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Executive Summary

Air pollution has emerged as a major challenge, particularly in urban areas. The problem
becomes more complex due to the multiplicity and complexity of air polluting smixce

(e.g., industries, automobiles, generator sets, domestic fuel burning, roadside dust,
construction activities, etc.). Being a national capital and major center of tourism,
commerce, industry and education, Delhi has experienced a significant groxetem

years. The burgeoning population coupled with rapid growth in terms of vehicles,

construction, and energy consumption has resulted in serious air pollution concerns in Delhi.

Understanding the air pollution sources is important to control aneur&Wwh s emissions.

This requires the identification and contribution of the sources (source apportionment) at
ambient air breathing level air quality in in space and time. In previous studies, typical
ambient sampling devices collect integrated averaggkes of long durations and sent off

to the laboratory for a timeonsuming and labantensive analysis; this invariably provided

low temporal resolution of-@2 months which was not effective in taking shortlong

term actions.

Thus, there is a nead the hour that one should move from low temporal resolution source
apportionment to highesolution source apportionment studies i.e.,-tiea source
apportionment. This enhancement will provide instant results and quick dezialong

for the timelycontrol of air pollution emissions.

To address the air pollution issues of the City of Delhi, the Delhi Pollution Control
Committee (DPCC) , Govt . of N CTine Saugeo nsor e
Apportionment and Forecasting for Advance Air Polluton Mahage nt i n Del hi 0
Indian Institute of Technology Kanpur (IITK) led consortium of IIT Delhi, The Energy

Research Institute and Airshed Planning Professional, Kanpur.

Project Components

¥ | v
Supersite Mobile Van Offline Molecular Marker
Establishment Network at 5 Hotspots




Theproject had the following main objectives:

1. Establish statef-the-artsupersitecapable of monitoring PM, NO,, NOx, CO, SG,
Ozone, elemental carbon, organic carbon, PAHs, elements, ions, secondary inorganic

and organic aerosols, molecular markensl ather organic compounds.

2. Daily, weekly, monthly and seasonal interpretation of air quality to establish detailed
and reliable soureeeceptor linkages for rediime source apportionment and suggest
a higher level of controls at major sources, for edampoad dust, industrial

emissions, and alternative fuels, household emissions and othpombisources.

3. Forecasting air quality and air quality index (AQI) at multiple locations, identify and
locate the potential contributing sources within and datddelhi, and control of

potential sources wherever feasible.

4. Develop statef-the-art mobile air quality laboratory for source apportionment at
multiple locations to daily and weekly interpretation of air quality, source

apportionment, and further strehgh local and far distant sources.

A supersiteat Sarvodaya Bal Vidyalaya, Rouse Avenue, New Delhi was developed which is
capable of measurement of PHMINO,, NOk, CO, SQ, Ozone, elemental carbon, organic
carbon, PAHSs, elements, ions, secondary inorgamicorganic aerosols, molecular markers,

and other organic compounds.

Winter is the mostcritical season where levels of PMexceed the national air quality
standards (NAAQS) by a factor of five to six on certain days. It was observed that there are
significant variations over the Z#bur cycle in hourly concentration and certain episodic

periods of high concentrations were observed. Therefore, for effective controbef PM

The realtime source apportionment of B¥results show secondary inorganic aete$SIA),

which are mostly expected travel from far distances, contribution to be the highest. The average

of winter seasonb6és source apportionment sho
percent; within and outside Delhi) contribute the most foldwy vehicles at 17 percent. On

certain contribution of SIA, biomassirning,and vehicles can contribute up to, 60, 50 and 40
percent and others can exceed 35 percent. It suggests all sources withing and outside the city
of Delhi should be controlled improve the air quality.



Of all 120 days of winter, about 15 days (at supersite) were in severe AQI category, mostly in
the month of November, December and first half of January; it may be noted that mean AQI of
entire Delhi will be in the severe categdoy 8-10 days. The very poor days were about 65.

On a monthly AQI basis, the month of December (AQI; 352) was the worst and it was relatively

better in February (AQI; 255). The mean AQI of the winter season was observed to be 326.

