruitment of Environmentalists/Environmental 
engineer in all industries and agencies involved with the sources of pollu�on 
genera�on viz Municipal corpora�ons (solid waste management, water 
supplies, domes�c hea�ng emissions, in-city road and civil construc�ons), PHE 
(water supply system), PWD (Road construc�on), Traffic-Police (vehicular 
emissions), all na�onal agencies (public sector industries, Na�onal Highway 
authority works within state territory), Agriculture dept (Soil contamina�on), 
Forest departments ( Carbon reduc�on by deforesta�on and forest 
degrada�on)

d) The commi�ee will review the technical feasibility, applicability, cost 
effec�veness and availability of other requisite condi�ons for implemen�ng 
the proposed decision/ac�vity and give their comments and sugges�on.

 The detailed methodology to mi�gate data gap has been elaborated in ac�on 

f) The commi�ee mee�ng may be held online/offline thrice or four �mes a year.

vi. Mi�gate Data Gap: 

Page 31Page 30

Taskforce Report on Environmental Management in Chhattisgarh Taskforce Report on Environmental Management in Chhattisgarh



3.7 Administra�ve Reforms and Responsibility

ix. 60% of households s�ll rely on solid fuels for cooking purposes. Make them easy 
to accessible the LPG fuel.

x. Shi� all construc�ons (commercial, sensi�ve, and residen�al establishments) 
500 m far away from the center of the main roads within the city and highways 
connec�ng ci�es.

ii. Currently the CECB act provide CECB to inves�gate industrial sources of 
pollu�on and leaving other major sources of air pollu�on viz civil construc�on 
under the PWD, vehicular exhausts under the RTO and traffic police 
department, road re- suspended dusts under PWD and municipal corpora�ons 

xi. Road construc�on quality should be improved, and environmental clearance 
should be made mandatory for the same. Bitumen prepara�on while road 
construc�on leads to bad air quality and the smoke released is harmful for 
laborers and commuters. A proper plan in road construc�on ac�vity with new 
technologiesis therefore required to be implemented.

xiii. Make mandatory-all civil construc�ons must be covered to avoid dispersion of 
construc�on dust.

xv. Promote clean public transporta�ons within the city and between the ci�es of 
Chha�sgarh. Implementa�on of electric vehicles for public transport may be 
considered. The public transport system across various loca�ons in city should 
be regulated adequately to reduce the usage of private vehicles.

xiv. Public awareness programs including that at village level should be planned for 
pollu�on exposure due to residen�al household combus�on and agricultural 
stubble burning.

i. To design the state-of-art policies for environmental pollu�on control program 
in the state of Chha�sgarh, the cons�tu�on of the board of CECB should be 
revised by appoin�ng experts in the post of chairman and members of the 
board as per theCECB act, which represent the water (preven�on and control of 
pollu�on) act, 1974, sec�on No. 04 (Cons�tu�on of state boards) and gaze�e 
no�fica�on of government of India, dated 24 November 2011 regarding the 
qualifica�ons for the person to be nominated for the postof chairman of the 
board (Details are a�ached as Annexure III).

xii. Facilitate the industries to excess clean coal technologies and workshops in 
regular intervals on clean coal technology and air quality improvement should 
be organized under clean coal consor�um, Washington University, ST. Louis, 
MO, USA and Pt Ravishankar Shukla University, Raipur for dissemina�ng 
knowledge about state- of-the-art technologies among the stakeholder.

xvi. Movement of heavy duty vehicles (e.g. trucks) within the city should be 
regulated and be allowed during late evening h only. Usage of clean fuel and 
PUC measures be applied for these vehicles.

c) The commi�ee will try to help the state to maximise the benefit of theavailable 
funding and resources in short term with long term vision of environmental 
management.

g) The commi�ee may be re-cons�tuted every five years.

(MNCs), open biomass burning under MNCs/Urban Local Bodies (ULBs), 
agricultural field burning under agricultural department. To bring all above 
sources and associated dealing departments under the purview of CECB, the 
act should also be amended appropriately as per provisions in Environmental 
Protec�on Act 1986.

e) The state may predefine the ac�vi�es to be reviewed by the commi�ee (e.g., 
ac�vity >50 Lakhs or >1cr etc.) with definite scien�fic/technical aspect.

h) The Chairman of CGPCB may also chair this commi�ee.

iii. It is proposed that that a standing advisory commi�ee should be cons�tuted 
with experts from various field for Environmental management of the State of 
Chha�sgarh:

a) The major decisions/ac�vity proposed by various state departments of 
Chha�sgarh (CGPCB or ULBS) towards air (or environmental) pollu�on control 
or abetment may be presented for review by this expert commi�ee.

v. Establishment of State of Art Environmental Research Laboratory and 
Regulatory System (for air, water, soil, and sound pollu�on etc.) with expert 
collabora�on of University Research System

b) There should be provision for invi�ng addi�onal subject experts for review of 
specific task.

iv. Make Mandatory the recruitment of Environmentalists/Environmental 
engineer in all industries and agencies involved with the sources of pollu�on 
genera�on viz Municipal corpora�ons (solid waste management, water 
supplies, domes�c hea�ng emissions, in-city road and civil construc�ons), PHE 
(water supply system), PWD (Road construc�on), Traffic-Police (vehicular 
emissions), all na�onal agencies (public sector industries, Na�onal Highway 
authority works within state territory), Agriculture dept (Soil contamina�on), 
Forest departments ( Carbon reduc�on by deforesta�on and forest 
degrada�on)

d) The commi�ee will review the technical feasibility, applicability, cost 
effec�veness and availability of other requisite condi�ons for implemen�ng 
the proposed decision/ac�vity and give their comments and sugges�on.

 The detailed methodology to mi�gate data gap has been elaborated in ac�on 

f) The commi�ee mee�ng may be held online/offline thrice or four �mes a year.

vi. Mi�gate Data Gap: 

Page 31Page 30

Taskforce Report on Environmental Management in Chhattisgarh Taskforce Report on Environmental Management in Chhattisgarh



a) Implement SOx and NOx standards no�fied by MOEF&CC on January 29,2018 
for 16 categories of industries in and around category A, B and C ci�es.

c) Iden�fy the units that need to install Con�nuous Emission Monitoring System 
(CEMS) across all targeted and applicable pollu�ng industry including mining 
industry. Ensure calibra�on and working of CEMS in all industries in the urban 
airshed or area of influence and provide informa�on to monitoring agencies to 
take appropriate ac�ons.

d) Iden�fica�on and implementa�on of fugi�ve emission control measures in 
ancillary units, material transfer and handling and emissions during industrial 
processes. Informal industrial units will require stringent monitoring.

vii. All air quality data generated throughout the state by government agency or 
private en�ty (e.g., for industry, mine etc. under state/na�onal regula�on) 
should be collated in a single pla�orm and should be made available to general 
public through website, mobile app and public display board etc.

3.8 Short term air quality management: implementable policy and economic tools

b) Implement exis�ng standards for PM and ensure compliance through regular 
tes�ng & Con�nuous Emission Monitoring System (CEMS) enabled monitoring

e) Enforce restric�ons on opera�ons of intensively pollu�ng industries within 
urban airshed zones during high pollu�on periods. Upgrade all exis�ng Air 
pollu�on Control devices. Details given in ac�on point 8.

f) Prepare a clean fuel policy and provide incen�ves for clean fuels for the state: 
for this iden�fy approved and non-approved fuels. For this the state of CG 
mayno�fy a list of approved fuels. The state may promote rela�vely cleaner 
fuels like gas (Coal Bed Methane, natural gas etc) and electricity. Discourage 
fuels with very high sulphur and heavy metals like furnace oil, pet coke, tyre oil 
etc.(except where pet coke is used as feedstock like cement). Need for a 
favorable taxa�on and pricing policy to make cleaner fuels more compe��ve. 
Incen�visereplacement of boilers to switch to cleaner fuels. Clean fuel strategy 

point 4, 5, 6 and 7. Grid wise air quality status and air pollu�on source 
assessment data gap is to be mi�gated keeping in view, the popula�on 
distribu�on and land use including residen�al, commercial, industrial, 
roadside, and sensi�ve areas. Also, it is important to iden�fy hot spots such as 
near traffic areas and landfill sites, mining area. It is required to iden�fy districts 
to strengthen the air quality monitoring grid, collect and share data on given 
indicators with utmost priority. Expand real �me monitoring.

viii. A collec�ve effort between traffic police, municipality, and pollu�on control 
boards, and research organiza�ons with a �meline goal for cleaning air would 
be helpful. 

i. Industrial Air Pollu�on:

d) Advice/economically encourage with incen�ves the use of low sulphur coal 
(coal with sulphur content less than 0.2 per cent), co-firing of coal with biomass. 
On availability of natural gas switch-over coal-based power sta�ons to 
naturalgas-based power sta�ons.

needed forsmall and medium scale units with nominal or no emission control 
system. Also promote centralised and common boilers to replace numerous 
small boilers in clustersof small and medium industrial units – as applicable.

ii. Thermal power plants

a) Power plants standards no�fied in 2015 for PM, SOx and NOx should be met. 
Roadmap is required for phasing out of very old power plants.

c) Collect Bank guarantee and �meline from power sta�on to implement 
measuresto enclose coal handling areas.

b) Coal handling to reduce fugi�ve emissions: Issue modified consent condi�on 
and direct storage of coal in enclosed space.

c) Public transport and para transit strategy: inter and intra city integrated public 
transport network plan is required for augmenta�on of organised public 
transport services for effec�ve geographical and popula�on coverage. A 
detailed plan is necessary to organise and ra�onalise routes for improved 
connec�vity. Para transit system needs to be augmented for efficient last mile 
connec�vity. Promote clean fuels and replace diesel three wheelers.

e) Parking area management plan is required for ci�es to iden�fy legal parking 
area on-street and off-street without obstruc�ng movement of emergency 

b) Prepare Traffic Impact Assessment (TIA) guidelines and permit new 
developments based on the formulated TIA guidelines. For any new 
development carry out traffic impact assessments and levy costs to the 
developer, if needed and possible.

d) Waking and cycling infrastructure needs to be promoted with adequate safe 
infrastructure development to reduce demand for personal vehicles and 
reduce pressure on public transport. Each area especially in ci�es requires well 
designed network of walking and cycling facili�es, protected and safe access for 
people and moderated speed of motorised vehicles.

iii. Vehicular emission

a) Strengthen PUC programme for emissions tes�ng of on-road vehicles. 
Strengthen periodic audi�ng and over- sight of PUC centres and calibra�on of 
equipment and third-party checks. Develop a mechanism for ensuring that no 
vehicle is allowed to ply without valid PUC cer�ficate. Link PUC cer�ficates with 
mandatory third-party insurance for vehicles to ensure 100 per cent 
compliance or any other method. Ensure real-�me updates for all registered 
vehicles for compliance.
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vehicles, without encroaching upon green areas, parks and footpaths, etc. 
Demarcate legal parking areas in all land-uses. Penalise illegal parking. 
Introduce variable parking rates for different land-uses.

f) City roads should be kept free from encroachments to ensure free flow of 
vehicle with steady fleet velocity.

g) Na�onal and state highways and major arterial road health should be 
maintained to minimize road dust recircula�on via movements of heavy 
vehicles. Concre�za�on of road with end-to-end carpe�ng may be considered 
for major roads with very high volume of heavy vehicular fleet movement.

b) Implement strong public outreach programme to promote household and 
community-based waste segrega�on and compos�ng systems.

a) Open burning of municipal waste is to be minimized. Adopt waste management 
prac�ces for all waste streams (municipal solid waste, plas�c waste, e-waste 
etc.) to enforce a complete ban on garbage burning in the en�re region. Adopt 
monitoring mechanism. Ensure proper collec�on of hor�culture 
waste(biomass) and compos�ng-cum-gardening approach and compos�ng 
infrastructure.

c) Promote subsidized machines to enable �lling and mixing of stubble with soil

d) Promote ex-situ measures to reu�lize straw e.g., for power genera�on, 
produce bioCNG, pellets as fuel, building materials, etc. This will create value 
for straw and create incen�ve for the farmers. More innova�ons are required in 
this direc�on.

vi. Industries and ci�es achieving be�er air quality as compared to prescribed/ 
recommended standards need to be awarded. Industries may be given some 
benefits (tax benefit etc) to make them interested in controlling air pollu�on at 
source.

v. Open burning

iv Solid fuel combus�on

a) Phase out solid fuels in households and eateries: Improve access to clean fuels 
like LPG to replace fully the solid fuels in all households and eateries.
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1.1  Filter and Biomonitor Sample Prepara�on

  No single filter medium is appropriate for all analyses, so it is necessary to 
sample on mul�ple substrates for chemical specia�ons. Chow (1995) and Lippmann (2001) 
summarized air sampling types, manufacturers, physical and chemical characteris�cs, and 
compa�ble laboratory analysis methods. Criteria to be considered in selec�ng par�cular filters 
including par�cle sampling efficiency, mechanical, chemical, and temperature stability; blank 
concentra�ons; flow resistance; loading capacity; cost; and availability. Different filter 
characteris�cs are related to their suitable chemical analyses. U.S. EPA (1987) filter 
specifica�ons for compliance PM sampling include 0.3 µm dioctyl phthalate (DOP) sampling 
efficiency in excess of 99.9%, weight losses or gains due to mechanical or chemical instability of 

3less than a 5 µg/m  equivalent, and alkalinity of less than 25 microequivalents(meq)/gm to 
minimize absorp�on of SO2 and nitrogen oxides (NOx). These are only the minimal 
requirements for samples that require chemical analyses

Annexure II
1. LABORATORY ANALYSIS METHODS

  To select the appropriate chemical analysis methods, filter media and sampling 
systems must be complemented with detailed sample handling and analysis protocols. A mul�-
channel sampling configura�on that accompanies the dilu�on sampling system is shown in 
Figure 1. This configura�on consists of seven filter substrates using flow rates of 5 to 16.7 l/min 

 to acquire gaseous precursors (i.e., NH3, SO2, H2S) and PM2.5 on pre-treated filter substrates to
accommodate various chemical analyses.

  Laboratory processes applied to source tes�ng are illustrated in Figure 2. Each 
box represents a set of ac�ons that must be taken as part of the overall measurement process, 
which follows detailed standard opera�ng procedures (SOPs). Laboratory chain-of-custody 
includes filter prepara�on and acceptance tes�ng, followed by pre-sampling gravimetric 
analysis for mass and light transmission/absorp�on (babs) analysis for black carbon (BC) 

 surrogates. Prior to sampling, filter packs are assembled and transported to the field. A�er 
source sampling, these filter packs are disassembled, followed by post-sampling gravimetric 

 and babs analyses. Quality assurance/quality control (QA/QC) procedures are applied to all 
aspects of sample chain-of-custody, chemical analysis, and data processing/data valida�on 
prior to being input into the databases.

  Detailed chemical analyses for each one of the seven filter substrates is 
illustrated in Figure 3. Analysis species were selected based on past studies in the AOSR, and are 
intended to serve as the basis (i.e., source profiles) for lichen and/or aerosol sample source 
appor�onment studies. Table 1 summarizes the minimum detec�on limits for mass, babs, 
elemental, ionic, and carbon analysis methods that will be applied for this study. The following 
sub-sec�ons summarize: 1) filter and biomonitor sample prepara�on, including filter substrate 
selec�on and sample extrac�on with either dis�lled-deionized water (DDW) or acid; 2) 
chemical analysis for elements (including trace metals and isotopes); ions; organic, elemental 
and carbonate carbon (OC, EC, CC and carbon frac�ons); water-soluble organic carbon (WSOC), 
and organic specia�on; 3) laboratory QA/QC including data processing/data valida�on; and 5) 
sample concentra�on calcula�ons and uncertainty es�mates

1.1.1  Filter Substrate Selec�on
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Species/Compounds
Analysis MDL
Methodb (µg/filterc)

Mass GRAV 1
Babs OD 0.02
Ammonia (NH3) as NH4

+ AC 1.5005
Sulfur Dioxide (SO2) IC 1.5005
H2S as S XRF 0.0506
Chloride (Cl-) IC 1.5005
Nitrite (NO2

-) IC 1.5005
Nitrate (NO3

-) IC 1.5005
Sulfate (SO4

=) IC 1.5005
Phosphate (PO4

3-) IC 1.5005
Ammonium (NH4

+) AC 1.5005
Soluble Sodium (Na+) AAS 0.2362
Soluble Magnesium (Mg2+) AAS 0.0945
Soluble Potassium (K+) AAS 0.1498
Soluble Calcium (Ca2+) AAS 0.0945
Organic Carbon (OC) Frac�on 1 Thermal/op�cal carbon 0.0516
Organic Carbon (OC) Frac�on 2 Thermal/op�cal carbon 1.29
Organic Carbon (OC) Frac�on 3 Thermal/op�cal carbon 3.87
Organic Carbon (OC) Frac�on 4 Thermal/op�cal carbon 0.129
Pyrolyzed organic carbon via transmi�ance Thermal/op�cal carbon 0.129
Pyrolyzed organic carbon via reflectance Thermal/op�cal carbon 0.129
Organic Carbon (OC) Thermal/op�cal carbon 5.031
Water soluble organic carbon (WSOC) Thermal/op�cal carbon 9.7
Elemental Carbon (EC) Frac�on 1 Thermal/op�cal carbon 0.0387
Elemental Carbon (EC) Frac�on 2 Thermal/op�cal carbon 0.0387
Elemental Carbon (EC) Frac�on 3 Thermal/op�cal carbon 0.0387

Elemental Carbon (EC)
Thermal/op�cal

carbon 0.129

Carbonate Carbon (CC)
Thermal/op�cal

carbon 0.05

Total Carbon (TC)
Thermal/op�cal

carbon 5.418

Sodium (Na) XRF 3.7541
Magnesium (Mg) XRF 1.1341
Aluminum (Al) XRF 0.4483
Silicon (Si) XRF 0.3613
Phosphorus (P) XRF 0.1177

Sulfur (S) XRF 0.0506
Chlorine (Cl) XRF 0.0487
Potassium (K) XRF 0.0459
Calcium (Ca) XRF 0.0727
Scandium (Sc) XRF 0.1938

Titanium (Ti) XRF 0.0346
Vanadium (V) XRF 0.0082
Chromium (Cr) XRF 0.0382
Manganese (Mn) XRF 0.0834
Iron (Fe) XRF 0.076

Cobalt (Co) XRF 0.0041
Nickel (Ni) XRF 0.0131
Copper (Cu) XRF 0.0442
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 Species/Compounds
Analysis MDL
Methodb (µg/filterc)

Zinc

 
(Zn) XRF 0.0391

Gallium (Ga) XRF 0.1281

 
Arsenic

 

(As) XRF 0.0147
Selenium (Se) XRF 0.029
Bromine (Br) XRF 0.0412
Rubidium (Rb) XRF 0.0271
Stron�um (Sr) XRF 0.0633

Y�rium (Y) XRF 0.0376
Zirconium (Zr) XRF 0.1012
Niobium (Nb) XRF 0.0667
Molybdenum (Mo) XRF 0.064
Palladium (Pd) XRF 0.1549

Silver (Ag) XRF 0.1473
Cadmium (Cd) XRF 0.1152
Indium (In) XRF 0.1271
Tin (Sn) XRF 0.1372
An�mony (Sb) XRF 0.2063

Cesium (Cs)d XRF 0.0585
Barium (Ba)d XRF 0.0632
Lanthanum (La)d XRF 0.0433
Cerium (Ce)d XRF 0.0417
Samarium (Sm)d XRF 0.0862

Europium (Eu)d XRF 0.1325
Terbium (Tb)d XRF 0.0976
Hafnium (Hf) XRF 0.395
Tantalum (Ta) XRF 0.2579
Wolfram (W) XRF 0.361

Iridium (Ir) XRF 0.1192
Gold (Au) XRF 0.196
Mercury (Hg) XRF 0.0971
Thallium (Tl) XRF 0.0654
Lead (Pb) XRF 0.0945

Thorium (Th) XRF 0.1648
Uranium (U) XRF 0.1648

Cesium (Cs)d ICP-MS 0.005
Barium (Ba)d ICP-MS 0.0005
Lanthanum (La)d ICP-MS 0.0001
Cerium (Ce)d ICP-MS 0.0001
Praseodymium (Pr) ICP-MS 0.0001

Neodymium (Nd) ICP-MS 0.0001
Samarium (Sm)d ICP-MS 0.0001
Europium (Eu)d ICP-MS 0.0001
Gadolinium (Gd) ICP-MS 0.0001
Terbium (Tb)d ICP-MS 0.0001

 Species/Compounds
Analysis MDL
Methodb (µg/filterc)

Dysprosium

 
(Dy)

 
ICP-MS 0.0001

Holmium

 
(Ho)

 
ICP-MS 0.0001

Erbium

 

(Er)

 

ICP-MS 0.0001
Thulium (Tm)

 

ICP-MS 0.0001
Y�erbium

 

(Yb)

 

ICP-MS 0.0001

 

Lute�um

 

(Lu)

 

ICP-MS 0.0001
Pb

 

(Isotopes)

 

Pb-204, Pb-206, Pb-207 and
Pb-208

 

ICP-MS 0.0003
PAHs

 

acenaphthylene

 

(C12) TD-GC/MS 0.0108
acenaphthene

 

(C12) TD-GC/MS 0.0058
fluorene (C13) TD-GC/MS 0.004
phenanthrene (C14) TD-GC/MS 0.0019
anthracene (C14) TD-GC/MS 0.0008

fluoranthene (C16) TD-GC/MS 0.0012
pyrene (C16) TD-GC/MS 0.0018
benzo[a]anthracene (C18) TD-GC/MS 0.0035
chrysene (C18) TD-GC/MS 0.0018
benzo[b]fluoranthene (C20) TD-GC/MS 0.0038

benzo[j+k]fluoranthene (C20) TD-GC/MS 0.0013
benzo[a]fluoranthene (C20) TD-GC/MS 0.0019
benzo[e]pyrene (C20) TD-GC/MS 0.004
benzo[a]pyrene (C20) TD-GC/MS 0.0041
perylene (C20) TD-GC/MS 0.0045

indeno[1,2,3-cd]pyrene (C22) TD-GC/MS 0.0019
dibenzo[a,h]anthracene (C22) TD-GC/MS 0.0043
benzo[ghi]perylene (C22) TD-GC/MS 0.0029
coronene (C24) TD-GC/MS 0.0034
dibenzo[a,e]pyrene (C24) TD-GC/MS 0.0013

1-methyl fluorene (C14) TD-GC/MS 0.0021
dibenzothiophene (C12) TD-GC/MS 0.0048
9-fluorenone (C13) TD-GC/MS 0.0045
1-methylphenanthrene (C15) TD-GC/MS 0.0044
2-methylphenanthrene (C15) TD-GC/MS 0.0048

9-methylanthracene (C15) TD-GC/MS 0.0042
3,6-dimethyl phenanthrene (C16) TD-GC/MS 0.0051
methylfluoranthene (C17) TD-GC/MS 0.0055
retene (C18) TD-GC/MS 0.0056
benzo[ghi]fluoranthene (C18) TD-GC/MS 0.0024

benzocphenanthrene (C18) TD-GC/MS 0.0041
PAHs, con�nued
benzo[b]naphtho[1,2-d]thiophene (C16) TD-GC/MS 0.0045
cyclopenta[cd]pyrene (C18) TD-GC/MS 0.0013
benz[a]anthracene-7,12-dione (C18) TD-GC/MS 0.0047
methylchrysene (C19) TD-GC/MS 0.0019
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Analysis MDL
Methodb (µg/filterc)
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 Species/Compounds
Analysis MDL
Methodb (µg/filterc)

benzobchrysene (C22) TD-GC/MS 0.0041
picene

 
(C22) TD-GC/MS 0.0048

anthanthrene (C22) TD-GC/MS 0.0055

 

Alkanes/Alkenes
n-alkanes

 

pentadecane (n-C15) TD-GC/MS 0.004
hexadecane (n-C16) TD-GC/MS 0.0041
heptadecane (n-C17) TD-GC/MS 0.0035
octadecane (n-C18) TD-GC/MS 0.003
nonadecane (n-C19) TD-GC/MS 0.0023

eicosane (n-C20) TD-GC/MS 0.0023
heneicosane (n-C21) TD-GC/MS 0.0039
docosane (n-C22) TD-GC/MS 0.0029
tricosane (n-C23) TD-GC/MS 0.0034
tetracosane (n-C24) TD-GC/MS 0.0025

pentacosane (n-C25) TD-GC/MS 0.0027
hexacosane (n-C26) TD-GC/MS 0.0027
heptacosane (n-C27) TD-GC/MS 0.0013
octacosane (n-C28) TD-GC/MS 0.0034
nonacosane (n-C29) TD-GC/MS 0.0038
triacontane (n-C30) TD-GC/MS 0.0044
hentriacotane (n-C31) TD-GC/MS 0.0036
dotriacontane (n-C32) TD-GC/MS 0.0041
tritriactotane (n-C33) TD-GC/MS 0.0026
tetratriactoane (n-C34) TD-GC/MS 0.0031
pentatriacontane (n-C35) TD-GC/MS 0.0033
hexatriacontane (n-C36) TD-GC/MS 0.004
heptatriacontane (n-C37) TD-GC/MS 0.004
octatriacontane (n-C38) TD-GC/MS 0.004
nonatriacontane (n-C39) TD-GC/MS 0.0038
Alkanes/Alkenes, con�nued
n-alkanes, con�nued
tetracontane (n-C40) TD-GC/MS 0.0039
iso/anteiso-alkanes
iso-nonacosane (iso-C29) TD-GC/MS 0.0037
anteiso-nonacosane (anteiso-C29) TD-GC/MS 0.0036
iso-triacontane (iso-C30) TD-GC/MS 0.0037
anteiso-triacontane (anteiso-C30) TD-GC/MS 0.0039

iso-hentriacotane (iso-C31) TD-GC/MS 0.004
anteiso-hentriacotane (anteiso-C31) TD-GC/MS 0.004
iso-dotriacontane (iso-C32) TD-GC/MS 0.0036
anteiso-dotriacontane (anteiso-C32) TD-GC/MS 0.0035
iso-tritriactotane (iso-C33) TD-GC/MS 0.0037
anteiso-tritriactotane (anteiso-C33) TD-GC/MS 0.0039

 Species/Compounds
Analysis MDL
Methodb (µg/filterc)

methyl-alkanes
2-methylnonadecane (C20) TD-GC/MS 0.004
3-methylnonadecane (C20) TD-GC/MS 0.0043
branched-alkanes
pristane

 

(C19) TD-GC/MS 0.0046
phytane

 

(C20) TD-GC/MS 0.0046
squalane

 

(C30) TD-GC/MS 0.0046

cycloalkanes
octylcyclohexane (C14) TD-GC/MS 0.0043
decylcyclohexane (C16) TD-GC/MS 0.0032
tridecylcyclohexane (C19) TD-GC/MS 0.0061
n-heptadecylcyclohexane (C23) TD-GC/MS 0.0039
nonadecylcyclohexane (C25) TD-GC/MS 0.0032

alkene
1-octadecene (C18) TD-GC/MS 0.0037

hopanes
22,29,30-trisnorneophopane (Ts) (C27) TD-GC/MS 0.0021
22,29,30-trisnorphopane (C27) TD-GC/MS 0.0023
αβ - norhopane (C29αβ-hopane) TD-GC/MS 0.0015
22,29,30-norhopane (29Ts) TD-GC/MS 0.0025
Hopanes, con�nued
αα- + βα-norhopane (C29αα- + βα -hopane) TD-GC/MS 0.0028

αβ-hopane (C30αβ -hopane) TD-GC/MS 0.0024
αα-hopane (30αα-hopane) TD-GC/MS 0.0021
βα-hopane (C30βα -hopane) TD-GC/MS 0.0022
αβS-homohopane (C31αβS-hopane) TD-GC/MS 0.0039
αβR-homohopane (C31αβR-hopane) TD-GC/MS 0.0038

αβS-bishomohopane (C32αβS-hopane) TD-GC/MS 0.0036
αβR-bishomohopane (C32αβR-hopane) TD-GC/MS 0.0037
22S-trishomohopane (C33) TD-GC/MS 0.0037
22R-trishomohopane (C33) TD-GC/MS 0.004
22S-tretrahomohopane (C34) TD-GC/MS 0.0037

22R-tetrashomohopane (C34) TD-GC/MS 0.0038
22S-pentashomohopane(C35) TD-GC/MS 0.0037
22R-pentashomohopane(C35) TD-GC/MS 0.0037
steranes
ααα 20S-Cholestane (C27) TD-GC/MS 0.003
αββ 20R-Cholestane (C27) TD-GC/MS 0.003
αββ 20s-Cholestane (C27) TD-GC/MS 0.0025
ααα 20R-Cholestane (C27) TD-GC/MS 0.0012

ααα 20S 24S-Methylcholestane (C28) TD-GC/MS 0.0021
αββ 20R 24S-Methylcholestane (C28) TD-GC/MS 0.002
αββ 20S 24S-Methylcholestane (C28) TD-GC/MS 0.0023
ααα 20R 24R-Methylcholestane (C28) TD-GC/MS 0.0027
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 Species/Compounds
Analysis MDL
Methodb (µg/filterc)
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iso-hentriacotane (iso-C31) TD-GC/MS 0.004
anteiso-hentriacotane (anteiso-C31) TD-GC/MS 0.004
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 Species/Compounds
Analysis MDL
Methodb (µg/filterc)
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hopanes
22,29,30-trisnorneophopane (Ts) (C27) TD-GC/MS 0.0021
22,29,30-trisnorphopane (C27) TD-GC/MS 0.0023
αβ - norhopane (C29αβ-hopane) TD-GC/MS 0.0015
22,29,30-norhopane (29Ts) TD-GC/MS 0.0025
Hopanes, con�nued
αα- + βα-norhopane (C29αα- + βα -hopane) TD-GC/MS 0.0028

αβ-hopane (C30αβ -hopane) TD-GC/MS 0.0024
αα-hopane (30αα-hopane) TD-GC/MS 0.0021
βα-hopane (C30βα -hopane) TD-GC/MS 0.0022
αβS-homohopane (C31αβS-hopane) TD-GC/MS 0.0039
αβR-homohopane (C31αβR-hopane) TD-GC/MS 0.0038

αβS-bishomohopane (C32αβS-hopane) TD-GC/MS 0.0036
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steranes
ααα 20S-Cholestane (C27) TD-GC/MS 0.003
αββ 20R-Cholestane (C27) TD-GC/MS 0.003
αββ 20s-Cholestane (C27) TD-GC/MS 0.0025
ααα 20R-Cholestane (C27) TD-GC/MS 0.0012

ααα 20S 24S-Methylcholestane (C28) TD-GC/MS 0.0021
αββ 20R 24S-Methylcholestane (C28) TD-GC/MS 0.002
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 Species/Compounds
Analysis MDL
Methodb (µg/filterc)

methyl-alkanes
ααα

 
20S 24R/S-Ethylcholestane (C29) TD-GC/MS 0.0036

αββ

 

20R 24R-Ethylcholestane (C29) TD-GC/MS 0.0016
αββ 20S 24R-Ethylcholestane (C29) TD-GC/MS 0.0017
ααα 20R 24R-Ethylcholestane (C29) TD-GC/MS 0.0017
Total Water-Soluble Organic Carbon
(WSOC)

Thermal/op�cal
carbon

9.7

Neutral/Basic Compounds (NC) HPLC-UV/Vis 1.5
glycerol (C3H8O) IC-PAD 0.0819
erythritol (C4H10O4) IC-PAD 0.3546
arabinose (C5H10O5) IC-PAD 0.1947
xylose (C5H10O5) IC-PAD 0.168
arabitol (C5H12O5) IC-PAD 0.1926
xylitol (C5H12O5) IC-PAD 0.0132
levoglucosan (C6H10O5) IC-PAD 0.105
mannosan (C6H10O5) IC-PAD 0.0819
galactose (C6H12O6) IC-PAD 0.0072
fructose (C6H12O6) IC-PAD 0.006

glucose (C6H12O6) IC-PAD 0.1563

inositol (C6H12O6) IC-PAD 0.001
sorbitol (C6H14O6) IC-PAD 0.2016
mannitol (C6H14O6) IC-PAD 0.3204
trehalose (C12H22O11) IC-PAD 0.6585

sucrose (C12H22O11) IC-PAD 0.2295
mal�tol (C12H24O11) IC-PAD 0.129

Mono- and Dicarboxylic Acids (MDA) HPLC-UV/Vis 1.2581
formic acid (CH2O2) IC 0.1322
ace�c acid (CH4O2) IC 0.033
methanesulfonic acid (CH4O3S) IC 0.3547
lac�c acid (C3H6O3) IC 0.4303

oxalic acid (C2H2O4) IC 0.48
maleic acid (C4H4O4) IC 0.001
malonic acid (C3H4O4) IC 1.319
succinic acid (C4H6O4) IC 0.0386
glutaric acid (C5H8O4) IC 0.1344

Polycarboxylic Acids (PA) HPLC-UV/Vis 1.0721
HULIS HPLC-SEC-ELSD-

UV/Vis
2.29

a
 Minimum detectable limit (MDL) is the concentra�on at which instrument response 

equals three �mes the standard devia�on of the response to a known concentra�on of 
zero.

 b, con�nued

b
 GRAV = Gravimetry

 Table 1. Con�nued

d    Quan�fied by both XRF and ICP-MS

 AAS = Atomic absorp�on spectrophotometry.

 HPLC-UV/Vis = High performance liquid chromatography with ultraviolet light detector 
HPLC-SEC-ELSD-UV/Vis = High performance liquid chromatography – size-exclusion 
chromatography – evapora�ve light sca�ering detector – ultraviolet light detector

 The most commonly used substrates for atmospheric gaseous and par�culate sampling 
are Teflon-membrane, quartz-fiber, nylon-membrane, cellulose-fiber, Teflon-coated glass- 
fiber, etched polycarbonate-membrane, and glass-fiber filters. None of these materials is 
perfect for all purposes. The chemical and physical proper�es of these filters are summarized as 
follows.

 IC = Ion chromatography with conduc�vity detector AC = Automated colorimetry

c    Filter = 47 mm filter

Ÿ Ringed Teflon-membrane filters (Pall Corpora�on, Ann Arbor, MI, USA part number 
R2PJ047; Whatman Inc., Cli�on, NJ, USA part number 7592-104) consist of a thin, 
porous polytetrafluorethylene (PTFE) Teflon sheet stretched across a 
polymethylpentane ring; the thin membrane collapses without the ring and the filter 
cannot be accurately sec�oned into smaller pieces. The white membrane is nearly 
transparent (thickness of 40 to 46 µm) and has been used to es�mate babs (Campbell et 
al., 1995). PTFE Teflon is very stable, absorbing negligible water or gases. It has 
inherently low contamina�on levels, but chemicals have been found in some batches by 
acceptance tes�ng. This filter is commonly used for mass, babs, and elemental analyses. 
The thin membrane is especially appropriate for X-ray or proton-induced fluorescence 
(XRF and PIXE) analyses that obtain elemental concentra�ons while leaving the filter 
intact. Teflon is hydrophobic, and emulsifiers (such as ethanol) need to be added for 
water extrac�on followed by ion analyses. Carbon cannot be measured on Teflon-
membrane filters because of their high carbon content, although aerosol carbon has 
been inferred from hydrogen measurements (Kusko et al., 1989). Because of their high 
flow resistance and need for a ring support, high-volume (HiVol) flow rates (e.g., 1130 
l/min) are not a�ainable, though it is possible to obtain flow rates required for low-
volume (LoVol; e.g., 16.7 l/min) and medium-volume (MedVol; e.g., 113 l/min) inlets. A 
varia�on on this filter consists of a PTFE Teflon-membrane filter mounted on a woven 
PTFE mat instead of a support ring (Pall Corpora�on, part number P5PJ001) . This filter 
has a higher density, and it can be obtained in larger sizes for HiVol samples. The 
membrane and the mat sides are similar in appearance, and care must be taken to 

 IC-PAD = Ion chromatography with pulsed ampereometric detector

 ICP-MS = Induc�vely coupled plasma – mass spectrometry

 TD-GC-MS = Thermal desorp�on – gas chromatography - mass spectrometry

 XRF = X-ray fluorescence

 Thermal/op�cal carbon = DRI Model 2001 thermal/op�cal reflectance/transmi�ance 
carbon analyzer using the IMPROVE_A protocol for OC, EC, CC, and carbon frac�ons; and using 
WSOC protocol for total WSOC
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follows.
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Ÿ Ringed Teflon-membrane filters (Pall Corpora�on, Ann Arbor, MI, USA part number 
R2PJ047; Whatman Inc., Cli�on, NJ, USA part number 7592-104) consist of a thin, 
porous polytetrafluorethylene (PTFE) Teflon sheet stretched across a 
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al., 1995). PTFE Teflon is very stable, absorbing negligible water or gases. It has 
inherently low contamina�on levels, but chemicals have been found in some batches by 
acceptance tes�ng. This filter is commonly used for mass, babs, and elemental analyses. 
The thin membrane is especially appropriate for X-ray or proton-induced fluorescence 
(XRF and PIXE) analyses that obtain elemental concentra�ons while leaving the filter 
intact. Teflon is hydrophobic, and emulsifiers (such as ethanol) need to be added for 
water extrac�on followed by ion analyses. Carbon cannot be measured on Teflon-
membrane filters because of their high carbon content, although aerosol carbon has 
been inferred from hydrogen measurements (Kusko et al., 1989). Because of their high 
flow resistance and need for a ring support, high-volume (HiVol) flow rates (e.g., 1130 
l/min) are not a�ainable, though it is possible to obtain flow rates required for low-
volume (LoVol; e.g., 16.7 l/min) and medium-volume (MedVol; e.g., 113 l/min) inlets. A 
varia�on on this filter consists of a PTFE Teflon-membrane filter mounted on a woven 
PTFE mat instead of a support ring (Pall Corpora�on, part number P5PJ001) . This filter 
has a higher density, and it can be obtained in larger sizes for HiVol samples. The 
membrane and the mat sides are similar in appearance, and care must be taken to 

 IC-PAD = Ion chromatography with pulsed ampereometric detector

 ICP-MS = Induc�vely coupled plasma – mass spectrometry

 TD-GC-MS = Thermal desorp�on – gas chromatography - mass spectrometry
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 Thermal/op�cal carbon = DRI Model 2001 thermal/op�cal reflectance/transmi�ance 
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prevent moun�ng it upside down; par�cles being drawn through the mat rather than 
onto the surface of the membrane in this case.

