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Source: https://www.youtube.com/watch?v=e6rglsLylYs
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BACKGROUND

Environmental monitoring is an indispensible part of government’s functioning in the

contemporary setup.

However, effective regulatory monitoring of the environment has the following
drawbacks-

— Itis costly (Set-up as well as O&M)
— Requires greater number of man hours (for O&M operations like calibration, regular checks, etc.)
— Regquires technically skilled personnel

— Resource intensive
The offset of the above being that the data generated is of high quality and useful for

the policy makers.

However, these drawbacks make real-time regulatory monitoring unfeasible, especially

in the low income countries.

This has resulted in a much slower and more unsustainable development in the low

income countries.



NATIONAL AMBIENT AlIQ QUALITY STANDARDS
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AVAVSIES NATIONAL AMBIENT AIQ QUALITY STANDARDS
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GAPS & CHALLENGES IN CURRENT
MONITORING REGIME




LIMITATIONS IN ENVIRONMENTAL QUALITY
MONITORING IN INDIA

Improved monitoring methodologies and network, however, still has a long way to go.
Some of the limitations that the current monitoring paradigm faces are-

* Significant growth of air and water monitoring networks in the last decade, but
coverage is still comparatively less than required.

* Lower investment in environmental monitoring by the government than what’s
required.

 Ambient standards for air and water crossed on a daily basis, exposing the shortcoming
in the current enforcement measures in place.

 Lack of extensive and specialied studies limits the performance of the monitoring
network.

 Extensive monitoring limited only to major cities; barely covers other urban & rural
areas.

*  Majority of the monitoring is manual; only few places have continuous monitoring.
*  Majority of the monitoring stations do not cover some of the important parameters.

* In many cases, data from a specific location is extrapolated using models to create
monitoring map of the area — not a correct depiction of the real and actual conditions.

* No well-defined protocols and methodology for measurement of various parameters
(standard methods), data verification and validation, and calibration and certification
that can be used for carrying out a comprehensive and well defined monitoring
programme.

* Inter-departmental cooperation needs more strengthening
e Lack of proper citizen monitoring initiatives and the relevance of data generated thus.
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IMPORTANT INFORMATION

What is at stake?

— 4.2 million — Deaths every year from exposure to ambient (outdoor) air pollution
— 3.8 million — Deaths every year from household exposure to smoke
— 91% — World’s population that lives in places where air quality exceeds WHO

guideline limits

e What has to be understood?

— Current Health Status of the people

— Type of Pollutant(s) and their concentration

— Duration of Exposure — which decides whether its Chronic OR Acute
— What else besides Lungs — Heart, Brain and Arteries (How?)

— Difference in the Urban and the Rural setup

— Approach in Environmental Governance and Public Practice




://www.youtube.com/watch?time contin
ue=172&v=vYSAPwQwMTk



https://www.youtube.com/watch?time_continue=172&v=vYSAPwQwMTk

Source:
://www.youtube.com/watch?v=GVBeY1jS



https://www.youtube.com/watch?v=GVBeY1jSG9Y

SMART & AFFORDABLE

MONITORING
AN OVERVIEW




WHAT IS IT SMART & AFFORDABLE
TECHNOLOGY?

A portable technology that is capable of measuring various air and

water quality parameters in real time scenario (in-situ)

SMART - Self-monitoring, analysing, and reporting/recording

technologies

e Cost of monitoring is relatively much lesser compared to regulatory

monitoring

* This technology has potential to address the gaps of the conventional
monitoring system.
* These can be classified based on -

— Monitoring system

— Monitoring Network
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CLASSIFICATION BASED ON
TYPE OF MONITORING SYSTEM
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CLASSIFICATION BASED ON
TYPE OF MONITORING NETWORK
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BENEFITS — SMART & AFFORDABLE
MONITORING

Relatively lower cost
Not very sophisticated
Portable
Deployed in networks - Produce detailed pollution mapping
Not for regulatory monitoring - Data capable of providing good indicative values.
Useful as screening tool to -
— Identify problem areas, emergency situations, etc.
— Identify the best location for setting up a regulatory type monitoring station
If testing and calibration are done correctly, can be useful in
— Generating a near real-time trend of the ambient environment in any given area.