In winter seasonthe meancontribution of SIA from the sources within Delfuip to 30 km
radius from supersitay 16% and the resB4 % from outside DelhiWe have estimatedné¢

breakup of contributions differentlevelsof timeresolutiongsee below)
Summary of contribution to SIA
a. 24-hour basigSIA 75 ug/m?® (33% of PM.s), November 30, 202). The contributiorto
SIA:
outside of Delhits emission 79% with NH4 (31%), SQ (20%) and NQ (28%).
inside of Delhiés emission 21% with NH4 (10%), SQ (1%) and NQ (10%).
b. Monthly basis(SIA 72 pg/m? (33% of PMe.s), December 2022)he contributiorto SIA:
outside of Delhis emission 83% with NH4 (30%), SO (25%) and NQ (28%).
inside of Delhié emission 17% with NH4 (9%), SQ (1%) and NQ (7%)

c. Winter season§IA 55 pg/m?® (29% of PMs), Novemberi February2023) The
Contiibution to SIA:

outside of Delhis emission 83% with NH4 (33%), SO (24%) and NQ (26%).
inside of DelhiG emission 17% with NH4 (9%), SQ (1%) and NQ (7%)
It may be noted that the above &keip is only forSIA. The contribution obourcesther than

SIA to PMbs is expected to be mostly from emissions within Debaceptfor the peria of

crop residue burning.

The measured speciatioh PM2 5 permits estimation of contribution crop residpargli) to
PMzsin Delhi. The impact of crop residue burning is estimated during the period November 1
to 25, 2022. In this period mean contribution of parali burning2#48s, however, on certain

days, it was very high and exceeded 35 percent.

The WRFChem (Weather Resehh and Forecasting model coupled with Chemistry) model



and artificial and machine learning ML) models are used for simulations of air quality
forecast. The levels of PM were forecasted for three days in advance. Th&lAImodel
forecastvasaccurae for about 85 percent of time. The forecasted Flsvels were translated

into AQI for three days in advance for the entire city of Delhi both in space and time on hourly

basis.

Web Portal (raasman.com) for R@aime Advanced Air Source Management NetkvOR-
AASMAN) was developed asraalttime air quality analyzing and visualizing web application.

It represents the air quality status based on-tme& pollutant measurements and
meteorological conditions. Furthermore, to improve air quality, the sata@aalyzes the
pollutant data and helps identify pollution sources using a source apportionment algorithm
called CMB (Chemical Mass Balance). Additionally, the forecast estimates the air quality
conditions and the pollution source contribution for the f@xtdays. Finally, on the basis of

analysis, a report is inferred, and a detailed action plan is suggested (see the table below).

Table: Control Action Plan for Delhi City

Source Control Action Time Frame

All Restaurants small or large should not use ¢

and shift to ga$ased or electric (for sitting capac Short Term
Hotels/ of more than 10 persons) appliances.
Restaurants/ | Link Commercial license to clean fuel Short Term
Banquet Halls | Ash/residue from the tandoor and other activif
should not be disposed of near the roads Short Term

Requires wardevel surveillance.
LPG to all including economic weaker ar
temporary labours

New building complex or societyith PNG supply,
Domestic Sector| distribution network

By 2030, the city may plan to shift to elect
cooking (common in western countries) or PNG Long Term
the minimum
Any type of garbage burning should be strig

Short Term

Short Term

stopped.
Municipal Solid | Desilting and cleaning of municipal drains
Waste (MSW) | Waste burning in Industrial areas should be stop Short Term
Burning Daily, Monthly mass balance of MSW generat
and disposal

Sensitize peopland media through workshops a|




Source

Control Action

Time Frame

literature distribution so as not to burn the waste

Construction
and Demolition

Wet suppression

Wind speed reduction (for large construction sitg

Short Term

Enforcement of C&D Waste Management Rul
The waste should be sent to a construction
demolition processing facility

Proper handling and storage of raw mater
covered the storage and provide the windbreake

Vehicle cleaning andpecific fixed wheel washin
on leaving the site and damping down of h
routes.

The actual construction area should be covered
fine screen.

No storage (no matter how small) of construct
material near the roadside (up to 10 m from the ¢
of the road)

Sensitize construction workers and contr
agencies through workshops.

Short Term

Road Dust

The silt loadin Delhi varies from2.0to 12.5 g/m.
The silt load on each road should be reduce
under2 gm/n?. Regular vacuum sweeping shol
be done on the road having a silt load abov
gm/n?.

Convert unpaved roads to paved roads. Main
potholefree roads.

Implementation of truck loading guidelines; u
appropriate enclosures for haul trucks and gri
paving for all haul routes.

Increase green cover and plantation. Undertake
green of open areas, community places, schools
housing societies.

vacuumassisted sweeping is carried out four tin
a month on major roads with road washing.

Short Term

Vehicles

Diesel vehicles entering the city should be equip
with DPF which will bring a reduction of 40% i
emissions (This option can be implemented V
vehicles of the B3V category as well)

Long Term

Industries must be encouraged to use\BSr BS-
IV (with DPF) vehicles for the transportation of ré
and finished products

Short Term

Introduction of cleaner fuels (CNG/ LPG) for ¢

Long Term




Source

Control Action

Time Frame

vehicles (other than-@V).

Check to overload: Expedited installation of weig
in-motion bridges and machines at all entry po
to Delhi.