Ÿ Quartz-fiber filters (Pall Corpora�on, part number 7202; Whatman Inc., part number 
1851-047) consist of a �ghtly-woven mat of quartz filaments. These filters meet 
requirements in most categories. Quartz-fiber filters adsorb hydrocarbon gases during 
sampling (McDow and Huntzicker, 1990), as determined by placing a clean quartz-fiber 
filter behind either a Teflon-membrane filter or a quartz-fiber filter (Turpin et al., 1994; 
Watson and Chow, 2002b). The extent to which this is a posi�ve bias due to gas 
adsorp�on, or a nega�ve bias due to the collec�on of vola�lized par�cles, is uncertain 
(Cui et al., 1997; 1998; Chow et al., 2008bc; Watson et al., 2008bd). Quartz-fiber filters 
are baked ~900 C prior to sampling to remove adsorbed organic vapors. Blank levels 
are high and variable for several elements (especially aluminum and silicon), though 
newer formula�ons are cleaner than earlier formula�ons. These filters are widely used 
for ion and carbon analyses. The greatest drawback of quartz-fiber filters is their 
fragility; they require extremely careful handling for accurate mass measurements. The 
Whatman QM/A quartz-fiber filter contains a 5% borosilicate glass binder that 
minimizes its friability. This filter is o�en used in HiVol PM  samplers for mass 10

measurements and have been used in the U.S. Specia�on Tends Network and Chemical 
Specia�on Networks (STN/CSN). The Pallflex Tissue-quartz 2500 QAT-UP filter (Pall 
Corpora�on) is pure quartz and undergoes a dis�lled water washing (thus the “UP”, or 
“ultra- pure” designa�on). The QAT-UP have been used in the U.S. Interagency 
Monitoring of Protected Visual Environments (IMPROVE) network since 1987/88, and 
in many other aerosol characteriza�on studies.

Ÿ Nylon-membrane filters consist of thin sheets of porous nylon and are used for the 
-collec�on of nitric acid (HNO ) or vola�lized nitrate (NO ). Nylon filters have high flow 3 3

resistance that increases with filter loading. These filters passively absorb HNO3, 
depending on how long they have been exposed to an acid-rich environment, and they 
should be washed in a sodium bi-carbonate solu�on followed by dis�lled water prior to 
use in the field. They also absorb small amounts of NH  (Masia et al., 1994) and SO  3 2

(Sickles, II and Hodson, 1999), thereby limi�ng their use in front of filters intended to 
collect these gases. Gelman Nylasorb (Pall Corpora�on, part number 66509) is most 
commonly used for ambient air sampling.

Ÿ Cellulose-fiber filters (Whatman, Inc.) consist of a �ghtly-woven paper mat. These 
filters meet requirements in most categories with the excep�on of sampling efficiency 
and water vapor ar�facts. Par�cle penetra�on for sub-micrometer par�cles have been 
observed, but these are highly dependent on the filter weave (Biles and Ellison, 1975). 
Cellulose fiber is hygroscopic and requires precise rela�ve humidity control in the filter 
processing environment to obtain accurate mass measurements (Demuynck, 1975). 
These filters have low chemical blanks except for carbon, and they can be used for 
elemental and ionic analyses of the deposit. Cellulose-fiber filters can be impregnated 
with gas-absorbing compounds, similar to those for denuders, and located behind more 
efficient par�cle-collec�ng filters. Gaseous nitrogen dioxide (NO ), nitric acid (HNO ), 2 3

ammonia (NH ), sulfur dioxide (SO ) and hydrogen sulfide (H S) are determined by this 3 2 2
 means. The most commonly usedcellulose-fiber filters are Whatman 31ET and 41. The 

Whatman 31ET filters were used because they are thicker than the Whatman 41 filters 

Ÿ Etched polycarbonate-membrane filters (Whatman, Inc.) are constructed from a thin 
polycarbonate sheet through which pores of uniform diameter have been produced by 
radioac�ve par�cle penetra�on and chemical etching. Depending on pore size (i.e. 0.2, 
0.4, and 8 µm), these filters have variable par�cle collec�on proper�es that are used for 
size- specific measurements. These filters are nearly transparent and have been used to 
es�mate light absorp�on (Horvath, 1993). Polycarbonate-membrane filters have low 
elemental blank levels and are appropriate for elemental and ion analyses. They are the 
best filter media for single par�cle analysis by electron microscopy because par�cles 
are easily dis�nguished from the flat filter surface. These filters are not used for thermal 
evolu�on carbon analysis owing to their composi�on. The filters hold an electrosta�c 
charge that influences mass measurements unless substan�al effort is invested in 
discharging them with a small radioac�ve source (Engelbrecht et al., 1980). 
Electrosta�c discharging is good prac�ce for all filter media, even though others do not 
retain as much charge as the polycarbonate membranes. The Nuclepore 8.0 µm and 0.4 
µm filters are most commonly used in ambient aerosol sampling. While the 0.2 µm pore 
size filter provides a higher sampling effec�veness, its higher flow resistance requires a 
large pressured drop across the filter for >10 l/min flow rates. The 0.2 µm pore size 
filters have been used for par�cle removal on quartz-fiber filter extracts prior to 
chemical analyses.

Ÿ Glass-fiber filters are obsolete and should not be considered for use in par�cle 
sampling. These filters consist of a mat of borosilicate glass filaments. The high alkalinity 
of these substrates causes NOx, HNO , and SO  to be adsorbed (Coutant, 1977; Spicer 3 2

and Schumacher, 1979), thereby biasing mass and chemical measurements. Blank 
levels for most elements of interest are extremely high and variable (Witz et al., 1983). 
As with quartz-fiber filters, glass-fiber filters adsorb OC vapors that are measured as 
par�culate carbon during analysis. Unlike quartz-fiber filters, the sodium in glass-fiber 
filters catalyzes the combus�on of EC at lower temperatures, causing biases in the 
quan�fica�on the light-absorbing carbon frac�on (Lin and Friedlander, 1988a; 1988b). 
Although their cost per filter is lower than that of the other filters, the savings are not 
worth the expense of compromised data. Glass-fiber filters are commonly used for the 
U.S. EPA Method 5 stack cer�fica�on tests, making these samples inappropriate for 
chemical characteriza�on. 

 Based on the characteris�cs of the most commonly used substrates and findings from 
previous studies, four types of filter substrates are selected for source sampling: Teflon- 
membrane, quartz-fiber, cellulose-fiber, and etched polycarbonate-membrane filters. Detailed 
specifica�ons for these filter substrates is given in Table 2.

Ÿ  Teflon-coated glass-fiber filters (Pall Corpora�on) imbed a Teflon slurry onto a loosely-
woven glass- fiber mat. These filters meet requirements in all categories except blank 
element and carbon levels. Though a small amount of HNO  absorp�on has been 3

observed (Mueller et al., 1983), it is tolerable in most situa�ons. These filters are used 
for ion analyses and for specific organic compounds, but not for carbon analysis owing 
to their Teflon coa�ng. The most commonly used Teflon-coated glass-fiber filters are 
Pallflex TX40HI20 and T60A20 (Pall Corpora�on).

(0.5 versus 0.22 mm). The thicker filter can absorb more of the impregna�on solu�on 
and therefore has a higher gaseous species collec�on capacity.
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 Most filters require treatment and representa�ve chemical analyses (or “acceptance 
tes�ng”) when the deposits they acquire are intended for chemical specia�on. Excessive blank 
levels and filter interferences discovered during or a�er several air quality studies have 
compromised those studies' results (Watson and Chow, 1994). At least two filters from each lot 
(typically 2 out of 100 filters) or a minimum of 2% of the filters purchased from the specified 
manufacturers should be analyzed for all species to verify that pre-established specifica�ons 
have been met (e.g., typically < 0.5 µg/filter for ions). Lots are rejected for chemical analysis 
when blank levels for individual species exceed pre-specified blank levels. Each filter should 
also be individually examined prior to labeling for discolora�on, pinholes, creases, separa�on 
of ring, chaff or flashing, loose material, or other defects

1.1.2 Filter Acceptance Tes�ng

 Tes�ng of sample media is con�nued throughout source tes�ng. In addi�on to 2% to 5% 
of laboratory blanks, approximately 10% of all samples are designated as field blanks, and these 
follow all handling procedures illustrated in Figure 2 except for actual sampling. Filter 
pretreatment prior to sampling for Teflon- and polycarbonate-membrane, quartz-fiber, and 
cellulose-fiber filters includes:

● Pre-firing quartz-fiber filters: Quartz-fiber filters adsorb organic vapors over 
�me. Blank quartz-fiber filters should be heated for at least three hours at 900 
°C. A sample of each batch of 100 pre-fired filters is tested for carbon blank 
levels prior to sampling, and sets of filters with carbon levels exceeding 1.5 

2 2µg/cm  for OC, or 0.5 µg/cm  for EC are re-fired or rejected. All pre-fired filters 
should be sealed and stored in a freezer prior to prepara�on for field sampling.

● Impregna�ng cellulose-fiber filters: Cellulose-fiber filters are immersed in the 
impregna�ng solu�on for approximately 30 minutes. These disks are then 
removed and placed in clean Petri slides for drying in a vacuum oven for 5 – 10 
minutes. One hundred of the dried impregnated filters are immediately sealed 
in polyethylene bags and placed under refrigera�on for later loading into filter 
holders. One sample from each lot of filters is submi�ed for exis�ng chemical 
analysis prior to field sampling to assure that filter batches have not been 
contaminated (i.e., citric acid- impregnated filters for NH , potassium carbonate 3

[K CO ]-impregnated filters for SO , silver nitrate-impregnated filters for H S).2 3 2 2

1.1.3 Filter sec�oning and Extrac�on a�er Sampling

- - - = =Water-soluble species (chloride [Cl ], nitrite [NO ], NO , phosphate [PO ], SO , ammonium 2 3 4 4
+ + ++ + ++  [NH ], sodium [Na ], magnesium [Mg ] potassium [K ] and calcium [Ca ], total WSOC, three 4

WSOC classes [i.e., neutral/basic compounds (NC), mono/dicarboxylic acids (MDA), and 
polycarboxylic acids (PA)], carbohydrates, organic acids, and humic-like substances [HULIS]) are 
obtained by extrac�ng half of the quartz-fiber par�cle filter in 20 ml high-purity dis�lled 

-1deionized water (DDW; 18 MΩ cm , a Milli-Q system [Barnstead, Dubuque, IA, US]). Each 
quartz-fiber filter is cut in half with a precision-posi�oning jig a�ached to a paper cu�er. The 
blade is cleaned between filter cu�ngs. One filter half is placed in a 17 × 120 mm polystyrene 
extrac�on vial with a screw cap (e.g., Greiner #188271). Each vial is labeled with a bar code 

 The results of all filter treatments, chemical analyses, and visual inspec�ons are 
recorded in a database with the lot numbers. A set of filter IDs is assigned to each lot so that a 
record of acceptance tes�ng can be associated with each sample. 

● Equilibra�ng Teflon and polycarbonate membrane filters: On several 
occasions over the pat 20 years (e.g., Tombach et al., 1987), batches of ringed 
Teflon-membrane filters have yielded variable (by up to 100 µg/filter over a few 
days) blank masses. As the �me between manufacture and use increases, this 
variability decreases. Since filter manufacturers o�en minimize their long-term 
inventories of these filters and are manufacturing them on an as-ordered basis, 
this variability is being observed with greater frequency. A one-month storage 
period in a controlled environment, followed by one week of equilibra�on in the 
weighing environment (i.e., temperature within ±1.5 °C of 20 °C to 23 °C, 
rela�ve humidity within ±5% of 30% to 40%) as required by the U.S. EPA for the 

 PM  compliance monitoring network (U.S. EPA, 1997). These equilibra�ng 2.5

condi�ons appear to have reduced the variability to acceptable (within ±10 
µg/filter for re-weights of 47 mm and 37 mm diameter filters) levels. Sets of 
Teflon-membrane filters which exceed two �mes the XRF detec�on limits for 
elements are rejected.

a   See Figure 1 for filter pack configura�on.
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 For citric acid-, potassium carbonate-, and silver nitrate-impregnated cellulose-fiber 
filters, special care needs to be taken during filter extrac�on. Filter extrac�on is not required for 
the silver nitrate-impregnated cellulose-fiber filter to collect gaseous H S, as it will be submi�ed 2

for XRF analysis of elemental sulfur .

 A�er the comple�on and valida�on of XRF analysis, Teflon-membrane filters are 
submi�ed for acid diges�on to obtain 16 rare-earth elements (e.g., Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb,and Lu) and four lead isotopes (e.g., Pb-204, Pb-206, Pb-207 and Pb-
208). The acid diges�on method used in this study followed the procedure of U.S. EPA Method 
200.8 (U.S. EPA, 1994), modified with the addi�on of hydrofluoric acid (HF) . The Teflon-
membrane filter is cut into eight pieces using Teflon scissors to allow the filter to fit inside a 68 
ml diges�on vessel. Ethanol (0.2 ml) is added to wet the filter, along with 2 ml of a concentrated 

 (68%) HNO  mixture (1:1  v/v) with DDW, 5 ml of a concentrated (34%) HCl  mixture (1:4 v/v) 3

with DDW, and 0.1 ml of concentrated (49%) HF. The diges�on vessels with a reflux cap are then 
placed in a hot block (Environmental Express, Mt. Pleasant, SC, US) located inside a high 
efficiency par�cle air (HEPA) filter chamber and were gently heated from room temperature to 
and refluxed at 95 °C. A�er 90 minutes of diges�on, the samples are removed from the block 
digester, cooled to room temperature, and made up to the final volume (50 ml) with high purity 
DDW. The samples are then capped, shaken for 10 seconds, and let stand overnight. All filter 
handling and solu�on prepara�on is conducted in a HEPA filter laminar flow hood.

s�cker containing the filter ID code. The extrac�on tubes are placed in tube racks, and the 
extrac�on solu�ons are added. The extrac�on vials are capped and sonicated for 60 minutes, 
shaken for 60 minutes, then aged overnight to assure complete extrac�on of the deposited 
material in the solvent. The ultrasonic bath water is monitored to prevent temperature 
increases from the dissipa�on of ultrasonic energy in the water. A�er extrac�on, these 
solu�ons are stored under refrigera�on prior to analysis. The unanalyzed filter half is placed 
back in the original Petri slides and archived. Filter impregna�on and extrac�on solu�ons 
applied to the source samples are summarized in Table 3.
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 Lichens, mosses, leaves, bark, and soil samples have been used as indicators for the 
cumula�ve impacts of industrial emissions (e.g., Purvis et al., 2000; Garty, 2001; Prietzel et al., 
2004; Bjelland and Thorseth, 2002; Cercasov et al., 2002; Timoney and Marsh, 2005; Brunial� 
and Fra�, 2007). Because they lack developed root systems, lichens serve as bioaccumulators 
due to their uptake of trace elements (Fuchs and Garty, 1983), their resistance to heavy metals 
(Ruhling and Tyler, 1984; Samet, 1998; Garty, 2001), and their metabolism dependance on 
atmospheric aerosol and precipita�on (by ion exchange and chela�on). Lichens provide an 
opportunity to assess contribu�ons from air pollu�on by measuring lichen elemental contents 
(e.g., Boileau et al., 1982; Prussia and Killingbeck, 1991; DesJardins et al., 2004; Williamson et 
al., 2004; Elsinger et al., 2007; Adamo et al., 2008). This sec�on documents the sample 
prepara�on procedures for lichens (Adamo et al., 2007; Tre�ach et al., 2007). The sample 
prepara�on and analy�cal procedures applied to filter substrates documented in this Sec�on 
are similar to those applied to the biomonitor materials. It is essen�al to apply the same QA/QC 
procedures on lichen sample prepara�on and analysis, so the data can be readily available for 
lichen source appor�onment.

1.1.4 Biomonitor Sample Prepara�on
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 There is no standard protocol for drying lichen samples. Most researchers use either air 
drying (Benne� and Benson, 2005; Purvis et al., 2008), freeze drying (Simone� et al., 2003), or 
heated drying (Richardson et al., 1995). Di Lella et al. (2003) immersed lichen samples in liquid 
nitrogen (N ) un�l they were bri�le before grinding. The drying temperature and dura�on 2

varies: 40 °C for 24 hr (Herzig, 1993); 50 °C for 48 hr (Laaksovirta and Olkkonen, 1979); 60 °C 
(dura�on not specified; Hissler et al., 2008); 80 °C for 24 hr (Tomassini et al., 1973) or for two 
days (Monna et al., 2006); 90 °C for 24 hr (Fuchs and Garty, 1983); 102 °C for 2 hr per gram of 
sliced samples; 105 °C for 3 hr (de Ruiz et al., 2002) or for 12 hr (Kocman et al., 1991); and 120 °C 
for 24 hr (Cloquet et al., 2006c; Adamo et al., 2007). de Ruiz et al. (2002) suggested addi�onal 
drying at 500 °C for 3 hr a�er grinding. According to guidelines from the Interna�onal Atomic 
Energy Agency (IAEA), oven drying should be performed at 80°C for 4 hr with sample depth < 1 
cm (Sha et al., 2002).

 Figure 4 is a flow diagram summarizing different pathways for biomonitor sample 
prepara�on and chemical analysis. Approximately 0.5 to 15 g (dry weight) of plant material is 
needed to prepare for chemical analysis. Material is usually collected into clean polyethylene 
bags or strong brown paper bags and air dried to a constant weight (Di Lella et al., 2003) to avoid 
fungal overgrowth or any contamina�on. In the laboratory, samples are sorted and manually 
cleaned to separate them from debris, detritus, bark flakes, rocks, and to remove dead �ssue 
and discolored por�on with nylon tweezers under a binocular microscope (Revenko, 1994; 
Richardson et al., 1995; Williamson et al., 2008). Washing lichen samples with DDW is not a 
common prac�ce as it may remove par�cles trapped on the lichen surface and consequently 
alter the elemental composi�on of lichen (Be�nelli et al., 1996; Hissler et al., 2008). Certain 
elements such as K that are used to evaluate plant stress may be depleated by washing 
(Richardson et al., 1995; Di Lella et al., 2003). However, elements such as Pb or S that are �ghtly 
bound to lichen cell components may not be effected. Some studies soaked lichens in DDW for 
a few minutes to so�en the �ssue before washing (Boileau et al., 1982; Monna et al., 2006).

Figure 4. Schema�c of biomonitor sample prepara�on and chemical analysis.

Taskforce Report on Environmental Management in Chhattisgarh Taskforce Report on Environmental Management in Chhattisgarh



Page 57Page 56

 There is no standard protocol for drying lichen samples. Most researchers use either air 
drying (Benne� and Benson, 2005; Purvis et al., 2008), freeze drying (Simone� et al., 2003), or 
heated drying (Richardson et al., 1995). Di Lella et al. (2003) immersed lichen samples in liquid 
nitrogen (N ) un�l they were bri�le before grinding. The drying temperature and dura�on 2

varies: 40 °C for 24 hr (Herzig, 1993); 50 °C for 48 hr (Laaksovirta and Olkkonen, 1979); 60 °C 
(dura�on not specified; Hissler et al., 2008); 80 °C for 24 hr (Tomassini et al., 1973) or for two 
days (Monna et al., 2006); 90 °C for 24 hr (Fuchs and Garty, 1983); 102 °C for 2 hr per gram of 
sliced samples; 105 °C for 3 hr (de Ruiz et al., 2002) or for 12 hr (Kocman et al., 1991); and 120 °C 
for 24 hr (Cloquet et al., 2006c; Adamo et al., 2007). de Ruiz et al. (2002) suggested addi�onal 
drying at 500 °C for 3 hr a�er grinding. According to guidelines from the Interna�onal Atomic 
Energy Agency (IAEA), oven drying should be performed at 80°C for 4 hr with sample depth < 1 
cm (Sha et al., 2002).

 Figure 4 is a flow diagram summarizing different pathways for biomonitor sample 
prepara�on and chemical analysis. Approximately 0.5 to 15 g (dry weight) of plant material is 
needed to prepare for chemical analysis. Material is usually collected into clean polyethylene 
bags or strong brown paper bags and air dried to a constant weight (Di Lella et al., 2003) to avoid 
fungal overgrowth or any contamina�on. In the laboratory, samples are sorted and manually 
cleaned to separate them from debris, detritus, bark flakes, rocks, and to remove dead �ssue 
and discolored por�on with nylon tweezers under a binocular microscope (Revenko, 1994; 
Richardson et al., 1995; Williamson et al., 2008). Washing lichen samples with DDW is not a 
common prac�ce as it may remove par�cles trapped on the lichen surface and consequently 
alter the elemental composi�on of lichen (Be�nelli et al., 1996; Hissler et al., 2008). Certain 
elements such as K that are used to evaluate plant stress may be depleated by washing 
(Richardson et al., 1995; Di Lella et al., 2003). However, elements such as Pb or S that are �ghtly 
bound to lichen cell components may not be effected. Some studies soaked lichens in DDW for 
a few minutes to so�en the �ssue before washing (Boileau et al., 1982; Monna et al., 2006).

Figure 4. Schema�c of biomonitor sample prepara�on and chemical analysis.

Taskforce Report on Environmental Management in Chhattisgarh Taskforce Report on Environmental Management in Chhattisgarh



 The dried lichen sample is submi�ed for grinding and polishing, either by a mechanical 
stainless steel mill (Tomassini et al., 1973; Kocman et al., 1991; Takala et al., 1994; Williamson et 
al., 1998; Benne� and Benson, 2005) or by a mortar and pestle with or without liquid N2 
(Boileau et al., 1982; de Ruiz et al., 2002; Monna et al., 2006; Hissler et al., 2008). Williamson et 
al. (1998) stated that grinding and lapping needs to be carried out for dry lichen samples to 
avoid hydraulic undercu�ng of organic material and to prevent leaching of mobile elements 
from organics. Heanes (1981a; 1981b) developed a two-stage ashing process using HNO3 

combined with either potassium hydrogen phthalate (KHP) or H2SO4 as ashing aid in an O2 

enriched environment to completly oxidize plant material. The powders can be sieved (e.g., 
400 mesh sieve; Aslan et al., 2004) to remove large par�cles before weighing. VanCo� et al. 
(1999) mixed samples to a homogeneous state by rolling and/or turning the sample in a closed 
vessel and checking the homogeneity with a dye, mixing the sample to a uniform color.

 Various methods have been used to press powders into pellets of various thicknesses 
and diameters (Tomassini et al., 1973) for XRF analysis. Kumar et al. (1989) suggest 40 – 70 

2mg/cm  as op�mal thickness for biological samples in pellets for use in a press. Liquid binders 
such as polyvinylalcohol (PVA), polyvinyl pyrrolidone-methylcellulose (PVP-MC; Watson, 
1996), and epoxy resin (Araldite; Williamson et al., 1998) have been used as binders for the 
pellet samples. de Ruiz et al. (2002) prepared a 0.45 mm thickness × 25 mm diameter pellet 
using 4g of boric acid at 3 – 4 atmospheres in a mold to permit deposit of thin-film ash. Aslan et 

®al. (2004) spread 100 mg of the lichen powder homogeneously on Mylar  film (DuPont Teijin 
Films, Wilmington, DE, USA) stretched across a fiber frame. Tre�ach et al. (2007) applied a 
resuspension technique on la�ceworks. A�er weighing, the ash or powder samples can be 
submi�ed for acid and/or microwave diges�on, similar to that described in Sec�on 7.1.3. The 
sample extract can then be submi�ed for atomic absorp�on spectroscopy (Aslan et al., 2004); 
induc�vely coupled plasma-op�cal emission specia�on (ICP-OES) or ICP-atomic emission 
specia�on (AES; Yenisoy-Karakas and Tuncel, 2004; Margui et al., 2005; Purvis et al., 2007); or 
ICP-mass spectrometry (MS; Nguyen et al., 1998; Simone� et al., 2003; Monna et al., 2006; 
Purvis et al., 2007), analysis for trace elements. The most commonly measured elements are Al, 
K, Ca, Ti, Cr, Fe, Cu, Zn, As, Rb, Sr, Cd, Ba, and Pb.

 Standard reference material such as IAEA 388 for lichens has been developed for 24 
elements (i.e., Na, Mg, Al, K, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr, Mo, Cd, Cs, Hg, Th, 
and U). These standards are recommended for AAS, ICP-AES, ICP-MS, XRF analyses and/or INAA 
of trace elements (De Regge et al., 2001; Sha et al., 2002; Ayrault et al., 2007). MDLs by XRF and 

® The pellet or thin-film Mylar  samples are submi�ed for: 1) XRF analysis (de Ruiz et al., 
2002; Bamford et al., 2004) or instrumental neutron ac�va�on analysis (INAA; Kumar et al., 
1989; Yenisoy-Karakas and Tuncel, 2004; Monna et al., 2006) for elements; 2) gamma 

210 210spectrometric analysis of Po and Pb isotopes (Ugur et al., 2003); 3) scanning electron 
microscopy (SEM) for element mapping across the lichen-rock interface (Williamson et al., 
1998) or morphology (Purvis et al., 2003); and 4) Ruthaford backsca�ering spectrometry (RBS) 
for elements (Bamford et al., 2004).
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 Light transmission through the Teflon filters is measured using the Tobias (Ivyland, PA) 
TBX-10 Densitometer.

1.3 Light Transmission (b ) Analysisabs

 This instrument  is used to measure op�cal density (OD) :

 Unexposed and exposed Teflon-membrane and polycarbonate-membrane filters are 
equilibrated at a temperature of 21.5 ± 1.5 °C and a rela�ve humidity of 35 ± 5% for a minimum 
of 24 hours prior to weighing. Weighing is performed on a Me�ler MT-5 electro microbalance 
(Toledo, OH, USA) with ±0.001 mg sensi�vity. The charge on each filter is neutralized by 
exposure to a polonium source (Po-210) for 30 seconds prior to the filter being placed on the 
balance pan.

ICP-MS are listed in Table 1.

 The balance is calibrated with a series of three Class 1 weights (50, 100, and 200 mg) and 
the tare is set prior to weighing each batch of filters. A�er every 10 filters are weighed, the 
calibra�on and tare are re-checked. If the results of these performance tests deviate from 
specifica�ons by more than ±5 µg, the balance is re-calibrated. If the difference exceeds ±10 µg 
for ini�al weights, or ± 15 µg for final weights, the balance is recalibrated and the previous 10 
samples are re-weighed. All ini�al weights and 30% of the final weights are checked by an 
independent technician and samples are re-weighed if these check-weights do not agree with 
the original weights within ± 10 µg for ini�al weights, or ± 15 µg for final weights. Pre- and post-
weights, check weights, and re-weights (if required) are recorded on data sheets as well as 
being directly entered into a database via an RS232 connec�on. 

1.2 Gravimetric Analysis

 The net change in light absorp�on is calculated as a simple arithme�c difference 
between ini�al and final OD readings, the difference being a�ributable to the deposit collected 
on the filters.

 where T = light transmi�ed through a par�cle filter where b refers to a blank filter and 
the l refers to a loaded filter. The instrument is adjusted so T = 1.0 (OD = 0.00) when no filter is 
present.

 Laboratory blanks (2% for each batch) are measured for OD at the same �me as the 
sampled filters to serve as quality controls. The OD of these controls should not change by more 
that 0.01 (unitless). If the change exceeds 0.01, the value is incorporated by addi�on or 
subtrac�on to the OD of the exposed filters.
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 Light transmission through the Teflon filters is measured using the Tobias (Ivyland, PA) 
TBX-10 Densitometer.

1.3 Light Transmission (b ) Analysisabs

 This instrument  is used to measure op�cal density (OD) :

 Unexposed and exposed Teflon-membrane and polycarbonate-membrane filters are 
equilibrated at a temperature of 21.5 ± 1.5 °C and a rela�ve humidity of 35 ± 5% for a minimum 
of 24 hours prior to weighing. Weighing is performed on a Me�ler MT-5 electro microbalance 
(Toledo, OH, USA) with ±0.001 mg sensi�vity. The charge on each filter is neutralized by 
exposure to a polonium source (Po-210) for 30 seconds prior to the filter being placed on the 
balance pan.

ICP-MS are listed in Table 1.

 The balance is calibrated with a series of three Class 1 weights (50, 100, and 200 mg) and 
the tare is set prior to weighing each batch of filters. A�er every 10 filters are weighed, the 
calibra�on and tare are re-checked. If the results of these performance tests deviate from 
specifica�ons by more than ±5 µg, the balance is re-calibrated. If the difference exceeds ±10 µg 
for ini�al weights, or ± 15 µg for final weights, the balance is recalibrated and the previous 10 
samples are re-weighed. All ini�al weights and 30% of the final weights are checked by an 
independent technician and samples are re-weighed if these check-weights do not agree with 
the original weights within ± 10 µg for ini�al weights, or ± 15 µg for final weights. Pre- and post-
weights, check weights, and re-weights (if required) are recorded on data sheets as well as 
being directly entered into a database via an RS232 connec�on. 

1.2 Gravimetric Analysis

 The net change in light absorp�on is calculated as a simple arithme�c difference 
between ini�al and final OD readings, the difference being a�ributable to the deposit collected 
on the filters.

 where T = light transmi�ed through a par�cle filter where b refers to a blank filter and 
the l refers to a loaded filter. The instrument is adjusted so T = 1.0 (OD = 0.00) when no filter is 
present.

 Laboratory blanks (2% for each batch) are measured for OD at the same �me as the 
sampled filters to serve as quality controls. The OD of these controls should not change by more 
that 0.01 (unitless). If the change exceeds 0.01, the value is incorporated by addi�on or 
subtrac�on to the OD of the exposed filters.
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 The OD measurements are input into a database file for data processing. These 
calcula�ons are performed u�lizing the database programs. The OD measurements (unitless) 

-6are converted to b  values (units of 1/Mm or m ) by:abs

 Replicate measurements are performed for both ini�al and final measurements on 
randomly selected filters at the rate of 30%. The precision of the replicate measurements (both 
pre- and post-sampling values) are propagated and reported as analy�cal uncertain�es.

 The factor 2.303 converts the base 10 logarithmic rela�onship of the OD measurements 
to the natural logarithmic b  values. abs

1.4    Elemental Analysis

 Analysis of filter samples using the PANaly�cal Epsilon 5 XRF analyzer (Almelo, The 
Netherlands) is based on energy dispersive X-ray fluorescence (ED-XRF) of elemental 
components in a thin film sample. The emissions of x-ray photons from the sample are 
integrated over �me and yield quan�ta�ve measurements of 51 elements ranging from 
aluminum (Al) through uranium (U) and semi-quan�ta�ve measurements of sodium (Na) and 
magnesium (Mg). A spectrum of X-ray counts versus photon energy is acquired and displayed 
during analysis, with individual peak energies corresponding to each element and peak areas 
corresponding to elemental concentra�ons. The advantages of XRF analysis include high 
sensi�vity for a number of elements, the ability to analyze small quan��es of sample, and the 
non-destruc�ve nature of the analysis. In addi�on, because XRF depends on the quantum 
absorp�on and emission of photons at the M, L, and K orbitals, the technique is insensi�ve to 
the chemical state of the elements. Disadvantages include the subjec�on of the sample to a 

-vacuum, resul�ng in loss of some vola�le species such as hydrocarbons, NH3, NO3 , chlorine 
(Cl), and bromine (Br).

1.4.1 		X-ray	Fluorescence	for	Multiple	Elements

 The source of X-rays in the PANaly�cal Epsilon 5 analyzer is a side window X-ray tube 
with a gadolinium (Gd) anode. X-rays are focused on one of 11 secondary targets (e.g., Al, Ca, Ti, 
Fe, Ge, Zr, Mo, Ag, Cs, Ba, Ce) which in turn emit polarized X-rays used to excite a sample. X-rays 
from a secondary target or the tube are absorbed by the sample, exci�ng electrons to high level 
orbitals. As the electrons return to their ground state, photons are emi�ed which are 
characteris�c of the quantum level jumps made by the electron; the energy of the emi�ed 
photons are, therefore, characteris�c of the elements contained in the sample. The fluoresced 
photons are detected in a solid state germanium X-ray detector. Each photon that enters the 
detector generates an electrical charge whose magnitude is propor�onal to the photon's 
energy. The electrical signals from the detector are sorted into energy channels, counted, and 
displayed. A sample spectrum consists of characteris�c peaks superimposed on a background 
caused by the sca�er of X-rays from the tube into the detector. Spectra are collected for a 
specified length of �me and stored on disk for later processing.

1.4.2   Induc�vely Coupled Plasma/Mass Spectrometry (ICP-MS)

1.5   Ion Analyses

1.5.1   Ion Chromatographic Analysis for Ions and SO  as SO ⁼2 4

 As shown in Table 4, there are eight different analysis condi�ons developed for the 
Epsilon 5 analyzer for each analysis run to maximize sensi�vity to the full range of elements 
reported. Each of the analysis condi�ons, which correspond to different secondary targets, x- 
ray tube voltage and current, and energy detec�on range, is designed for a specific group of 
elements.

 The 16 Rare earth elements and four Pb isotopes listed in Table 1 are measured with the 
Thermo Elemental X-7 (Waltham, MA) induc�vely coupled plasma-mass spectrometer (ICP-
MS). As described in Sec�on 7.1.3, filter samples are digested in an acidic solu�on and the 
resultant 50 ml of the liquid sample is introduced into the system where individual elements 
are measured. ICP-MS provides one to three orders of magnitude lower MDLs as those from 
XRF. This is evident by the comparison of seven elements (i.e., Cs, Ba, La, Ce, Sm, Eu and Tb), 
shown in Table 1, that are quan�fied by both ICP-MS and XRF.

- - - 3- Water-solubleions (Cl , NO2 , NO3 , PO4 , and SO4⁼) are measured with the Dionex ICS-
3000 ion chromatograph (IC; Sunnyvale, CA), wherein an ion-exchange column separates the 

 A pump is used to draw 5 – 10 ml of the liquid sample solu�on into a nebulizer. The 
nebulized solu�on is then passed through a plasma torch, which ionizes the dissolved metals. 
The ionized metals pass through a skimmer and sampler cone and then enter a quadrupole. 
The quadrupole filters out all ions except for those within a narrow range of mass-to-charge 
ra�o. The ion within this mass-to-charge ra�o is then detected by a dynode detector (electron 
photomul�plier). The quadrupole is controlled to allow a series of ions with different mass-to- 
charge ra�os pass through it, permi�ng a series of different elements to be detected. The ion 
signal detected by the dynode detector is propor�onal to the amount of the element present in 
the solu�o
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- Approximately 2 ml from a quartz-fiber or K2CO3  impregnated cellulose-fiber filter 
extract is injected into the IC. The resul�ng peaks are integrated and the peak integrals are 
converted to concentra�ons using calibra�on curves derived from solu�on standards. The 

- - - - =  Dionex system for the analysis of Cl , NO2 , NO3 , PO , and SO4  contains a guard column(AG14 3

column, Cat. No. 046134) and an anion separator column (AS14 column, Cat. No. 046129) with 
a strong basic anion exchange resin, and an anion micro membrane suppressor column (250 × 4 
mm ID) with a strong acid ion exchange resin. The anion eluent consists of 0.0035 M sodium 
carbonate (Na CO ) and 0.001 M sodium bicarbonate (NaHCO3) prepared in DDW. The DDW is 2 3

verified to meet ATSM Type 1 specifica�ons prior to prepara�on of the eluent. For quan�ta�ve 
determina�ons, the IC is operated at a flow rate of 2.0 ml/min.

sample ions in �me for individual quan�fica�on by a conduc�vity detector. Prior to detec�on, 
the column effluent enters a suppressor column where the chemical composi�on of the 
component is altered, resul�ng in a matrix of low conduc�vity. The ions are iden�fied by their 
elu�on/reten�on �mes and are quan�fied by the conduc�vity peak area.

 The NIST traceable primary standard solu�ons are purchased either from ERA (Arvada, 
CO) or Dionex (Sunnyvale, CA). Calibra�on standards at concentra�on levels of 100 µg/ml are 
prepared at least once each month by dilu�ng the primary standard solu�on to concentra�ons 
covering the range of concentra�ons expected in the filter extracts and stored in a refrigerator. 
The calibra�on concentra�ons prepared are at 0.05, 0.1, 0.2, 0.5, 1.0, 2.0 and 3.0  g/ml for each 
of the analysis species. Calibra�ons are performed daily. Chemical compounds are iden�fied by 
matching the reten�on �me of each peak in the unknown sample with the reten�on �mes of 
peaks in the chromatograms of the standards.

Table 4. Summary of eight analysis condi�ons applied to PANaly�cal Epsilon 5 analysis at DRI's 
Environmental Analysis Facility (EAF).
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 A DDW blank is analyzed a�er every 20 samples and a calibra�on standard is analyzed 
a�er every 10 samples. These quality control checks verify the baseline and calibra�on, 
respec�vely. Environmental Research Associates (ERA, Arvada, CO) standards are used daily as 
an independent quality assurance (QA) check. These standards (ERA Wastewater Nutrient and 
ERA Mineral WW) are NIST traceable. If the values obtained for these standards do not coincide 
within a pre-specified uncertainty level (typically three standard devia�ons of the baseline 
level or ±5%), the samples between that standard and the previous calibra�on standards are re-
analyzed.