— Provide data to help validate adherence to given ambient standards for air and
water

— Health impact studies
Enhancing the existing regulatory monitoring network
Can give better coverage with limited funding
Exposure studies for individuals

— living or working in a possible impact area/place

— Vulnerable groups



CHALLENGES
SMART & AFFORDABLE MONITORING

There aren’t any set global standards methods for the development and testing
of “low-cost” SMART systems.

There is no proper mechanism for quality control and quality assurance in place
for such systems in developing countries.

There aren’t any certification bodies that would certify such technologies in
developing nations.

The measurements with low-cost and SMART are often of lower and more
questionable data quality than the results from official monitoring stations

The performance of these devices vary with location
Need for regular calibration because of the drift in the devices

While considering the cost of the device, the O&M cost, labor and spare parts
cost is not always considered.



BASIC PRINCIPLES INVOLVED
AIR QUALITY MONITORING

PARTICLE BASED SENSORS

 This technology detects the particulate pollution by
measuring the chances in the light properties by the
particulate matter particles.

— Scattering (Aerosol particles)

— Absorption (Black carbon)

— Light excitation (diesel emissions)




BASIC PRINCIPLES INVOLVED
AIR QUALITY MONITORING

Nanoparticles

- i.'* —

Light Extinction
Source Detector

Measuring Cell



BASIC PRINCIPLES INVOLVED
AIR QUALITY MONITORING

GAS BASED SENSORS

Electrochemical Sensors - These devices/systems are based on
the principle of a chemical reaction between gases in the air
and the electrode in a liquid inside a sensor i.e. they apply the
potential difference of the working electrode house.

Metal Oxide Sensor (MOS) — Also called resistive sensor and
semiconductors, the ambient gaseous pollutants react on the
sensor surface and modify its resistance which is recorded as a
electric signal.

Photo lonization Detector (PID) — The principle of working for
this is based on the ionization of volatile organic compounds
(VOCs) that generates an electrical current which s
subsequently measured.



TECHNOLOGY

AIR QUALITY MONITORING
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 Devices Available in the
Market