Six-months

Electric/Hybrid Vehicles should be encourag
New residential and commercial buildings to hg
charging facilities. All new city bbses should b
electric.

Short Term

Bus stop and their parking should be rationalize
ensure more efficient utilization. The depots shqg
include weltequipped maintenance worksho
Adequate charging stations.

Short Term

Enforcement of bus lanes and keeping them
from obstruction and encroachment.

Short Term

Route rationalization: Improvement of availabil
by rationalizing routes and fleet enhancement \
requisite modification.

Short Term

IT systems in buses, bus stops, control centers
passengeinformation systems for the reliability ¢
bus services and monitoring.

Short Term

Movement of materials (raw and product) within {
city should be allowed between 10 PM to 5 AM.

Short Term

Incentiviseand aggressively implemenineobility

including required charging infrastructure. Strate
plan for EV charging infrastructure at each 3 km
urban areas, 25 km on highways (both sides)
100 km for buses and trucks and swappable ba|
stations.

Adequate vehicle scrappage infrastructure sh
be developed in next three years. Extended Prog
Responsibility (EPR) may be considered for veh
manufactures, who will have to build requir
vehicle scrap plants.

Industries and
DG Sets

Ensuring emission standards in industries. Shifi
of polluting industries.

Strict action to stop unscientific disposal
hazardous waste in the surrounding area

Short Term

Industrial waste burning should be stopy
immediately

Short Term

Following best practices to minimize fugiti

Short Term




Source

Control Action

Time Frame

emissions within the industry premises, all leaka
within the industry should be controlled

Area and road in front of the industry should be
responsibility of the industry

Multi-cyclones should be replaced by baghou
Ensure installation and operation of air polluti
control devices in industries.

Long Term

Diesel Generator Sets

Strengthening of grid power supply, uninterrup
power supply to thendustries.

Long Term

Renewable energy should be used to cater tg
need of office requirements in the absence of pg
failure to stop the use of DG Set.

Long Term

Efficient recovery system for solvents in chemi
industries: Theaechnologies suggest 95% recov
of VOCs is feasible and same may be adopted

Short Term

Decongestion of
Roads in high
traffic areas

Strict action on roadside encroachment. Discipli
movement of tempos to stop only at designa
spots. Action ordriving in the wrong lane.

Disciplined Public transport (designate one [g
stop).

Removal of the free parking zone. No park
within 50 m of any major crossing and or chaurg
rotaries. Strictly follow Indian Road Congre
guidelines.

Examine the existing framework for removi
broken vehicles from roads and create a systen
speedy removal and ensure minimal disruption
traffic.

Synchronize traffic movements or introdu
intelligent traffic systems for largriving.

Mechanized multstory parking at bus stands, &
big commercial areas.

Remove at least 50 percent of-stneet parking ir
the city.

Identify traffic bottleneck intersections and deve
a smooth traffic plan.

Parking policy in congestion areas (high park]
cost, at city centers, only parking is limited {
physically challenged people, etc).

Short Term
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RealTime Source Apportionment and Forecasting for Advance Air

Pollution Management in Delhi

1 Background

Industrializationand emissions fronvarious sources are on the rise. It is desiraba for
existing areas stressedunder high ambient pollution levels, scientific and systematic
identification of sourcesand their contributionsto ambientair areestablishedor effective

air quality management.

Air pollution is an important environmentalcomponentand requiresan action plan that
shouldbe basedn causeeffectanalysisHowever thisis notsimple.Theproblembecomes
more complex due to the multiplicity and complexity of thar-polluting source mix,

automobiles, electricity generators domestic fuel burning, roadside dust,construction
activities,etc.,which co-exist withindustries (Nagar et al., 2017).

Understanding the polluth sources is important to control and prevent Péiissions. This
requires the identification and contribution of the sources at breathing levels in space and
time. In previous studies, typical ambient sampling devices collect several hours of idtegrate
average samples and are of low temporal resolution, which are then sent off toramtsb
analysis in a timeconsuming and labentensive way (Chang et al., 2018, Cooper et al.,
2010).

There is a needbr the hour that one should move from low tengbaesolution source
apportionment to highesolution source apportionment studies i.e., -tiea source
apportionment. This enhancement will provide instant results and quick detialing for

the timely control of air pollubn emissions.

Researchemssually use two types of techniques to assess the impact of pollution sources. (i)
sourceoriented models, and (ii) receptoriented modelsEspecially for airborne particulate
matter (PMboth PMg (particles of 10 micrometer and smaller) andzRBNparticles of 2.5
micrometer and smallgr)receptor modelbased on a chemical mass balance and statistical
analysis of pollutant concentrations observed at a recaptopreferred in complex urban
environmen{Belis et al., 2013). Figure 1 schematicallggents the working of twnmodeling
approaches. We need to understand the sdoaneeptor linkage from either of these
techniques or the synergy of these two techniques for the City of Delhi and NCR. A
forecasting approach based on dispersion modeling (REM/CMAQ) should also be

13



devebped to control the local and fdistant sources wedldvancedn time.