 A�er analysis, the printout for each sample in the batch is reviewed for the following:

1) proper opera�onal se�ngs, 2) correct peak shapes and integra�on windows, 3) peak 
overlaps, 4) correct background subtrac�on, and 5) quality control sample comparisons. When 
values for replicates differ by more than ±10% or values for standards differ by more than ±5%, 
samples before and a�er these quality control checks are designated for re-analysis in a 
subsequent batch. Individual samples with unusual peak shapes, background subtrac�ons, or 
devia�ons from standard opera�ng parameters are also designated for re-analysis. Dionex 
Chromeleon so�ware opera�ng on Dell Op�plex microcomputer controls the sample 
throughput, calculates concentra�ons, and records data in the Environmental Analysis Facility 
(EAF) data base

 The Astoria Analyzer Automated Colorimetric System (AC; Astoria Pacific, Clackamas, 
OR, USA) is used to measure NH4⁺ concentra�ons on quartz-fiber or citric acid- impregnated 
cellulose-fiber filter extracts by the indolphenol method. The heart of the AC system is a 
peristal�c pump, which introduces air bubbles into the sample stream. Each sample is mixed 
with reagents and subjected to appropriate reac�on periods before submission to a 
colorimeter. Beer's Law relates the liquid's absorbency to the amount of the ion in the sample. 
A photomul�plier tube measures this absorbency through an interference filter that is specific 
to the species being measured.

1.5.2  Automated Colorimetric Analysis for Ammonium and NH  as NH ⁺3 4

+   Water-soluble NH4  in the extract is reacted with phenol and alkaline sodium
hypochlorite to produce indolphenol, a blue dye. The reac�on is catalyzed by the addi�on of 
sodium nitroprusside. The absorbency of the solu�on is measured at 630 nm. Two milliliters of 
extract in a sample vial is placed in an autosampler that is controlled by a computer. Eight 
standard concentra�ons (i.e., 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, and 10.0 µg/ml) are prepared 

 from ACS reagent-grade (NH4)2SO4. Each set of samples consists of two dis�lled water blanks to
establish a baseline, seven calibra�on standards and a blank, then sets of 10 samples followed 
by analysis of one of the standards and a replicate from a previous batch. The system 
determines carry-over by analysis of a low concentra�on standard following a high 
concentra�on. The percent carry-over is then automa�cally calculated and can be applied to 
the samples analyzed during the run. Astoria's FASPac so�ware opera�ng on Dell Op�plex 
microcomputer controls the sample throughput, calculates concentra�ons, and records data in 
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 Formaldehyde has been found to interfere with the measurements when it is present in 
+an amount that exceeds 20% of the NH4  content. Hydrogen sulfide (H S) interferes with the 2

- =measurements when it is present in concentra�ons that exceed 1 mg/ml. NO3  and SO4  are also 
+poten�al interferents when present at levels that exceed 100 �mes the NH4  concentra�on. 

These levels are rarely exceeded in ambient samples. The precipita�on of the hydroxides of 
heavy metals such as Ca and Mg is prevented by the addi�on of a sodium citrate/sodium 
potassium tartrate buffer to the sample stream.

the EAF data base.

 For rou�ne analysis, up to 120 sample vials containing 1 ml of solu�on per ca�on 
analyzed are loaded into the autosampler. Sets of 13 vials follow each containing 10 ambient 
extracts, one standard, one blank, and one replicate from a previous batch. Samples are re- 
analyzed when quality control standards differ from specifica�ons by more than ±5% or when 
replicates (at levels exceeding 10 �mes detec�on limits) differ by more than ±10%.

 Approximately 1 – 2 ml of quartz-fiber filter extract are aspirated into an air/acetylene 
flame at approximately 0.5 ml/min. The output of the photomul�plier is recorded at a rate of 
two readings per second. These are averaged over 2.5-second intervals and compared to the 
results from the standard analysis over the same averaging �mes.

1.5.3  Atomic Absorp�on Spectrophotometric Analysis for Water-Soluble Ca�ons

 NIST traceable ICP grade standards at concentra�on levels of 1,000 µg/ml are used for 
stock standard solu�ons. Stock solu�ons are diluted monthly for use as calibra�on standards. 
Ioniza�on interference is eliminated by addi�on of cesium chloride (CsCl) to samples and 
standard solu�ons. Varian SpectrAA Pro so�ware opera�ng on Dell Op�plex microcomputer 
controls the sample throughput, calculates concentra�ons, and records data in the EAF data 
base.

 The thermal/op�cal reflectance/transmi�ance (TOR/TOT) method using the DRI Model 
2001 Thermal/Op�cal Carbon Analyzer (Atmosly�c, Inc., Calabasas, CA, USA) measures OC and 
EC, carbon frac�ons, and carbonate following the IMPROVE_A protocol (Chow et al., 2007a). 
This method is based on the principle that different types of carbon- containing par�cles are 
converted to gases under different temperature and oxida�on condi�ons. The different carbon 
frac�ons are useful for comparison with other methods that are specific to a single defini�on 
for OC and EC. The seven carbon frac�ons are:

1. The carbon evolved in a helium atmosphere at temperatures between 

1.6   Thermal/Op�cal Carbon Analysis

 A Varian SpectrAA 880 Double Beam Atomic Absorp�on Spectrometer (Varian, Palo 
+ ++ + ++Alto, CA, USA) is used to analyze quartz-fiber filter extracts for Na , Mg , K , and Ca . A hollow-

cathode lamp emits wavelengths appropriate for each analysis. The monochrometer is set at 
+ ++ + ++589 nm for Na , 285.2 nm for Mg , 766.5 nm for K  and 422.7 nm for Ca  .
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2. The carbon evolved in a helium atmosphere at temperatures between 140 °C 
and 280 °C (OC2)

3. The carbon evolved in a helium atmosphere at temperatures between 280 °C 
and 480 °C (OC3)

4. The carbon evolved in a helium atmosphere between 480 °C and 580 °C 
(OC4)

5. The carbon evolved in an oxidizing atmosphere at 580 °C (EC1)

ambient and 140 °C (OC1)

6. The carbon evolved in an oxidizing atmosphere between 580 °C and 740 °C 
(EC2)

7. The carbon evolved in an oxidizing atmosphere between 740 °C and 840 °C 
(EC3)

 The DRI Model 2001 consists of a thermal system and an op�cal system.  The thermal 
system consists of a quartz tube placed inside a coiled heater. Current through the heater is 

2controlled to a�ain and maintain pre-set temperatures for given �me periods. An 0.5 cm  
punch of a quartz-fiber filter is placed in the hea�ng zone and heated to different temperatures 
under non-oxidizing and oxidizing atmospheres. The op�cal system consists of a helium-neon 
(He- Ne) laser, a fiber op�c transmi�er and receiver, and a photocell. The filter deposit faces a 
quartz light tube so that the intensity of the reflected laser beam can be monitored throughout 
the analysis.

 As the temperature increases from ambient (~25 °C) to 580 °C, organic compounds are 
vola�lized from the filter in a non-oxidizing helium (He) atmosphere while elemental carbon is 
not oxidized. When O2 is added to the He atmosphere at temperatures >580 °C, the EC burns 
and enters the sample stream. The evolved gases pass through an oxidizing bed of heated 
manganese dioxide (MnO2) at 850 °C, where they are oxidized to CO2, then across a heated 

 nickel catalyst which reduces the CO2 to CH4. The CH4 is then quan�fied with a flameioniza�on 
detector (FID).

 The reflected laser light for reflectance and transmi�ance is con�nuously monitored 
throughout the analysis cycle. The nega�ve change in laser signal is propor�onal to the degree 

 of pyroly�c conversion from OC to EC that takes place during OC analysis. A�er  O2  is
introduced, the laser signal increases rapidly as the light-absorbing carbon is burned off the 
filter. The TOR method by IMPROVE_A protocol has been adopted in the U.S. non-urban 
IMPROVE and urban STN/CSN networks for long-term monitoring. The carbon measured a�er 
the reflectance a�ains the value it had at the beginning of the analysis cycle is classified as EC. 
This adjustment for pyrolysis (i.e., op�cal pyrolysis [OP]) in the analysis is significant, as high as 
25% of OC or EC, and cannot be ignored.  OC and EC are calculated as OC = OC1 + OC2 + OC3 + 
OC4 + OP and EC = EC1 + EC2 + EC3 - OP.
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=   Carbonate carbon (CO ) is determined by measuring the CO2 evolved uponacidifica�on 3

of the sample punch before the normal carbon analysis procedure. The sample punch is 
acidified by injec�ng 20 µl of 0.4 M HCl through the septum port onto the sample punch, CO2 

 evolved is measured and a�er 600 seconds, the carbon analysis method specified above is 
ini�ated.

 The system is calibrated by analyzing samples of known amounts of CH4, CO2, sucrose, 
and KHP. The FID response is ra�oed to a reference level of CH4 injected at the end of each 
sample analysis. Performance tests of the instrument calibra�on are conducted at the 
beginning and end of each day's opera�on. Intervening samples are re-analyzed when 
calibra�on changes of more than ±10% are found.

 Known amounts of American Chemical Society (ACS) cer�fied reagent grade crystal 
sucrose and KHP are commi�ed to carbon analysis as a verifica�on of the OC frac�ons. Fi�een 
different standards are used for each calibra�on. Widely accepted primary standards for OC 
and EC are s�ll lacking.

1.7 Organic Specia�on

 Organic markers have been used to a�ribute PM or OC to pollu�on sources. The 
composi�on of the organic species is illustrated in Figure 5. A series of water and/or solvent 
extrac�on and deriva�za�on is needed to further speciated non-polar and polar organics 
(Mauderly and Chow, 2008). For the acquired source samples, carbon specia�on is conducted 
for both non-polar and polar (i.e., water-soluble frac�ons only) organic compounds. As shown 
in Table 5 (Chow et al., 2007ba), solvent extrac�on requires a large filter aliquot with high 
loadings, which is not suitable for specia�on of individual source samples.

 The following sub-sec�ons document the procedure for: 1) TD-GC-MS for non-polar 
organics, and 2) thermal/op�cal carbon for total WSOC, HPLC for the three major WSOC 
classes, and IC and HPLC for carbohydrates, organic acids, and HULIS.

1.7.1  Thermal Desorp�on-Gas Chromatography-Mass Spectrometry (TD-GC-MS) for  non-polar 
organic compounds

 In-injec�on port TD-GC-MS is a cost-effec�ve alterna�ve approach for qualita�ve and 
quan�ta�ve analysis of non-polar organic compounds on aerosol loaded filters (Ho and Yu, 
2004). This approach does not require any modifica�on of exis�ng GC-MS or an external 
thermal desorp�on device. It has unique advantages of reduced labor and �me by avoiding 
sample pre-treatment as opposed to solvent extrac�on. With the TD method, the total �me 
requires to do one filter sample is only an hour, compared to over 10 hours with solvent 
extrac�on followed by a complicated volume reduc�on approach. In addi�on, the TD method 
requires less filter material for analysis. This method also eliminates the use of large amount of 
organic solvents, which is more environmental friendly and greatly reduces analysis costs. The 
suitable analysis condi�ons such as TD �me and dura�on were iden�fied for the analysis > 120 
non-polar organic species, including n-alkanes (n-C14 to n-C44), iso/anteiso-alkanes, hopanes, 
steranes, other alkanes, alkenes, phthalates, and PAHs. The TD method also provides low 
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 For analysis, filter punches are removed from the filter using a stainless steel punch over 
a clean glass plated surface. Two µl of two internal standard solu�ons (i.e., nC24D50 for alkanes 
and phenanthrene-d10 for PAHs) are applied to the filter punches. A�er air-drying for a few 
seconds to allow evapora�on of the organic solvent, each filter piece is divided into four 
roughly equal por�ons with a blade to facilitate loading of the filter pieces. The pieces are then 
inserted into a Pyrex glass tube (78 mm long, 4 mm I.D., and 6 mm O.D., Hong Kong University). 
A small amount of pre-baked glass wool is used as a plug for holding the filter parts in posi�on. 
The loaded tubes are stored inside capped test tubes before analysis

2 In this approach, small strips (1 to 3 punches of 1.354 cm  – depending on sample 
loading) of aerosol-laden filter materials are packed into a GC split/splitless injector liner. The 
organic compounds on the filter are thermally desorbed in the injec�on port and focused onto 
the head of a GC column for subsequent separa�on and MS detec�on using an Agilent 6890 GC 
(Santa Clara, CA) coupled to an Agilent 5973 or 5975 model MSD. No instrument modifica�on is 
needed to accommodate the introduc�on of the aerosol organics into the GC- MS system.

minimum detec�on limits (MDLs; shown in Table 1) ranging from being comparable to 50 �mes 
lower in comparison with the solvent extrac�on method (Ho et al., 2008). Data derived from TD 
organic specia�on can be used in source appor�onment to further separate sources with 
similar chemical abundances.
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 Quan�fica�on of an individual compound is based on the peak area ra�o between the 
analyte and the respec�ve internal standard. The peak area for a given compound is the peak 
area for the quan�fica�on ion, not the total ion current. Calcula�on of the concentra�on in 
ng/sample of target compound X, is calculated as:
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1.7.2.a  Thermal/Op�cal Carbon Analysis for Total WSOC

 For WSOC specia�on, the total WSOC is first separated into three major classes: 
neutral/basic compounds (NC); mono- and dicarboxylic acids (MDA); and polycarboxylic acid 
(PA; Decesari et al., 2000) as shown in Figure 6. For each of the three major classes, a subset of 
17 carbohydrates, 9 organic acids (i.e., four monocarboxylic and five dicarboxylic acids), and 
HULIS are acquired. The following sub-sec�ons document details of the five separate analyses 
for: 1) total WSOC; 2) three major WSOC classes; 3) carbohydrates; 4) organic acids; and 5) 
HULIS.

 Specia�on of WSOC is tradi�onally carried out by GC-MS (Brown et al., 2002). Since 
WSOC compounds have been found to be primarily polar in nature, the sample extrac�on, 
deriva�za�on, and iden�fica�on process using GC-MS is complicated. Recent studies (e.g., 
Decesari et al., 2000; Chang et al., 2005a) allow the specia�on of WSOC by HPLC and IC using 
water extract without solvent extrac�on. Decesari et al. (e.g., Decesari et al., 2001; 2005) 
shows that these three classes of WSOC account for 60 – 80% of total WSOC, and this is a cost-
effec�ve way to understand the composi�on of WSOC by a single HPLC analysis. Five ml of 
quartz-fiber filter extract is filtered with a 0.2 µm PTFE syringe filter prior to HPLC  and  IC  
analyses.

1.7.2.b HPLC-UV/Vis for Three Major WSOC Classes

 Water-soluble organic compounds have been related to mul�-media environmental 
efforts in air quality, visibility, radia�ve forcing (Novakov and Penner, 1993; Novakov and 
Corrigan, 1996), climate, and health effects. They account for 20 – 70% of total aerosol carbon 
(Saxena and Hildemann, 1996), and the frac�onal abundance of WSOC species in pollu�on 
sources can be used in modeling of SOA as well as for source appor�onment.

1.7.2 Total and Speciated WSOC Analyses

 To determine the total WSOC, the DRI Model 2001 thermal/op�cal carbon analyzer was 
modified by removing the quartz boat that is placed in the pushrod thermocouple and 
replacing it with a pla�num boat that is shaped like a small trough. A microsyringe is used to 
inject 20 – 100 µl of quartz-fiber filter extract (depending on the sample loading) into the 
pla�num boat. Since laser reflec�on and transmi�ance cannot be monitored, a specific 
protocol was developed for analyzing total WSOC. It includes only one temperature step of 900 
°C in a 98% He/2% O2 environment, with an analysis �me of 10 minutes per sample run. The 

 MDLfor this method is 9.7 µg C/sample.

where s and b are the slope and the intercept for the calibra�on linear curve, respec�vely.
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 Several carbohydrates in the NC class can poten�ally serve as markers for source 
appor�onment. For example, the presence of levoglucosan, mannosan, and galactose has 
been linked to biomass burning (Engling et al., 2006). There are 17 carbohydrates from C3 to C12 

that can be detected and quan�fied by IC with pulsed amperometric detector (PAD): glycerol, 
erythritol, arabinose, xylose, arabitol, xylitol, levoglucosan, mannosan, galactose, fructose, 
glucose, inositol, sorbitol, mannitol, trehalose, sucrose, and mal�tol. Detec�on and 
quan�fica�on of these compounds is carried out with a Dionex ICS 3000 series ion 
chromatograph (Sunnyvale, CA) consis�ng of a CarboPac MA1 analy�cal column (4 × 250 mm, 
Cat. No.044066 ), a CarboPac MA1 guard column (4 × 50 mm, Cat. No.044067) and a GM-4 (2 
mm, Cat. No.049135) gradient mixer, with a 600 mM NaOH eluent and a flow rate of 0.400 
ml/min. Detec�on is carried out with a Dionex ED50 electrochemical detector (ECD; Sunnyvale, 
CA, USA) equipped with a Dionex ED50/ED50A Electrochemical Cell, u�lizing disposable gold 
electrodes and PAD. The analytes are iden�fied by their reten�on �mes and quan�fied by the 
amperometric peak areas.

 In the MDA class, four monocarboxylic acids from C1 to C4 (i.e., formic, ace�c, 
 methanesulfonic, and lac�c) and five dicarboxylic acids from C2 to C5 (i.e., oxalic, malonic,

maleic, succinic, and glutaric) are analyzed by IC with conduc�vity detector. Oxalic acid is the 
most abundant organic acid in aerosol samples and has been found to correlate posi�vely with 
the concentra�on of HULIS (Samburova et al., 2005). For these nine organic acids, the IC is 
equipped with an IonPac AS11-HC (4 × 250 mm, Cat. No. 052960) analy�cal column, an IonPac 
AG11-HC (4 × 50 mm, Cat. No. 052962) guard column, and an ATC-3 anion trap column (4 mm, 
Cat. No. 059660) with a 100 mM NaOH eluent and a flow rate of 1.5 ml/min. A Dionex ED50 ECD 
is used based on conduc�vity detec�on, along with a Dionex DS3 Detec�on Stabilizer 
Conduc�vity Cell (Cat. No. 044130). A Dionex ASRS-ULTRA11 suppressor (4 mm), operated in 
the anion self-regenera�ng suppression mode, is also included in this configura�on to suppress 
the eluent signal. The analytes are iden�fied by their reten�on �mes and are quan�fied by the 
conduc�vity peak areas.

 For the three major WSOC classes, 30 µl of filter extract is injected into a 1200 series 
Agilent HPLC with vacuum degasser, diode array detector, and quaternary pump (Santa Clara, 
CA), u�lizing an anion exchange column (7.5 × 7.5 mm, DEAE-TSK gel column) and 
UV/Visdetec�on at 254 nm (Engling et al., 2006; Falkovich et al., 2005)). The ini�al mobile phase 
is pure DDW, the composi�on is then changed linearly to a final mobile phase composi�on that 

 is 0.4 M NaClO4, 0.02 M TRIS (tris-hydroxymethyl-aminomethane), and 10% methanol. ThepH 
of the buffer eluent is maintained at 8.0. The integrated areas of the HPLC-UV/Vis 
chromatogram corresponding to the three different classes are next calibrated in terms of 
carbon concentra�on (Decesari et al., 2001). Agilent Chemsta�on so�ware opera�ng on a Dell 
computer controls the HPLC runs, integrates peak areas, and records data into the EAF data 
base. Each run takes ~ 50 minutes for comple�on. The sum of the three WSOC classes and the 
unresolved frac�on from this analysis can be compared with total WSOC from thermal/op�cal 
carbon analysis as part of QA/QC procedures.                   
1.7.2.c   IC-PAD for Carbohydrates and IC-Conduc�vity Detector for Organic Acids
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Figure 6. WSOC specia�on for: a) three WSOC classes (neutral/basic compounds [NC]; 
mono/dicarboxylic acids [MDA]; polycarboxylic acids [PA]); b) carbohydrates; c) organic acids 
(i.e., MDA); and d) humic-like substances (HULIS).
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1.7.2.d  HPLC-SEC-ELSD-UV/Vis for Humic-like Substances (HULIS)

 The PA class of WSOC primarily includes HULIS, which are similar to terrestrial and 
aqua�c humic substances. HULIS in aerosol samples can account for 80 – 90% of PA and 15– 
60% of total WSOC (Graber and Rudich, 2006; Emmenegger et al., 2007). Due to the 
heterogeneous nature of HULIS, individual compound iden�fica�on and quan�fica�on 
remains a challenge. For the acquired source samples, the water-soluble frac�on of HULIS is 
isolated and quan�fied by combining solid-phase extrac�on (SPE; using Waters HLB Oasis SPE 
cartridges; Varga et al., 2001) with HPLC, u�lizing a size-exclusion column (SEC), evapora�ve 
light sca�ering (ELSD) and UV/Vis detec�on (254 nm).

 Aqueous HULIS samples are separated using an Agilent 1200 series HPLC equipped with 
a vacuum degasser, quaternary pump, diode array detector, thermosta�ed column 
compartment (Waters Ultrahydrogel 120 column; 7.8 × 300 mm, WAT011520) and an Agilent 
35900E dual channel interface. An Alltech 3300 ELSD unit (Grace Davison Discovery Science, 
Deerfield, IL) is used for quan�fica�on of HULIS. ELSD provides a few advantages over 
tradi�onal HULIS detec�on methods (e.g., spectroscopic detec�on) in that it is not dependent 
on op�cal proper�es, therefore standards with iden�cal op�cal proper�es (which are 
unavailable) are unnecessary (Emmenegger et al., 2007). This detec�on method follows three 
steps: 1) nebuliza�on of column effluent, 2) evapora�on of solvent, and 3) light-sca�ering by 
aerosol par�cles.

 The SPE step involves the acidifica�on of the quartz-fiber filter extract to pH = 2 with HCl 
(Varga et al., 2001). Prior to SPE, the Waters HLB Oasis cartridges are washed with 1.0 ml of 
DDW, then condi�oned with 1.0 ml of a 5% methanol solu�on. Subsequent to this, 1.0 ml of the 
acidified filter extract is put through the SPE cartridge, the HULIS frac�on is retained by the HLB 
column, then eluted from the SPE cartridge with methanol. Following collec�on of the eluted 
HULIS frac�on, the extract is evaporated and the solid HULIS is then re-dissolved in DDW. A�er 
re-dissolu�on, the HULIS solu�on is then separated and quan�fied by HPLC- SEC-ELSD-UV/Vis.

 The HPLC-UV/Vis, IC-PAD, and IC-conduc�vity detec�on methods require 30 µl of 
sample extract each. Peak integrals are converted to concentra�ons using calibra�on curves 
derived from standard solu�ons, which are run with every analysis. Standards are purchased 
from Aldrich (St. Louis, MO), and calibra�on concentra�ons are prepared monthly at 0.5, 1.0, 
2.5, 5.0, 7.5, 10, and 20 µg/ml, these standards are then stored in a refrigerator.

 A DDW (blank), replicate, and calibra�on standard are analyzed a�er every 10 samples 
to verify quality control. If the obtained values for these samples do not coincide within a pre- 
specified uncertainty level, the samples between that standard and the previous calibra�on 
standards are re-analyzed.

 Following analysis, the report for each sample in  the batch is  examined for the 
following: 1) correct experimental se�ngs, 2) correct peak shapes and integra�on, 3) peak 
overlap, 4) appropriate baseline correc�on, and 5) quality control sample comparisons. Any 
samples failing to meet the criteria above are designated for re-analysis.

1.8  Quality Assurance/Quality Control

1.8.1  Analy�cal Specifica�ons

● A measurement is an observa�on at a specific �me and place which possesses: 1) 
value– the center of the measurement interval; 2) precision – the width of the 
measurement interval; 3) accuracy – the difference between measured and reference 
values; and 4) validity – the compliance with assump�ons made in the measurement 
method.

● Measurement method validity is the iden�fica�on of measurement method 
assump�ons, the quan�fica�on of effects of devia�ons from those assump�ons, the 
evalua�on that devia�ons are within reasonable tolerances for the specific applica�on, 
and the crea�on of procedures to quan�fy and minimize those devia�ons during a 
specific applica�on.

● Sample valida�on is accomplished by procedures that iden�fy devia�ons from 
measurement assump�ons and the assignment of flags to individual measurements for 
poten�al devia�ons from assump�ons.

 Every measurement consists of: 1) a value; 2) a precision; 3) an accuracy; and 4) a 
validity (Hidy, 1985; Watson et al., 1989; 1995). The measurement methods described in this 
Sec�on are used to obtain the “value”. Performance tes�ng via regular submission of 
standards, blank analysis, and replicate analysis can be used to es�mate the “precision”. The 
submission and evalua�on of independent standards through quality audits are used to 
es�mate “accuracy”. “Validity” applies both to the measurement method and to each 
measurement taken with that method. The validity of the methods was evaluated by tests 
described in Sec�on 1.8.3.

1.8.2 Defini�ons of Measurement A�ributes

● A measurement method is the combina�on of equipment, reagents and procedures 
which provide the value of a measurement. The full descrip�on of the measurement 
method requires substan�al documenta�on. For example, two methods may use the 
same sampling systems and the same analysis systems. These are not iden�cal 
methods, however, if one performs acceptance tes�ng on the filter media while the 
other does not. Seemingly minor differences between methods can result in major 
differences between measurement values.

● Equivalence: The only equivalence criteria found is for U.S. EPA PM  compliance 2.5

network mass concentra�ons, in that U.S. EPA (1997) requires Federal Equivalent 
Methods (FEM) to meet the following requirements when collocated with an Federal 

3Reference Method (FRM): 1) collocated precision of 2 µg/m  or 5% (whichever is larger); 
32) linear regression slope of 1 ± 0.05; 3) linear regression intercept of 0 ± 1 µg/m ; and 4) 

linear regression correla�on coefficient (r) of ≥ 0.97 (U.S. EPA, 1997). Although these 

 Chemically speciated data are evaluated for their precision, accuracy, and validity. The 
following sub-sec�ons define the analy�cal specifica�ons and document measurement 
a�ributes.

 Precision, accuracy and validity of the aerosol measurements are defined as follows 
(Chow et al., 1993):
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● Level I sample valida�on: 1) flags samples when significant devia�ons from 
measurement assump�ons have occurred; 2) verifies computer file entries against data 
sheets; 3) eliminates values for measurements that are known to be invalid because of 
instrument malfunc�ons; 4) replaces data from a backup data acquisi�on system in the 
event of failure of the primary system; and 5) adjusts the values for quan�fiable 
calibra�on or interference biases. Tables 7-6 amd 7-7 summarize field and laboratory 
valida�on flags, respec�vely.

● Comparability: Within stated precision intervals, the criteria for comparability are met 
when: 1) the slope (by either ordinary least squares [OLS] or effec�ve variance [EV] 
weigh�ng) equals unity within three standard errors, or average ra�os (Y/X) equal unity 
within one standard devia�on; 2) the intercept does not significantly differ from zero 
within three standard errors; and 3) the correla�on coefficient exceeds 0.9 (Berkson, 
1950; Kendall, 1951; Madansky, 1959). This is a less demanding defini�on than 
equivalence because it considers the reported precisions of the two measurements 
being compared.

1.8.3    Data Valida�on

● Level 0 sample valida�on: This is applied to data as they come off the instrument. This 
process ascertains that the field or laboratory instrument is func�oning.

● Predictability: Some measures, such as light sca�ering by TSI DusTrak (St. Paul, MO, 
USA) as a PM surrogate can be correlated with filter-based PM  or PM  even though 2.5 10

they measure different proper�es. The criterion for predictability between two 
measurements is met when the correla�on coefficient exceeds 0.9, although the slope 
may substan�ally deviate from unity and the intercept from zero. Predictability may be 
qualified, especially when there is high correla�on for all but a few outlier 
measurements. The regression equa�on is used to es�mate mass concentra�ons from 
the measured observable.

● Completeness measures how many environmental measurements with specified 
values, precisions, accuracies, and validi�es were obtained out of the total number 
a�ainable. It measures the applicability of the selected measurement processes 
throughout the measurement period. Databases which have excellent precision, 
accuracy and validity may be of li�le use if they contain so many missing values that 
data interpreta�on is impossible

● Level III sample valida�on: This is part of the data interpreta�on process. The first 
assump�on upon finding a measurement inconsistent with physical expecta�ons is the 
unusual value results from a measurement error. If nothing unusual is found upon 

 Data acquired from source sampling is subjected to four data valida�on levels. Level 0 
and Level I are completed by the sampler operators and laboratory analysts. Level II and 
III valida�on are performed by analysis and research personnel.

criteria are specific to PM  mass equivalence, they can also be used for chemical 2.5

composi�on equivalence to maintain consistency.

● Level II sample valida�on: Applies consistency tests to the assembled data based on 
known physical rela�onships between variables. Level II valida�on tests and results are 
described in the following sec�ons. Level II data valida�on tests for physical consistency, 
such as sum of species to mass ra�o, SO ⁼ to sulfur ra�o, and anion to ca�on balances. 4

Data outliers are flagged as suspect in the validated database.

tracing the path of the measurement, the value can be assumed to be a valid result of an 
environmental cause. Unusual values are iden�fied during the data interpreta�on 
process as: 1) extreme values; 2) values which would otherwise normally track the 
values of other variables in a �me series; and 3) values for observables which would 
normally follow a qualita�vely predictable spa�al or temporal pa�ern.

 The following sub-sec�ons document procedures for both field and laboratory data 
valida�ons.
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1.8.3.a   Field data Valida�on

 Data collected from source tes�ng by field operators includes: date, �me, site, 
sampling dura�on, flow rates and site temperature and barometric pressure. From 
these data the volume for each sample is calculated and reported in site actual cubic 
meters. Flow rates are set prior to sampling and verified at the end of the sampling 
period using a calibrated rotameter. Rotameters are calibrated by the DRI QA laboratory 
using a NIST traceable rootsmeter. Field data valida�on flags, shown in Table 6, are 
applied during the valida�on and calcula�on of the sampling volumes.  Volume 
uncertain�es are es�mated to be 5% of the sampling volume.

1.8.3.b   Laboratory Data Valida�on

 Laboratory data valida�on is conducted to ensure the internal consistency of 
PM  or PM  mass and chemical composi�on. Physical consistency is tested for: 1) sum 2.5 10

 -of measured species versus gravimetric mass, 2) SO ⁼ versus total sulfur (S), 3) Cl  versus 4
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chlorine (Cl), 4) K⁺ versus total K, 5) calculated versus measured NH ⁺, and 6) anion and 4

ca�on balance.

 The sum of species should be less than or equal to the corresponding gravimetric 
PM mass loading, since unmeasured species such as O  and hydrogen (H ) are not 2 2

 included. Thiscriteria may not be applicable to source samples if OC is a large frac�on of 
the measured PM mass, and if PM mass concentra�ons are low and some of the organic 
sampling ar�fact may result in sum of species exceeding measured mass by >20%. In 
this case, the source profiles are normalized by the sum of species instead of mass 
concentra�on.

 All ion measurements are performed on the extract from the quartz-fiber filters, 
= SO is measured by IC on quartz-fiber filters, and total S is measured by XRF on Teflon-4

membrane filters. The ra�o of SO ⁼ to S is expected to equal three if all of the S is present 4
= =as SO4 . Water- soluble SO4  should never exceed three �mes the S concentra�on under 

any circumstances.

- - - 3- = The anion and ca�on balance compared the sum of Cl , NO , NO , PO , and SO  2 3 4 4
+ + ++ + ++ 3to the sum of NH , Na , Mg , K , and Ca  in µeq/m , the product of mass concentra�on 

3(in µg/m ) divided by the atomic weight of the chemical species divided by the species' 
charge. Therefore:

- PM Cl  by IC on quartz-fiber filter extract should be less than or equal to total Cl by 
-XRF on Teflon-membrane filters. Cl  is close to the dis�lled water dip and is subject to 

high measurement uncertain�es in IC analysis. Some vola�le Cl may be lost in the 
+vacuum during XRF analysis. Similarly, PM K  measured by AAS on the quartz-fiber filter 

extract should be equal to or less than total K measured by XRF on the Teflon-membrane 
filter.

 In order to further validate the ion measurements, calculated versus measured 
NH ⁺ are compared. NH ⁺ is directly measured by AC analysis of the quartz-fiber filter 4 4

extract. NH ⁺ is found in the chemical forms of NH NO , (NH ) SO , and NH HSO . 4 4 3 4 2 4 4 4

Ammonium chloride (NH Cl) is usually negligible and is not included in the calcula�ons. 4

Assuming full neutraliza�on, measured NH ⁺ can be compared with calculated NH ⁺, 4 4

- -which is the sum of NH NO  with either (NH ) SO  (0.29 × NO  + 0.192 × HSO ), or 4 3 4 2 4 3 4

- 2(NH )HSO  (0.29 × NO + 0.3 × SO .4 4 3 4
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 Bi = average amount of species i on field blanks

Where : 

 Q = flow rate throughout sampling period 

 n = total number of samples in the sum

 s Ci   = propagated precision for the concentration of species I

 σRMSi = root mean square precision for species I 

 T = sample duration

 Bio = the amount of species i found on field blank o 

 Ci = the ambient concentration of species i

 Mi = amount of species i on the substrate 

    SIG = the root mean square error (RMSE), the square root of the averaged sum ofiB

 the squared s B

    STD = standard deviation of the blanki B

     s  = blank precision for species ioB

     s = precision of the species i found on field blank jioB

    s Mi   = precision of amount of species i on the substrate

 σV = precision of sample volume

 V = volume of air sampled.

 The uncertainty of the measured value and the average uncertainty of the field blanks for 
each species are used to propagate the overall precision for each blank subtracted concentration 
value. The final value is propagated by taking the square root of the sum of the squares of the 
calculated uncertainty and the average field blank uncertainty for each measurement.
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 The huge generation of solid wastes in the coal-fired industrial units in the state of 
Chhattisgarh urgently needs scientifically appropriate and viable disposal methods with the 
development of value-added products.  The present report aims to recommend the safe 
management of two types of industrial wastes, namely, fly ash and dolo-char generated within 
the state of Chhattisgarh.  The first step towards attaining the objectives is to understand the 
extent of total generation and its physico-chemical characteristics, thermal and energy-related 
properties for  proper  utilization  of  Fly  ash  and  Dolo-char. 

 Section 1 and 2 offer the brief  background and objective of the report. Section 3 details 
the typical fly ash characteristics, the potential of fly ash generation scenario, and utilization 
potential. Section 4 deals with typical dolochar characteristics and their possible utilization 
potential. No state-level report or SCI publication could be located in the public domain 
reporting the characteristics of fly ash or dolo-char generated by various industries and thermal 
power plants within Chhattisgarh.  Such information may be available in the respective sectors 
and the utilizing industries.  It was realized that while details concerning the characteristics and 
generation of fly ash within Chhattisgarh are available to some extent, similar information is not 
at all available regarding dolo-char. The committee unanimously felt that unless the 
characteristics and amount of dolo-char generation are known, it will not be possible to 
recommend the most suitable way to manage dolochar.  Hence, it is recommended that a short-
term study be immediately undertaken to characterize the dolo-char generated in the various 
industrial  sectors  across  Chhattisgarh.

 Further, recommendations for possible methodologies for the safe disposal of fly ash and 
dolo-char with future road maps were also made. The details of recommendations for the safe 
disposal approaches and development of value-added for fly ash and dolo-char have been 
described in section 5. 

SUMMARY
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3. Fly Ash

 Coal/lignite-based thermal power plants have been the backbone of India. About 72% 
of the energy genera�on unit is dependent on coal/lignite as a combus�on fuel; Indian coal has 
a high ash content of about 30-45%. Fly ash is the significant solid waste generated from coal 
combus�on. About 600-800 MT of fly ash is generated globally per year (Jayaranjan et al., 
2014). India and China contribute about 18% of fly ash genera�on (Wang et al., 2018).  As per 
the CEA report published for 2019-2020, about 226.13 MT of fly ash was generated in India; 
approximately 83.05% (187.81 MT) of the total was appropriately u�lized. The coal-based 
power genera�on installed capacity of Chha�sgarh state is the highest in India, about 
24071.00 MW (29 TPS). In Chha�sgarh, about 34.822 MT of fly ash was generated; 
approximately 77.12% (26.586 MT) of total fly ash was u�lized (h�ps://cea.nic.in/ 
old/reports/others/ thermal/tcd/ flyash_2019-20.pdf).

 Fly ash is a valuable solid waste. at present, fly ash is stored in landfills and ponds. 
However, these disposal methods require a large area and may lead to severe and long-las�ng 
environmental consequences due to leachability, radioac�vity, and toxicity (Wang et al., 2020). 
To minimize environmental pollu�on, MoEF & CC have been issued several no�fica�ons to 
achieves 100% u�liza�on of fly ash. As per the CEA report (2018), about 26.88% of fly ash has 

Working Group Commi�ee Report on:

Safe disposal of fly ash and dolo-char in Chha�sgarh

1. Background 

 Each year a few million tons of industrial solid waste of different kinds are generated 
and disposed of at various industrial facili�es of Chha�sgarh. The State government of 
Chha�sgarh has regulatory responsibility for ensuring proper management of these wastes.  It 
is essen�al to take a comprehensive approach that accounts for the protec�on of surface-
water, ground-water, air protec�on, and human health to establish a comprehensive 
framework of technologies and prac�ces to implement an effec�ve waste management 
system. Fly ash and dolochar are two kinds of industrial waste generated in thermal power 
plants, metallurgical and related industries. Several industrial units in Chha�sgarh are 
regularly genera�ng fly ash and/or dolochar, requiring proper waste management process, as 
both types of waste contribute significantly to environmental pollu�on and human health risk.

2. Objec�ves: 

 The present report aims to safely manage two types of industrial wastes, namely, fly ash 
and dolochar generated within the state of Chha�sgarh. The specific objec�ves are as follows,

1. To understand the extent of total genera�on and u�liza�on of Fly ash and Dolochar.

2. To understand the physico-chemical characteris�cs,athermal and energy proper�es of 
the coal, Fly Ash and Dolo-char.

3. To suggest suitable methodologies for the safe disposal of fly ash and dolochar.

4. To recommend the future road map

 Currently, most of the fly ash is u�lized in the cement industry, filling mine voids and 
highway construc�on. Fly ash possesses favorable physical and geotechnical proper�es for 
highway construc�on, such as; lightweight, pozzolanic proper�es, and a faster rate of 
consolida�on. Table1 shows the physio-chemical and geotechnical proper�es of  fly  ash.