AIR Quality Measurements




Namell | Equipme Manufa Operating@rinciplel Setupl Parametersl Rangel@ Interferenc Remarksl
ofthel nt@ cturerf Measured? el
Equipm Descripti
entl onf
AEROCET?] Full— Opticall@ Particle Counter( Particulate@Matterf@inZ Concentration Temperaturel Annualf calibration® in@ thell company
531S3 featured, method.2  SpecificationsB] thel followingl?] Range[@ Rangell(0°CRtop) laboratoryf
battery@ arel@ mentionedd in thel categories@-3 0@ tol@ 3,000,000E| 50°C)a Done@sierdSO,AISBndENISTE
operated,? Met@nel | product@nanual.@ Handheld® TSPE l'-"articles/ft3
andheldE
handheld®@ | |nstrumen d bl PM,o@10Gum)&E Storagel Manual@antbeFound@thisfink.?
H
particlel ts,Anck andipotable PM,{5@um)a Sensitivity@ Temperaturel
counter@®ri PM,{1Gum)a HighEHD.3GumE (-20°Co®B0°C)E
mass PM, o{0.50um)a LowEH. 5GLmEH
monitor PMlgO.Sﬂlm)
. 0.00E200.0Eng/m
?]
PMEBOight? PME OF-20,000@E/m
scattering/Antegratingl =
hotometer/& 0.1-10GumE
phot . com OE-5,000ppmD
Particulate@ize@angel
A ) com OEEL,0003pmE Temperatureld
CO,MNon-Dispersivel Rangel®
NO®& 0.03-F1003®pmE -
Full Infrared® - PP (OBCRoBOAC)R ClLEXhlorine@ensor,R
= ?]
P d ggiﬂslctrochemlcal NO.@ 0.0EB0RppmA EtOREthylene@xideBensor,
eatured,k NOIE[?IEI‘ irochemicalk SO, 0.0B-Z0pmE Pressurel HCNEEHydrogenyanideFensor,
batteryR Sensorc rochemicalt Temperature OF CEHHOACH) Rangef H,SEMHydrogenBulfideBensor,2
operated, : (65EPa@oFLO8R | . O, [ .3
EVM-7 . 3 LgEDxygen@Bensor?
/ handhelda | 3MAUSA)E NO,;Electrochemicalz | Handheld® kPa)m
conB Sensor and@otablel .
particlel ) FlowateRE.676/mink
terdD SO, zElectrochemicall Relativel
counter®ri :
massa sensort RelativefHumidity® 0.02 —@ 100@ %G| Humidity® CEBMark@ndRoHSEompliantE
S5 Temperaturez2 humidity® (10%E0D0%E
monitort Junctioniodeld Airdelocit 0—20mm/ non- Manual@anbeFound@tEhisdink.E
RelativeBHumidity@@ IrVelocityt sect condensing)
Capacitivel ]
AirV/elocityBHDmni-
directional®eated®
Thermistor@Vind@robel]
Tem t e}
PME2.5®R0)-Laserd PME2.5RE0)2 0.003-1000mng/m’E [ 'La ure
Particle@ounter® ( SIZiIZt. @5E0)
. - (o] ?
Full- CO2EFan-sampling® co,m OBH,0000pmE
featured,? usingENDIRE
. Pressurel
battery® Aeroquald CO-Electrochemical cox OE-R5EpmB Rangel TheBimultaneous@neasurement@DfEPME
operated,B quals Sensort (65&Pator08E | andEaseshsthotibossible@vithihis?
Aeroqualg] Ltd.m@ 0O3-Electrochemical@ Handheld®
handheld® : o3a OB 0B pmME kPa)& model.&
5008 articlen (NEWE Sensor and@otablel
P ] ZEALAND)E NO-Electrochemicali@ Relati ‘ -
counter®ri Sensork elativer Manual@anfbeFound@tihisdink. @
5 NO,™ OBAGPHpmE Humidity®
ma.ss NO2-Electrochemicali@ (0%Eom5%0)
monitor@ Sensorf@ non-
SO2-Flectrochemicalll Temperaturel -40°C@o[E 24°C condensing)®
Sensorfd
Full— EXTECHE OpticaIEPar.ticleBEounter Particulate@MatterinE Particle@ounta Temperaturel
VPCmB00E | featured,® | Instrumen | mMethodiising@ni thel following® Modes[ Range@ ?
isokinetic@robe.? R . (-OBCRoFBOAC)E
battery tsil categories@-2 Cumulative,®

SpecificationsZr




Review of Environmental Legislation
W.R.T Environmental Monitoring —
India Context

POSSIBILITY OF INCORPORATING SMART &
AFFORDABLE MONITORING




CURRENT SCENARIO - AIR (INDIA)

* Steps taken by the government to address Air Pollution

— National Ambient Air Quality Standards (NAAQS)

— Sector specific emission and standards for industries;

— Setting up of ambient air monitoring network;

— Introduction of cleaner fuels like CNG, LPG as well as ethanol blending;
— Launching National Air Quality Index (AQl);

— Universalization of BSIV for vehicles; leapfrogging from BS-IV to BS-VI
standards

— Banning of burning of biomass;
— Promotion of public transport network;
— Pollution Under Control Certificate;

— Issuance of directions under Air (Prevention and Control of Pollution)
Act, 1981;

— Installation of CEMS for 17 highly polluting industrial sectors;
— Ban on bursting of sound emitting crackers between 10 PM to 6 AM;
— Notification of graded response action plan for Delhi and NCR




CURRENT SCENARIO - AIR (INDIA)

Current status is encouraging with the impacts due to multiple
government introduced programmes/initiatives.