2 SOURCE ORIENTED MODELS
PHYSICAL AND CHEMICAL PROCESSES
CONCENTRATIONS
SOURCES AT THE RECEPTOR

METEOROLOGY
3 RECEPTOR ORIENTED MODELS
OPLE: 4
PROFILES

Figure 1. Methods for source identification (Belis et. al., 2014)

1 EMISSION
INVENTORIES

Delhi Pollution Control Committee (BCQ signed the MoU with the [IT Kanpur lead
consortiumon October 22, 202fo develop a statef-the-art stationary air quality monitoring
station i.e., supersite, conduct rale source apportionment of sources deteriorating the air
guality and interpretation of measurements for taking short andtéwngactions. The
supersite isn full operation from November 1, 2022 and it was formally launched by the
Chief Minster of Delhi on January 30, 20Z3is report presents the details of the supersite

and results and findings from the winter sampling 2032

A presentationwas made on31.03.2023 coveringhe operation of the supersite, source
apportionment results and their interpretation and attainment of the objectives of thénstudy.
this presentation, it wadesired thatanother presentationoveing detailed science and
methodologyshall be made. The second presentaticas doneon 06.04.2023 covering the
detailedscience and methodologBased on tis presentationDPCC throughletter no. F
(10)(13)/Env/2021/Paiti/1183, dated 10.05.2023, desired validationnmaddels used in the
study.A report covering the validation of model results was submitted to DPCC on 07.06.2023.
Another detailed presentation was doae 09.08.2023, whereofficials from CPCB, Delhi,
IMD, New Delhi and IITM, Pune werpresentBased on this presentatidDPCC desird to

(i) break down the measured species inBMto receptoimodel calculated species (within
the source) and provide another level of validation with measured concesirét)obreak

down the components afiorganicsecondary PMs into sulphates, itrates and ammonium,
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and (iii) thesecomponents be further divided into contribution from within Delhi and outside

of Delhi. A report coveringhe abovethreepoints was submitted on 02.09.2023.

This is the reviseteport addressing the above issues including validation of results and break
up of secondary inorganic aerosolsHiN SQi, NOgs) in terms of contribution from within
Delhi and outside of DelhespeciallyNCR (other than Delhi).

2 Objectivesof the Study
Thestudy had the following objectives:

2. Establish statef-the-art supersitecapable of monitoring PM, NO,, NOx, CO, SG,
Ozone, elemental carbon, organic carbon, PAHSs, elements, ions, secondary inorganic and
organicaerosols, molecular markers, and other organic compounds. This site will lead to

the following levels of interpretation and decisioraking:

i. Forecasting air quality and air quality index (AQI) at multiple locations, identify
and locate the potential coitnting sources within and outside Delhi, and control
of potential sources wherever feasible. This will be done using dispersion
modeling and/or artificial neural network and the forecasting will be validated
using the air quality data generated througpessite; finally,the bestsuitable

technique will be adopted.

ii. Daily interpretation of air quality, quantitative source apportionment and establish
the reliability of forecasting versus observed source apportionment and

improve/control actions.

iii. Weekly interpréation of air quality, source apportionment, and further strengthen

control actions within and outside Delhi.

iv. Monthly and seasonal interpretation with trajectory and source apportionment
analysis with additional knowledge of PAHs, molecular markers, aswhdary
organic and inorganic aerosols. Establish detailed and reliable seasgsor
linkages and suggest a higher level of controls at major sources, for example, road
dust, industrial emissions, and alternative fuels, household emissions

decongestionf roads and vehicular movements, and otherpmint sources.

v. Annual interpretation of air quality, trajectory, and source apportionment analysis

15



leading to longterm control actions for all sources within and outside Delhi.

vi. Support the above analysisttirough v.) and interpretations with the dispersion

model.

3. Develop statef-the-art mobile air quality laboratory for source apportionment at
multiple locations to daily and weekly interpretation of air quality, source apportionment,

and further strengtimelocal and far distant sources.

4. Low cost unmanned spatial monitoring network for molecular markers and elements for

hotspots and critical areas.

5. A detailed analysis of air quality data generated at the supersite and mobile laboratory to

develop a shortand longterm comprehensive action for the city.

Assessment of improvement in ambient air quality and emission reduction with the

implementation of actions derived from the study.
3 Developmentof the Supersite Air Quality Measurements and Interpretation

A supersite at Sarvodaya Bal Vidyalaya, Rouse Avenue, New Delhi was developed which is
capable of measurement of PHMINO,, NOk, CO, SQ, Ozone, elemental carbon, organic
carbon, PAHSs, elements, ions, secondary inorganic and organic aerosols, moleculey, marke

and other organic compounds (Figure 2).