 The physical and chemical characteris�cs of fly ash mainly depend upon the quality of 
coal, combus�on temperature, and collec�on methods. Fly ash mainly contains Al O , Fe O2 3 2 3, 

SiO , CaO, MgO, Na O, etc. (Ochedi et al., 2020). Due to its porous structure and chemical 2 2

proper�es, fly ash can be u�lized to remove various pollutants from gas and water (Karanac et 
al., 2018). The presence of trace elements (K, Na, Zn, Ca, Mg, and Fe) in fly ash increases the 
yield of many agricultural crops (Choudhary and Basu, 2010). 

 Fly ash is one of the largest solid wastes generated due to coal-based thermal power 
plants in Chha�sgarh, causing environmental pollu�on (soil, water, and air). Most fly ash is 
currently u�lized in the cement industry, filling mine voids and the construc�on industry. 
However, proper disposal and u�liza�on of fly ash face challenges due to the regional 
imbalance in supply and demand, reduced demand in construc�on industry, adverse impacts 
on the environment, and strict environmental compliances. Furthermore, research related to 
eco-friendly and effec�ve fly ash u�liza�on is a�rac�ng academic and research ins�tu�ons 
such as; �les manufacturing, wastewater treatment, element extrac�on, and agricultural 
ameliora�on. 

been u�lized in the cement industry, followed by reclama�on of low-lying areas (13.51%) and 
manufacturing the brick, �les, and concrete, etc. 

3.1 Typical Characteris�cs of fly ash: 

Table 1: Proper�es of Fly Ash
Physical proper�es   Chemical proper�es (%)  Geotechnical proper�es
Bulk Density (gm/cc)  0.9-1.3  SiO2  38-63  Sp. Gravity 1.90-2.55
Specific Gravity  1.6-2.6  Al2O3  27-44  Plas�city Non-plas�c
Clay  Negligible  Fe2O3  3.3-6.4  Max dry 

density
0.90-1.60

Texture 
classifica�on

 

Sandy silt 
to silty 
loam

 

CaO
 

0.2-8  Angle of 
internal 
fric�on

30⁰- 40⁰

Porosity (%)
 

30 -65 
 

MgO
 

0.01-0.5
 

Compression 
index

0.05-0.40

Surface Area 
 (M2/kg)

500-5000 
 

Na2O
 

0.07-0.43
 
Op�mum 
moisture 
content

38.0-18.0

Lime reac�vity 
(Mpa)

1-8 LOI 0.2 -5.0 Cohesion Negligible

pH 6-8
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3.2 Fly ash genera�on/u�liza�on scenario: 

As per the CEA report published for 2019-2020, about 226.13 MT of fly ash was 
generated in India; approximately  83.05% (187.81 MT) of total u�lized properly. The coal-
based power genera�on installed capacity of Chha�sgarh state is the highest in India, about 
24071.00 MW (29 TPS). In Chha�sgarh, about 34.822 MT of fly ash generated; about 77.12% 
(26.586 MT) of total fly ash u�lized (h�ps://cea.nic.in/ old/reports/others/thermal/tcd/ 
flyash_2019-20.pdf).

Fly ash is being used a pozzolanic material for produc�on of cement. It reduces the use 
of natural resources such as limestone.  As per the CEA, 2020report, total u�liza�on of fly ash in 
cement and concrete industry was highest 25.60 %, has also been increased from 2.45 million 
tonne (1999)  to 57.68 million tonne (2020) as shown in Table no.2.

Table 2: Fly Ash U�liza�on

Modes of FA 
U�liza�on  

U�liza�on of FA 
(MT)  
1998-99  

U�liza�on of FA 
(MT)  
2019-20

% Increase Fly 
Ash in various 
sectors during 
1999 and 2020

% U�liza�on 
out of Fly 
Ash

Cement Industry and 
Concrete  

2.45  57.68  21.54 25.60

Highways, 
Embankment

 

1.055
 

43.14
 

39.89 19.08

Reclama�on of low 
lying area

0.65
 

35.06 52.93 15.50

Building material 
(bricks, �les, blocks)

0.70 21.39 29.55 9.46

Mine void backfilling 4.17 10.62 1.54 4.69

Agricultural 
ameliora�on

0.13 0.14 0.08 0.06

FA-Fly ash; MT-Million Tonne

Ref.: (h�ps://cea.nic.in/wp-content/uploads/tcd/2021/01/flyash_2019-20.pdf)

3.3 Fly ash u�liza�on poten�al.

As per the CEA report (2020), about 25.60 % of fly ash have been u�lized in the cement 
industry, followed by highways an embankment (19.08 %), reclama�on of low-lying area (15.50 
%), and for the manufacturing of the brick, �les, and concrete,etc. in Chha�sgarh. The above 
u�liza�on scenario reveals the need forfurther research to produce alternate building 
materials, mine void backfilling, and agricultural ameliora�on.

Following are some reported methods of u�liza�on of fly ash suggested in published literature. 
However, the op�mum u�liza�on methodology will grossly depend upon the characteris�cs of 
the available fly ash, availability of other requisite resources as well as u�lity and market 
demand of the final product.

Construc�on and demolished wastes (C&DW) are generated due to rapid infrastructure 
development, renova�on of exis�ng structures, or demoli�on in the process of socio-economic 
development of a country. Industrial by-products such as fly ash can be subs�tuted for cement 
in the context of waste u�liza�on with posi�ve economic and environmental impact. Fly ash 
mixed with recycled aggregate concrete (RAC) is considered a par�al replacement of cement 
for sustainable construc�on prac�ces.

Pofale and Deo (2010) have evaluated the use of fly ash as a par�al replacement with sand in 
concrete, thus reduce the demand fornatural resources. They have found a significant increase 
in compressive strength of mortar at 91 days and a substan�al reduc�on in cost, about 40 to   
60 %.

Sunayana and Barai (2017) have inves�gated fly ash as a par�al replacement of cement in 
recycled aggregate concrete (RAC). They have found be�er tensile strength for RAC than 
natural aggregate concrete (NAC) up to compressive strength of 25 Mpa.

The presence of trace elements (K, Na, Zn, Ca, Mg, and Fe) in fly ash increases the yield of many 
agricultural crops (Choudhary and Basu, 2010). Due to its porous structure and chemical 
proper�es, fly ash can also be u�lized to remove various pollutants from gas and water 
(Karanac et al., 2018). 

Mohanty et al. (2017) have inves�gated the u�liza�on of Fly ash and Dolochar for 
stabiliza�on of expansive soil. Both fly ash and dolochar were found to increase the CBR value 
and their suitability for construc�ng highways and embankments.

Fly ash has also been iden�fied as a cemen��ous material (par�al replacement of 
cement) to minimize the carbon footprints in the construc�on industry (Hemalatha and 
Ramaswamy, 2017). Besides environmental benefits, fly ash also improves workability, 
reduces thermal crack, and increases durability (Sahmaran and Li, 2009).

Fly ash mainly contains Al O , Fe O SiO , CaO, MgO, Na O, etc. (Ochedi et al., 2020). No 2 3 2 3, 2 2

state-level report or SCI publica�on could be located in the public domain repor�ng the 
characteris�cs of fly ash generated by various industries and thermal power plants within 
Chha�sgarh.  Such informa�on may be available in the respec�ve sectors and the u�lizing 
industries. 

Another u�liza�on approach of the fly ash is the cenospheres. Pervez and Pandey 
(1993) reported that Indian fly ash contains mul�-fold higher cenospheres compared to those 
found in fly ash generated abroad. Cenosphere contents in the fly ash of the thermal power 
plant of the state of Chha�sgarh is reported to be found in the range of 18.5- 21.2 %. These 
cenospheres are used in preparing low-density concretes. 

Satpathy et al. (2019) have inves�gated the u�liza�on of fly ash for the development 
of lightweight concrete. However, the durability aspect s�ll needs to be explored for its 
suitability for construc�on purposes, as it possesses higher water absorp�on and volume of 
permeable pores. 
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3.2 Fly ash genera�on/u�liza�on scenario: 
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Dolochar is a waste generated during the produc�on of sponge iron (Dwari et al., 
2012). Dolochar consists of devola�lized dolomite and coal, both are raw materials used for the 
produc�on of sponge iron along with iron ore. 

The low quality of coal, mainly responsible for genera�ng  a large quan�ty of dolochar, 
is a big problem in the industry. Some es�mates of dolochar genera�on per tonne produc�on of 
sponge iron from different sources are listed below:

Sahoo et al., (2014) have studied the dolochar and found to produce100-ton sponge 
iron, about 154 ton of iron ore and 120 ton of (B-Grade) coal is required. The solid waste 
generated during this process is around 45 ton and out of which 25 ton is dolochar.

4. Dolochar: 

Table 3: Dolochar Genera�on
S. No.  Sponge Iron Plant 

Capacity  
Amount of dolochar waste 

genera�on (tonnes/tonne) of 
sponge iron produced  

Reference  

1  0.033 MTPA  0.28 to 0.30  CSE (2011)  
2  0.165 MTPA  0.28 to 0.32  CSE (2011)  
3  100 TPD  0.25  Dwari et al. (2012)

Dolochar typically consists of high ash content (70-80%), low level of carbon (8-13%), 
vola�le ma�er 3 to 7% (Das et al., 2004). It also consists of metallic iron, carbon, free lime, Ca 

and Mg, and quartz bearing phases along with lots of voids and pores (Dwari et al., 2012).

4.1 Typical characteris�cs of dolochar:
Dolochar is mainly porous and have diverse and complex mineralogical composi�ons 

due to varying coal quality, composi�on, and the combus�on condi�ons. Dolochar is cheap, 
easily available, and environmentally friendly adsorbent.

Table 4: Characteris�cs of Dolchar
Dolochar characteris�cs  Jayaraman (2010)  Dwari (2012) Panda et al. (2011)
Carbon (%)  16-26  14.4-22.8 13.8 – 16.8
Ash (%)  60-70  76.4-85.4 79.7
Vola�le Ma�er (%)  2 -  7  0.12 - 0.84 3.8
Sulphur (%)

  Hydrogen (%)
 

0.20 -
 

0.75
 

0.6
Nitrogen (%) 0.25 - 0.75 0.02
Moisture (%) 3.0 - 9.0 2.8- 3.6 2.7
Oxygen (%) 2.0 - 4.5
Gross Calorific Value (kcal/kg) 1100 - 2300 931-1680
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ii. A ques�onnaire survey is to be undertaken immediately in all relevant registered 
industries regarding the current genera�on of dolochar & fly ash and their 
characteris�cs.

Dolochar contains a moderate calorific value (1500-1600 kcal/kg) because of fixed 
Carbon content. Char does not have vola�le ma�er and cannot be independently used as fuel. 
It is washed to free the impuri�es, mixed with coal fines, pulverized, and then used as fuel in 
Fluidized Bed Combus�on Boilers (FBC) (CPCB, 2007). 

No state-level report or SCI publica�on could be located in the public domain 
repor�ng the characteris�cs of dolochar generated by various industries and thermal power 
plants within Chha�sgarh.

5. Recommenda�ons for safe disposal approaches and value-added products of 
flyash and dolo-char:

I. A short-term study to be undertaken to characterize the dolochar and fly ash 
generated in the various industrial sector across Chha�sgarh

4.2 Dolochar U�liza�on: 

Various researchers have also suggested other possible uses such as – filling in the low 
lying area, stabiliza�on of soil, as filter media in water treatment (Bairagi et al., 2016), as 
adsorbent for removal of chromium, cadmium (Panda et al., 2011) and phosphate (Rout et al., 
2017), also in road construc�on as good quality aggregates with CBR value between 23-85 for 
2.5mm and 5 mm penetra�on (Sahoo et al., 2014), and as aggregates in cement concrete 
(Verma et al., 2014).Up to26% carbon content in the dolochar evokes the scien�fic 
communi�es, especially the environmentalists for ac�va�on and func�onaliza�on of dolochar 
par�cles for treatment of wastewater and effluents as described elsewhere (Shaikh et al, 
2021). 

Following are some reported methods of u�liza�on of fly ash suggested in published 
literature. However, the op�mum u�liza�on methodology will grossly depend upon the 
characteris�cs of the available fly ash, availability of other requisite resources as well as u�lity 
and market demand of the final product.

Vairagi and Dash (2019) have evaluated and compared the dolochar with 
conven�onal sand media in a slow sand filter. Dolochar has found higher removal efficiency of 
COD, turbidity, and phosphate as compared to sand media.

There exists a significant knowledge gap regarding the characteris�cs, genera�on, and 
u�liza�on scenario of fly ash and dolochar generated in Chha�sgarh. Given the lack of 
informa�on on the subject, the following ac�on plan is recommended to lay a future road map.

Singh et al. (2020) have found that dolochar bed can be used for nutrient removal 
from the wastewater and decreases the pollu�on load on vermifilter.

Lenka et al. (2021) have inves�gated the use of dolochar to remove copper from the 
water and wastewater.

iii. A dedicated web portal may be created to deposit all informa�on available with the 

Taskforce Report on Environmental Management in Chhattisgarh



Page 103Page 102

vii. A center of excellence may be established to promote innova�ve research for eco-
friendly and financially viable disposal technology and value-added products from 
industrial wastes and facilitate Industry partnership.

x. Alterna�ve eco-friendly methods for dolochar use / disposal:

viii. Extensive research on the ac�va�on and func�onaliza�on of dolochar and the 
effec�veness of func�onalized and ac�vated dolochar for the removal of anions and 
ca�ons from water and wastewater systems should be considered with expert 
collabora�on with research and academia(Rout et al., 2017; Panda et al., 2011).

vi. A feasibility study may also be undertaken preferably with industry partners for 
various possible methodologies of safe u�liza�on of dolochar and fly ash for waste to 
wealth conversion, considering the other resource requirements, a market survey of 
possible end products, and cost-effec�vity.

individual industries regarding the genera�on and characteris�cs of fly ash and dolo-
char. 

iv. A third-party audit may be conducted to confirm the genera�on of these two types of 
wastes.

v. A study should be undertaken to predict the total fly ash and dolochar genera�on in 
the near future (up �ll 2040), considering the expansion plans of individual thermal 
power plants and industries in Chha�sgarh. 

ix. Extrac�on of cenospheres for preparing low-density concretes. Cenosphere contents 
in the fly ash of the thermal power plant of the state of Chha�sgarh is reported to be 
found in the range of 18.5- 21.2 %(Pervez and Pandey, 1993).

Ø Land filling.

Jayaranjan, M. L. D., Van Hullebusch, E. D., & Annachhatre, A. P. (2014). Reuse op�ons 
for coal fired power plant bo�om ash and fly ash. Reviews in Environmental Science and 
Bio/Technology, 13(4), 467-486.

Wang, Y., Han, F., & Mu, J. (2018). Solidifica�on/stabiliza�on mechanism of Pb (II), Cd 

Ø U�liza�on of dolochar in road construc�on (Sahoo et al., 2014)

Ø  Use of dolochar as filter media in slow sand filtra�on (Vairagi et al., 2016)

Ø Making of coal brique�es and use in brick kiln (CPCB, 2007)

Ø Reuse in construc�on industry, par�cularly as aggregate in concrete (Verma et al., 
2011)

Ø Stabiliza�on of expansive soil (Mohanty et al., 2017)

Ø U�liza�on of dolochar in quarries and mines.

Vairagi, P.D. and Dash, R.R., 2019. Effec�veness Study of Dolochar as a Filter Media in 
Wastewater Filtra�on. In Advances in Waste Management (pp. 493-500). Springer, Singapore.
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 Environmental Educa�on: Educa�on is an important social instrument and mean, which 
act as a catalyst in improvement of different aspects of life, knowledge, awareness, skill, values, 
a�tude acquired through educa�on help one to lead a desired quality of life. In order to protect 
and conserve the environment emphasis has been given to environmental educa�on. It refers 
to organized efforts to teach about how natural environments func�on and, par�cularly, how 
human beings can manage their behavior and ecosystems in order to sustainable. It should 
consider the environment in its totality and should be a con�nuous life long process beginning 
at preschool level and con�nuing through all stages. However, it is some�mes used more 
broadly to include all efforts to educate the public and other audiences, including print 
materials, websites, media campaigns, etc. related disciplines include outdoor educa�on and 
experien�al educa�on. Environmental educa�on is a learning process that increases people's 
knowledge and awareness about the environment and associated challenges, develops the 
necessary skills and exper�se to address the challenges, and fosters a�tudes, mo�va�ons, and 
commitments to make informed decisions and take responsible ac�on.

Aims & Objectives of environmental education:-

A. Environment Educa�on and Awareness

 Environmental awareness is to understand the fragility of our environment and the 
importance of its protec�on. Promo�ng environmental awareness is an easy way to become an 
environmental steward and par�cipate in crea�ng a brighter future for our children. The single 
most important thing that environmental awareness does is to inform people of the dangers of 
con�nuing to consume as much as we currently do. This is because people need a good 
understanding of the threats to our earth, to fully realize the scale of harm. Consequently, 
awareness is all about topics like environmental health, sustainable development and global 
warming.

Public Awareness through formal and non formal educa�on

 The objectives of environmental education is to increase public awareness about 
environmental issues, explore possible solutions, and to lay the foundations for a fully informed 

Introduc�on

 Chha�sgarh is amongst the youngest States of the Union of India and is rich in natural 
resources. While the availability of coal has helped the state to become a major producer of 
power, abundance of iron-ore deposits have helped the se�ng up of a large number of iron and 
steel industries. Aluminum and Cement Industry have also fared well in the State. Mining and 
Mineral based industries have the poten�al to cause pollu�on and con�nuous efforts are 
necessary to minimise the damage caused to land and water resources, apart from reducing air 
and sound pollu�on and also proper handling and management of hazardous and other solid 
wastes and mi�ga�on of chemical accident from industries.  So it's high �me People of 
Chha�sgarh get aware and involved in Promo�ng environmental awareness and understand 
the importance of conserving the nature. In this light, the acceptance of pro-environmental 
behaviour by general public, that is, to adopt sustainable life style, is an urgent issue in 
protec�ng environment
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and active participation of individual in the protection of environment and the prudent and 
rational use of natural resources. The resolutions provide the following guiding principles for 
environmental education:

Ÿ The common duty of maintaining, protecting & improving the quality of environment, as 
a contribution to the protection of human health and safeguarding the ecological balance.

Ÿ The need for a prudent and rational utilization of resources.

Ÿ Provide opportunities to acquire the knowledge, values, attitudes, commitment and skills 
needed to protect and improve the environment.

Ÿ Arouse pupil's awareness and curiosity about the environment and encourage active 
participation in resolving environmental problems.

Ÿ The long-term aims of environmental education are to improve management of 
environment and provide satisfactory solutions to environmental issues.

Ÿ Promo�ng posi�ve a�tudes towards the environment is essen�al if pupils/students are 
to value it and understand their role in safeguarding it for the future.

Sources of Pollu�on / Area of concern

Ÿ The way in which each individual can, by his own behavior and action, contribute to the 
protection of environment.

a. Industry

· An analysis was conducted in the industrial areas of Korba, Champa and Raipur by the 
State Health Resource Centre of Chha�sgarh, an autonomous body that provides 
technical support to the state health department. It collected air samples from these 
towns between January and February. The analysis of three industrial areas of 

Chha�sgarh has revealed that there is severe PM  pollu�on and the air is laden with 2.5

heavy metals such as nickel, manganese, silica and lead.  The Nickel concentra�ons 
exceeded the WHO guideline (based on cancer risk) in all samples. Silicon 
concentra�ons too were unsafe in all the samples. It's a well-known fact and mul�ple 

studies have also shown that there are linkages between PM  and respiratory and 2.5

cardiovascular diseases. In addi�on, manganese, lead and nickel are well known toxins 
and their effects on human health.

Ÿ   The environment as a common heritage of mankind.

· Raigarh, which is a growing hub for the steel and power market. Here coal-based sponge 
iron facility is the world's largest and lies just a few kilometers from the city. Yet Raigarh 
does not appear in the  (CPCB) list of most cri�cally Central Pollu�on Control Board's
polluted areas in the country. The district has just two monitoring sta�ons providing 
data on the ambient air quality. With such inadequate monitoring infrastructure, the 
pollu�on data is very likely underplayed.

· The Times of India report on ELAWs help reveals a severe pollu�on crisis in this region 
due to the level of several carcinogenic toxic metals in the water, air and soil. ELAWs 
team, with community environmental monitors, collected the data from villages on 
sample of air, soil and water to examine the pollu�on level near Raigarh district. They 
also stated that villagers were complaining about chronic joint pain, bone deformi�es, 
skin allergies, respiratory illness, tuberculosis and many more.

     Water and air samples collected from Kosampali, Kodkel, Dongamahua, Kunjemera and 
Regaon villages were polluted with a high level of  Chromium, Cadmium, Manganese and 
Selenium. The Regaon village even exceeded the Arsenic standards by 1.7 �mes and Cadmium 
level by 4.4 �mes.

 Chha�sgarh needs to immediately find out where they stand. The new standards have 
to be met by 2022 but if the tendering process for emission control equipment has just started, 
then it will be difficult to meet the deadline. There has to be a deterrence strategy for the plants 
to ensure they comply. On mining, there is very li�le informa�on on the scale of pollu�on.

Waste management 

 Most households in Chha�sgarh do not segregate their waste. Despite the Municipal 
Solid Waste Management Rules, sta�ng that landfills are to be used only for inert, non-
recyclable and non-biodegradable waste, landfills are being used as dump sites for all kinds of 
waste. 

Transport

· Vehicle Emission is also responsible for the acute air pollu�on in Raipur, rough es�mates 
say the number of vehicles has doubled in the last two years. There is no considera�on 
of environment awareness while issuing the driving licence and vehicle registra�on.

· Tourism is one of the faster growing industries. However, the lack of sensi�vity, like 
throwing garbage on the roadsides, on part of tourists is causing numerous hazards on 
the tourist sites and adversely affec�ng the nearby areas

Tourism  

 The education system in India had incorporated certain aspects of environment in school 
curricula as early as 1930. The Kothari commission (1964-66) also suggested that basic 
education had to offer EE and relate it to the life needs and aspirations of the people and the 
nation. At the primary stage, the report recommended that "the aims of teaching science in the 
primary schools should be to develop proper understanding of the main facts, concepts, 
principles and processes in physical and biological environment” Environmental education at 
primary, secondary, higher secondary levels was treated in a different way. Environmental 
education is an essential part of every pupil's learning. It helps to encourage awareness of the 
environment, leading to informed concern for active participation in resolving environmental 
problems. It was introduced without any delay from class –1 as EVS, as a subject so that right 
from their childhood, the right attitudes towards environment will be nurtured in the young 
minds.

Status of environmental educa�on in school educa�on
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q Swachhata App- Ci�zens can download the mobile applica�on and use it to file 
complaints.  

§  Waste management campaign

•  Visits in Jungle safari

q Chha�sgarh's biggest solid waste processing plant  commissioned  at the outskirts of 
state.

§ Seminars and programme in school colleges, public places

•  Planta�on in campus

Public-

q Guidelines and orders for fes�vals and wedding seasons

q  Co�on Bag distribu�on

q Mission clean city

q  Restric�on of open burning of plas�c waste

§  Water conserva�ons

§  No use of plas�cs

• Drawing, pain�ng, quiz , essay programme in environment day

q  Wildlife and birding group

q Snake conserva�on 

q Ban on Carry-bags and single use plas�c. 

q  Planta�on drive

q ecosystem and beau�fying the lake

q  Cycle Promo�on

q waste plas�c bo�les are being recycled to plant and grow saplings at Ramanujganj 
nursery with help from women 

q “Climate Adapta�on Strategies in Wetlands along Mahanadi River Catchment areas in 
Chha�sgarh”

NGO

§ Awareness on environment

School/College

q  Planta�on in every main events

• Forma�on of Eco club
rd th• Course from Class 3  to 5

• Some guest speakers invited
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·  No penetra�on 

· In school, Environmental studies is treated as a secondary subject. The marks given in 
this subject don't add any value in overall score. That's why when children grow-up, 
they don't take climate change seriously.

· No special wing of public awareness in Environment board

Gap Iden�fica�on 

• Planta�on like “ Ped  lagayen, jivan  bachayen”

  “Prithvi  rahegi  swachh to aap  rahenge  swasth”

•  PUC for vehicle

•  Use of steps in place of li� …

· Though there has been a long history of EE component in our school curriculum; it has 
always been treated as secondary to other scholas�c areas like sciences, social-
sciences, mathema�cs, etc. Environmental issues, environmental concerns and 
conserva�on were iden�fied as core areas in the curriculum. Although, many state 
boards and CBSE emphasised the need to educate children about the environment, 
there was very li�le percep�ble change in the approach to EE transac�on

· No strategy for change in behavior of pubic through our campaign 

·  No public awareness

·  It is just a fashion to use the cycle not for protec�on 

• Messages for waste management

Tourist Place

·  Only Planta�on doesn't mean the environment conserva�on and protec�on

·  Messages are old 

· No proper follow ups with industry, transport department, energy and school/college 
educa�on

· No special rules for public places

Recommenda�ons

· No proper waste management plan for hospitals and hotels

· No regular use of social media or public domain to awareness drive with CSR

EVS as a subject used to be taught to the students of class III to class V standard upto 
ththe year of 2019.A�er 2019, the EVS as a subject is being taught to the students of class 12  

thand one assignment related to EVS is also included in the syllabus of class 12  of CG board.

Proposed Guidelines for awareness in Schools-

The EVS educa�on system prior to 2019 must be restart with con�nuing the present 
curriculum and Field trip about environment can be a great add on.   It is important that we 
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· No special wing of public awareness in Environment board

Gap Iden�fica�on 

• Planta�on like “ Ped  lagayen, jivan  bachayen”

  “Prithvi  rahegi  swachh to aap  rahenge  swasth”

•  PUC for vehicle

•  Use of steps in place of li� …
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Tourist Place

·  Only Planta�on doesn't mean the environment conserva�on and protec�on
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Recommenda�ons
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EVS as a subject used to be taught to the students of class III to class V standard upto 
ththe year of 2019.A�er 2019, the EVS as a subject is being taught to the students of class 12  

thand one assignment related to EVS is also included in the syllabus of class 12  of CG board.

Proposed Guidelines for awareness in Schools-

The EVS educa�on system prior to 2019 must be restart with con�nuing the present 
curriculum and Field trip about environment can be a great add on.   It is important that we 
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Ÿ Waste Management and concept of 4 Rs – Reduce, Reuse, Recycle& Recover;  

· Bio-diversity conserva�on,

Ÿ Group Discussion involving record/sharing of experiences 

 The objec�ve of this programme will be to support capacity building ac�vi�es and to 
impart skills to students (schools and colleges) and teachers of Eco-club on various thema�c 
areas like: 

b)  Celebra�on of important environmental days in schools such as World Environment 
Day, World Wetland Day, Earth Day, etc. by organising debates, quiz, slogan 
compe��ons, drawing/poster compe��ons etc, on the related theme. 

Ÿ Other nature based ac�vi�es.

Capacity building ac�vi�es-

Ÿ Green Pledges

Ÿ Control of pollu�on, Any other related theme

Ÿ Climate Change related issues with focus on Adapta�on and Mi�ga�on

capture this enthusiasm and that no opportunity is lost to develop knowledge, understanding 
and concern for the environment through school education

Ÿ  flora and fauna seen/spo�ed by them in the nature trail, 

 The Nature experience‟ to children and teachers has huge poten�al to trigger the 
sensi�vity towards nature apprecia�on and conserva�on, leading to posi�ve environmental 
ac�ons at different levels. Under this programme field visits (nature camps) will be organised in 
different protected areas/ Nature parks/Tiger Reserves of the country for 3 days to create 
awareness amongst school/college students on environment and nature. The programme aims 
to provide students an opportunity to learn about natural resources, ecosystem services and 
the importance of the area by involving them in ac�vi�es such as: Know your Environment by 
preparing small checklist of 

Ac�vi�es to be undertaken by students:

c)  Planta�on drives in and around the school campus, organised in the district/locality, 
preferably during the monsoon season. 

d)  Cleanliness drives to be conducted twice a year i.e. October and December (preferably 
post examina�on period during October & December holidays).

Ÿ 17 Sustainable Development Goals,

 a)  Awareness on solid waste management through waste segrega�on (biodegradable and 
non-biodegradable) and on concept of 4 Rs i.e. "Reduce, Reuse, Recycle and Recover" 
amongst students through establishing 2-Bins in schools– (1) Blue Bin for dry waste like 
Paper waste, Glass waste, E-waste and (2) Green Bin for wet waste. 

Ÿ Bird watching,

Ÿ Trekking
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· Polythene menace:

Ac�on plan 

 Green belts are generally found near rivers and water bodies. Greenbelt area signifies 
that no concrete is going to be used there. The trees are planted in these areas. However, 
plan�ng of trees is not enough. Their care is the most necessary part. Joint Forest Communi�es 
are given the accountability of taking care of these green belts. So such communi�es need to be 
encouraged under the supervision of the government.

  Encourage recyclable jute bags and subs�tute disposals via paper and other 
biodegradable materials instead of plas�c.

 The women generally bear a lot due to environment.  The reason being, she spends a 
great part of her life in arranging fuel, fodder, water for her family, and ac�vely involved in 
sustainable use of common resources. Thus, women's involvement in decision making, 

 Thus the extent of public sensi�vity and seriousness in the affairs of environmental 
issues must be an utmost priority. Thus, public par�cipa�on is important both as a means to 
ensure environmental rule of law and as a context for environmental rule of law.

Establishment of Eco-clubs:

·  Establishment of Greenbelts:

Areas of focus in Environment awareness domain upon which the state should pay a�en�on 
to-

·  Solid waste:

 Usually, biodegradable and non-biodegradable waste are not separated specially at 
household level. An awareness needs to be crated around it and people have to be informed 
that they can either dig a small hole or can decompose that waste beneath a flower pot which 
will get converted into natural manure within 2-3 weeks.

  It can cause endocrine disrup�on, allergies and hypersensi�vity reac�ons in children 
and is a threat to the environment as a whole.

 Most schools and colleges have a par�cular society working for the be�erment of the 
environment. However, simply forming a society is not enough but on the ground level, what 
measures or steps are taken by us for the be�erment of the habitat is crucial. There is a need to 
approach and convince people to take part in weekly seminars, joining local movements 
impar�ng understanding about growing worries about the environment, organize dona�on 
camps and u�lize the money in plan�ng small saplings. Promo�ng and prac�cing good civic 
sense including saving trees, no throwing of garbage on roads, no urina�ng on public places and 
the issues such as the 3 Rs in waste management, proper waste disposal should be encouraged.

 Even though there are many laws and regula�ons in India defending the preserva�on of 
the environment but efforts towards facilita�ng the requirements of environmental protec�on 
have failed due to the Lack of public core of a�en�on

·  The par�cipa�on of rural women in environmental awareness
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especially for natural resources management and development ac�vi�es should cons�tute an 
essen�al case for building a solid framework for environmental awareness programmes

 The water of wells, ponds and rivers should not be polluted by bathing animals or 
dumping garbage in them.

Water conserva�on techniques should be taught.

·  Environmental issues may be linked with health, explaining things like stagnant water 
breeds mosquitoes for malaria etc.

· Tree planta�on should be encouraged in and around villages.
· Pes�cides and fer�lizers should be used in appropriate/minimal quan��es to avoid 

their bad effects on the soil.
· Bio-gas plant should be encouraged to minimise the use of wood fuel.

· Lessons on environmental hazards and disaster should be taught
Methods of Environmental awareness
 Environmental awareness is an important task, In view of Chha�sgarh popula�on, Its 
methods are of the following types-  
· By folk drama and tradi�on –Folk drama and tradi�on, folk songs etc. are probable 

mediums to educate about environment.

· Training in handling of waste materials and methods of recycling should be taught.

·  By Exhibi�ons and compe��ons –By organizing the planta�on programs,
· the knowledge of environment related energy, on tradi�on sources, exhibi�ons, 

compe��ons etc. 
·  By communica�on means- Public awareness about environment is now adays done by 

the means of communica�ons like –radio, television, science and general knowledge 
books, magazine. 

·  To arrange or organize the planta�on program �me to �me

· By Scout guide, NCC cadets-Planta�on, cleaning of waters reservoirs, and lakes, 
cleanliness of land are the program to be organized by scout guide and NCC cadets to 
improvise the awareness among the people. 

·  By mee�ngs – By arranging mee�ngs �me to �me with rural representa�ve, teachers, 
students and local industrialist.  

· Social sites- Social sites can be good source of environmental educa�on.

· The flourmills, brick kilns or other small-scale industries should be established away 
from residen�al areas to avoid noise and air pollu�on.

· Solar energy should be encouraged for light and cooking purposes.

·  By government and non-government organiza�on – The environmental programs can 
be organized for public awareness by government and nongovernmental 
organiza�ons, Environmental departments, science & technology department, local 
agencies.
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Conclusion

 Crea�ng awareness on the Environmental issues among community members and 
concerned government stakeholders will improve and sustain interac�ons between 
government and the people, thereby se�ng a pla�orm towards achieving Sustainable 
development in the state of Chha�sgarh through increased demand for improved services 
delivery. In this light, the acceptance of pro-environmental behaviour by general public, that is, 
to adopt sustainable life style, is an urgent issue in protec�ng environment

 Climate change is likely to affect South Asia seriously, and concerted efforts are needed 
to combat the potentially adverse impacts. Some of the wide-ranging effects on the 

 In providing comprehensive environmental informa�on, it is important to target the 
right popula�on and channel sufficient quality and quan�ty of informa�on. The provision of 
right environmental informa�on allows ci�zens to make right choices on consump�on and 
sanc�on those who do not follow the rules by means of social and economic pressure. The role 
of authori�es, in this context, would be to regulate the quality and quan�ty of informa�on to be 
disseminated and to provide informa�on on exis�ng regula�ons and market incen�ves to the 
public. In establishing such mechanisms, it will be crucial to understand the current status of 
informa�on received by ci�zens. The basic understanding of ci�zens about the environmental 
issues, the quality and quan�ty of their knowledge and, over and above, their awareness on 
environment would cons�tute an important benchmark for such approaches.

· Climate Change and its impacts in Chha�sgarh

 One cannot protect the environment unless you empower people, you inform them and 
help them understand that these resources are their own and they must protect it. 

 Environmental educa�on must become a vehicle for engaging young minds in the 
excitement of first hand observa�on of the nature and understanding the pa�erns and 
processes in the natural and social worlds in order to take care of the habitat and its 
surroundings which becomes a major part of EE in both primary and upper primary stages of 
school educa�on. In the secondary and senior secondary stages also some of the major issues 
such as environmental protec�on, management and conserva�on are to be dealt in more 
detail.

 The difficul�es that state is facing are not only the lack of legal and economic framework 
for environmental protec�on but the ins�tu�onal weakness, poli�cal and economic turmoil 
and non-par�cipatory decision making process because these make impossible to maintain the 
con�nuity in environmental policy. Considering these ins�tu�onal, poli�cal and financial 
constraints and effec�veness in applying the informa�on strategy is focused as a new 
instrument to improve the situa�on by providing informa�on in an a�empt to strengthen the 
exis�ng legal and economic framework as well as to promote par�cipa�on of people in pro-
environmental behaviour. Provision of informa�on may compose the important part in 
environment management because it induces par�cipa�on of people and through this 
involvement of people make maintain the policy con�nuity and implementa�on possible at 
most cost effec�ve manner.

B. Climate Resilient Strategies for People in Chha�sgarh
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 ¹Chha�sgarh State Ac�on Plan on Climate Change, 2014

 ²Scoping Study on Climate Smart Agriculture in Chha�sgarh 2018, Chha�sgarh State Centre for Climate Change.

Figure 1. Decrease in rainfall during 1951-2000 in Chha�sgarh

Source: Indira Gandhi Agriculture University, Raipur

 The livelihoods of forest dwellers depend on forest produce (among which are wood, 
tendu leaves, honey and lac; these are o�en termed non-�mber forest produce or NTFP), and 
this is increasingly threatened by climate change which will disturb the equilibrium of the 
ecosystem in complex ways, including through increased fires, reduced genera�on and 
worsening pest and disease a�acks. Agriculture, peoples' second income source, will also be hit 
by reduced rainfall, and more pest/disease a�acks. Chha�sgarh is among the highly vulnerable 
regions to climate change and therefore, be enabling the forest dependent communi�es to 
very significantly enhance their economic well being through ac�ve par�cipa�on  in major 
climate change adapta�on and mi�ga�on ac�vi�es.

Exis�ng climate change efforts in Chha�sgarh:

 To combat the nega�ve impacts of climate change in the State, the Government of 
Chha�sgarh prepared the State Ac�on Plan on Climate Change (SAPCC) as per the guidelines of 
Ministry of Environment Forest and Climate Change, Government of India in 2014. The 
Government of Chhattisgarh has also established a State Centre on Climate Change in August 
2015.The State Centre on Climate Change is the apex/nodal body to implement, coordinate and 
monitor the Chha�sgarh State Ac�on Plan on Climate Change (CSAPCC).The CSAPCC covers 8 

 To counteract the impact of climate change, the community in Chha�sgarh must be 
prepared and develop strong resilience against climate change. This report on strategies for 
climate-smart prac�ces in Chha�sgarh aims to iden�fy the key measures that the people and 
community can take to combat climate change. 