Nation-wide programme of ambient air quality monitoring - National
Air Quality Monitoring Programme (NAMP).

Network consisting of -

691 manual operating stations in 303 cities/towns in 29 states & 6 UTs

4 pollutants - SO2, NO2, PM1o, and PM2s

101 real-time Continuous Ambient Air Quality Monitoring stations (CAAQMS) in 57
cities

8 pollutants - PM1o, PMa2.5, SO2, NOx, NH3s, CO, O3 and CeHe.

However, the situation remains dire since the list of non-attainment
cities, towns, areas increase rapidly and many places do not have
monitoring.



LEGISLATIVE PROVISIONS - AIR (INDIA)

National Clean Air Programme (NCAP)
— To address the gaps of the current initiatives

— Has provisions for
* Inclusion of SAAM
* Development of Certification system
* I|nitiating citizen monitoring
Section 16(d) of Air Act - Carry out and sponsor investigation and
research relating to problems of air pollution, prevention, control and
abatement of air pollution

Section 16(e) of Air Act - Plan and organise the training of person, or
to be engaged, in programs of prevention, control or abatement of air
pollution

Section 16(f) of Air Act — CPCB can organise through mass media a
comprehensive programme regarding the prevention, control or
abatement of air pollution’.

The abovementioned functions of CPCB are also applicable to SPCBs
under Section 17 of the Air Act.




RECOMMENDATIONS (INDIA)

Provisions under National Clean Air Programme (NCAP) can be
used to strengthen the monitoring network and develop the use
of SAAM and community monitoring.

Increase the inter departmental cooperation to formulate
standards and protocols for the development of specifications,
testing procedures, QA & QC analysis, and certification of SAAM
devices.

Seek collaboration with developed countries to set up facilities for
testing, QA & QC and Certification.

Promote community level groups for expanding the existing
monitoring network for better spatial coverage

Inventory development and source apportionment studies must
be classified as important non-stop activities.



LEARNINGS FROM OTHER
COUNTRIES

Technology & Community Inclusion




FEDERAL CLEAN AIR ACT, 1963 (USA)

Code of Federal Regulation

* Under the 40 CRF, Part 58 deals with the ambient air quality surveillance. Under
Part 58 —

— Subpart B elaborate on the establishment and working of monitoring
networks, which also includes monitoring plan and monitoring technical
requirements.

— Subpart C talks about special purpose monitoring which is designed by the
agency in its annual monitoring network plan and air quality system (AQS),
and which the agency does not show when showing compliance with the
minimum requirements of this subpart.

— Appendix C and D to Part 58, details out the methodology for ambient air
guality monitoring and the network design criteria for the ambient air
quality monitoring respectively.

Sensor Performance Evaluation and Application Research (SPEAR)

* An initiative of US EPA for supporting the advancement of air sensor technology by
evaluating and testing commercial devices and developing and testing new
instruments using miniature sensors and other technologies.




FEDERAL CLEAN AIR ACT, 1963 (USA)
(Citizen Monitoring Resources)

Under Section 103, whereby, the Administrator is authorised to cooperate
with aforementioned agencies and individuals on various initiatives to
execute the provisions under the Act and apply the standards it sets forth.

The emergence of SMART technologies have led to the identification areas
in which these sensor devices can be used-

— Research for scientific studies

— Personal Exposure Monitoring

— Supplementing existing monitoring data
— Source ldentification and Characterization
— Education

— Information and awareness

EPA has also developed an air sensor toolbox web page - Provides
information on various aspects of air sensors, the initiatives being
undertaken by US EPA in this area and other useful resources.