The following instrumentéTable 1)are installed andrein operation at the supersite (Figure
3 to Figure 7).

Table 1. Analyzers and instruments

Z
o

Instrument

Online Realtime Metal Analyzer

PMz 5 Online Measurement

Ozone Analyzer

SO Analyzer

NO-NOx Analyzer

Carbonmonoxide Analyzer:
Carbonaceous Aerosol Speciation System
Aethalometer

Online lonChromatograph

Olo N g MW N R
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10. Secondary OrganiBerosol (offline)
11. EDXRF Metal Analyzer (Offline)
12. PM1o/PM2 s Sampler with PBL (offline)
13. Wind and meteorologicaheasurements
5 Stations offline molecular marker network at five locati
14. (suggested by the DPCEAnand Vihar, Mundaka, Dwarka, Vive
Vihar, Jahangir Puri)

All the instruments required for reaine source apportionment are installed, calibrated, and

running atthe supersitesince November 2022

The offline molecular marker network at five locatipAsiand Vihar, Mundaka, Dwarka,

Vivek Vihar, and Jahangir Puri are calibrated, installed, and are in operation (Figure 8).

A stateof-the-art mobile air quality van wlit instruments capable of re#he source

apportionment is developed. The mobile van will be used for location specific air quality

measurements and identification of sources at the hotspots to understand the contribution of

sources to air pollution andkia location specific air pollution control measures (Figure 9).

Figure 2: Operation of Super Site: Instruments and Air Quality Measurements
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Figure 4: lon-Chromatograph
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Figure 6: Carbonaceous Aerosol Speciation System amkthalometer
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Figure 8: Five Offline Stations for Molecular Marker
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Mobile Air Quality
Monitoring Station

REDMI K50i REDMI K501

Figure 9: Mobile air quality stations and instruments

3.1 PMa2sMeasurementsat Supersite

PM:zslevels in Delhi aref paramount interest from health of citizens and visible pollution. At
the supersite Pbk levels are reasurd continuously on an hourly basis. Figl@eshows the
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monthlymeanand wi nt er s escenoent@ton. he highestndnthly average
concentration was in January (217 pd)rand the lowest level was in February (127 py/m

The mean concentration of the winter season was observed at 192 ug/m

Average PM, 5
250
210 209 217
ng 200 192
(@]
2
§ 150 197
[
S 100
(&)
<
o
O 50
0
November December January February Winter

Figure 10: Average PM.s Concentration during Winter Season

Winter is most critical season where levels exceed the national air caatiiard§NAAQS)

by a facte of five on some daysAs an example, Figurellshows the hourly Pk
concentration over the period Feb12, 2023 wherein some concentrations have reached 340
ug/n?. It can be seen that tteeare significant variations over the -Béur cycle in hourly
concentration and certain episodic periods dan he seen with high concentratidaring
February 1617, 2023 Therefore,for effective control of M5, it is important to identify

sources of PM2.4at afiner time resolutiorand their contributions to ambient awllution.

For a summaryepresentation, daily air quality over the period Februarg& % shown with
basic statistic§Figure 2). The first half of the month was windy, and strong breezes helped
in improving the ventilation (product vertical mixing height and wind speedjeriie city

and helping the dispersion of pollutants.

23



318
308 3308
oo ! o
00 S 15 T

2!

=
28

20902
101'%
L | (RS

168

240
vy, g3
128 127 129 1‘«"<'.x;‘j~‘”

- Nzl 1gismy bt
5 ‘}(“-,«_Lr.s e lion 108} Jog
s - L0682 o
3, PR e Lt
5%2 . be o i b
51 %5 5 54 25
11—‘4 “%335‘:‘”‘“ “3'5-1-15” s
a
il I ||
0
3333333333283333333333335333338333 g88 g8 33383333332333.
8388 iTesg s sssoN ea NENIREoNTEs EEeNIESgRNEN38E NFESRNES
gﬂgg {/R R:}gﬁﬁﬁ {8/R ] &'§§ ARJ]RRAR §§§ﬂ §§§
NENN LR - §3= EBB§ E R

Figure 11: Hourly PM 25 levels February 1228, 2023 jig/m?3)
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Figure 12: 24-hourly concentration of PMz.sduring February 12-18, 2023

Mean PM2.5

(ug/m3) 57 49

66
Minimum (ug/m3) 42

Maximum (ug/m3)

3.2 RealTime Air Quality Index (AQI) at Supersite

AQI, a composite number of air quality in edsyunderstand ternfFigure B) is calculated
using CPCB methodology am hourly basis athe supersite. The Figur&4 shows thedaily

AQI over thewinter seasonThe worst air quality was observed in November, December and
January. Twentgight days were in severe category.