 In Chha�sgarh, nearly 16 districts are drought-prone. In 2017, 21 out of 27 districts 
were declared drought-hit and, in 2015 - 11 out of the total 27 districts were declared drought-
hit.
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environment and socio-economic and related sectors, including water resources, agriculture 
and food security, human health, terrestrial ecosystems and biodiversity and coastal zones, are 
already seen in the form of natural calami�es across the country¹.  Changes in rainfall pa�ern 
and rising temperature are already leading to severe water shortages and/or flooding and shi�s 
in crop growing seasons respec�vely, affec�ng food security, and causing changes in the 
distribu�on of disease vectors pu�ng more people at risk from diseases such as malaria and 
dengue fever. It is projected that temperature increase will poten�ally and severely increase 
rates of ex�nc�on for many habitats and species (up to 30 percent with a 2°C rise in 
temperature). A rise in extreme events will have effects on health and lives as well as the 
associated environmental and economic impacts. Because of the speed at which change is 
happening due to global temperature rise, it is urgent that the vulnerability of developing 
countries to climate change is reduced and their capacity to adapt is increased and na�onal 
adapta�on plans are implemented. 

 Chha�sgarh is highly vulnerable to climate change and its impacts. The state has a large 
popula�on that is dependent on subsistence agriculture, which is largely rain-fed, and its 
economic viability is becoming precarious in the changed pa�ern of erra�c rainfall that is 
becoming the norm. Less than one third of the total arable land in Chha�sgarh is covered by 
irriga�on facili�es such as canals, reservoirs and tanks. 

 The rainfall variability during past century in Chha�sgarh studied using rainfall sta�s�cs 
of 100 years i.e. 1901-2000.About 40 rain gauge sta�ons located in different districts of 
Chha�sgarh shows a decline in average rainfall during 1900-1950 and 1951-2000. It is 
observed that in some districts like Raipur, Mahasamund, Raigarh the decrease in rainfall 
quan�ty is the other hand the decrease in rainfall².
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associated environmental and economic impacts. Because of the speed at which change is 
happening due to global temperature rise, it is urgent that the vulnerability of developing 
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 Chha�sgarh is highly vulnerable to climate change and its impacts. The state has a large 
popula�on that is dependent on subsistence agriculture, which is largely rain-fed, and its 
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quan�ty is the other hand the decrease in rainfall².
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 Pilot project on “Climate Adapta�on in Wetlands along Mahanadi River Catchment 
Area in Chha�sgarh”- The pilot project has been sanc�on by MoEF&CC under Na�onal 
Adapta�on Fund for Climate Change. The project is being executed by Chha�sgarh State 
Centre for Climate Change in three districts, namely, Baloda Bazaar, Mahasamund and 
Dhamtari. The pilot project aims to iden�fy impacts of climate change in ecosystems and 
communi�es in three wetland sites along Mahanadi River catchment area in Chha�sgarh and 
promote climate adapta�on through water conserva�on and demand management and 
improve adap�ve capacity of farmers and other wetland dependent vulnerable communi�es.

sectors- Agriculture and allied, Forests and Biodiversity, Water Resources, Urban Development, 
Transport, Energy, Industry and Mining, and Human Health. 

 The approach of the CSAPCC is to create and define an overarching climate response 
framework at the State Government level to reduce vulnerability, hazards and exposure; pool, 
transfer, and share risks; prepare and respond effec�vely; and increase capacity to cope with 
unforeseen events, while ar�cula�ng flexible sector specific response strategies and ac�ons 
keeping in mind the overall State Vision. The CSAPCC is in line with Government's vision on key 
elements such as accelera�ng inclusive economic growth, promo�ng sustainable 
development, securing and diversifying livelihoods, and safeguarding ecosystem. Chha�sgarh 
is among the vulnerable states to climate change in India and the Chha�sgarh State Ac�on Plan 
on Climate Change recognizes the challenges and has detailed out the importance of doing 
vulnerability analysis and adapta�on planning in the iden�fied sectors. Currently the revision 
of SAPCC for Chha�sgarh in the context of SDGs and NDCs is in the process and aims to 
mainstream climate resilient ac�ons into the development planning of the State³.

b) Public Transport Scoping study in Raipur completed.

 Strengthening the State Centre for climate change under Na�onal Mission for 
Strategic Knowledge on Climate Change [SCCC-NMSKCC]- Under the vision to establish 
knowledge on climate change in the state with respect to its impact on various sectors and to 
assess different associated vulnerabili�es, project for establishment of Knowledge 
Management Cell in Climate change center was developed and has received financial support 
under the Na�onal Mission for Strategic Knowledge Management on Climate Change 
(NMSKCCC) mission of the Government of India by Department of Science and Technology

a) Study on “Vulnerability Assessment of Chha�sgarh towards Climate Change” 
completed. Forest Sector Review of the Chha�sgarh State Ac�on Plan for Climate 
Change.

Research and climate related studies completed in the State-

 Some of the ac�vi�es undertaken on climate change adapta�on in the State from 2014 
�ll date are-

e) Concept Note for Mainstreaming Climate Sensi�ve Planning of Budgetary Schemes for 
Agriculture, Forest and Water resources Department.

c) Climate Resilient Agriculture strategy for Chha�sgarh- Impacts and Recommenda�ons.
d) Water Resource Management for Improved Climate Resilience in Chha�sgarh part of 

Mahanadi River Basin.

f) Community Led Ac�on Plan on Climate Change in Chha�sgarh.

The report of all the studies can be found on the Chha�sgarh State Center for climate 
change website.

g) Analysis of Gender and Social Inclusion in the Chha�sgarh State Ac�on Plan on Climate 
Change

Capacity building and training ac�vi�es on Comba�ng Climate Change -
 The State center for Climate Change has organized training on climate change 
awareness from �me to �me for the line department's officials and community. Some of the 
training materials developed for these trainings and capacity building ac�vi�es are-

a) Training of Trainers Manual for Farmers training on Climate Smart Agriculture.
b) Training Manual on Climate Resilient Agriculture in Chha�sgarh.
c) Training of Trainers Manual on Climate Proofing Watershed Management in 

Chha�sgarh.
d) Training Manual on Climate Resilient Forestry Prac�ces in Chha�sgarh.

Signing of the Under2 Coali�on on Climate Mi�ga�on-
 Chha�sgarh has become the second state a�er Telangana in India to sign the Under2 
MOU in June 2017. Under2 is a commitment by sub-na�onal governments to reduce their 
Greenhouse gas (GHG) emissions toward net-zero by 2050. Central to this is the public 
commitment by all signatories to reduce their GHG emissions by 80-95% on 1990 levels, or 2 
metric tons of carbon dioxide-equivalent per capita, by 2050. Chha�sgarh State Centre for 
Climate Change has played a key role in signing of this MoU and will serve as the center for 
taking forward the Chha�sgarh climate goals.

· Although the impacts of climate change are felt by the rural and urban community 
in the State, there is a lack of awareness on the measures that should be taken to 
combat these impacts.

· Lack of scien�fic and technical capacity of the current human resource in the 
department to carry on climate relevant ac�ons at the ground level.

· Exis�ng Gaps in the climate resilient approaches at the community level in the State:

· Lack of understanding at the different levels of the line departments on the impacts 
of climate change in their respec�ve sectors.

· The most vulnerable people are those whose livelihoods is least diversified, which 
in Chha�sgarh are small mono-cropping rice farmers in the Central Plains. Farmers 
are aware of the changes, but not equipped to address them. The report on climate 
resilient agriculture in Chha�sgarh suggests the need for awareness on climate 
change impacts and sector-level a�ribu�ons. Agricultural research and extension 
should realign to enable the State to design be�er adapta�on policies and 
programs.
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· At the community level it is felt that there is a need for an early warning system that 
would permit them to make arrangements for unfavourable changes in weather.

· Lack of any research, report or data on the exis�ng coping prac�ces adapted by the 
community at their level. 

· Media repor�ng on climate change is done mostly from the disaster perspec�ves, 
which mostly leaves people very disappointed or panicked. Very few media 
reportage on the climate change coping mechanisms and mi�ga�on strategies are 
done.

1.  Climate Resilient Strategies for People in Chha�sgarh
 Climate smart strategies are the tools which can support in making be�er decisions 
in the context of climate change at the individual, community and state level. This sec�on of the 
report covers the climate smart strategies that people located in different social se�ngs of the 
state can adopt. While planning and implemen�ng these strategies, it should be ensured that 
the strategies are inclusive of the tradi�onal and exis�ng measures prac�ced by the people in 
Chha�sgarh to combat climate change. It is very crucial that the principles of equity, jus�ce and 
fairness are followed while developing any climate adapta�on or mi�ga�on planning at any 
level. 
Strategies for Rural areas:

4
 Out of the total popula�on of Chha�sgarh , 23.24% people live in urban regions 
and around 76.76 % live in rural areas. Around 80% of the population depend on agriculture and 
allied sectors including forestry as the main source of their livelihoods in Chhattisgarh. Of the 
32.55 lakh farmer households in the state, 76 percent fall under the small and marginal 
category. 
 Hence it very crucial that the rural community is aware about the measures that 
needs to be taken to combat climate change. Below are few suggested measures which can be 
promoted in the rural areas of Chha�sgarh:

a. Awareness campaign on climate change of the Gram Sabhas all across the State:

 Although the impacts of climate change are already felt by the rural community, it is 
also necessary that the community is prepared to face any extreme weather events in the 
coming future due to climate change. Hence, awareness genera�on of the rural community 

⁴ Census 2011

 Key Stakeholders for this ac�vity: Rural community, PRI representa�ves, State 
Ins�tute for Rural development (SIRD), Department of Panchaya� Raj and Rural Development, 
Water resources department, Krishi Vigyan Kendra, Forest range office.

 on the preparedness measures for climate impacts is needed. Under this strategy 
awareness genera�on modules on 'Climate change, its impact on various resources like water, 
forest and agriculture and measures to adapt to these changes' should be developed in 
local/regional language. These modules can be developed as per the agro-clima�c zones in 
Chha�sgarh. These awareness genera�on modules can be used for organizing awareness 
campaigns all across the state on climate change. Mizoram State in India has recently launched 
a similar campaign for awareness on climate change⁵.

Figure :  Steps for awareness genera�on at the community level Key ac�vi�es with 
�melines:

S.No.  Key ac�vity  Es�mated dura�on

1.  Development of awareness modules on climate 
change  

3 Months

2.  Training of the trainers/campaigners  2 Months
3. Gram Sabha/Panchayat level awareness 

campaigns
6 Months to cover all the 
GS/GPs in Chha�sgarh

⁵h�ps://�mesofindia.india�mes.com/city/agartala/mizoram-launches-climate-change-awareness 
campaigns/ar�cleshow/69970510.cms
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 Once the awareness of the rural community on climate change is done, the next step 
can be to develop village level climate resilient planning. Under this ac�vity, the rural 
community can be encouraged to take leadership in integra�ng climate resilient planning in the 
village development plan (GPDP). 

b. Community level Climate smart planning:

 Conven�onally, in rural areas, the Gram Panchayat (GP) level/village level planning is 
done by different stakeholders (line departments/NGOs/PRIs, etc.) separately. Almost all of the 
program directs their efforts towards achieving sustainable livelihoods but emphasizing their 
own perspec�ve. This approach is a delivery-based approach and does not consider the 
perceived and actual needs of the targeted community. The Gram Panchayat Development 
Plan (GPDP) based approach works towards preparing the holis�c program and link it with 
different programs/schemes for wider implementa�on. Scheme like MGNREGS is also adop�ng 
the new technologies and approaches for GP level planning. Climate resilience aspect can 
basically create an ecosystem, where mul�ple components are linked and support each other, 
are less vulnerable to external factors including climate change and, in the process, 
create/strengthen the livelihood opportuni�es.

 Figure: Stages of community level climate ac�on planning

  Key ac�vi�es with �melines:

 Key Stakeholders for this ac�vity: Rural community, PRI representa�ves, State Ins�tute 
for Rural development, Department of Panchaya� Raj and Rural Development, line 
departments as per the ac�vity iden�fied in the planning process.

S.No  Key ac�vity  Es�mated dura�on

1.  Gram Sabha/Panchayat level consulta�on mee�ngs (Gram Sabha 
quorum ensuring par�cipa�on of women, SC , ST and other 
marginalized groups) for developing a Village level climate 
resilient plan.

 

 3 Months

2. Integra�on of the plan in the GPDP for budgetary alloca�ons. 2 Months

 Chha�sgarh has an urban popula�on percentage of 23.24. The Census 2011 data 
shows that as against a total percentage decadal growth of 22.59 during 2001-2011 for the 
State as a whole, the corresponding figure for urban popula�on in the State was significantly 
higher at 41.83, showing a drama�c growth in urbaniza�on.

Strategies for Urban areas:

 Due to the large popula�on size located in the city, introducing climate smart 
prac�ces in urban areas can majorly be approached through policy level interven�ons for 
example improving the weather forecast services specially cases of extreme weather events, 
improving urban infrastructure to be climate resilient and taking measures to reduce the 
carbon footprint from the urban lifestyle. Some of the climate smart prac�ces which can be 
promoted for the urban areas are-

 The urban community should be prepared to face extreme weather events due to 
climate change.  Use of mass media sources to spread the informa�on about the measures to 
be taken by the ci�zens in case of these events, should be shared widely. Use of Informa�on and 
communica�on technology like SMS based services to inform the ci�zens about extreme 
weather alerts, public announcements through the waste collec�on vehicle (like now done for 
COVID-19 awareness at the ward level) and helpline numbers should be adver�sed in public 
spaces and offices. Special focus to be given in the urban slum areas where flooding and heat 
waves can cause massive disrup�on in livelihood and health issues.

Figure: Indica�ve list of measures for climate resilience in urban areas

a. Develop the capacity of the urban dwellers to deal with disasters like flash floods, fire, 
lightning, heat waves-  
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(e)  Enlist prominent personali�es to provide leadership by cycling to work regularly.

 The urban municipal corpora�on can promote 'Green Infrastructure' in the city by 
providing property tax rebate on the buildings which install rain water harves�ng, solar 
electrifica�on, develop urban forests and mixed structures such as gardens and parks as well as 
green roofs and walls and take measures to reduce the energy consump�on of the building etc.

 Public events like drawing, poster, play, expert talks on the various topics of climate 
change can be organised by the urban municipal body in collabora�on with the educa�on 
department, schools, universi�es and corporates. Urban administra�on can also announce 
awards for climate friendly prac�ces by ins�tu�ons and individuals in the city. Increased 
awareness from such ac�vi�es can mo�vate city dwellers to adopt sustainable measures in 
their lifestyle.

c. Property tax rebate to the buildings installing 'Green Infrastructure' measures:

(a)  Make it mandatory for all commercial and office complexes to provide secure,
convenient and free parking for bicycles, very close to the entrance of the buildings.

b. Organise monthly awareness events on the various themes of climate change:

  These ac�ons should essen�ally pave way for building public opinion for improved, 
connected and dedicated infrastructure for bicycles and walking.

 The key to promo�ng cycling within a city is to create an ecosystem for convenient 
bicycling and make cycling as a fashion statement. Some of the key strategies to achieve this are 
as follows:

d. Promo�ng Cycling:

(b)  Allocate space near the bicycle parking stands at discounted rates to set-up
maintenance workshops for cycles. This will allow people to get their bicycles
repaired/serviced while they are at work or shopping.

(c)  Facilitate crea�on of cycling clubs, in associa�on with manufacturers and vendors of 
bicycles, which will help people in learning and use of bicycles.

(d)  Conduct cycle rallies and brevets on regular basis, at least one every month, that are 
flagged-off by prominent personali�es and announce gi�s for par�cipants.

(f)  Monitor bicycle sales as a key performance indicator (KPI) to ascertain the success of 
the transport strategies.      

Key Stakeholders for this ac�vity: Urban Local Body in associa�on with Cycle Stores and 
Manufacturers

e. Launching Car (motor-vehicle) Free Days (CFD) :

 CFD is a method adopted by ci�es across the world to designate a par�cular 
day/�meas 'no motor-vehicle zone' (popularly called NoMoZo) in a set of streets or 
neighborhood. There is typically apprehension among people when a new idea that is contrary 
to common understanding is presented to people. Hence, implemen�ng such measures 
gradually, star�ng with one or two days a week in a small area and gradually scaling up both 
spa�ally and temporally allows people to understand the benefits. Further, this also allows the 

 Key Stakeholders: Urban Local Body (typically Municipal Corpora�on) in associa�on 
with Department of Tourism and Culture, and various local NGO's, Educa�onal Ins�tu�ons, 
Civil Society and Elected Representa�ves.

Ø Integra�on of Climate Change in School Curricula: To ensure effec�ve learning and 
deep understanding of the subject ma�er, climate change educa�on should be 
integrated across school curricula at all levels. In addi�on, knowledge of climate 
change, its science, impacts and coping measures has to be adapted to address and 
relate to specific target groups. Therefore, specific ac�vi�es have to be developed and 
tailored according to age, school type and level as well as contexts and par�cular 
needs. CBSE has already integrated climate change educa�on in its school curricula, 
but the state curricula are yet to integrate it.

2.  Strategies for mass awareness and capacity building on climate smart prac�ces:

Ø Safe and Sustainable School Campuses: The physical learning environment can play 
an important role when promo�ng climate change educa�on. Sustainable schools 
provide ample natural light, good indoor air quality and ven�la�on. They are water 
and energy efficient, use non-toxic, locally available construc�on materials and run on 

 By raising awareness and promo�ng knowledge and skills-development, educa�on is 
an essen�al component and a catalyst for responding to global climate change. Its importance 
has been increasingly highlighted at the interna�onal level. In par�cular, Ar�cle 6 of the UN 
Framework Conven�on on Climate Change (UNFCCC)2 encourages Par�es to promote, develop 
and implement educa�onal, training and public awareness programmes on climate change and 
its effects. Some of steps that can be taken effec�ve immediately to achieve the climate goals 
are-

a. Introducing Climate Change educa�on:

administra�on to understand the implementa�on issues, get ci�zen feedback, and make 
improvements. Market areas and other places having heavy pedestrian movement are best 
suited for such experiment. Typically, such measures are also combined with conduc�ng 
various people engaging ac�vi�es and events that promote local culture and folklore. This will 
improve the foo�all and also promote tourism, which is good for promo�ng local businesses. 
This effort should finally lead to crea�on of permanent NoMoZo's spread across the ci�es.

Ø Training and Teaching Materials for Teachers and Educators: To promote climate 
change educa�on, it is crucial to strengthen teachers' and educators' capaci�es to 
deliver accurate informa�on, integrate local content, promote cri�cal thinking about 
and take ac�on on climate change mi�ga�on and adapta�on. This includes increasing 
their understanding of climate and sustainability issues as well as helping them 
develop necessary skills and providing them with pedagogical support. Furthermore, 
teachers and educators need dedicated materials to support their learning ac�vi�es 
on climate change. Examples of relevant materials include manuals, teachers' 
resource guides, lesson models and training modules, but also books, cartoons and 
videos (to name a few) to guide, inspire and empower students. In co-ordina�on with 
the Chha�sgarh State Council for Educa�on Research & Training a teacher training 
module on climate change educa�on should be developed for developing 
understanding on climate change at different educa�on levels.
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 Key Stakeholder: Chha�sgarh State Educa�on Board, SCERT, Educa�on NGOs in the 
State, Subject ma�er experts, Teachers and Students.

renewable energy. This way, they can develop the responsible and green habits of 
their a�endees and their families, in an environment that models the principle of 
sustainability being taught. Therefore, sustainable schools and campuses serve as 
learning laboratories for students to demonstrate and further deepen understanding 
of the principles learned in the classroom. The ambi�on is to make the school itself a 
physical model of sustainability. In addi�on, climate change proofing of educa�onal 
infrastructure minimizes the risks and associated costs of weather-related damages 
and promotes adapta�on. Other prac�ces, such as the use of solar panels, can also 
reduce greenhouse gas emissions and contribute to mi�ga�ng climate change.

Key ac�vi�es with Timelines:

S.No  Key ac�vity  Es�mated dura�on

1.  Curriculum review and development for introducing 
climate change educa�on in the school textbook  

6 Months

2.  Teacher’s Training module development and training 
on climate change  

3 Months

3. Sustainable school framework development 1 Month
4. Implementa�on of this framework in at least 10 

schools as the model for other schools in the State.
4 months

b. Climate Smart Media repor�ng- Under this ac�vity, capacity building of the media 
professionals from print, audio and visual media should be done for climate change repor�ng at 
the state level. Climate smart repor�ng will ensure increased mass awareness on climate 
change and providing climate related advisories from �me to �me. The State Government can 
also honour the efforts of the media houses on climate smart repor�ng through an annual 
awards ceremony.

 Key Stakeholder: Media community in the state, Chha�sgarh Samvad, State Centre for 
climate change and any expert agency on climate smart repor�ng.

Key ac�vi�es with Timelines:

S.No  Key ac�vity  Es�mated dura�on

1.
 
Development of climate smart repor�ng modules 3 Months

2.
 
Capacity building of the media persons from the 
key media houses in the State.

 

2 Months

3. Development of the team of experts who can 
further conduct such capacity building programs 
at the district level.

15 days

4. District level capacity building programs 2 months

Annexure: 
Key approaches for individuals and community at any level to follow for climate ac�on 
planning. 
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When you shop

-  Don't use plas�c bags: they can take decades to break down and accumulate in the 
environment, choking waterways and damaging wildlife. Always remember to bring 
your own shopping bag;

-  Choose energy-saving devices: many electrical appliances such as refrigerators, air-
condi�oners and computers now carry energy-saving labels;

Individual level:

At home:

-  Buy locally produced products: the things we buy, from food to clothes and electronics, 
all result in greenhouse gas emissions. By purchasing locally produced goods, you 
support local industries and cut down on transport emissions.

At School/Work

-  Go Green: walking or cycling short distances saves fuel and helps to reduce greenhouse 
gas emissions;

-  Share rides with friends and colleagues (to work or when socialising) where possible.

-  Cut down on paper. Paper currently accounts for 70% of office waste. Only print if 
necessary. If you do have to print or photocopy, remember to print double sided;

-  Create a green culture: make signs reminding people to save water and electricity in 
wash-rooms, classrooms and workplaces. Let people know how much energy and 
water, they can save through these simple changes.

On the Street

-  Air condi�oning: avoid using air condi�oning on cooler days - use fans and natural 
ven�la�on wherever possible.

-  Hot water: turn the water-heater to medium rather than high and be aware that water 
heaters consume a lot of electricity. Where possible, install solar water heaters;

-  Keep your house green: refrain from using chemicals harmful to our health and the 
environment. Replace these with plant based products and environmentally friendly 
alterna�ves;

-  Lights: use natural light whenever you can during the day. At night, use energy saving 
light bulbs;

-  Electronics: unplug your TV, computer and mobile phone charger. They s�ll use power 
even when they are not in use. Unplugging these devices helps both to save electricity 
and to lengthen their life  span;

-  Change your diet: include more vegetables in your meal. This is both be�er for your 
health and helps reduce greenhouse gas emissions;

- If you do use air condi�oning, set it at 26°C or warmer. Air condi�oning is the fastest 
growing use of energy in India, o�en contribu�ng to power failures in hot weather;

-  Reduce waste: when it breaks down, waste releases methane. Use recyclable packaging 
and buy long-las�ng products. Compost organic waste or use it as fer�lizer.

- Find out how to apply sustainability principles in your work.

-  Check informa�on and prepare well before any ac�vity/event to adapt to the changes of 
the weather.

-  Plant trees and help to protect forests and oceans. Trees help to slow climate change 
because they absorb carbon dioxide. Oceans also absorb large quan��es of carbon 
dioxide;

-  Learn about and apply climate change adapta�on ac�vi�es in your local area. Support 
vulnerable groups and regions;

Within your community

GREEN YOUR OCCUPATION. 

- Think about the way you do business, and how you could change it to reduce your impact 
on

“Together we can change the world”

- If you are a teacher, discuss these concepts with your students. If you work in building and 
construc�on, think about how to apply sustainability concepts to your construc�ons and 
designs. If you work in an office, think about your energy and paper use. Does your 
company produce goods or deliver services?

COMMUNICATION - EDUCATION. 

our environment and the climate.

C. Analysing the health impact of Industrial Pollu�on on communi�es residing closer to 
industrial areas in the state of Chha�sgarh

History shows that emergence and development of civiliza�ons would not have been 
possible without harnessing the natural resources. Harnessing these resources, however, have 

 Share your ideas and knowledge with friends, family and teachers to promote 
environmentally friendly behaviours.

VOLUNTEER.

Introduc�on 

CONNECT AND MOBILIZE COLLECTIVE ACTIONS FOR POSITIVE CHANGE.

Human health is one of the most important factors in economic growth and development. 
A healthy workforce is essen�al for the con�nuous growth of an economy and development of 
a state. Ensuring good health requires an environment inclusive of clean air, water and 
undisturbed forest cover. Globally, it is well established that emissions from coal-fired power 
are responsible for significant levels of illness and premature deaths. Whilst comprehensive 
studies of health impacts caused by par�culate air and water pollu�on a�ributable to coal 
power plants have been carried out in the USA and parts of Europe, such data is difficult to find 
in India.

Contribute your knowledge, skills and labour to environmental ac�vi�es.

Your involvement has the poten�al to profoundly impact sustainable development 
efforts in your local community.
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The state has emerged as one of the most preferred investment des�na�ons in the 
country. According to IBEF (2021), Chha�sgarh (including Madhya Pradesh) a�racted 
cumula�ve Foreign Direct Investment (FDI) worth US$ 1.43 billion between April 2000 and 
March 2020. Between October 2019 and March 2021, FDI inflow in Chha�sgarh stood at US$ 
0.03 million. During 2019, 61 Industrial Entrepreneurs' Memorandum (IEMs) were filed in 
Chha�sgarh with a proposed investment of Rs. 5,132 crore (US$ 743.30 million).

led to a myriad of changes in the environment, where the posi�ve changes are regarded as 
'development' while the nega�ve are deemed as 'environmental problems'. In India, 
systema�c exploita�on of natural resources since decades with marginal concern for the 
welfare of local communi�es, have resulted in socio-economic and environmental issues 
coming to the fore, namely deteriora�on of economic growth arising from displacement of 
indigenous people, slums, and increased health risks among local people for various diseases. 
Unplanned urbanisa�on, factories and industries have par�cularly played a major role in 
damaging natural forest cover, water and air quality.

Chha�sgarh is one of the youngest and fastest growing states in India. Availability of raw 
material, conducive labour environment, sufficient water, land, and cheap power, make 
Chha�sgarh a primary choice for industrialists. Being one of the largest producers of steel, 
thermal power, aluminium, bauxite, and cement among others, the state has approximately 
200 large industrial units and scores of small units (IBEF 2021). For instance, it has 16% of the 
total coal deposits in India and a total installed power-genera�on capacity of 13,076.27 MW, 
comprising 8,229.83 MW under private u�li�es, 1,971.05 MW under state u�li�es and 
2,875.39 MW under central u�li�es (Central Electricity Authority 2021). Korba and Surguja 
being a close second, Raigarh and Janjgir-Champa share 37% and 34% of this capacity. 
Chha�sgarh is presently one of the few states in India to have surplus power. It is also among 
the few profitable states in terms of u�lity-based electricity, and the only state in India to 
produce �n concentrates that accounts for 36% of the country's �n ore reserves. The state 
further has abundant limestone reserves that supports a strong cement sector, accoun�ng for 
around 5.4% of the total limestone reserves in India. Limestone produc�on in the state, for 
instance, reached 42.41 million tonnes in 2018-19 (FDI India 2021).

Details of produc�on of major minerals (per 1000 tons)  
Main mineral  Year 18-19  Year 19-20  

Coal  161893  157409  
Iron ore  34945  34820  
Limestone  42411  42415  
Bauxite  1532  1492  
Tin

 
21211

 
14986

 
Source: State Economic Survey, Directorate of Economics and Sta�s�cs (2021)

 The price of this fast-track industrialisa�on, however, ends up being forests, agricultural 
land and the state's 31.8 percent tribal popula�on, living on agriculture and non-�mber forest 
produce. A two-year long research study conducted by the Centre for Science and Environment 
(2015) has found many of Chha�sgarh's thermal power sta�ons to be highly pollu�ng. One of 
the major impacts being on the health of communi�es living around these industries, leading to 
a number of different traps. This is because communi�es living in a polluted and sordid 

 The development of the state of Chha�sgarh is closely related with raw materials, 
infrastructure and a demand for the industrial poten�al. Wide variety and quality of minerals 
are found in each part of the state to provide great scope for industries. For instance, rich forest 
resources in the state have a huge poten�al for forest-based industries, while the agriculture 
and livestock products provide raw materials for small and village industries, indica�ng future 
poten�al for industrial development (Directorate of Economic and Sta�s�cs, 2008). However, 
as it can be seen in the table below, the chemicals and gases produced from many of these 
industries may be hazardous and have a serious impact on the communi�es living in close 
proximity. Most probable diseases that can be seen amongst the people living in the vicinity of 
power plants, seed plants, cement plants and sponge iron industries include pneumoconiosis, 
silicosis, manganese and lead poisoning, noise induced hearing loss, contact derma��s, lung 
cancer and other respiratory and skin problems among others.

Snapshot of industries in Chha�sgarh and its environmental health impact 

environment may miss many workdays; children may o�en be sick and unable to do well in 
school; mothers who give birth there may have sickly babies and so on. Each of these channels 
are poten�ally an apparatus for current adversi�es to turn into future poverty.

Objec�ve of the study

 Does the state have a method to assess the health and environmental impact of this 
crowded industrialisa�on on communi�es residing closer to these areas? If not, what can be 
done about it? 

1. To understand the general health status of the popula�on of villages around the 
thermal power plants in Korba and Raigarh districts of Chha�sgarh.

2. To understand the impact of pollu�on from thermal power plants, coal yards and ash 
ponds in the vicinity on physical and mental health of the popula�on and suggest 
remedial measures.
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cumula�ve Foreign Direct Investment (FDI) worth US$ 1.43 billion between April 2000 and 
March 2020. Between October 2019 and March 2021, FDI inflow in Chha�sgarh stood at US$ 
0.03 million. During 2019, 61 Industrial Entrepreneurs' Memorandum (IEMs) were filed in 
Chha�sgarh with a proposed investment of Rs. 5,132 crore (US$ 743.30 million).

led to a myriad of changes in the environment, where the posi�ve changes are regarded as 
'development' while the nega�ve are deemed as 'environmental problems'. In India, 
systema�c exploita�on of natural resources since decades with marginal concern for the 
welfare of local communi�es, have resulted in socio-economic and environmental issues 
coming to the fore, namely deteriora�on of economic growth arising from displacement of 
indigenous people, slums, and increased health risks among local people for various diseases. 
Unplanned urbanisa�on, factories and industries have par�cularly played a major role in 
damaging natural forest cover, water and air quality.

Chha�sgarh is one of the youngest and fastest growing states in India. Availability of raw 
material, conducive labour environment, sufficient water, land, and cheap power, make 
Chha�sgarh a primary choice for industrialists. Being one of the largest producers of steel, 
thermal power, aluminium, bauxite, and cement among others, the state has approximately 
200 large industrial units and scores of small units (IBEF 2021). For instance, it has 16% of the 
total coal deposits in India and a total installed power-genera�on capacity of 13,076.27 MW, 
comprising 8,229.83 MW under private u�li�es, 1,971.05 MW under state u�li�es and 
2,875.39 MW under central u�li�es (Central Electricity Authority 2021). Korba and Surguja 
being a close second, Raigarh and Janjgir-Champa share 37% and 34% of this capacity. 
Chha�sgarh is presently one of the few states in India to have surplus power. It is also among 
the few profitable states in terms of u�lity-based electricity, and the only state in India to 
produce �n concentrates that accounts for 36% of the country's �n ore reserves. The state 
further has abundant limestone reserves that supports a strong cement sector, accoun�ng for 
around 5.4% of the total limestone reserves in India. Limestone produc�on in the state, for 
instance, reached 42.41 million tonnes in 2018-19 (FDI India 2021).

Details of produc�on of major minerals (per 1000 tons)  
Main mineral  Year 18-19  Year 19-20  

Coal  161893  157409  
Iron ore  34945  34820  
Limestone  42411  42415  
Bauxite  1532  1492  
Tin

 
21211

 
14986

 
Source: State Economic Survey, Directorate of Economics and Sta�s�cs (2021)

 The price of this fast-track industrialisa�on, however, ends up being forests, agricultural 
land and the state's 31.8 percent tribal popula�on, living on agriculture and non-�mber forest 
produce. A two-year long research study conducted by the Centre for Science and Environment 
(2015) has found many of Chha�sgarh's thermal power sta�ons to be highly pollu�ng. One of 
the major impacts being on the health of communi�es living around these industries, leading to 
a number of different traps. This is because communi�es living in a polluted and sordid 

 The development of the state of Chha�sgarh is closely related with raw materials, 
infrastructure and a demand for the industrial poten�al. Wide variety and quality of minerals 
are found in each part of the state to provide great scope for industries. For instance, rich forest 
resources in the state have a huge poten�al for forest-based industries, while the agriculture 
and livestock products provide raw materials for small and village industries, indica�ng future 
poten�al for industrial development (Directorate of Economic and Sta�s�cs, 2008). However, 
as it can be seen in the table below, the chemicals and gases produced from many of these 
industries may be hazardous and have a serious impact on the communi�es living in close 
proximity. Most probable diseases that can be seen amongst the people living in the vicinity of 
power plants, seed plants, cement plants and sponge iron industries include pneumoconiosis, 
silicosis, manganese and lead poisoning, noise induced hearing loss, contact derma��s, lung 
cancer and other respiratory and skin problems among others.

Snapshot of industries in Chha�sgarh and its environmental health impact 

environment may miss many workdays; children may o�en be sick and unable to do well in 
school; mothers who give birth there may have sickly babies and so on. Each of these channels 
are poten�ally an apparatus for current adversi�es to turn into future poverty.

Objec�ve of the study

 Does the state have a method to assess the health and environmental impact of this 
crowded industrialisa�on on communi�es residing closer to these areas? If not, what can be 
done about it? 

1. To understand the general health status of the popula�on of villages around the 
thermal power plants in Korba and Raigarh districts of Chha�sgarh.

2. To understand the impact of pollu�on from thermal power plants, coal yards and ash 
ponds in the vicinity on physical and mental health of the popula�on and suggest 
remedial measures.
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S.NO  INDUSTRY 
TYPE  

DISTRICT NAME  
(Major 

opera�ons)

 

ENVIRONMENT 
HEALTH HAZARDS

SUSCEPTIBLE HEALTH PROBLEMS

1  Ferro 
Alloys 
Industries  

1. Raipur  
2. Raigarh  3. Durg  4. Janjgir-Champa

 

1. Manganese (Mn) 
dust and fumes.
2. P olycyclic a roma�c 
hydrocarbons (PAHs) 
and mercury [w.r.t. 
furnace design and 
opera�on]
3. High levels of 
chromium (VI)
4. Industrial gases

1. Manganese poisoning or its sequelae
2. Carbon monoxide poisoning
3. Reduced birth weight
4. IQ deficits and increased oppos i�onal 
and a�en�on problems
6. Higher prevalence of Parkinsonian 
disturbances in aged adults associated 
with environmental Mn exposure.
7. Respiratory tract: Chromium inges�on, 
chronic inhala�on, septum, bronchi�s, 
decreased pulmonary func�on, 
pneumonia, asthma, and nasal itching and 
soreness.
8. Oral exposure may produce effects on 
the liver, kidney, gastrointes�nal and 
immune systems, and possibly the blood.
9. Derma��s, sensi�vity, and ulcera�on of 
the skin.
10. Lung cancer

2 Industries 
involving 
manufactu
ring and 
treatment 
of lead 
and 
certain 
compound
s of lead

1. Korba
2 Raipur

1. Lead dust and 
fumes
2. Industrial gases

1. Lead poisoning, including poisoning by 
any prepara�on or compound of lead or 
their sequelae.
2. Lead tetra-ethyl poisoning
3. Toxic anemia
4. Toxic nephri�s
5. Toxic jaundice due to poisonous 
substances

3 Stone 
crushers 
and 
foundries

1. Raigarh
2. Raipur
3. Durg
4. Almost all over 
CG

1. Silica dust
2. Industrial noise
3. Stone dust

1. Silicosis
2. Noise induced hearing loss
3. Contact derma��s

4 Power 
genera�ng 
industries

1. Korba
2. Raigarh

1. Coal dust
2. Industrial noise
3. Cardiorespiratory 
toxins

1. Pneumoconiosis
2. Silicosis
3.Noise induced hearing loss
4. Lung cancer and other cardiorespiratory 
issues
5. Neurological and reproduc�ve problems

5 Cement 
industries

1.Baloda Bazar
2.Janjgir-Champa
3. Raipur
4. Durg

1. Silica dust
2. Industrial noise

1. Silicosis
2. Noise induced hearing loss
3. Contact derma��s

S.NO  INDUSTRY 
TYPE  

DISTRICT NAME  
(Major 

opera�ons)  

ENVIRONMENT 
HEALTH HAZARDS  

SUSCEPTIBLE HEALTH PROBLEMS

6  Sponge iron 
industries  

1. Raipur  2. Raigarh  3. Durg
 

1. Coal dust  2. Industrial noise  
 

1. Carbon monoxide poisoning
2. Pneumoconiosis
3. Noise induced hearing loss

7
 

Integrated 
Iron & Steel 
Industries 
(Induc�on 
Furnace)

 

1. Raipur
 2. Raigarh
 3. Durg

 4.Janjgir-Champa
 

1. Industrial gases
 2. Sulphur and 

Nitrogen oxides (SO2 
& NOx)

 3. Vola�le Organic 
Chemicals, Dioxins 
and Furans and Poly 
chlorinated benzenes

 

1. Carbon monoxide poisoning
2. Noise induced hearing loss

8

 

Weedicides 
Industries

 

1. Raipur

 

1. Industrial gases and 
fumes

 

1. Poisoning by nitrous fumes
2. Toxic anemia
3. Toxic nephri�s
4. Cancer

9

 

Cold Storage

  

1. Industrial gases 
(Ammonia)

10 Rolling mills 
and wire 
drawing mills

1. Raipur 1. Industrial noise 1. Noise induced hearing loss

11 Galvanizing 
industries

1. Raipur
2. Durg

1. Dust & fumes
2. Industrial gases & 
fumes

1. Chrome ulcera�on or its 
sequelae
2. Primary epitheliomas cancer of 
skin

12 Fabrica�on 
Industries

1. Industrial noise 1. Noise induced hearing loss

Methodology 

 Source: Factories Act (1948), Chha�sgarh Environment Conserva�on Board (2021); Peer-
reviewed papers men�oned in bibliography.