Laboratory testing of sensor devices and then in-field studies to help of
citizen scientists. Some of the citizen science initiatives/ projects being
undertaken like AirMapper, RETIGO, Instruction guide and macro analysis
tool for citizen scientists



EUROPEAN UNION
(SMART & AFFORDABLE MONITORING)

Directive 2008/50/EC

 Part 26 under Article 1 of Directive 2008/50/EC - Defines ‘Indicative
measurements’

 Part 14, Part 12 (Article 1), Part 2 & 3 (Article 6) promulgate the use of
indicative measurements (air sensors, etc.) to supplement the
regulatory monitoring.

e The Directive allows the use of indicative measurements without
restriction in the zones where the upper assessment threshold (UAT) is
not exceeded

 The Directive does not specify any indicative method
* Requires to demonstrate that data quality objectives (DQO) can be met
* Are about twice less stringent than the one of reference methods

Metrology for Chemical Pollutants in Air (MACPoll)

e Joint research project of the European Metrology Research Programme of
EURAMET (deals with low-cost gas sensors for air quality monitoring)

e As part of the MACPoll project
* Has been decided to draft a protocol for the evaluation of gas sensors




EUROPEAN UNION
(CITIZEN MONITORING)

SEVENTH FRAMEWORK PROGRAMME FOR RESEARCH AND TECHNOLOGICAL

DEVELOPMENT (FP7)

ENV.2012.6.5-1 - Develop community-based environmental monitoring and information
systems by using innovative and novel earth observation applications

Led to the development of Citizen Observatories (CO) that includes community based
environmental monitoring with portable monitoring technologies (low-cost reliable micro-
Sensors).

CO combined participatory community monitoring with monitoring by policy-makers,
scientists and other stakeholders, and which further developed into five projects—CITI-
SENSE, OmniScientis, CitClops, COBWEB, WeSenselt.

Aarhus Convention on Access to Information, Public Participation in Decision-Making and

Access to Justice in Environmental Matters, 1998

HORIZON 2020

EU’s biggest Research and Innovation programme facilitating public and private sectors to
work together

H2020 topic CSA-2017 (‘Coordination of Citizens’ Observatories initiatives’; EC, 2016—2017b)

Various citizen Science Projects that are being implemented under the FP7 and Horizon 2020
like DITOs, SPARKS, European Citizen Science Association (ECSA)



WAY FORWARD FOR SMART &
AFFORDABLE MONITORING
LEARNINGS FOR INDIA




WHAT’S THE SITUATION LIKE?

* Manufacturers Role —

— To ensure that devices function on correct and verified principles and
technologies,

— Are reliable with proper calibration and tests,
— Give data and results that are both comparable and indicative, and
— Can be used for taking suitable measures and decisions at policy level.

* However, at this point because of issues related to —
— lack of quality assurance,
— No device/equipment certification process in place,
— Questionable data quality of such devices,
— No prior/limited quality checks and/or field testing before being used

* This technology has not found any support in the existing monitoring
paradigm/monitoring framework in the developing countries.

e But developed counties are working towards making this technology work and
complementing their existing monitoring.




IMPROVE THE EFFECTIVENESS OF ENVIRONMENTAL
QUALITY MONITORING PROGRAMME IN SCHOOLS

Ensuring monitoring objectives are well defined and informed to the entire
management and teachers

Monitoring objectives are placed in the context of a broader environmental quality
management programme within schools — focusing on achieving exposure
reduction within the school premises as well as emission reductions from within
and adjoining sources.

Planning a roadmap and action plan for addressing any foreseeable challenges
Documentation of success stories as well as lessons learned from your work

Establishing partnerships between different stakeholders (schools, NGOs,
regulators, etc.)

Establishing the importance correct and coherent knowledge dissemination

Having plans in place to ensure the smooth flow of monitoring work and timely
resolution of any issues that might come up.



CLASS EXERCISE

* In the given scenario kindly do the following

— ldentify the major sources of air pollution around
the school area.

— List down the initial steps that you will take to assess
the impacts.

— What measures can be taken in order to address
these impacts from a —
* Governance point of view
* Cooperation/Collaboration point of view




THANK YOU