On a monthiAQI basis, thenonth of December (AQI; 352) was the wastlit was relatively
beter in February AQI; 255) The meanAQI of the winter seasowasobserved to be 326

(Figure 15)
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AQI

AQI Remark Color Code  Possible Health Impacts
0-50 Good - Minimal impact
51-100 Satisfactory | Minor breathing discomfort to sensitive people
101-200 Moderate Breathing discomfort to the people with lungs, asthma and heart diseases
201-300 Poor Breathing discomfort to most people on prolonged exposure
301-400 Very Poor Respiratory illness on prolonged exposure
401-500 Severe Affects healthy people and seriously impacts those with existing diseases
Figure 13: AQI Colour Code and Health Impact
500 495 497
443 442 455 4 9 434
402413 406 402 401
400 - 368 374 383 -
334333 325 317318 |[]1322 343
300 | ?Z 23;_\ 29]
izs PP 2"3 229 |07 232
06] 209 {oa
200 ]75 186 ' I I '
140 18 134 39150
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Figure 14: Daily AQI over the winter season at theSuper site
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Figure 15 AQI during Winter Season
3.3 RealTime Source Apportionment

The realtime source apportionment of BM as an example for January 29, 2023, is shown in
Figure 16. The results show secondanorganic aerosojswvhich are mostly expected travel
from far distancescontribution to behe highest (32%) followed by biomass burning (24%),
vehicles (17%), and coal and fish (7%),the restof all sources contribute less than 5%
individually. On similar pattern of hourly sourcentribution, thedaily source apportionment

of sources is shown in Figure 17 and Figure 18, which is also showing a significant contribution
of secondary inorganic aexds (107 60 percent)biomass burning (b 50 percent), vehicle

(10- 35 percent) and other sources (126 percent).

The average of winter seasono6s 1%farthepegod appor
November 01 March 2, 2023. For a broad ml levels, both SIA (32 percent) and biomass

burning (24 percent; within and outside Delhi) contribute the most followed by vehicles at 17
percent.
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Figure 16: Hourly Source Apportionment for a day (i.e., Jan 29,2023)

The types of particles present in each source category is discussed below.

A Secondary Inorganic AerosoRarticles such as sulfate, nitrate, ammonium are formed

in the atmosphere from the interaction of various gases. Potential Sources include
powerplantsrefineries, brick kilns, vehicles, agriculture, organic waste decomposition,

and open drains.

>

Soil and Road DustAir-borne dust from roads & shoulders, vehicle movement, dry

soil, and tillage operations.

>

Industry Furnace, boiler, and metal castingefining.

>

Construction Building construction & demolition, raw material storage, ready mix
concrete plant, and loading & unloading operations at construction site.

Vehicles Off & on-road vehicles, petrol, diesel, CN@wered vehicles, and diesel
generéor sets.

A Biomass Burning Wood, dung, agriculture residue, and plant branches & leaves

burning.

A Coal and Fly Ash Combustion of coal, dry fly ash ponds, burning of heavy oils,

tandoors, cement storage, distribution, loading & unloading, and constractiaties.
A Waste and Plastic Burninylunicipal solid waste, plastic, paper boards, used tires and

wire burning.

>

Domestic LPG uses.

>

Others Tire & brake wear and paints
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Source Apportionment
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Figure 17: Daily Source Apportionment (Oct 31,20221 Dec 30, 2022)
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Figure 18 Daily Source Apportionment Nov 01i March 2, 2023

Winter
Domestic

Soil and Roa.d\Msw 3%
Dust 3%
2%

Others Sec. Inorganic
12% Aerosol
32%

Constructio
0% n\
Coaland flyash S
7% Industry._/

0% PM, s 192 pg/n®

Biomass Burning
24%

Figure 19: Source Apportionment of PMe.s during Winter Season
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In terms of monthly analysis (Figug®), he results show biomass burning contribution to be
maximum in November (36%) and drop down to 18% in January and again increases to 24%
in February. Secondary inorganic aerosol contributtoseento be the highest (3%) in
January.The \ehicular contribution showa uniform pattern and ranges from-19% in the
season ang seen highest in Novembdihehalf-monthly mean levels asdso shavn in Figure

21.