 This report is shaped by the work of several health and environment experts using a 
range of qualita�ve evidence, based on available secondary data. This is a case study based 
report to generate an in-depth understanding of the subject. In order to be�er understand the 
health impacts on communi�es residing closer to industrial areas, an in-depth analysis of 
relevant literature was essen�al. This ranged from extensively peer-reviewed emission data 
and papers, diverse government reports, books, documentaries, media reports and popular 
ar�cles. Using different sources provided an insight into a range of perspec�ves, allowing me to 
provide conducive remedial measures.

 The ill effects of coal-based thermal power are not unknown. A 2013 Greenpeace report 
used air pollu�on data near about a 100 coal plants across the country, represen�ng a total 
power capacity of about 120 GW, es�ma�ng that these installa�ons were responsible for the 
deaths of about 100,000 people in 2011 alone, as well as more than 200 lakh asthma cases.

 Thermal power plants in Korba and Raigarh: Vulnerability of communi�es based on 
exposure and prevalence of disease

Page 133Page 132

Taskforce Report on Environmental Management in Chhattisgarh Taskforce Report on Environmental Management in Chhattisgarh



S.NO  INDUSTRY 
TYPE  

DISTRICT NAME  
(Major 

opera�ons)

 

ENVIRONMENT 
HEALTH HAZARDS

SUSCEPTIBLE HEALTH PROBLEMS

1  Ferro 
Alloys 
Industries  

1. Raipur  
2. Raigarh  3. Durg  4. Janjgir-Champa

 

1. Manganese (Mn) 
dust and fumes.
2. P olycyclic a roma�c 
hydrocarbons (PAHs) 
and mercury [w.r.t. 
furnace design and 
opera�on]
3. High levels of 
chromium (VI)
4. Industrial gases

1. Manganese poisoning or its sequelae
2. Carbon monoxide poisoning
3. Reduced birth weight
4. IQ deficits and increased oppos i�onal 
and a�en�on problems
6. Higher prevalence of Parkinsonian 
disturbances in aged adults associated 
with environmental Mn exposure.
7. Respiratory tract: Chromium inges�on, 
chronic inhala�on, septum, bronchi�s, 
decreased pulmonary func�on, 
pneumonia, asthma, and nasal itching and 
soreness.
8. Oral exposure may produce effects on 
the liver, kidney, gastrointes�nal and 
immune systems, and possibly the blood.
9. Derma��s, sensi�vity, and ulcera�on of 
the skin.
10. Lung cancer

2 Industries 
involving 
manufactu
ring and 
treatment 
of lead 
and 
certain 
compound
s of lead

1. Korba
2 Raipur

1. Lead dust and 
fumes
2. Industrial gases

1. Lead poisoning, including poisoning by 
any prepara�on or compound of lead or 
their sequelae.
2. Lead tetra-ethyl poisoning
3. Toxic anemia
4. Toxic nephri�s
5. Toxic jaundice due to poisonous 
substances

3 Stone 
crushers 
and 
foundries

1. Raigarh
2. Raipur
3. Durg
4. Almost all over 
CG

1. Silica dust
2. Industrial noise
3. Stone dust

1. Silicosis
2. Noise induced hearing loss
3. Contact derma��s

4 Power 
genera�ng 
industries

1. Korba
2. Raigarh

1. Coal dust
2. Industrial noise
3. Cardiorespiratory 
toxins

1. Pneumoconiosis
2. Silicosis
3.Noise induced hearing loss
4. Lung cancer and other cardiorespiratory 
issues
5. Neurological and reproduc�ve problems

5 Cement 
industries

1.Baloda Bazar
2.Janjgir-Champa
3. Raipur
4. Durg

1. Silica dust
2. Industrial noise

1. Silicosis
2. Noise induced hearing loss
3. Contact derma��s

S.NO  INDUSTRY 
TYPE  

DISTRICT NAME  
(Major 

opera�ons)  

ENVIRONMENT 
HEALTH HAZARDS  

SUSCEPTIBLE HEALTH PROBLEMS

6  Sponge iron 
industries  

1. Raipur  2. Raigarh  3. Durg
 

1. Coal dust  2. Industrial noise  
 

1. Carbon monoxide poisoning
2. Pneumoconiosis
3. Noise induced hearing loss

7
 

Integrated 
Iron & Steel 
Industries 
(Induc�on 
Furnace)

 

1. Raipur
 2. Raigarh
 3. Durg

 4.Janjgir-Champa
 

1. Industrial gases
 2. Sulphur and 

Nitrogen oxides (SO2 
& NOx)

 3. Vola�le Organic 
Chemicals, Dioxins 
and Furans and Poly 
chlorinated benzenes

 

1. Carbon monoxide poisoning
2. Noise induced hearing loss

8

 

Weedicides 
Industries

 

1. Raipur

 

1. Industrial gases and 
fumes

 

1. Poisoning by nitrous fumes
2. Toxic anemia
3. Toxic nephri�s
4. Cancer

9

 

Cold Storage

  

1. Industrial gases 
(Ammonia)

10 Rolling mills 
and wire 
drawing mills

1. Raipur 1. Industrial noise 1. Noise induced hearing loss

11 Galvanizing 
industries

1. Raipur
2. Durg

1. Dust & fumes
2. Industrial gases & 
fumes

1. Chrome ulcera�on or its 
sequelae
2. Primary epitheliomas cancer of 
skin

12 Fabrica�on 
Industries

1. Industrial noise 1. Noise induced hearing loss

Methodology 

 Source: Factories Act (1948), Chha�sgarh Environment Conserva�on Board (2021); Peer-
reviewed papers men�oned in bibliography.

 This report is shaped by the work of several health and environment experts using a 
range of qualita�ve evidence, based on available secondary data. This is a case study based 
report to generate an in-depth understanding of the subject. In order to be�er understand the 
health impacts on communi�es residing closer to industrial areas, an in-depth analysis of 
relevant literature was essen�al. This ranged from extensively peer-reviewed emission data 
and papers, diverse government reports, books, documentaries, media reports and popular 
ar�cles. Using different sources provided an insight into a range of perspec�ves, allowing me to 
provide conducive remedial measures.

 The ill effects of coal-based thermal power are not unknown. A 2013 Greenpeace report 
used air pollu�on data near about a 100 coal plants across the country, represen�ng a total 
power capacity of about 120 GW, es�ma�ng that these installa�ons were responsible for the 
deaths of about 100,000 people in 2011 alone, as well as more than 200 lakh asthma cases.

 Thermal power plants in Korba and Raigarh: Vulnerability of communi�es based on 
exposure and prevalence of disease
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 Korba and Raigarh districts, both located in the northern half of Chha�sgarh, are home 
to many coal-based thermal power plants, including Hasdeo Thermal Power Sta�on, Na�onal 
Thermal Power Corpora�on (NTPC), Korba Thermal Power Sta�on, and Bharat Aluminium Co. 
Ltd (BALCO) in Korba; and Jindal Steel Power Plant (3 units), M/S Nalwa Steeks & Power Ltd., and 
M/S Monnet Ispat& Energy Ltd. in Raigarh. Major environmental impacts of these industries 
have included air pollu�on due to coal mining- comprising fly ash backfilling and ash slurry, 
thermal power plants, coal washeries, sponge iron and steel plants, and road transport of coal. 
Other environmental impacts include water pollu�on due to ou�low of coolant water into 
rivers impac�ng the flora, fauna and fish; groundwater deple�on due to coal storage yards and 
ash ponds; soil pollu�on; deforesta�on; displacement, health risks due to severe illnesses, and 
risk to life due to blas�ng. 

Nature and features of impacts

Direct impact  Indirect impact  Cumula�ve impact  Induced impact  

Eg.: Impact of 
untreated 

wastewater from the 
power plant 

discharged into a 
river or stream 

impac�ng marine life.  

Eg.: SO2 from 
power plants 

deposited as SO4 
on the soil affects 

farming.  

Eg.: Combined 
impact of all 
emissions of 
exis�ng and 

upcoming projects 
in a region.  

Eg.: Impact of change 
in land use pa�erns 

and popula�on in the 
area because of the 
plant on the exis�ng 
natural resources like 

water,  air.  

 Coal-based power plants emit carbon dioxide (CO2), which is the most predominant 
greenhouse gas. In the Indian context, thermal power companies generate large amounts of 
fly-ash- fine par�cles of ash sent up by the burning of solid fuel like coal. Due to this high ash 
content, the combus�on of 1 tonne of coal results in an emission of around 1.5 tonnes of CO2 
(Jairam Ramesh 2014). 

Air Pollu�on and associated health risks

 Fine par�cles (PM2.5 or par�culate ma�er smaller than 2.5 microns) are a mixture of 
pollutants such as soot, acid droplets, and heavy metals; and are par�cularly dangerous 
because, once inhaled, they can lodge deep in the human lung and be absorbed into the 
bloodstream and transported to vital organs. Fine par�cles are either soot emi�ed directly 
from these combus�on sources or formed in the atmosphere from SO2 or NOx emissions. 
Research indicates that short-term exposures to fine par�cle pollu�on are linked to cardiac 
issues, including increased risk of heart a�ack. Long-term exposure to fine par�cle pollu�on 

 Casual dumping of fly ash, while not following the government's mandate of dumping 
the fly-ash in ash ponds, has led to air and water pollu�on in areas close to the power plants. For 
instance, 2.4 crore tonnes of fly ash are generated by the industries in Chha�sgarh every year, 
out of which only 26.97% of fly ash gets used up. About 38 percent of coal ash is used in 
agricultural and engineering applica�ons rather than being disposed of, and in addi�on, a very 
less amount of its genera�on percentage is dumped in abandoned mines as fill. This has had a 
nega�ve impact on the health of people residing here. 

 Due to the unscien�fic management of fly ash, residents of Churri, Lotlota, Char Bhha�, 
and Churri Kordh and JaminiPalli, located very close to the power plants in Raigarh, are also 
living a dejected life. Residents alleged that the ash causes skin problems, including itching, and 
inhaling the ash causes lung problems and asthma. According to a 2017 study carried out by 
People First Collec�ve India (PFCI), long-term residents of Sarasmal, Kosampalli and 
Dongamouha in Raigarh (515 people including children living within 2kms of the mines and 
plants) were asked about their respiratory, musculoskeletal, neurological and gastrointes�nal 

 Due to con�nuous and long-las�ng emissions of SO2 and NOx, thermal plants, 
surrounding structures, buildings, monuments of historic importance and metallic structures 
too are affected badly due to corrosive (Acid rain) reac�ons. As per study based on the Global 
Burden of Disease (GBD) assessments, the es�mated health impacts of Chha�sgarh state due 
to PM2.5 pollu�on from the coal-fired thermal power plants in the year 2017, 2020, 2025 and 
2030 is and will be 3870, 4610, 5,600, and 6340 respec�vely. It is also worth no�ng that a very 
high amount of CO2 emission (0.9-0.95 kg/kWh) from thermal power plants contribute to 
global warming leading to climate change. 

has been linked to an increased risk of death from lung cancer and cardiac and respiratory 
diseases. Cumula�vely, this results in lower life-expectancy for residents of more polluted ci�es 
as against those residing in cleaner ci�es. Given the country's dependence on coal for 
electricity, and the absence of effec�ve pollu�on controls, persistently elevated levels of fine 
par�cle pollu�on are common across large parts of the country, par�cularly in Central and 
Northern India. The secondary contribu�ons from SO2 and NOx emissions to the total fine 
par�culate ma�er varies from 30-60% over Madhya Pradesh, Chha�sgarh, and most of 
central-eastern India. This is primarily due to lack of flue gas desulfuriza�on units for most 
power plants. A mandate to implement this for all new and exis�ng power plants will 
immediately result in lower ambient par�culate pollu�on, with related health benefits. An 
added important benefit will be a reduc�on in the deposi�on of these substances over rich 
agricultural lands.

 According to a study conducted by the Central Pollu�on Control Board (CPCB) IN 2009, 
thKorba ranks 5  in the 'cri�cally polluted area' category amongst 88 industrial clusters. It also has 

the world's second largest open cast coal mines, Gevra, and other major open cast coal mines 
such as Kusmunda and Dipka. The Korba sky line is do�ed with chimneys spewing dense smoke, 
which has made life of the residents in the area difficult. Local news dailies have reported 
several incidents related to health problems, including skin diseases like rashes and itching and 
some respiratory diseases like chronic bronchi�s, chest discomfort, asthma a�acks and even 
cancer. The State Health Resource Centre (SHRC) (2020), Chha�sgarh, has in its report said that 
around 12 percent of the popula�on in the Korba industrial area spread over 11 kilometres is 
suffering from asthma and bronchi�s. According to surveys by UBS, approximately 5,000 trucks 
ferry out coal from the Dipka mine in Chha�sgarh, adding toxic fumes and kicking up more dust 
from the broken roads. “Coal dust is everywhere in Dipka- it turns the air hazy, the river water 
black, and se�les in a film on any surface le� exposed for a couple of hours. “One can see the 
water in the river. Some�mes it turns black. Even ca�le avoid entering in Lilagar,” says 21-year-
old Rohit Kashyap, who lives in one of four rese�lement colonies that were made to 
accommodate those displaced by the coal mine in Korba (Hindustan Times 2019)

Page 135Page 134

Taskforce Report on Environmental Management in Chhattisgarh Taskforce Report on Environmental Management in Chhattisgarh



 Korba and Raigarh districts, both located in the northern half of Chha�sgarh, are home 
to many coal-based thermal power plants, including Hasdeo Thermal Power Sta�on, Na�onal 
Thermal Power Corpora�on (NTPC), Korba Thermal Power Sta�on, and Bharat Aluminium Co. 
Ltd (BALCO) in Korba; and Jindal Steel Power Plant (3 units), M/S Nalwa Steeks & Power Ltd., and 
M/S Monnet Ispat& Energy Ltd. in Raigarh. Major environmental impacts of these industries 
have included air pollu�on due to coal mining- comprising fly ash backfilling and ash slurry, 
thermal power plants, coal washeries, sponge iron and steel plants, and road transport of coal. 
Other environmental impacts include water pollu�on due to ou�low of coolant water into 
rivers impac�ng the flora, fauna and fish; groundwater deple�on due to coal storage yards and 
ash ponds; soil pollu�on; deforesta�on; displacement, health risks due to severe illnesses, and 
risk to life due to blas�ng. 

Nature and features of impacts

Direct impact  Indirect impact  Cumula�ve impact  Induced impact  

Eg.: Impact of 
untreated 

wastewater from the 
power plant 

discharged into a 
river or stream 

impac�ng marine life.  

Eg.: SO2 from 
power plants 

deposited as SO4 
on the soil affects 

farming.  

Eg.: Combined 
impact of all 
emissions of 
exis�ng and 

upcoming projects 
in a region.  

Eg.: Impact of change 
in land use pa�erns 

and popula�on in the 
area because of the 
plant on the exis�ng 
natural resources like 

water,  air.  

 Coal-based power plants emit carbon dioxide (CO2), which is the most predominant 
greenhouse gas. In the Indian context, thermal power companies generate large amounts of 
fly-ash- fine par�cles of ash sent up by the burning of solid fuel like coal. Due to this high ash 
content, the combus�on of 1 tonne of coal results in an emission of around 1.5 tonnes of CO2 
(Jairam Ramesh 2014). 

Air Pollu�on and associated health risks

 Fine par�cles (PM2.5 or par�culate ma�er smaller than 2.5 microns) are a mixture of 
pollutants such as soot, acid droplets, and heavy metals; and are par�cularly dangerous 
because, once inhaled, they can lodge deep in the human lung and be absorbed into the 
bloodstream and transported to vital organs. Fine par�cles are either soot emi�ed directly 
from these combus�on sources or formed in the atmosphere from SO2 or NOx emissions. 
Research indicates that short-term exposures to fine par�cle pollu�on are linked to cardiac 
issues, including increased risk of heart a�ack. Long-term exposure to fine par�cle pollu�on 

 Casual dumping of fly ash, while not following the government's mandate of dumping 
the fly-ash in ash ponds, has led to air and water pollu�on in areas close to the power plants. For 
instance, 2.4 crore tonnes of fly ash are generated by the industries in Chha�sgarh every year, 
out of which only 26.97% of fly ash gets used up. About 38 percent of coal ash is used in 
agricultural and engineering applica�ons rather than being disposed of, and in addi�on, a very 
less amount of its genera�on percentage is dumped in abandoned mines as fill. This has had a 
nega�ve impact on the health of people residing here. 

 Due to the unscien�fic management of fly ash, residents of Churri, Lotlota, Char Bhha�, 
and Churri Kordh and JaminiPalli, located very close to the power plants in Raigarh, are also 
living a dejected life. Residents alleged that the ash causes skin problems, including itching, and 
inhaling the ash causes lung problems and asthma. According to a 2017 study carried out by 
People First Collec�ve India (PFCI), long-term residents of Sarasmal, Kosampalli and 
Dongamouha in Raigarh (515 people including children living within 2kms of the mines and 
plants) were asked about their respiratory, musculoskeletal, neurological and gastrointes�nal 

 Due to con�nuous and long-las�ng emissions of SO2 and NOx, thermal plants, 
surrounding structures, buildings, monuments of historic importance and metallic structures 
too are affected badly due to corrosive (Acid rain) reac�ons. As per study based on the Global 
Burden of Disease (GBD) assessments, the es�mated health impacts of Chha�sgarh state due 
to PM2.5 pollu�on from the coal-fired thermal power plants in the year 2017, 2020, 2025 and 
2030 is and will be 3870, 4610, 5,600, and 6340 respec�vely. It is also worth no�ng that a very 
high amount of CO2 emission (0.9-0.95 kg/kWh) from thermal power plants contribute to 
global warming leading to climate change. 

has been linked to an increased risk of death from lung cancer and cardiac and respiratory 
diseases. Cumula�vely, this results in lower life-expectancy for residents of more polluted ci�es 
as against those residing in cleaner ci�es. Given the country's dependence on coal for 
electricity, and the absence of effec�ve pollu�on controls, persistently elevated levels of fine 
par�cle pollu�on are common across large parts of the country, par�cularly in Central and 
Northern India. The secondary contribu�ons from SO2 and NOx emissions to the total fine 
par�culate ma�er varies from 30-60% over Madhya Pradesh, Chha�sgarh, and most of 
central-eastern India. This is primarily due to lack of flue gas desulfuriza�on units for most 
power plants. A mandate to implement this for all new and exis�ng power plants will 
immediately result in lower ambient par�culate pollu�on, with related health benefits. An 
added important benefit will be a reduc�on in the deposi�on of these substances over rich 
agricultural lands.

 According to a study conducted by the Central Pollu�on Control Board (CPCB) IN 2009, 
thKorba ranks 5  in the 'cri�cally polluted area' category amongst 88 industrial clusters. It also has 

the world's second largest open cast coal mines, Gevra, and other major open cast coal mines 
such as Kusmunda and Dipka. The Korba sky line is do�ed with chimneys spewing dense smoke, 
which has made life of the residents in the area difficult. Local news dailies have reported 
several incidents related to health problems, including skin diseases like rashes and itching and 
some respiratory diseases like chronic bronchi�s, chest discomfort, asthma a�acks and even 
cancer. The State Health Resource Centre (SHRC) (2020), Chha�sgarh, has in its report said that 
around 12 percent of the popula�on in the Korba industrial area spread over 11 kilometres is 
suffering from asthma and bronchi�s. According to surveys by UBS, approximately 5,000 trucks 
ferry out coal from the Dipka mine in Chha�sgarh, adding toxic fumes and kicking up more dust 
from the broken roads. “Coal dust is everywhere in Dipka- it turns the air hazy, the river water 
black, and se�les in a film on any surface le� exposed for a couple of hours. “One can see the 
water in the river. Some�mes it turns black. Even ca�le avoid entering in Lilagar,” says 21-year-
old Rohit Kashyap, who lives in one of four rese�lement colonies that were made to 
accommodate those displaced by the coal mine in Korba (Hindustan Times 2019)
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condi�ons, where about 200 a�ended a medical check-up by doctors to evaluate their 
complaints further. The cohort excluded miners, plant workers and migrants. Only a li�le more 
than 10% of those surveyed did not report any issues, regardless of how economically stable 
they were. The remaining 89%+ complained of several health problems, with family members 
showing similar symptoms. Dry cough, breathing difficul�es, heavy hair loss, itchy eyes and 
skin, skin discoloura�on, and deeply chapped feet- even in children were common. Women 
experienced chronic complaints more than men, while many reported that they had developed 
these symptoms within a year of each other. The study also obtained soil, air and water samples 
from these villages. On analysing, it was seen that air samples had high levels of arsenic, lead, 
nickel, manganese and silicon- higher than the permissible limit specified by Indian standards. 
They also showed excessive quan��es of NOx and carbon monoxide.

 The sources of water pollu�on are mainly due to two types:  industrial- ash pond 
overflow water from thermal power plants; and domes�c- colonial waste from township of the 
power units. Most villagers living close to industries depend on underground water sources 
such as tube wells and borewells for drinking water, and ponds and streams for bathing, 
washing and for animals. 

 Experts have agreed on the risks to public health in this region. As per Shashank  
Shekhar, assistant professor, department of geology, Delhi University, any river flowing through 
or near a mining waste dump is likely to carry a lot of pollu�on because Indian coal is high in 
sulphur (Hindustan Times, 2019). “Fly ash contains a number of heavy metals. Animals or 
humans who are using the river water for drinking or bathing will have health impacts,” said 
Aar�  Khosla, Director at Climate Trends (ibid).

 In 2013-2014, people from Sarasmal and Kosampalli villages in Raigarh monitored the 
air and water pollu�on with the help of some NGOs and were alarmed by their findings. Water 
levels in the rivers and ponds had fallen; they found that fly ash was forming a layer on 
everything, from trees to roo�ops. “For us, the only source of water today is some remaining 
wells. The water in the nallah is completely black due to industrial effluents discharged from the 
plant. Even the rice grown by us is now black in colour due to the water from the plant,” said 
U�ara Bai, a resident of Kosampalli village in Raigarh (Mongabay, 2018). There was hence a 
need to use scien�fic methods to document what the villagers were experiencing. Even in 
Korba, the ash slurry gets se�led in the ash ponds and the supernatant water is either recycled 
or discharged into the nearby nallah. All the ash ponds are situated near the natural 
streams/rivers including DengurNallah, BelgiriNallah, and JhariaNallah, which ul�mately joins 
the downstream of the Hasdeo river. NTPC, LANCO, Chha�sgarh State Electricity Board (CSEP) 
expansion project power plants have a total recircula�on system for ash pond overflow water. 
BALCO has established a high concentrated slurry system for disposal of ash slurry. As per the 
present scenario, river Hasdeo is the main water body in Korba which receives industrial as well 
as domes�c effluent. Since the thermal power plant ash contains certain heavy metals and 
harmful elements, it leaches out to nearby surface water, river water, tube well water and other 
sources of water and causes environmental degrada�on.

Water Pollu�on and associated health risks

Industry classifica�on and distribu�on in Korba:

 Large  Medium  Small  

Highly Pollu�ng 
Industries  

07  01  Nil  

Red Category 
Industries  

07  01  04  

Mines  04  Nil  Nil  

Exis�ng gaps in the current scenario of assessing health impacts

Source:  Meikap  B.C. (2015)

2. No strict monitoring of environmental norms: Absence of mandatory safety zones in 
industrial opera�ons, transporta�on of coal in open trucks carrying coal dust for long 
distances, large amounts of coal ash dumped on farmlands, and other issues have led to 
poor quality of air and water. When complaints are filed, ac�ons and remedial 
measures are challenging to get through. Majority of the two-wheeler riders too are 
forced to cover their face to avoid inhaling the black smoke. Further, the case of huge 
quan��es of dust se�ling over vehicles within hours of being cleaned is an everyday 
affair. Not following pollu�on control mandates and carrying out strict monitoring of 
environmental norms has been a serious challenge.

1. Lack of available data: The status of data collec�on to assess the health impacts of 
pollutants on communi�es is fuzzy as there is no systema�c assessment being done. 
Livestock death too goes undocumented in spite of several cases of ca�le drinking 
water out of ponds with coal-ash and dying. Besides, the Central Electricity Authority 
(CEA) report says 77% coal ash produced in thermal power plants is u�lized (Khandekar 
2020). From the legal point of view, coal plants are deemed to u�lise 100% fly ash within 
4 years of opera�ons. There is no proof of this being done, and no record of any ac�on 
being taken in that case, making the policy's efficacy rather debatable.

3. Insufficient comprehensive cost-assessment of the impact of coal-ash pollu�on: 
Thermal power plants are considered as an economical way of producing electricity, 
emphasising that new factories will bring jobs and development to impoverished 
regions. Thermal power, however, is regarded as economical because it fails to account 
for the environment and health costs resul�ng from pollu�on. Carrying out 
comprehensive cost-assessment of the impact of coal-ash pollu�on becomes more 
important in this region as such costs are externalized to the environment and the 
health of those living around the power plants. The mortality and morbidity burden on 
administra�ons is par�cularly expensive in terms of lost work days and produc�vity, 
and eventual loss in GDP. Comprehensive cost-assessment was once done in Raigarh in 
March 2020 when The Na�onal Green Tribunal imposed a penalty of Rupees 160 crore 
on the operators of power plants and coal mines for causing environmental and health 
damages in the local community. This was done a�er the local communi�es came 

 Note: Study area- Townships of NTPC, CSEB (East), CSEB (West), BALCO and Small Industrial 
Area of Korba.
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power units. Most villagers living close to industries depend on underground water sources 
such as tube wells and borewells for drinking water, and ponds and streams for bathing, 
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 Experts have agreed on the risks to public health in this region. As per Shashank  
Shekhar, assistant professor, department of geology, Delhi University, any river flowing through 
or near a mining waste dump is likely to carry a lot of pollu�on because Indian coal is high in 
sulphur (Hindustan Times, 2019). “Fly ash contains a number of heavy metals. Animals or 
humans who are using the river water for drinking or bathing will have health impacts,” said 
Aar�  Khosla, Director at Climate Trends (ibid).

 In 2013-2014, people from Sarasmal and Kosampalli villages in Raigarh monitored the 
air and water pollu�on with the help of some NGOs and were alarmed by their findings. Water 
levels in the rivers and ponds had fallen; they found that fly ash was forming a layer on 
everything, from trees to roo�ops. “For us, the only source of water today is some remaining 
wells. The water in the nallah is completely black due to industrial effluents discharged from the 
plant. Even the rice grown by us is now black in colour due to the water from the plant,” said 
U�ara Bai, a resident of Kosampalli village in Raigarh (Mongabay, 2018). There was hence a 
need to use scien�fic methods to document what the villagers were experiencing. Even in 
Korba, the ash slurry gets se�led in the ash ponds and the supernatant water is either recycled 
or discharged into the nearby nallah. All the ash ponds are situated near the natural 
streams/rivers including DengurNallah, BelgiriNallah, and JhariaNallah, which ul�mately joins 
the downstream of the Hasdeo river. NTPC, LANCO, Chha�sgarh State Electricity Board (CSEP) 
expansion project power plants have a total recircula�on system for ash pond overflow water. 
BALCO has established a high concentrated slurry system for disposal of ash slurry. As per the 
present scenario, river Hasdeo is the main water body in Korba which receives industrial as well 
as domes�c effluent. Since the thermal power plant ash contains certain heavy metals and 
harmful elements, it leaches out to nearby surface water, river water, tube well water and other 
sources of water and causes environmental degrada�on.

Water Pollu�on and associated health risks

Industry classifica�on and distribu�on in Korba:
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Highly Pollu�ng 
Industries  

07  01  Nil  

Red Category 
Industries  

07  01  04  

Mines  04  Nil  Nil  

Exis�ng gaps in the current scenario of assessing health impacts

Source:  Meikap  B.C. (2015)

2. No strict monitoring of environmental norms: Absence of mandatory safety zones in 
industrial opera�ons, transporta�on of coal in open trucks carrying coal dust for long 
distances, large amounts of coal ash dumped on farmlands, and other issues have led to 
poor quality of air and water. When complaints are filed, ac�ons and remedial 
measures are challenging to get through. Majority of the two-wheeler riders too are 
forced to cover their face to avoid inhaling the black smoke. Further, the case of huge 
quan��es of dust se�ling over vehicles within hours of being cleaned is an everyday 
affair. Not following pollu�on control mandates and carrying out strict monitoring of 
environmental norms has been a serious challenge.

1. Lack of available data: The status of data collec�on to assess the health impacts of 
pollutants on communi�es is fuzzy as there is no systema�c assessment being done. 
Livestock death too goes undocumented in spite of several cases of ca�le drinking 
water out of ponds with coal-ash and dying. Besides, the Central Electricity Authority 
(CEA) report says 77% coal ash produced in thermal power plants is u�lized (Khandekar 
2020). From the legal point of view, coal plants are deemed to u�lise 100% fly ash within 
4 years of opera�ons. There is no proof of this being done, and no record of any ac�on 
being taken in that case, making the policy's efficacy rather debatable.

3. Insufficient comprehensive cost-assessment of the impact of coal-ash pollu�on: 
Thermal power plants are considered as an economical way of producing electricity, 
emphasising that new factories will bring jobs and development to impoverished 
regions. Thermal power, however, is regarded as economical because it fails to account 
for the environment and health costs resul�ng from pollu�on. Carrying out 
comprehensive cost-assessment of the impact of coal-ash pollu�on becomes more 
important in this region as such costs are externalized to the environment and the 
health of those living around the power plants. The mortality and morbidity burden on 
administra�ons is par�cularly expensive in terms of lost work days and produc�vity, 
and eventual loss in GDP. Comprehensive cost-assessment was once done in Raigarh in 
March 2020 when The Na�onal Green Tribunal imposed a penalty of Rupees 160 crore 
on the operators of power plants and coal mines for causing environmental and health 
damages in the local community. This was done a�er the local communi�es came 
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together, trained themselves and found that the PM level in the area was around 500 
Micrograms per Cubic Meter of Air (ug/m3) while the CPCB of India has laid down the 
24-hour average Na�onal Ambient Air Quality Standards for PM10 as 100 μg/m3 and 
PM2.5 as 60 μg/m3.

1. Medical facility strengthening: Strengthening of facili�es like spirometry at the district 
level hospitals with provision of technical exper�se and respiratory and other 
medicines would be a much-needed step forward along with an increase in trained 
staff. The state administra�on should also set up specialised health care infrastructure 
operated by the health departments at polluters' costs, under the 'polluter pays' 
principle, to cater to health issues of residents in the region.

Health

4. Par�culate ma�er emissions: Par�culate ma�er emission standards in India lag behind 
those implemented globally- like in the USA, Australia, EU and China. There are also no 
prescribed emission standards in India for other key pollutants like SO2, NOx and 
mercury, and open and con�nuous emission monitoring data are unavailable at the 
plant level. For instance, un�l today, pollu�on standards exist solely for ambient air 
quality and not for individual power plants, compromising monitoring and enforcement 
efforts. This leaves the enforcement of current standards non-existent. We can proceed 
to the next steps of monitoring and enforcing policy only a�er standards are set and 
regula�ons mandated at the plant level, leading to reduced nega�ve environment and 
health impacts due to coal fired thermal power plants. 

5. Lack of awareness of health impact: India's policy is heavily dependent on coal and yet 
fails to regulate pollu�on or health costs. Policy makers let coal ash be a problem 
because communi�es do not realise the seriousness of the problem, which in the long 
term leads to further damage. A few years ago, coal-ash was declassified from 
'hazardous waste' to just 'waste'. This was done to allow some form of u�liza�on of it, 
for instance, making bricks or filling out a low-lying area. Filling up low-lying areas, 
however, is as good as saying 'discharge the waste in the river'. River areas are low-lying, 
so the companies casually dump it there. Legally, there is nothing wrong with it, but 
environmentally, it can be disastrous. Coal-ash is also used for mine backfilling. Studies 
are ongoing to see the impact of it, but there is no data that says it is completely non-
toxic. Besides in certain cases, protec�on ensured to people is due to the relentless fight 
from the local community. For example, community paralegals working with Jan 
abhivyak�, a people's NGO working in Chha�sgarh, ensured some of the pollu�on 
issues are addressed by making sure that condi�ons related to environmental 
clearances and pollu�on consents are followed. In one such case, a safety wall was built 
in the area almost 30 years a�er the mine started opera�ons. There is also no 
informa�on about green cover in Korba city. According to the Municipal Corpora�on of 
Korba's 'Vision, Strategy and Ac�on Plan for Korba- An inclusive Green Growth 
approach', there has been a dearth of informa�on about tree cover in urban areas 
especially for the city and urban agglomera�ons, as this work has not be a�empted in a 
systema�c manner by the Urban Local Body, government departments, academic 
organisa�ons or NGOs (Mongabay 2018).

Recommenda�on

2. Health impact monitoring: The department of health and family welfare and medical 
educa�on must provide for long-term health monitoring by ini�a�ng health studies 
among the residents of Korba, Raigarh and other districts.

4. Implementa�on of long overdue pollu�on control regula�ons: The high number of 
deaths, its resultant financial costs, and disease from thermal power plants point to the 
need for implementa�on of long overdue pollu�on control regula�ons. These include 
manda�ng flue gas desulphuriza�on and strengthening of emission standards for 
pollutants such as SO2 and NOx. There is a need to update the procedures for 
comprehensive cost-assessment of the impact of coal-ash pollu�on, and environment 
impact assessments for exis�ng and newer plants to account for human health impact 
from coal emissions. Also necessary are measures to ensure that these norms and 
standards are adhered to, with deterrents for non-compliance. There needs to be a 
commitment to match global emission standards, deploy the latest pollu�on control 
technologies, implement cost-effec�ve efficiency improvements, and increase the use 
of inherently cleaner sources of electricity. Deaths, respiratory diseases, heart a�acks, 
hospitaliza�ons, lost workdays and associated costs to society could be avoided with 
the use of cleaner fuels, stricter emission standards and the installa�on and use of the 
technologies required to achieve substan�al reduc�ons in these pollutants. These 
technologies are both widely available and very effec�ve. 

Environment

2. Health and Environment Impact Assessments (HIAs & EIAs): Mandatory HIAs as part of 
commissioning of industrial clusters along with EIAs, both at baseline and at interim 
�me-points is recommended. Along with this, CECB and CPCB should ini�ate 
con�nuous monitoring of heavy metals in dust and publish results periodically. Health 
advisories by consul�ng reputed health agencies should also be issued regularly. Areas 
contaminated by fly ash should be assessed for the depth and spread of the 
contamina�on and must be remedied with full scien�fic oversight at the cost of the 
pollu�ng facili�es under the 'polluter pays' principle. Agencies can use the pollu�on 
data to apprehend polluters and take correc�ve ac�on to bring levels of dust and heavy 

3. Health mi�ga�on plan: State agencies including Chha�sgarh Environment 
Conserva�on Board (CECB) should conduct a cumula�ve health impact study of the 
various industries in Chha�sgarh and formulate a necessary health mi�ga�on plan for 
the region. For instance, since most PM related deaths occur within a year or two of 
exposure, reducing PM pollu�on from sources like transport and power plants can have 
immediate benefits for the health of communi�es and also the na�onal economy.

1. Strict and con�nuous monitoring: While many countries have been trying to phase coal 
out, India has been commissioning more mines and more thermal power plants. At the 
same �me, not much is being done to mi�gate the health hazards. The state agencies 
including CECB need to come down strictly on units that violate environmental laws and 
make it tougher to get clearances. Besides, con�nuous monitoring and implementa�on 
of upgrading mi�ga�on measures is required to reduce air pollutant levels in the vicinity 
of the power plants. River water quality monitoring also needs to be undertaken at 
regular intervals to protect the rivers from further deteriora�on in quality especially at 
loca�ons where people are largely dependent on river water. 

Page 139Page 138

Taskforce Report on Environmental Management in Chhattisgarh Taskforce Report on Environmental Management in Chhattisgarh



together, trained themselves and found that the PM level in the area was around 500 
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so the companies casually dump it there. Legally, there is nothing wrong with it, but 
environmentally, it can be disastrous. Coal-ash is also used for mine backfilling. Studies 
are ongoing to see the impact of it, but there is no data that says it is completely non-
toxic. Besides in certain cases, protec�on ensured to people is due to the relentless fight 
from the local community. For example, community paralegals working with Jan 
abhivyak�, a people's NGO working in Chha�sgarh, ensured some of the pollu�on 
issues are addressed by making sure that condi�ons related to environmental 
clearances and pollu�on consents are followed. In one such case, a safety wall was built 
in the area almost 30 years a�er the mine started opera�ons. There is also no 
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approach', there has been a dearth of informa�on about tree cover in urban areas 
especially for the city and urban agglomera�ons, as this work has not be a�empted in a 
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organisa�ons or NGOs (Mongabay 2018).
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2. Health impact monitoring: The department of health and family welfare and medical 
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4. Implementa�on of long overdue pollu�on control regula�ons: The high number of 
deaths, its resultant financial costs, and disease from thermal power plants point to the 
need for implementa�on of long overdue pollu�on control regula�ons. These include 
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standards are adhered to, with deterrents for non-compliance. There needs to be a 
commitment to match global emission standards, deploy the latest pollu�on control 
technologies, implement cost-effec�ve efficiency improvements, and increase the use 
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hospitaliza�ons, lost workdays and associated costs to society could be avoided with 
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technologies required to achieve substan�al reduc�ons in these pollutants. These 
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commissioning of industrial clusters along with EIAs, both at baseline and at interim 
�me-points is recommended. Along with this, CECB and CPCB should ini�ate 
con�nuous monitoring of heavy metals in dust and publish results periodically. Health 
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contaminated by fly ash should be assessed for the depth and spread of the 
contamina�on and must be remedied with full scien�fic oversight at the cost of the 
pollu�ng facili�es under the 'polluter pays' principle. Agencies can use the pollu�on 
data to apprehend polluters and take correc�ve ac�on to bring levels of dust and heavy 

3. Health mi�ga�on plan: State agencies including Chha�sgarh Environment 
Conserva�on Board (CECB) should conduct a cumula�ve health impact study of the 
various industries in Chha�sgarh and formulate a necessary health mi�ga�on plan for 
the region. For instance, since most PM related deaths occur within a year or two of 
exposure, reducing PM pollu�on from sources like transport and power plants can have 
immediate benefits for the health of communi�es and also the na�onal economy.