November

Soil and Ro MSW Dorr:)estic
Dust 204 2%
3% Sec. Inorganic
Others S Aerosol
11% 20%
Vehicle

19% S\
Biomass Burnin
Construction / 36%
0% \‘
Coaland fly —

ash  Industry / PM, s 210 pg/n?
.5

7% 0%
December
Soil and Ro MSW Don:)esﬂc
Dust 204 / 3%

2%

Others_
13%

Vehicle

15% s\

— Sec. Inorganiq
Aerosol
37%

Construction_____*
0%
Coal and fly aSh/Industr - -
y ~_Biomass Burning
7% 0% 210,PMs 209 pg/n®

29



January

) Domestic
Soil and Ro MSW
4%
Dust 3%
2%
Others_

12%

\

——_ Sec. Inorgani

_ Aerosol
Vehicle
oo, 5\ 39%
Construction\
0%
Coaland flyash S
6% Industry/  Blomass Burning
0% 18% PM, s 217 pg/n?
February
Domestic

Soil and Ro M%W / 5%

Dust 4%

4% /Sec. Inorganic

Aerosol
Others — § 28%
12%
Vehicle
15% )
. Biomass Burnin

Construction ¢ y — 24% ’

0%

0
Coal and fly ashl Industry

306 0% PM, s 126 pg/n?

Figure 20: Monthly Source Apportionment
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Source ApportionmentHalf-Monthly Mean
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Figure 21: Half-Monthly Source Apportionment

331 Contribution of Del hi 6s and Out si

at Supersite

The secondary inorganic aerosols (SIA), comprised mostly of 8 and NH;, are measured

de

E mi

continuously as Pk constituents at the supersite. The primary precursors of SIA age NH

SG and NQ gases which are transformed into SIA particles in the atmosphere through

atmospheric chemistry. The overall SIA is the net contribution of primaryemssoccurring

in Delhi and those from outside Delhi.

A stateof-the-art WRFChem (Weather Research Forecasting with Chemistry) model has been

applied to assess the contributions tosN&0; and NH; from the primary emissions in Delhi

and those from outde Delhi. The hourly metrological parameters were generatedifber

months Specifically, as the first step in the modelling exercise, emissions from Delhi were

switched off and the contribution of outside sources at the supersite was estimated. In the

secondstep, emissions were considered onbyrf Delhi. It may be mentionedhait performance
of WRFchem model was adjudgediemuateagainstPM: s levels measuredat supersite,

Mandir MargandITO Thus, this modelling exercise provides the mean hourly contribution of

emissions within Delhi and thof®m outsideof Delhi. The results have been utilized to break

down the contribution of N¢& SO: and NH: at sipersite attributed to emissions from Delhi

and outside.
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In winter seasonthe meancontribution of SIA from the sources within Delfuip to 30 km
radius from supersitay 16% and the resB4 % from outside DelhiWe have estimatedé¢
breakup of contributions alifferentlevelsof time resolutions (i) Hourly (Figures 22- 23);

(ii) Daily (Figure 23; (iii) Half-monthly(Figure 25, (iv) Monthly (Figure 26)and(v) Winter
seasor(Figure 273. The half-monthly andmonthly sumnary with seasonadtatisticsis given
in Tables 2 3.

Summary of contribution to SIA

a. 24-hour basigSIA 75 pg/m?® (33% of PMps), November 30, 202). The contributiorto
SIA:

outside of Delhits emission 79% with NH4 (31%), SQ (20%) and NQ (28%).
inside of Delhiés emission 21% with NH4 (10%), SQ (1%) and NQ (10%).
b. Monthly basis(SIA 72 pg/m?® (33% of PM.s), December 2022 he contributiorto SIA:
outside of Delhit emission 83% with NH4 (30%), SO (25%) and NQ (28%).
inside of Delhiés emission 17% with NH4 (9%), SQ (1%) and NQ (7%)

c. Winter season§IA 55 pg/m?® (29% of PMs), Novemberi February2023) The
Contiibution to SIA:

outside of Delhis emission 83% with NH4 (33%), SO (24%) and NQ (26%).

inside of Delhiés emission 17% with NH4 (9%), SQ (1%) and NQ (7%)

For further deails ofthe breakumf SIA, refer toTables 2 ad 3.
It may be noted that the above &keip is only forSIA. The contribution obourcesther than

SIA to PMbs is expected to be mostly from emissions within Debaceptfor the peria of

crop residue burning.
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Historical PM; 5 Real Time Source Apportionment
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Figure 22 Hourly PM 2.5 Real Time Source Apportionment(i.e., Nov 30, 2022)
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Historical Short and Long-Distanced Secondary Inorganic Aerosols
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Figure 25: Half-Monthly Breakup of SIA at supersite during winter
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Figure 26: Monthly Breakup of Short and Longterm Breakup of SIA in Winter Season
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Figure 27: AverageBreakup of Short and Longterm Breakup of SIA in Winter Season

Source Descriptionof Secondary Inorganic Aerosols

Particles such as sulfate, nitrate, ammonium are formed in the atmosphere from the interaction
of various gases. Potential Sources include powerplants, refineries,kibrisk vehicles,
industry, agriculture, organic waste decomposition, and open drains. Here it is split in 6 parts
'NH4-Outside 30Km','NOz-Outside 30Km','SQy-Outside 30Km','NHs-Inside 30Km','NOs-