1. Strict and con�nuous monitoring: While many countries have been trying to phase coal 
out, India has been commissioning more mines and more thermal power plants. At the 
same �me, not much is being done to mi�gate the health hazards. The state agencies 
including CECB need to come down strictly on units that violate environmental laws and 
make it tougher to get clearances. Besides, con�nuous monitoring and implementa�on 
of upgrading mi�ga�on measures is required to reduce air pollutant levels in the vicinity 
of the power plants. River water quality monitoring also needs to be undertaken at 
regular intervals to protect the rivers from further deteriora�on in quality especially at 
loca�ons where people are largely dependent on river water. 
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6. Effluent disposal and drain management: Effluent disposal methods including 
recipient water bodies must be adopted along with tradi�onal treatment of ash slurry 
method being used in all power plants having ash ponds with discharge sha�s. It is 
evident that the river water is polluted due to effluent discharge and drains carrying 
polluted water. There is therefore an immediate need for efficient drain management. 
Drain water should not be allowed to discharge directly into the river without pre-
treatment. Industrial effluents should not also be allowed to be discharged in surface 
water without mee�ng CECB norms. 

3. Par�culate ma�er emissions: Revising the par�culate ma�er emission standards for 
thermal power plants and introducing new emission standards for other pollutants is a 
necessary step forward. Further, real-�me and con�nuous monitoring of emissions at 
the plant stacks for the public domain is vital, while also enforcing the standards with 
improved impact assessment methods with human health as the primary indicator.

metals in dust to below detec�on limits in residen�al areas.

4. Cess collec�on: A pollu�on cess should be levied on units and ac�vi�es not conforming 
with Na�onal Ambient Air Quality Standards (NAAQS).

5. Ge�ng rid of wet-storage:  Coal ash is dangerously toxic and possesses a threat to 
human health. Its wet storage should be phased out, and its dry storage should be 
engineered for maximum control to prevent leaching, blowing or leakage of toxicants.

 The link between environmental pollu�on and human health is discussed in a variety of 
literature, and is s�ll a crucial issue of research. The atmosphere being the most dynamic 
component of the environment, compared with the hydrosphere, soil and vegeta�on, transmit 
the pollu�ng substances from source to receptor in a short �me and on large areas, implying a 
major risk of pollu�on with impact on human health and other environmental components. 
Monitoring the air and water pollu�on levels and the assessment of impact of health and 
environment are important scien�fic fields to ensure a level of pollu�on that does not harm the 
quality of life. 

 Power industries in Chha�sgarh need to evolve suitable strategies to address the 
pollu�on challenges and huge genera�on of fly ash. For instance, installa�ons of flue gas 

 This report has been an a�empt to explore pollu�on challenges, due to coal-based 
thermal power plants, in the context of Chha�sgarh. The study indicated the poor status of the 
environment and human health, emphasising on management commitment by both, the 
thermal power plants and society. Over the years Korba and Raigarh have seen acute air 
pollu�on and water contamina�on, majorly resul�ng from poor impact assessments and 
absolute disregard to legally mandated safeguards. Korba and Raigarh are symptoma�c of what 
has been allowed to go wrong with India's coal geographies. Given the significant impacts 
associated with thermal power plants, it is important that the country's popula�on and 
policymakers are well-informed about the morbidity and mortality caused by these plants to 
avoid the en�rely avoidable impact this pollu�on is having on our communi�es. 
Demographically, the poor, minority groups, elderly, children and popula�on living near 
thermal power plants are likely to be dispropor�onately exposed to the health risks and costs of 
fine par�cle pollu�on resul�ng in higher respiratory illnesses than the general popula�on.

Conclusion

 The Water (Preven�on and Control of Pollu�on) Act, 1974, established designated 
boards to look into the ma�ers of controlling water pollu�on and also maintaining and 
restoring wholesomeness of water. 

 The Air (Preven�on and Control of Pollu�on) Act, 1981, was carried out to prevent, 
control and abate air pollu�on. To implement the act specific boards were established. 

 Post the Stockholm Summit India responded with enac�ng various acts concerning the 
environment. The acts are discussed below:

 A sound environmental governance rests on access to informa�on, access to public 
par�cipa�on and access to jus�ce. They together form the basis of environmental governance 
which is transparent, inclusive and accountable. Public par�cipa�on to enact laws for the 
community has emerged as an important tool for the governments to recognise  
environmental issues, it has lent direct voice to community for par�cipa�on in developmental 
interven�ons. Not only does it create a scope for having a say but it also provides for right to be 
informed and hold accountable the ins�tu�ons for pollu�on. On the other hand, the policy 
makers get an improved understanding of stakeholder's interests, values and concerns. 

desulphurisa�on (FGD) equipment that are an�cipated with upgraded electrosta�c 
precipitators (ESPs) to increase on the back of strong enforcement of emission control norms 
can be helpful. Hence, a thorough analysis is required to ascertain the presence of level of 
contamina�on of different forms of pollutants in air and water, along with analysing heavy 
metals concentra�on in the vicinity of the thermal power plants situated in the state. Cleaning 
up our state's power sector by strengthening and finalising stringent emission standards, as 
well as by reducing mercury and other toxics would provide a host of benefits including 
increased life expectancy and propelling the na�on to a healthier and more sustainable energy 
future. Along with this, public awareness programmes are prominent preven�ve measures to 
these hazards. 

 The philosophy of be�er environmental governance has been embedded in laws and it 
has covered significant distance. In this chapter we will examine the lacunas the public 
consulta�ons and ways to improve them. 

Genesis of Environmental Laws in India

 Iden�fica�on of naturally formed things for human use laid the founda�on stone of 
industrialisa�on. The evolu�on of tools and techniques to harvest the natural produce and the 
process of adding value to natural harvest gave birth to industrialisa�on. Harves�ng and 
altering natural produce has subsequent effects on environment, these effects have come to 
govern global, regional and grassroots poli�cs. As the distribu�on range of Homo sapiens 
extended and methods to access different geographies expanded contes�ng over the 
ownership of natural produce, to harvest and to maintain it, witnessed several laws being 
enacted. 

D. Assessment of public consultations in environmental clearances and guidance manual 
for procedural strengthening

 The Stockholm Summit of 1972 on Human Environment and Earth Summit of 1992 in 
Rio de Janeiro are global landmark events on how states approach the development path. 
Today, the policies we have in place to protect the environment traces its origins to these 
summits. 
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6. Effluent disposal and drain management: Effluent disposal methods including 
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human health. Its wet storage should be phased out, and its dry storage should be 
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component of the environment, compared with the hydrosphere, soil and vegeta�on, transmit 
the pollu�ng substances from source to receptor in a short �me and on large areas, implying a 
major risk of pollu�on with impact on human health and other environmental components. 
Monitoring the air and water pollu�on levels and the assessment of impact of health and 
environment are important scien�fic fields to ensure a level of pollu�on that does not harm the 
quality of life. 

 Power industries in Chha�sgarh need to evolve suitable strategies to address the 
pollu�on challenges and huge genera�on of fly ash. For instance, installa�ons of flue gas 

 This report has been an a�empt to explore pollu�on challenges, due to coal-based 
thermal power plants, in the context of Chha�sgarh. The study indicated the poor status of the 
environment and human health, emphasising on management commitment by both, the 
thermal power plants and society. Over the years Korba and Raigarh have seen acute air 
pollu�on and water contamina�on, majorly resul�ng from poor impact assessments and 
absolute disregard to legally mandated safeguards. Korba and Raigarh are symptoma�c of what 
has been allowed to go wrong with India's coal geographies. Given the significant impacts 
associated with thermal power plants, it is important that the country's popula�on and 
policymakers are well-informed about the morbidity and mortality caused by these plants to 
avoid the en�rely avoidable impact this pollu�on is having on our communi�es. 
Demographically, the poor, minority groups, elderly, children and popula�on living near 
thermal power plants are likely to be dispropor�onately exposed to the health risks and costs of 
fine par�cle pollu�on resul�ng in higher respiratory illnesses than the general popula�on.

Conclusion

 The Water (Preven�on and Control of Pollu�on) Act, 1974, established designated 
boards to look into the ma�ers of controlling water pollu�on and also maintaining and 
restoring wholesomeness of water. 

 The Air (Preven�on and Control of Pollu�on) Act, 1981, was carried out to prevent, 
control and abate air pollu�on. To implement the act specific boards were established. 

 Post the Stockholm Summit India responded with enac�ng various acts concerning the 
environment. The acts are discussed below:

 A sound environmental governance rests on access to informa�on, access to public 
par�cipa�on and access to jus�ce. They together form the basis of environmental governance 
which is transparent, inclusive and accountable. Public par�cipa�on to enact laws for the 
community has emerged as an important tool for the governments to recognise  
environmental issues, it has lent direct voice to community for par�cipa�on in developmental 
interven�ons. Not only does it create a scope for having a say but it also provides for right to be 
informed and hold accountable the ins�tu�ons for pollu�on. On the other hand, the policy 
makers get an improved understanding of stakeholder's interests, values and concerns. 

desulphurisa�on (FGD) equipment that are an�cipated with upgraded electrosta�c 
precipitators (ESPs) to increase on the back of strong enforcement of emission control norms 
can be helpful. Hence, a thorough analysis is required to ascertain the presence of level of 
contamina�on of different forms of pollutants in air and water, along with analysing heavy 
metals concentra�on in the vicinity of the thermal power plants situated in the state. Cleaning 
up our state's power sector by strengthening and finalising stringent emission standards, as 
well as by reducing mercury and other toxics would provide a host of benefits including 
increased life expectancy and propelling the na�on to a healthier and more sustainable energy 
future. Along with this, public awareness programmes are prominent preven�ve measures to 
these hazards. 

 The philosophy of be�er environmental governance has been embedded in laws and it 
has covered significant distance. In this chapter we will examine the lacunas the public 
consulta�ons and ways to improve them. 

Genesis of Environmental Laws in India

 Iden�fica�on of naturally formed things for human use laid the founda�on stone of 
industrialisa�on. The evolu�on of tools and techniques to harvest the natural produce and the 
process of adding value to natural harvest gave birth to industrialisa�on. Harves�ng and 
altering natural produce has subsequent effects on environment, these effects have come to 
govern global, regional and grassroots poli�cs. As the distribu�on range of Homo sapiens 
extended and methods to access different geographies expanded contes�ng over the 
ownership of natural produce, to harvest and to maintain it, witnessed several laws being 
enacted. 

D. Assessment of public consultations in environmental clearances and guidance manual 
for procedural strengthening

 The Stockholm Summit of 1972 on Human Environment and Earth Summit of 1992 in 
Rio de Janeiro are global landmark events on how states approach the development path. 
Today, the policies we have in place to protect the environment traces its origins to these 
summits. 
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 The Environment (Protec�on) Act, 1986, to protect and improve environment and 
ma�ers connected with the environment. 

th The Rio Declara�on in 1992 in its 10  Principle recognised the need for public 
par�cipa�on in development projects of their respec�ve regions. 'Environmental issues are 
best handled with the par�cipa�on of all concerned ci�zens, at the relevant level.  At the 
na�onal level, each individual shall have appropriate access to informa�on concerning the 
environment that is held by public authori�es, including informa�on on hazardous materials 
and ac�vi�es in their communi�es, and the opportunity to par�cipate in decision-making 
processes.  States shall facilitate and encourage public awareness and par�cipa�on by making 
informa�on widely available.  Effec�ve access to judicial and administra�ve proceedings, 
including redress and remedy, shall be provided.'

 In 1976, India made provisions in its cons�tu�on to direct states and ci�zens in an 
endeavour to protect, improve and safeguard the environment along with the forests and 
wildlife of the country. 

 Taking prior environmental clearance by pre classified set of projects before proceeding 
with new construc�on or expansion or modernisa�on is the crux of 2006 EIA no�fica�on. The 
project classifica�on has been done on the basis of area, capacity, product, loca�on, poten�al 
impact on natural and human health. This classifica�on is further divided into two categories- A 
(ma�er of center) & B (ma�er of state) based on extent of poten�al impacts. 

 The government through public consulta�ons has assured the people to provide all 
informa�on regarding the concerned project and note their concerns and opinions in a face to 
face mee�ng. The concerns and opinions revolve around pollu�on, livelihoods, health impacts 
and land acquisi�on bringing the decision making authori�es and other stakeholders directly in 
touch with the reali�es on ground. It has been noted that involving public in the clearance 
procedure and honouring their views resulted in amicable rela�onship between industries and 
communi�es. A fair and proac�ve public hearing procedure not only delivers jus�ce but also 
makes the governance transparent which translates into a mutually beneficial agreement. 
Ins�tu�ons involved in the four step procedure are discussed below:

 Following the declara�on, The Ministry of Environment, Forest and Climate Change, a 
designated agency to formulate rules concerning environment clearances issued three 
no�fica�ons in 1992, 1994 and 2006 regarding public par�cipa�on while making it a 
mandatory procedure for environment clearance in 1997. It is one of the most crucial decision 
making mechanism in place which decides the course of environment in India.

EIA 2006 No�fica�on at a Glance

Expert Appraisal Commi�ees (EACs): Its role is to give recommenda�ons for EC to MoEF. The 
Expert Appraisal Commi�ee ensures that Environment Impact Assessment Report, 
Environment Management Plan and details of public consulta�ons are duly submi�ed. EAC 
forwards their recommenda�on to MoEF and if need be to the State Level Environment Impact 
Assessment Authority.

Cabinet Commi�ee on Investment (CCI): It deals with projects with more than 1000 crore 
rupees investments and is headed by Prime Minister. 

State Expert Appraisal Commi�ees (SEACs): Its role is to give recommenda�ons for EC to SEIAA. 

Efficacy of the Public Consulta�on Process 

Ministry of Environment and Forest (MoEF): The primary policy maker and regulator of the 
no�fica�on and implementa�on of the EIA no�fica�on.

State Environment Impact Assessment Authority (SEIAA): Responsible for gran�ng/rejec�ng EC 
for category B projects.

State Pollu�on Control Board (SPCB): Responsible for conduc�ng and facilita�ng public 
consulta�on and repor�ng the proceedings to MoEF in case of category A projects or repor�ng 
to SIEAA in case of category B projects. 

 Despite clear and fair procedural mandates public hearings have emerged as a space 
to prac�ce bypassing of laws making them highly controversial. For instance, the Na�onal 
Green Tribunal while examining the validity of environment clearance grant in a 2011 case 
between Adivasi Majdoor Kisan Ekta Sangathan v MoEF found that par�cipants opposing the 
project le� the proceedings, yet it was given clearance on the basis of support shown by a 
por�on of par�cipants. It was found that objec�ons raised were never addressed nor summary 
of the proceedings furnished in local language. The Na�onal Green Tribunal cited the public 
hearing procedure as a mockery. In 2012, Na�onal Green Tribunal in another case, Jeet Singh 
Kanwar and Another vs Moef and Others, took away the environment clearance given to a 
thermal power plant project in Korba, Chha�sgarh. The power plant in ques�on was already in 
close vicinity of three other power plants, five ash ponds and the industrial town itself of Korba 
which is severely polluted. The EAC and MoEF did not consider these factors and the addi�onal 
impact the project in ques�on would bring along. Subsequently NGT declared that MoEF'failed 
to an�cipate probable ill impact of the project, in conjunc�on with the pollu�on level caused 
due to the other projects already exis�ng in the surrounding area.'

 The no�fica�on mandated a four step procedure to grant environmental clearances 
through a) Screening b) Scoping c) public consulta�on and d) appraisal. A crucial step in this four 
step procedure is public consulta�ons which is 'a process by which the concerns of local affected 
persons and others who have plausible stake in the environmental impacts of the project or 
ac�vity are ascertained with a view to taking into account all the material concerns in the 
project or ac�vity design as appropriate.'

 It is of utmost importance to gauge the efficacy of the public consulta�ons, the 
process which carries the responsibility of delivering natural jus�ce. Throughout the EIA process 
public consulta�on is the stage which allows people affected by the project to put forward their 
support or concerns or issues. It holds the power to decide the fate of the project being 
granted/rejected EC. 
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EIA 2006 No�fica�on at a Glance
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consulta�on and repor�ng the proceedings to MoEF in case of category A projects or repor�ng 
to SIEAA in case of category B projects. 

 Despite clear and fair procedural mandates public hearings have emerged as a space 
to prac�ce bypassing of laws making them highly controversial. For instance, the Na�onal 
Green Tribunal while examining the validity of environment clearance grant in a 2011 case 
between Adivasi Majdoor Kisan Ekta Sangathan v MoEF found that par�cipants opposing the 
project le� the proceedings, yet it was given clearance on the basis of support shown by a 
por�on of par�cipants. It was found that objec�ons raised were never addressed nor summary 
of the proceedings furnished in local language. The Na�onal Green Tribunal cited the public 
hearing procedure as a mockery. In 2012, Na�onal Green Tribunal in another case, Jeet Singh 
Kanwar and Another vs Moef and Others, took away the environment clearance given to a 
thermal power plant project in Korba, Chha�sgarh. The power plant in ques�on was already in 
close vicinity of three other power plants, five ash ponds and the industrial town itself of Korba 
which is severely polluted. The EAC and MoEF did not consider these factors and the addi�onal 
impact the project in ques�on would bring along. Subsequently NGT declared that MoEF'failed 
to an�cipate probable ill impact of the project, in conjunc�on with the pollu�on level caused 
due to the other projects already exis�ng in the surrounding area.'

 The no�fica�on mandated a four step procedure to grant environmental clearances 
through a) Screening b) Scoping c) public consulta�on and d) appraisal. A crucial step in this four 
step procedure is public consulta�ons which is 'a process by which the concerns of local affected 
persons and others who have plausible stake in the environmental impacts of the project or 
ac�vity are ascertained with a view to taking into account all the material concerns in the 
project or ac�vity design as appropriate.'

 It is of utmost importance to gauge the efficacy of the public consulta�ons, the 
process which carries the responsibility of delivering natural jus�ce. Throughout the EIA process 
public consulta�on is the stage which allows people affected by the project to put forward their 
support or concerns or issues. It holds the power to decide the fate of the project being 
granted/rejected EC. 
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Gap Analysis

 A case study of Jan Chetna and Another vsMoef and Others on 9 February, 2012 
gives a detailed peak into the lapses in procedure where the public consulta�on procedure was 
en�rely skipped and given clearance. Such cases have been examined and gaps have been 
iden�fied, based on which it is followed by recommenda�ons to fill those gaps. 

 Numerous instances like the above discussed have been noted to conclude that the 
public hearing procedure in gran�ng environment clearance is infected with deficiency, lack of 
transparency and they are far from being par�cipatory. A degrading environment serves as the 
biggest roadblock to the development agenda which will ul�mately push the states towards 
insufficient resources to tackle environmental needs, a classic trap which the most developing 
states are confronted with. This trap is breached by be�er distribu�on of economic prospects 
through empowerment of communi�es, the laws are in place but they need strengthening to 
go beyond the tokenism of public par�cipa�on in economic development. 

 For the public hearing to realise its poten�al and fairness, the following informa�on 
and procedures are to be duly followed, in the dearth of which the cases which do not reach the 
court shall only increase. The stakeholders involved at all stages must be facilitated to develop a 
cognisant opinion of the project proponent. The documents furnished to develop opinion must 
be liable to scru�ny before giving EC and inclusive representa�on in the ins�tu�onal bodies 
must be ensured. Four recommenda�ons are discussed below based on the gap analysis of the 
en�re EC process. 

 Overseeing that the above points are embedded in the implementa�on of the 
no�fica�on shall strengthen the process enabling the public consulta�ons to have an impact on 
the recommenda�ons of EACs. Further, there are gaps in the no�fica�on which allows enough 
space for law by passers and environmental concerns to pass through it. It is important that a 

no�fica�on like this is procedurally strengthened, only then the intended wish to carry out such 
a complex mechanism will be met. 

S No.  Procedure  Responsibility  Dura�on  
1  Submission of pre -feasibility report 

& form 1 to MoEF/SEIAA  
Project proponent  15 days acceptance 

deadline  
2  Presen�ng ToR to EAC  Project proponent  2-3 days/month  3  Signing ToR  EAC/SEAC  
4  Baseline study for EIA report  Project proponent  3 months data 

genera�on  
5  Submission of EIA report to SPCB  Project proponent   
6  No�ce for public consulta�on  SPCB  Within 45 days  
7  Conduc�ng public consulta�on  SPCB   
8  Submission of public consulta�on 

proceedings to MoEF/SEIAA
 

SPCB   

9
 

Final EIA report to MoEF/SEIAA
 

Project proponent
  10

 
Presenta�on to EAC

 
Project proponent

  EC Grant/Rejec�on

Ø Lack of clarity on submission date of EIA reports: There is no deadline mandated to 
furnish the EIA to public, the EIA report in case can also be submi�ed a day before the 
public hearing giving communi�es no �me to make an opinion on the same. 

Ø Exemp�on from public consulta�ons: Some project categories have been given 
relaxa�on to undergo the four step procedure, even if the project is having significant 
impact. 

Ø Site visits to verify EIA report: There is no compulsion on the EAC to make site visits or get 
the informa�on of EIA report verified by an independent body. It leaves a wide gap 
because the informa�on available with the EAC to act upon is through the EIA report. 
O�en the EIA report is made by the private consultant, this report because there is no 
mandate to cross verify it comes out as a document which is not reviewed.

Recommenda�ons in detail

1. Ensuring precise availability of project informa�on

o The EIA report must be submi�ed in Hindi and English at least 30 days in advance 
to the date of announced public hearing. The SPCB must ensure that the EIA 
report reaches the concerned gram panchayat/gram sabha. 

o The EIA report must be scru�nised by making on site visits compulsory. An 
independent commi�ee or exis�ng gram panchayat level commi�ees must verify 
the informa�on furnished in the EIA report.

2. Fair opportunity to put forth concerns and issues

o The regulatory authority must be empowered with decision making ability to 
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Final EIA report to MoEF/SEIAA
 

Project proponent
  10

 
Presenta�on to EAC

 
Project proponent

  EC Grant/Rejec�on

Ø Lack of clarity on submission date of EIA reports: There is no deadline mandated to 
furnish the EIA to public, the EIA report in case can also be submi�ed a day before the 
public hearing giving communi�es no �me to make an opinion on the same. 

Ø Exemp�on from public consulta�ons: Some project categories have been given 
relaxa�on to undergo the four step procedure, even if the project is having significant 
impact. 

Ø Site visits to verify EIA report: There is no compulsion on the EAC to make site visits or get 
the informa�on of EIA report verified by an independent body. It leaves a wide gap 
because the informa�on available with the EAC to act upon is through the EIA report. 
O�en the EIA report is made by the private consultant, this report because there is no 
mandate to cross verify it comes out as a document which is not reviewed.

Recommenda�ons in detail

1. Ensuring precise availability of project informa�on

o The EIA report must be submi�ed in Hindi and English at least 30 days in advance 
to the date of announced public hearing. The SPCB must ensure that the EIA 
report reaches the concerned gram panchayat/gram sabha. 

o The EIA report must be scru�nised by making on site visits compulsory. An 
independent commi�ee or exis�ng gram panchayat level commi�ees must verify 
the informa�on furnished in the EIA report.

2. Fair opportunity to put forth concerns and issues

o The regulatory authority must be empowered with decision making ability to 
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conduct public consulta�on on case to case basis for projects having significant 
impact on environment (water, air and land).

o The public hearing must be conducted when there is a minimum number of 
representa�on from the community. In failing to do so, the regulatory authority 
must be given power to reschedule the public consulta�on. 

Ø Ensuring availability of public transport: The public do not have access to transport to 
reach the venue of the public hearing, this severely affects the quality of public 
consulta�ons and also its a�endance. 

o Public consulta�on facilita�ng body must ensure that public transport is made 
available to the venue from the concerned gram panchayats.

3. Non cryp�c recording of the concerns and issues raised, including the responses

o The EAC and all other commi�ees must ensure that there is no conflict of interest 
and shall reflect varied exper�se and sectors of its members.

o Today the panel consists of en�rely of government officials, there is a need to add 
representa�on from the community into the panels. 

4. Par�cipa�on of stakeholders from the site selec�on stage

Ø Late community involvement: In the environment clearing process the community is 
involved only in the third stage. By that �me EIA report has already been made and in 
most cases construc�on on site has begun. 

Ø Conflict of interest: There have been instances where the EAC has a member who is a 
Director in four mining companies himself. Such appointees raise doubts over the 
transparency of the en�re mechanism. On the contrary there has been a considerable 
lack of civil society representa�on who are working with the communi�es over 
environmental issues. 

Ø Non-inclusive consulta�on panel: The removal of a provision in 2006 no�fica�on 
regarding a local community member being a part of the consulta�on panel has 
weakened the process. The 1994 no�fica�on had this provision. 

o There must be a provision made to make it mandatory for the EIA reports to have 
co-authorship of concerned gram panchayat or the representa�ve civil society. It 
will also ensure that EIA report is not made just on the basis of one season, which is 
mostly the case in present �mes. 

Ø No focus on quorum: There is no such provision which ensures minimum number of 
community representa�on for the public hearings. It leaves one party with enough 
power to manipulate the date and �me of the public hearings. 

1. Revisi�ng the school curriculum to add environmental issues and using appropriate 
pedagogical techniques to impart environment educa�on.

Ac�on Points

4. Cleanliness drives to be conducted twice a year i.e. October and December (preferably 
post examina�on period during October & December holidays).

8. Establishment and maintenance of Greenbelts

5. Awareness on separa�on of biodegradable and non-biodegradable waste.

14. Property tax rebate to the buildings installing 'Green Infrastructure' measures:

7. Establishment and proper management of Eco-clubs to create awareness around 
environment

12. In urban areas, the use of Informa�on and communica�on technology like SMS based 
services to inform the ci�zens about extreme weather alerts, public announcements 
through the waste collec�on vehicle with special focus in the urban slum areas where 
flooding and heat waves can cause massive disrup�on in livelihood and health issues.

18. Establishment of specialised health care infrastructure operated by the health 
departments at polluters' costs, under the 'polluter pays' principle, to cater to health 
issues of residents in the region. (Department of Health & Family Welfare)

2. Awareness on solid waste management through waste segrega�on (biodegradable and 
non-biodegradable) and on concept of 4Rs i.e. „Reduce, Reuse, Recycle and Recover.

13. Public events like drawing, poster, play, expert talks on the various topics of climate 
change can be organised by the urban municipal body in collabora�on with the 
educa�on department, schools, universi�es and corporates.

3. Planta�on drives in and around the school campus, organised in the district/locality, 
preferably during the monsoon season. 

9. Encourage par�cipa�on of women especially rural areas for environmental awareness

10. Awareness genera�on module can be specially designed for the rural community on the 
preparedness measures for climate impacts in local language/dialect. Pes�cides and 
fer�lizers should be used in appropriate/minimal quan��es to avoid their bad effects on 
the soil.

15. The urban municipal corpora�on can promote 'Green Infrastructure' in the city by 
providing property tax rebate on the buildings which install rain water harves�ng, solar 
electrifica�on, develop urban forests and mixed structures.

6. Encourage recyclable jute bags and subs�tute disposals via paper and other 
biodegradable  materials instead of plas�c.

11. Encouraging alternate/renewable source of energy

16. Make it mandatory for all commercial and office complexes to provide secure,
convenient and free parking for bicycles, very close to the entrance of the buildings.

17.  Strict adherence to PUC norms and monitoring of PUC cer�ficates, with awareness 
genera�on at all ins�tu�on and making it mandatory to check for PUC cer�ficates 
before hiring any vehicle by government or any other establishment.
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23. Real-�me and con�nuous monitoring of emissions at the plant.

28. There should be no umbrella exemp�on from public consulta�ons. It may be decided on 
case-to-case basis by competent authority.

24. A pollu�on cess should be levied on units and ac�vi�es not conforming with Na�onal 
Ambient Air Quality Standards (NAAQS).

29. The quorum (for community) for public consulta�on should be fixed.

19. Providing for long-term health monitoring by ini�a�ng health studies among the 
residents of industrial towns/villages. (Department of Health & Family Welfare)

20. Chha�sgarh Environment Conserva�on Board (CECB) should conduct a cumula�ve 
health impact study of the various industries in Chha�sgarh and formulate a necessary 
health mi�ga�on plan for those regions.

22. Coal wet storage should be phased out, and its dry storage should be engineered for 
maximum control to prevent leaching, blowing or leakage of toxicants.

25. The EIA should be co-authored by a representa�ve of community and Civil Society 
Organisa�on to have a more holis�c view.

26.  The EIA report must be submi�ed in Hindi and English at least 30 days in advance to the 
date of announced public hearing and it reaches all stakeholders at least 15 days before 
public hearing.

21. The procedures, for comprehensive cost-assessment of the impact of coal-ash 
pollu�on, and environment impact assessments for exis�ng and newer plants to 
account for human health impact from coal emissions, needs to be updated.

27. The field visits by EAC, to verify/validate EIA reports must be mandatory.

30.  A representa�ve of community and Civil Society Organisa�on must be added to 
consulta�on panel.

 As these can be changed/added by an amendment to the Act, the same needs to be 
recommended by the state to central government.

 They may also be added to Guidelines as issued by the state government.

Management	and	Disposal	of	Municipal	Solid		
Wastes,	Bio-Medical	Wastes	and	Waste	Water	 	

in	the	State	of	Chhattisgarh		
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· Although door-to-door collec�on of segregated garbage has yet to be implemented in 
many ci�es and towns, progress has been made in all major ci�es. 

Problems which are clearly visible and pose as challenge may be enumerated as: 

 Municipal Solid Waste is a significant hazard to the environment and gives ci�es and 
towns an unkempt appearance. The collec�on, processing, and proper disposal of solid waste is 
a major challenge for all of the state's ULBs. Currently, some ULBs gather waste and dispose of it 
in una�ended landfills. Waste processing is s�ll not performed in many ULBs. A precise �me-
targeted ac�on plan for MSW management is essen�al, given the state's expanding popula�on, 
construc�on ac�vity, and industrial and commercial growth in ci�es and towns. If a solid waste 
management strategy is not developed and followed in a �mely manner, the situa�on may 
deteriorate further, resul�ng in an unsightly appearance, an unhealthy atmosphere, and high 
disease load in our ci�es and towns.

 Aside from that, it is cri�cal to understand the amount and composi�on of municipal 
solid waste created every day in ci�es and towns in order to determine the applicability of 
waste processing technology. It is commonly observed that the solid waste generated in 
municipal areas comprises of 40-45 percent organic ma�er, 20-30 percent inert ma�er, and the 
remainder comprising plas�cs, papers, rags, and other components. Knowing the calorific 
value of solid waste will aid in determining the best treatment technologies, such as waste-to-
energy and other thermal processes. 

· MSW segrega�on at the source is crucial, but it is rarely implemented at the household 
level. This can be encouraged by raising awareness among the masses and providing 
them with bins for the collec�on of dry, wet, and domes�c hazardous waste at their 
homes.

· Recyclable rubbish is not adequately sorted at the source by waste pickers 

Current status of municipal solid waste management in the state 

· Covered trash transporta�on is especially crucial because it releases bad odours and 
li�er roads during transporta�on. Community bins are either not available or, if they 
are, are not well maintained or are used for reasons other than rubbish collec�on.

· Municipali�es are having difficulty loca�ng new landfill sites

· Unsegregated or par�ally segregated garbage collected is dumped on open grounds 
that are not officially declared landfill sites and are closer to water courses or water 
bodies, posing a threat of surface and ground water pollu�on. 

Background  

· Wastes are some�mes burnt in community bins  

· ULBs do not have a long-term ac�on plan for managing city waste, instead relying on 
short-term cosme�c remedial measures.

 The state's popula�on is expected to be at 28.8 million people, with 6.0 million living in 
ci�es. The state currently has 166 Urban Local Bodies (14 Nagar Nigams, 43 Nagar Palika 
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 To gain an understanding of the current situa�on of municipal solid waste 
management, the following informa�on concerning various ac�vi�es pursued by ULBs 
throughout the state as provided by the department is briefly men�oned below:

· A brief overview of the Ambikapur model under Mission Clean City (MCC): It is a low-
cost, decentralised concept that is built on considerable segrega�on and recycling. This 
approach is generally praised since it is conducted with the ac�ve par�cipa�on of local 
ci�zens and promotes urban livelihoods by incorpora�ng the informal sector and new 
business en��es such as women SHGs, among others. The par�cipa�on of local 
communi�es and Self Help Groups (SHGs) has resulted in 100% source segrega�on and 
100% door-to-door collec�on of separated waste. Secondary and ter�ary waste is 
transported to Garbage Clinics (SLRM-Solid Liquid Resource Management Centres) in 
par��oned containers mounted on Tricycles, E-Rickshaws, and Mini Tippers. The 
recyclable inorganic trash is separated into different categories before being sold to 
recyclers. Non-recyclable combus�ble waste is stored separately and transported to 
cement plants, power plants, waste-to-energy plants, and other industries as alternate 
fuel and raw material (AFR). Organic waste is physically sorted to recover resources such 
as egg shells, orange peels, and other byproducts that are turned into useable goods. 
The organic trash is fed to animals, while the le�over waste is composted in a compost 
shed. On September 7, 2016, the Mission Clean City Model was adopted, and the 
Guidelines for SWM implementa�on were distributed to the ULBs. As of June 2018, the 
first phase had been effec�vely implemented in 164 ULBs in accordance with the 
provisions of the Solid Waste Management Rules, 2016.

· The integrated solid waste management facility model has been adopted by Raipur 
Municipal Corpora�on and Bilaspur Municipal Corpora�on (Waste to RDF, Compos�ng, 

· Approximately 9000 women SHGs are employed in 164 ULBs for door-to-door 
collec�on of segregated waste using 2640 Tricycles, 383 Mini Tippers, and 98 e-
Rickshaws. All 164 ULBs have 358 Material Recovery Facili�es (Solid Liquid Resource 
Management Centres) for secondary and ter�ary segrega�on of dry Municipal Solid 
Waste, as well as 163 compost sheds for organic waste compos�ng. Since Mission Clean 
City, 164 ULBs have embraced a zero-landfill strategy, removing the need for disposal. 
The capital cost of Mission Clean City is INR 222 crore, which is three to four �mes less 
expensive than the typical Waste to Energy model, and it has been sponsored by 
Central, State, and ULB funds. The opera�ng and maintenance costs of approximately 
INR 108 crore are covered by Swachch Bharat Mission (SBM), 14th Finance Commission 
grants, user fees, penalty charges as honorarium, PPE purchases, fuel expenses, and so 
on.

Parishad, and 109 Nagar Panchayats). According to the informa�on provided by the 
government, the state's urban areas generate around 1650 tonnes of garbage per day (TPD), 
which is managed by the urban local bodies. The State is implemen�ng the SWM Rules, 2016, 
by implemen�ng the Mission Clean City Model in 164 ULBs and the Integrated Waste 
Management Facility Model in two ULBs. 
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· On December 9, 2016, the Bilaspur Municipal Corpora�on launched an integrated 
garbage management facility. On 22.07.2017, an environmental clearance was acquired 
for the establishment of a processing and disposal plant in Kachar. On November 23rd, 
2017, the Consent to Establish was granted for a Waste to RDF plant with a capacity of 
100 TPD and a Compost plant with a capacity of 150 TPD. Construc�on of the Processing 
Plant and SLF was finished in October 2018. On March 6, 2019, the Consent to Operate 
was acquired.

· On September 15, 2017, the Chha�sgarh Municipal C & D waste management policy 
was no�fied in C.G. Rajpatra. On December 4, 2018, the SOP on C&D Waste 
Management at the ULB level was no�fied.

and Sanitary Landfill). M/s Delhi MSW Solu�ons Ltd collects source-segregated 
municipal waste on a door-to-door basis in these two ULBs, using 214 trucks. Organic 
waste is turned to compost a�er secondary separa�on, while high calorific waste is used 
to make RDF brique�es. The inert residue will be disposed of at a landfill.

· The construc�on of an integrated waste management facility in Raipur Municipal 
Corpora�on began on August 29, 2017. On 06.08.2016, the Environment Clearance was 
acquired for the establishment of a processing and disposal facility in village Sakri, and 
on 26.11.2018, the Consent to Establish was granted for a Waste to RDF plant with a 
capacity of 300 TPD and a Compost plant with a capacity of 50 TPD. The Chha�sgarh 
Environment Conserva�on Board granted permission to operate on June 11, 2020, and 
the plant began opera�ons on June 24, 2020.

· 160 ULBs have had their old and abandoned dumpsites cleaned up. Dumpsite cleanup is 
currently underway in six ULBs, including Korba, Raigarh, Jagdalpur, Dhamtari, Durg, 
and Rajnandgaon, with work s�ll to begin in Raipur. Bioremedia�on or capping will be 
used to clean up the legacy waste in all 166 ULBs.

· State Government has banned manufacture, store, import, sell, transport and use of 
plas�c carry bags, short-life PVC, chlorinated plas�cs i.e. adver�sing and publicity 
materials (banners, flexes, hoardings, foam boards etc. of PVC) and plas�c items used 
for catering (cups, glasses, plates, bowls and spoons) vide no�fica�on dated 
27.09.2017. State Government has introduced 'The Chha�sgarh Plas�c and Other Non-
Biodegradable Material (Regula�on of Use and Disposal) Act. 2020', on 18.05.2020 
through which the State can impose complete ban on different plas�c materials as 
required which will further help in effec�ve enforcement of the Plas�c Waste 
Management Rules, 2016. State is in process of introducing The Chha�sgarh Plas�c and 
other Non-biodegradable Material (Regula�on of Use and Disposal) Rule, 2021. 

       State Planning Commission Chha�sgarh had cons�tuted a Taskforce on issues related 
to Environment Management of the state under the Chairmanship of Dr. K. Subramaniam, 
which had decided in its first mee�ng to address the issue of managing and safe disposal of 
municipal solid waste, bio medical waste, and waste water through all of the working group's 
recommended sugges�ons. A working commi�ee was formed for this aim by an order of the 
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Parishad, and 109 Nagar Panchayats). According to the informa�on provided by the 
government, the state's urban areas generate around 1650 tonnes of garbage per day (TPD), 
which is managed by the urban local bodies. The State is implemen�ng the SWM Rules, 2016, 
by implemen�ng the Mission Clean City Model in 164 ULBs and the Integrated Waste 
Management Facility Model in two ULBs. 
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· On December 9, 2016, the Bilaspur Municipal Corpora�on launched an integrated 
garbage management facility. On 22.07.2017, an environmental clearance was acquired 
for the establishment of a processing and disposal plant in Kachar. On November 23rd, 
2017, the Consent to Establish was granted for a Waste to RDF plant with a capacity of 
100 TPD and a Compost plant with a capacity of 150 TPD. Construc�on of the Processing 
Plant and SLF was finished in October 2018. On March 6, 2019, the Consent to Operate 
was acquired.

· On September 15, 2017, the Chha�sgarh Municipal C & D waste management policy 
was no�fied in C.G. Rajpatra. On December 4, 2018, the SOP on C&D Waste 
Management at the ULB level was no�fied.

and Sanitary Landfill). M/s Delhi MSW Solu�ons Ltd collects source-segregated 
municipal waste on a door-to-door basis in these two ULBs, using 214 trucks. Organic 
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the plant began opera�ons on June 24, 2020.
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· State Government has banned manufacture, store, import, sell, transport and use of 
plas�c carry bags, short-life PVC, chlorinated plas�cs i.e. adver�sing and publicity 
materials (banners, flexes, hoardings, foam boards etc. of PVC) and plas�c items used 
for catering (cups, glasses, plates, bowls and spoons) vide no�fica�on dated 
27.09.2017. State Government has introduced 'The Chha�sgarh Plas�c and Other Non-
Biodegradable Material (Regula�on of Use and Disposal) Act. 2020', on 18.05.2020 
through which the State can impose complete ban on different plas�c materials as 
required which will further help in effec�ve enforcement of the Plas�c Waste 
Management Rules, 2016. State is in process of introducing The Chha�sgarh Plas�c and 
other Non-biodegradable Material (Regula�on of Use and Disposal) Rule, 2021. 

       State Planning Commission Chha�sgarh had cons�tuted a Taskforce on issues related 
to Environment Management of the state under the Chairmanship of Dr. K. Subramaniam, 
which had decided in its first mee�ng to address the issue of managing and safe disposal of 
municipal solid waste, bio medical waste, and waste water through all of the working group's 
recommended sugges�ons. A working commi�ee was formed for this aim by an order of the 
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1. Shri R.P. Tiwari, Member Secretary, Chha�sgarh Environment Conserva�on Board – 
Co-ordinator

3. Dr. R.S. Mandavi, Addi�onal Director, Directorate, Family and Health Welfare 
Department – Member  

State Planning Commission on July 26, 2021, with the following expert members:

2. Shri B. Verma, Chief Engineer, Directorate, Department of Urban Administra�on and 
Development – Member  

5. Shri A.C. Maloo, Supd�. Engineer, Chha�sgarh Environment Conserva�on Board – 
Member 

7. Shri Ashish Tikarhiya, Addi�onal CEO, SUDA – Member 

 Following extensive delibera�on in the working group and an examina�on of the 
exis�ng condi�on of the situa�on, the working group made many recommenda�ons for the 
state to consider as short-term and long-term solu�ons.

Recommenda�ons of the Working Group for Improvement in Disposal System of Municipal 
Solid Wastes:

i) Encourage source segrega�on at the household level by adop�ng a two-bin system.  

 This study of the working group on Municipal Solid Wastes and Bio-Medical Wastes 
gives a road map for be�er waste management in the state. 

6. Shri S.K. Diwan, Senior Scien�fic Officer, Chha�sgarh Environment Conserva�on Board 
– Member 

 The Working Group met on 06/08/2021 at the CECB Head Office in Raipur. The 
Working Group discussed the many concerns and features of Municipal Solid Waste 
Management and Bio-Medical Waste Disposal in the State of Chha�sgarh. To begin, all 
members of the working group were informed of the exis�ng state of Municipal Solid Waste 
and Bio-Medical Waste disposal in the state. In subsequent mee�ngs, all facets of the current 
disposal system were thoroughly examined. 

ii) The number of collec�on boxes per ward should be increased to ensure complete 
waste collec�on

Short term Measures

iv) Ini�a�on of a public awareness campaign in collabora�on with local non-
governmental organisa�ons. Organizing awareness campaigns in each ward, as well 
as environmental groups in schools and colleges.  

v) Installa�on of plas�c reverse vending machines in SLRM Centres. Ini�ally, 50 such 

Recommenda�ons

4. Dr. Vikas Agrawal, Representa�ve, Indian Medical Associa�on – Member  

iii) Decentralized waste management techniques, such as community compos�ng 
facili�es, should be supported.
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vi) Establishment of a C&D waste processing unit in each of the state's 12 municipal 
corpora�ons. According to UAD data, the an�cipated cost of more than 12 such units 
is around Rs. 25 crores.

vii) Prepara�on of a feasibility report for the installa�on of a waste-based power plant in 
the integrated facili�es in Raipur and Bilaspur. This will not only aid in the opera�on 
and maintenance of the integrated facility, but will also improve the disposal facility's 
efficiency.

viii) Imposi�on of fines and penal�es for li�ering of wastes. 

(1) Municipal Solid Garbage Management is a vital municipal func�on, and all municipal 
authori�es are required to offer this service in order to maintain ci�es and towns 
clean, process waste, and dispose of le�over municipal solid waste in an 
environmentally appropriate manner. This comprises municipali�es developing their 
municipal solid waste system systemically by carefully assessing the demands for 
tools, equipment, vehicles, and processing and disposal facili�es in a way that is 
locally feasible, meets the municipali�es' long-term goals, and is financially viable. 
While developing such an MSWM strategy for the municipal region, a�en�on must be 
given to ensure that it is compliant with the SWM Rules, 2016. 

machines may be deployed in the state's 05 largest ci�es, namely Raipur, Bilaspur, 
Bhilai, Korba, and Raigarh. According to UAD informa�on, the an�cipated cost of more 
than 50 machines is around Rs. 12 crores. 

 The MoUD guidebook on municipal solid waste management recommends a seven-
step approach for building a municipal solid waste management plan. They are listed below for 
convenience:

Long term Measures:

Step 2:  Evaluate the current situa�on and iden�fy any gaps. 

Step 1:  Concerned with policies, programmes, legal frameworks, and guidelines. 

Step 3:  Consulta�on with stakeholders for municipal solid waste management planning 

Step 6:   Stakeholder consulta�on for MSWM plan valida�on.

Step 4:  Create a rough dra� of a municipal solid waste management plan: Taking into account 
iden�fied gaps, future popula�on projec�ons, waste genera�on rates, current and 
future quality and quan�ty of waste (based on changing life style and economic 
status), stakeholder input, financial situa�on, and technical capabili�es of the ULBs, 
the municipal authority prepares its dra�  for short and long term MSWM plans.

Step 5:  Schedule for implementa�on: iden�fying needs for ins�tu�onal strengthening and 
financing. An opera�onal plan prepared as integral part of the MSWM plan indica�ng 
alloca�on of resources and specifying �melines. Scope for infrastructure 
development and service delivery through public private partnership (PPP) may be 
explored during this exercise.
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(3) Promo�ng programmes to provide social security and health benefits to informal 
rubbish pickers, kabadis, and other waste management workers.  

a) waste u�liza�on

d) Back-end cost: cost to wrap up opera�on and maintenance facili�es at the end of their 
life �me

c) waste processing

 The stages outlined above are cri�cal for developing a model municipal solid waste 
management plan for all the local self governments. This plan would assist municipal 
authori�es in providing direc�on and a schedule for implementa�on with public input. 

Step 7:  Municipal council's approval for MSWM plan and opera�onal plan including Public 
private partnership (PPP).

(5)  Se�ng aside area in the development plan for decentralised processing of 
biodegradable waste and the establishment of a material recovery plant. 

(6)  Long-term measures will involve examining local situa�ons and methodically planning 
trash management in ci�es and towns. This may involve, in a systema�c manner, the 
following steps: 

e) landfilling 
(7)  Cost Accoun�ng :

  Implemen�ng a municipal solid waste management system and ensuring its long-term 
viability necessitates a significant investment. The Full Cost Accoun�ng (FCA) paradigm is 
essen�al for evalua�ng all expenses involved with integrated waste management 
ac�vi�es. The following are some of the costs that should be included in the total cost 
accoun�ng: 

a) Front-end cost: pre-opera�ve investment

(2) Engaging with informal associa�ons as a suitable partner organisa�on for the delivery 
of solid waste management services. By retrieving valuable material from garbage, the 
informal sector, such as the 'kabaadi' system or waste pickers, plays a significant role in 
the MSWM value chain. They help to lessen environmental impacts by increasing 
resource recovery and decreasing disposal needs. They also contribute by lowering 
overall system costs, suppor�ng the local recycling industry, and crea�ng new job 
possibili�es. They can be formed into self-help groups.

d) waste to energy 

(4) Low-interest loans to waste pickers' SHGs for the purpose of bidding on and   
par�cipa�ng in tenders and contracts. Tax breaks and other incen�ves may be used to 
encourage them.

b) Capital cost: fixed cost for land, plant, tools and machinery

c) Opera�ng cost: managing opera�on and maintenance, refurbishment cost 

b) waste recycling
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3.  Waste from microbiology and biotechnology (waste from lab cultures, specimens of 
micro-organism, live or a�enuated vaccines, waste from produc�on of biologicals etc.) 

c) Public Private Partnership: innova�ve approach to a�ract private sector to make 
investment in the MSWM

 Biomedical waste is defined as waste generated during the diagnosis, treatment, or 
immunisa�on of humans or animals, or during related research ac�vi�es, or during the 
crea�on or tes�ng of biologicals. Biomedical waste is classified into ten categories: 

Status of Bio Medical Waste Treatment in the State

g) Loan from financial ins�tu�on: IDFC, HUDCO, ICICI, LIC, IDBI etc.

2.  Animal faeces (origina�ng from veterinary hospitals, animal houses and animals used in 
research) 

h) Banks loans: 

5.  Medicines and cytotoxic medica�ons that have been discarded

4.  Sharps waste (used needles, syringes, lancets, scalpels, blades, glass etc.) 

6. Filthy waste (items contaminated with blood and body fluids, including co�on 
dressings, linen, plaster casts, bedding etc.) 

b) Grant from central and state government: finance commission grants, central 
governments grants, state finance commission grants

7.  Waste (solid) (waste generated from disposal items other than waste sharps such as 
tubings, catheters, IV sets etc.) 

e) Na�onal or State level infrastructure funds: 

f) Municipal bonds and Debentures 

a) Municipal resources that include taxes and du�es: ra�onaliza�on of the property tax

1.  Anatomical debris from humans (�ssues, organs, body parts) 

I) From solid waste management revenue stream: service fee, sale of by products like 
compost, RDF, landfill gas, waste to energy, by sale of recyclables etc.

d) So� Loan from bilateral and mul�-lateral development agencies: Asian Development 
Bank, World Bank etc. on long term basis.

For the municipal solid waste management plan to succeed, sources of funding are to be 
ascertained first. There may be one or more than one following source which may be 
harnessed for regular sourcing of planned expenditure:  

f) Environmental cost: for transporta�on, treatment and disposal of waste

g) Social Cost: to mi�gate adverse impact on health and well being of local community on 
account of improper MSWM.

(8)  Sources of Financing:

e) Con�ngent cost: for future needs 
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 Biomedical waste is becoming a major issue in towns and ci�es, and it is not receiving 
the a�en�on it needs. The applica�on of general hygiene and sanita�on principles such as 
cleanliness, excellent housekeeping, an appropriate supply of safe water, sanitary facili�es, and 
correct ven�la�on are cri�cal components of a good biological waste management plan for any 
healthcare facility. Every waste generated by the hospital, both human and veterinary, must be 
iden�fied and quan�fied. These healthcare facili�es are designed to reduce waste by 
regula�ng inventory, consumable item waste, and breakages, among other things. Similarly, 
waste segrega�on at the source and safe storage are cri�cal components of any healthcare 
waste management strategy. At the moment of crea�on, different forms of waste should be 
separated into dis�nct categories based on their treatment / disposal possibili�es in colour 
coded plas�c bags / containers. Before segrega�on, the needles and syringes must be cleansed 
and destroyed.

2.  M/s Envirocare Interna�onal, Bilaspur

10. Chemical waste (chemical used in produc�on of biologicals and disinfec�ons)

3. M/s Envirocare Interna�onal, Korba

 As it is evident that biomedical waste is infec�ous, injurious, cytotoxic, chemical and 
may have all these proper�es and hence it is considered hazardous and its safe disposal is 
necessary to keep the environment clean and hygienic. 

4.  M/s Aroma Social Services, Rampur, Raigarh

Current Status of Biomedical Waste Genera�on in the State

 The Bio Medical Waste Management Rules, 2016, are being implemented in the state, 
as per the informa�on provided by the regulator, Chha�sgarh Environment Conserva�on 
Board. Board has informed the working group that the state has four Common Biomedical 
Waste Treatment Facili�es: 

       A total of four new Common Biomedical Waste Treatment Facili�es are being built at 
Kondagaon, Surguja, Korba, and Raigarh. At the moment, around 07 Tonnes/day of Bio-Medical 
Waste is produced and disposed of by Incinera�on in Common Biomedical Waste Treatment 
Facili�es and Deep Burial Method. Despite the state's exis�ng and increasing facili�es, there 

 The hazardous proper�es of biomedical waste include the inherent poten�al for 
infec�on transmission, both nosocomial within healthcare se�ngs and risk of infec�on to 
anyone opera�ng outside of healthcare facili�es, such as waste handlers, scavenging 
employees, and the general public. It has been stated that 60 percent of hospital employees are 
injured by sharps during various procedures performed in healthcare ins�tu�ons. Mutagenic 
and/or teratogenic cytotoxic and chemical waste Recycling disposables without a suitable 
washing technique is another health concern that creates an issue.

8.  Liquid waste (waste generated from washing, cleaning, house keeping, and disinfec�on 
ac�vi�es including ac�vi�es in labs) 

9.  Ash from incinerators (from incinera�on of any biomedical waste) 

1.  M/s SMS Watergrace Project Pvt. Ltd., Siltara, Raipur
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iii. Installing a Global Posi�oning System (GPS) to track vehicles transpor�ng Bio-
Medical Waste in real �me. 

ix. Healthcare facili�es must be educated on the dangers of disposing of hospital liquid 
waste, chemical liquid waste, and cytotoxic waste in ordinary drainage, as these 
liquid wastes are not only hazardous but also mutagenic even a�er dilu�on.

are many ci�es and towns that have yet to be covered in order to accommodate the rise of 
healthcare centres, veterinary hospitals, pathological labs, biological research labs, and so on. 
Because biomedical wastes are hazardous by nature and can cause many avoidable infec�ons 
and disease transmission, stakeholders are to remain watchful and careful, and all efforts be 
made to ensure their safe disposal.

 Compliance by common biological waste treatment facili�es under their consent to 
operate and authoriza�on granted under BMWM Rules, 2016 is being strictly monitored for 
adherence to the rules. Compliance are monitored on the grounds of opera�onal compliance, 
infrastructural adequacy, data repor�ng, and inspec�on and monitoring.

ii.   Insis�ng on improvements in the opera�on of the Common Bio-Medical Waste 
Treatment and disposal Facility's by ensuring quick and covered transporta�on 
arrangement while li�ing the Bio-Medical Wastes from Healthcare Facili�es around 
the State. 

iv. Installa�on of a bar-coding system in all HCFs.

v.  Opera�onal compliance by common biomedical treatment facili�es is related to safe 
collec�on, handling, transporta�on, recep�on, treatment, and disposal, and strict 
a�en�on is required at all �mes.

vii. Inclusion of health elements of Common Bio-Medical Waste Treatment and Disposal 
Facility plant personnel and neighbouring inhabitants. 

a. Recommenda�ons of the Working Group:

          Short term measure: 

I.     The Government of Chha�sgarh, through the Department of Health and Family 
Welfare, has to make arrangements for regular and adequate training for all health 
workers, in collabora�on with the IMA and the Nursing Home Associa�on, to deal 
with the management and safe disposal of Bio-Medical Wastes. 

vi. The use of personal protec�ve equipment (PPEs) by handlers is cri�cal at all stages.

viii. To op�mise the overall performance of the facility, the operators of the Common Bio-
Medical Waste Treatment and Disposal Facility should ensure regular maintenance 
of the plant and machinery. 

Disposal of Waste Water 

 The safe disposal of waste water, as well as its treatment before discharge, is cri�cal not 
only for human health, but also for the survival of all lifeforms and biodiversity. If untreated 
wastewater and industrial effluents are disposed of, irreparable harm will be done to the 
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No.  Loca�on (STP capacity)  Exis�ng STP 
Capacity  

Capacity being 
(u�lized)  

Opera�onal 
status

1
 

Chilha� (Bilaspur)
 

17 MLD
 
2.5 MLD

 
Opera�onal

2
 

Domuhani (Bilaspur)
 

54 MLD
 
1.5 MLD

 
Opera�onal

3 Mini Mata chowk (Kawardha) 2.1 MLD 1.6 MLD Opera�onal

 However, effec�ve waste water disposal is cri�cal for sustaining surface and ground 
water quality. Waste water disposal is determined by waste water characteris�cs such as flow 
and primary cons�tuents, the impact of discharge into receiving water bodies, and a general 
overview of waste water treatment, sludge treatment, and disposal. Irriga�on using waste 
water is a kind of waste water disposal that is both disposal and usage. Ways and means for such 
disposal are being sought, so that water with minimal treatment can be reused.

natural ecosystem. Increasing urbanisa�on, in combina�on with industrializa�on and 
intensifica�on of industries like as aquaculture, as well as intensified agricultural opera�ons, 
has resulted in the discharge of wastes and runoff into surface water bodies, par�cularly rivers. 
Without standard water treatment, none of the water sources are safe for drinking or bathing. 
Excessive fer�liser use on irrigated fields has also resulted in some ground water 
contamina�on. Ground water is contaminated in a few regions due to inherent features of rock  
forma�on aquifers, genera�ng a severe problem of ground water contamina�on. Because of 
parent rocks, ground water in certain parts of the state has been discovered to be contaminated 
with arsenic, fluoride, and iron. These geogenic issues can be addressed by employing 
appropriate filters to remove them.

 The discharge of untreated municipal sewage in streams has been iden�fied as the 
largest source of river pollu�on in the state of Chha�sgarh. Major towns and ci�es located 
along the state's main water courses, such as the Kharoon, Seonath, Mahanadi, Hasdeo, and 
Kelo, are becoming contaminated as a result of untreated waste water disposed of in these 
rivers and water bodies. The Chha�sgarh Environment Conserva�on Board has directed all 
local authori�es to install and commission a sewage treatment plant (STP) by June 30, 2021. 

· The CECB has no�fied the working group that the following sewage treatment plants 
are opera�onal, but their full capacity is not yet being u�lised.

· Details of some of the STPs under construc�on are provided by CECB which are listed 
below 

No.  Loca�on (STP capacity)  Capacity of the 
STP proposed  

Status of Project Likely date of 
comple�on

1  Kanker  7.8 MLD  work awarded 30/06/2023

2  Dhamtari  19.6 MLD  work awarded 30/06/2023

3
 

Simga
 

2.8 MLD
 

work awarded 30/06/2023

4
 

Nawapara
 

7.5 MLD
 

work awarded 30/06/2023

5 Rajim 2.8 MLD work awarded 30/06/2023

6 Korba 35 MLD work to be 
awarded

31/03/2024
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No.  Loca�on  Capacity 
of the STP  

Physical 
Progress  

Status of I & D or 
house sewer 
connec�ons

Comple�on 
�meline

3

 

Kara (Raipur)

 

35 MLD

 

68% Completed

 

46% construc�on work 
of diversion weir has 
been completed

30/06/2021

4

 

Nimora 
(Raiplur)

 

90 MLD

 

68% Completed

 

46% construc�on work 
of diversion weir has 
been completed

30/06/2021

5 Bade Atarmoda 
(Raigarh)

25 MLD 81% Completed 42% construc�on work 
of diversion weir has 
been completed

30/06/2021

6 Banjipali 
(Raigarh)

7 MLD 67% Completed 42% construc�on work 
of diversion weir has 
been completed

30/06/2021

No.  Loca�on  Capacity 
of the STP  

Physical 
Progress  

Status of I & D or 
house sewer 
connec�ons

Comple�on 
�meline

1
 

Bhatagaon 
(Raipur)

 

6 MLD
 

84 % Completed
 

46%
 

construc�on work 
of diversion weir has 
been completed

30/06/2021

2
 

Chandandih 
(Raipur)

 

75 MLD
 
68% Completed

 
46% construc�on work 
of diversion weir has 
been completed

30/06/2021

· Chha�sgarh Environment Conserva�on Board has also informed that following new 
STPs are in the process of installa�on and would be ready by the year 2023. 

· Furthermore, it is stated that 78 Sewage Treatment Plants are proposed in 74 Urban 
Local Bodies located near various rivers, with a total budgetary need of Rs. 828 crores.

· The Central Pollu�on Control Board has iden�fied polluted river segments and 
priori�sed their treatment. Based on water quality data from the Na�onal Water 
Quality Monitoring Programme for the fiscal year 2016-17, the following river lengths in 
Chha�sgarh have been categorised as contaminated. River sec�ons are classified into 
five priority classes based on the concentra�on of Biochemical Oxygen Demand (BOD). 
BOD measures the amount of putrescible organic ma�er in water. It means that a low 
BOD indicates good quality water, whereas a high BOD indicates dirty water. Bacteria 
use dissolved oxygen (DO) when there is a high concentra�on of organic ma�er in the 
water from sewage or other discharges. River lengths with BOD levels ranging from 6 to 
10 mg/l are classified as 'IV.' Similarly, river lengths with BOD levels ranging from 3 to 5 
mg/l are classified as 'V.'
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· Chha�sgarh Environment Conserva�on Board has also informed that following new 
STPs are in the process of installa�on and would be ready by the year 2023. 

· Furthermore, it is stated that 78 Sewage Treatment Plants are proposed in 74 Urban 
Local Bodies located near various rivers, with a total budgetary need of Rs. 828 crores.

· The Central Pollu�on Control Board has iden�fied polluted river segments and 
priori�sed their treatment. Based on water quality data from the Na�onal Water 
Quality Monitoring Programme for the fiscal year 2016-17, the following river lengths in 
Chha�sgarh have been categorised as contaminated. River sec�ons are classified into 
five priority classes based on the concentra�on of Biochemical Oxygen Demand (BOD). 
BOD measures the amount of putrescible organic ma�er in water. It means that a low 
BOD indicates good quality water, whereas a high BOD indicates dirty water. Bacteria 
use dissolved oxygen (DO) when there is a high concentra�on of organic ma�er in the 
water from sewage or other discharges. River lengths with BOD levels ranging from 6 to 
10 mg/l are classified as 'IV.' Similarly, river lengths with BOD levels ranging from 3 to 5 
mg/l are classified as 'V.'
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Name of the 
River  

River Stretch  BOD  
Range(Max. 

Value in mg./l)  

Priority  Towns situated 
across the 

stretch

Approximate 
length in kms

Hasdeo
 

Korba to Urga
 

3.6 to 7.0
 

IV
 

Korba 20 km 
Kharoon

 
Bundari to 
Raipur

 

3.3 to 7.2
 

IV
 

Raipur 20 km

Mahanadi
 

Arrang to 
Sihawa

 

3.3 to 8
 

IV
 

Kanker, 
Dhamtari, 
Nawapara, Rajim

70 km

Seonath Simga to 
Bemetara

3.4 to 8.4 IV Simga 10 km

Kelo Raigarh to 
Kanaktora

3.8 V Raigarh 15 km

5.  CECB will convene monthly mee�ngs with municipal authori�es, industry 
representa�ves, gram panchayat office bearers, and all other stakeholders to execute 
and monitor safe waste water disposal.

Recommenda�ons:

 Based on above facts made available to the working group, following recommenda�ons 
were considered apropriate for the state.

2.  An inventory of industrial effluent genera�ng sources from industrial clusters, as well as 
the quantum of industrial effluent genera�on from various industrial sources, needs to 
be created.

3.  Evalua�on of alterna�ve uses of treated water from industrial effluent for purposes 
such as industrial cooling, gardening, construc�on, or wherever feasible is to be found 
and u�lised for op�mal use of water. 

7.  It is cri�cal to monitor the efficiency of current STPs as well as the progress of 
prospec�ve STP construc�on. 

1.  Polluted River lengths in Chha�sgarh needs to be reassessed as the current report is 
based on the CPCB's Na�onal Water Quality Monitoring Programme 2016-17. 
Analyzing the current situa�on is cri�cal for taking correc�ve ac�on and making 
necessary course correc�ons. 

4. Coordina�on among the execu�ng authori�es / departments responsible for execu�on 
within their respec�ve jurisdic�ons and within a specific �me range is cri�cal. 

6.  All urban and rural local governments, water users groups, and non-governmental 
organisa�ons (NGOs) to be sensi�sed, and a conducive atmosphere be created for their 
ac�ve engagement in the safe and usable disposal of waste water following treatment.

8.  Efforts are to be made to achieve zero industrial discharge.

3. The Na�onal Ac�on Plan for Municipal Solid Waste Management issued by Central 
Pollu�on Control Board.

6. An introduc�on to essen�al of Biomedical Waste Management by Zile singh, R.  
Bhalwar, J. Jairam and V W Tilak.

Reference:

4. Manual on Municipal Solid Waste Management issued by Ministry of Urban 
Development GoI.

1.  The Working Group has referred to the Power Point Presenta�on given in the first 
mee�ng of the Task Force on “Paryavaran Prabandhan” held on 06/07/2021 at Yojana 
Bhawan, Naya Raipur Atal Nagar. (Annexure)

2. Power Point Presenta�on on Ambikapur Model.  

5. Salient features of the Municipal Solid Waste Management Manual : an over view.

Page 163Page 162

· Range of BOD found in river stretches in the State
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Annexure

 Informa�on provided by the Department And Board to the working group.

A. Current Status of Disposal System of Municipal Solid Wastes and Measures 
to be taken for Improvement:

i. No. of Urban Local Bodies – 166

(a) No. of Municipal Corpora�on – 14 

(b) No. of Nagar Palika Parishad – 43

(c) No. of Nagar Panchayat – 109 

ii. Quan�ty of Solid Waste generated – 1650 Tonnes/day.

i. Total Bio-medical genera�on: 7.0 Tonnes/day

B. Current Status of Disposal System of Bio-Medical Wastes and Measures to 
be taken for Improvement: 

 Every day, the state of Chha�sgarh generates 7234 Kg of biomedical waste. Raipur 
district alone generates 2510 kg of biomedical waste, accoun�ng for roughly one-third of total 
biomedical waste generated in the state. It is followed by the districts of Durg and Bilaspur, 
which generate 1001 Kg and 524 Kg of biological waste each day, respec�vely. 

iv. No. of authoriza�on issued (as on 01/09/2021) – Govt. HCFs – 1018, Private 
HCFs – 4017

ii. No. of Government HCFs – 1020 

iii. Disposal Arrangements 

(a) Disposal by SLRM (Ambikapur) Model – 164 Local Bodies

iii. No. of Private HCFs – 4445

(b) Integrated Solid Waste Management System – 02 (Raipur and 
Bilaspur City)

v. District-wise Bio-medical waste Genera�on (for the previous year 2020)

 The en�re capacity of the state for bio waste treatment is 55,885 Kg/day, of which 
23,350 Kg/day can be done by autoclaves, 5759 Kg/day by deep burial, 13,650 Kg/day by 
incinerators, and 13126 Kg/day by other ways.

S.No.  Name of the District  Bio-medical waste 
genera�on (in kg/day)

Exis�ng Total bio -medical waste 
treatment capacity (both cap�ve and 

CBMWTF) in kg/day

1  Raipur  2510.34 Incinerator 6000
Autoclave 4570

2
 

Dhamtari
 

478.583 Deep Burial 185
3

 
Mahasamund

 
278.79

4
 

Balodabazar-Bhatapara
 

256.04 Any Other 12037
5

 
Gariyaband

 
50.04

3573.793
6

 

Raigarh

 

113.65 Incinerator 50
Autoclave 1170

7

 

Jashpur

 

43.28 Deep Burial 1220.5
Any Other 170

156.93
8

 

Durg

 

1001.81 Incinerator 6000
9

 

Bemetara

 

154.52 Autoclave 8,930
10

 

Rajnandgaon

 

438.11 Deep Burial 810.5
11

 

Balod

 

242.36 Any Other 473
12

 

Kawardha

 

203.69

  

2040.49
13 Bilaspur 524.73 Incinerator 1600
14 JanjgirChampa 185.36 Autoclave 3140

Deep Burial 1570

15 Mungeli 83.15 Any Other 314
793.24

16 Korba 354.08 Incinerator 0
Autoclave 550

Deep Burial 773
Any Other 55

354.08
17 Surguja 14.37 Incinerator 0
18 Surajpur 1.37 Autoclave 770
19 Korea 0.46 Deep Burial 157
20 Balrampur Any Other 77

2.76
18.96

21 Bastar 89.525 Incinerator 0
22 Kondagaon 39.729
23 Kanker 40.731 Autoclave 4220
24 Narayanpur 4.404
25 Bijapur 25.052 Deep Burial 1043
26 Sukma 53.799
27 Dantewada 43.577 Any Other 421

296.817
7234.31
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Annexure

 Informa�on provided by the Department And Board to the working group.

A. Current Status of Disposal System of Municipal Solid Wastes and Measures 
to be taken for Improvement:
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iv. Details of exis�ng Common Bio-Medical Waste Treatment and Disposal Facility

S.  
no  

Name & 
Address of 
the CBWTF 

with 
contact 
person 

name and  
telephone 

no.

 

Cover 
age 

Area in 
KMS

 

Name of 
the ci�es/ 
coved by 
common 

biomedical 
waste 

treatment 
facility

 

Total 
no. of 
HCFs 
being 

covered
 

Total no. 
of beds 
covered

Total 
Quan�ty 
of BMW 
collected 

from 
member 
HCFs (in 
kg/day)

Capacity of Treatment 
equipments installed by CBWTFs

Total bio 
medical 
waste 

treated in 
kg/day

Method of 
Disposal of 

treated 
wastes 

(Incinera�on 
Ash/Sharps/P

las�c)Equipment Nos. Total 
installed 
capacity 
(kg/day)

1

 

SMS Water 
Grace 

Enviroprote
ctPvt. Ltd., 
P.H.No. 02, 
Village –
Siltara,  

Distt. Raipur

110 Kms

 

Raipur, 
Dhamtari, 

BalodaBazar
0Bhatapara

 and  
Mahasamund

 

1005

 

12944 3,549.06 Incinerator 1 6000 2325.8 Ash0133.14 
kg/day 

Secured 
Landfill

Plasma 
Pyrolysis

0 0 0 Nil

Autoclaves 1 4200 476.53 Authorized 
Recycler 

476.53 kg/day
Hydroclave 0 0 0 Nil

Microwave 0 0 0 Nil

Shredder 2 12000 476.53 Authorized 
Recycler 

476.53 kg/day
Sharps 

encapsula�on
 or 

concrete pit.

2 10000 23.98
Sharp Pit 

23.98 kg/day

Deep burial 
pits

0 0 0 0

Any other 
treatment 
equipment

1 12000 246.22 Any other 
treatment 
equipment

Effluent 
Treatment 

Plant

1 20000 0 ETP Sludge 
4.67 

kg/daySecure
d Landfill

Total 8 64200 3549.06

Approx.
90 Km. 
Redius

Durg, Bhilai,
Rajnandgaon,
Bemetara&
Kabirdham

772 7730 1636.33
Incinerator 1 6000 900.12 Incinera�on 

Ash: 0Nil

Plasma 
pyrolysis

0 0 0 Quan�ty: Nil

0 0 0 Disposed by:0

Autoclave 1 4200 552.73 Sharps:0
Quan�ty: 0
Disposed by:0Shredder 2 1200

Hydroclave 0 0 0

Microwave 0 0 0 Plas�cs :                   
Quan�ty 
:Kg/day                   
Disposed by : 
Sold a�er 
shredding

Sharps 
encapsula�on
or 
concretepit

2 10000 39.65

Deep burial 

pits 0 0 0
ETP Sludge :
Quan�ty :3.11 
Kg/day                 
Disposed by : 

Any other 
equipment 1 12 143.83

Effluent 
Treatment 
Plant 

1 20 0

Sub0total 8 0 1636.33

S.  
no  

Name & 
Address of 
the CBWTF 

with 
contact 
person 

name and  
telephone 

no.

 

Cover 
age 

Area in 
KMS

 

Name of 
the ci�es/ 
coved by 
common 

biomedical 
waste 

treatment 
facility

 

Total 
no. of 
HCFs 
being 

covered
 

Total no. 
of beds 
covered

Total 
Quan�ty 
of BMW 
collected 

from 
member 
HCFs (in 
kg/day)

Capacity of Treatment 
equipments installed by CBWTFs

Total bio 
medical 
waste 

treated in 
kg/day

Method of 
Disposal of 

treated 
wastes 

(Incinera�on 
Ash/Sharps/P

las�c)Equipment Nos. Total 
installed 
capacity 
(kg/day)

2

 

Envirocare 
Interna�onal 
(Chha�sgar
h),

 
Mungeli 
Naka 
Bilaspur.

 

Phone No. 
07752 
0217709

 

220 Kms

 

Bilaspur

 
Janjgir –
Champa

 

&

 

Mungeli

 

591

 

5794 681.3 Incinerator 1 1600 681.3

681.3

Incinera�on 
Ash0 30.68 
Kg/Day disposed 
in secured land 
fill. 

Plasma 
Pyrolysis

0 0 0

Autoclaves 1 800 Sharps 
Hydroclave 0 0

Microwave 0 0

Shredder 1 600 Plas�cs:   Sold 
to recycler
79.78 Kg/day

Needle �p 
cu�er or 
destroyer

4 0

Sharps 
encapsula�on 
or concrete pit.

2 10000

Deep burial 
pits

0 0

Any other 
treatment 
equipment

Nil

Effluent 
Treatment 

Plant
1 0

ETP Sludge:  
38.35 Kg/Day 

ETP is Installed 
in 2017

Total 12 400000

3 M/S Aroma 
social 
service, Bade 
Rampur,Raig
arh (C.G.)Sri 
ShridevMour
yaMob no. 
9827174108

Approx 
10 Km 
Radius

Raigarh City 82 1115 103.59 Incinerator 0 0 0 Incinera�on 
Ash: 0Nil

Plasma 
pyrolysis

0 0 0 Quan�ty: Nil
0 0 0 Disposed by:0

Autoclave 1 110 37.78 Sharps:0
Quan�ty: 0
Disposed by:0

Hydroclave 0 0 0

Microwave 0 0 0 Plas�cs:0
Quan�ty: 0
Disposed by:0

Shredder Man
ually

0 0

Sharps 
encapsula�on 
or concrete pit

1 64 24.58

Deep burial 
pits

2 922 40.89 ETP 
Sludge:0Nil
Quan�ty: 0
Disposed by:0

Any other 
equipment 

0 0 0

Effluent 
Treatment 
Plant 

0 0 0

Sub total 4 0 103.59
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iv. Details of exis�ng Common Bio-Medical Waste Treatment and Disposal Facility
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S.  
no  

Name & 
Address of 
the CBWTF 

with 
contact 
person 

name and  
telephone 

no.

 

Cover 
age 

Area in 
KMS

 

Name of 
the ci�es/ 
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treatment 
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Total 
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covered
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collected 
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kg/day)

Capacity of Treatment 
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Total bio 
medical 
waste 

treated in 
kg/day

Method of 
Disposal of 

treated 
wastes 

(Incinera�on 
Ash/Sharps/P

las�c)Equipment Nos. Total 
installed 
capacity 
(kg/day)

4

 

Enviro care 
interna�onl 
(Chha�sgarh
) 105, Lovina 
Court 1st 
Floor, Near 
Old RTO 
Office 
Mungelinka, 
Bilaspur 
(C.G.)049500
1

75 Kms

 

Korba

 

96

 

1127

 

250 Incinerator 0 0 0 Incinera�on 
Ash: 0Nil

Plasma 
pyrolysis

0 0 0 Quan�ty: Nil
0 0 0 Disposed by:0

Autoclave 0 0 0 Sharps:0
Quan�ty: 0
Disposed by:0

Hydroclave 0 0 0

Microwave 0 0 0 Plas�cs:0
Quan�ty: 0
Disposed by:0

Shredder Man
ually

0 0

Sharps 
encapsula�on 
or concrete pit

0 0 0

Deep burial 
pits

4 600 250 ETP Sludge:Nil
Quan�ty: 0
Disposed by:0

Any other 
equipment 

0 0 0

Effluent 
Treatment 
Plant 

0 0 0

Sub total 4 0 250 

viii. No. of Proposed Common Bio-Medical Waste Treatment and Disposal Facility – 04   

 (Bastar-01, Ambikapur-01, Korba-01 and Raigarh-01)

vii. No. of Opera�onal Common Bio-Medical Waste Treatment and Disposal Facility – 04 
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