Inside 30Km','SQx-Inside 30Km' (30 km signifies a tentate boundary dividing Delhi from
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outside domain

We have applied the modelling resultglanodifiedthe demo website (not open to the public
right now) to clearly show the breakup of SIA species{Ns@: and NH;) both for emissions
from Delhi andoutside Figures23i 24). It may be noted that on the website the contribution
is referred to & within 30 km (of supersite) and outside 30 km so as not to bring in
administrative boundaries. Onagreed uponthe information as per the demo website can be

produced and shown on the regular website for DPCC and public viewing
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Table 2: Half-Monthly summary of percent SIA breakup at Supersite, New Delhi

Percent contribution in SIA
Start Date | End Date PMes SIA | NH4 | NO3 |SO4 |NH4 |NO3 |SO4 |SIA | SIA % SIA in
(Mg/m?) | (ug/m°) | Outside | Outside | Outside | Inside | Inside | Inside | Outside | Inside | PM2.5
30Km 30Km 30Km 30Km 30Km 30Km 30km | 30 km
01-11-2022| 15-11-2022 273.3 30.7 39.7 20.6 17.1 13.7 8.0 0.9 77.4 22.6 11.2
16-11-2022| 30-11-2022 169.1 39.9 34.5 26.3 18.3 11.1 8.8 1.0 79.1 20.9 23.6
01-12-2022| 1512-2022 179.1 57.9 25.8 31.1 26.7 7.6 8.1 0.7 83.6 16.4 32.3
16-12-2022| 31-12-2022 238.3 82.2 33.9 25.6 23.6 9.9 6.5 0.6 83.0 17.0 34.5
01-01-2023| 15-01-2023 264.6 92.4 27.2 26.6 32.8 6.8 5.9 0.7 86.6 13.4 34.9
16-01-2023| 31-01-2023 165.5 54.7 34.8 27.7 22.3 8.8 6.0 0.4 84.7 15.3 33.1
01-02-2023| 15-02-2023 102.1 27.7 42.1 24.4 17.1 10.7 5.3 0.4 83.7 16.3 27.1
16-02-2023| 28-02-2023 163.3 48.1 41.0 21.2 22.1 10.5 4.8 0.5 84.2 15.8 29.4
Table 3: Monthly summary of percent SIA breakup at Supersite, New Delhi
Percent contribution in SIA

Month PMs SIA NHA_I- NO_3 SO{l NI—_|4 NQS SQ4 SIA S_IA % SIA in

(ng/m?) (ng/m3) Outside Outside | Outside Inside Inside Inside Outside | Inside 30| PM2.5

30Km 30Km 30Km 30Km 30Km 30Km 30 km km

November 209.9 36.3 36.3 24.4 17.9 11.9 8.5 1.0 78.6 21.4 17.3

December 208.7 69.4 30.4 28.0 24.9 8.9 7.2 0.6 83.3 16.7 33.3

January 211.7 71.9 30.3 27.1 28.4 7.6 6.0 0.6 85.8 14.2 33.9

February 129.8 37.0 415 22.5 20.1 10.6 5.0 0.4 84.0 16.0 28.5

Mean (winter) 190.7 54.7 33.1 26.2 24.4 9.2 6.6 0.6 83.6 16.4 28.7

STD Dev. 94.7 30.3 10.13 6.39 9.19 3.05 1.99 0.33 3.30 3.30 8.85

Minimum 47.6 9.2 0.89 5.15 0.15 0.26 0.77 0.01 65.67 8.08 3.71

Maximum 719.0 132.5 67.26 47.64 62.25 21.73 12.95 1.79 91.92 34.33 51.06
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3.4 Contribution of Crop Residue Burning CRB) during November 2022

The measured speciation of Phpermits estimaitig the contribution cropgesidue parali) to

PMys in Delhi usingthe tracer method. The potassium (l€vels areused as marksifor
biomass burning and CRB in several studies (Lim et al., 2012; Cheng et al., 2013; Rajput et
al., 2014; Singh et al., 2014; Souza et al., 2014; @hah, 2017; Nagar et al., 2017).

At thesupersitethe levels of Kvariedfrom 3 to 8ug/m?during CRB (paraliperiod compared
to normal levels of K (I 3 pug/m?) in the postCRB and winter periodsThe increased levels
help to estimate the contribution gédrali burning

The impact of crop residue burning is estimated during the period November 1 to 25, 2022. In
this period mean contribution giarali was22%. The contribution was very high onns®

occasionswhere it exceeded 35% (Figuz8).

Crop Residue Burning (CRB) in PM, ¢

g 40
c | Mean CRB Contribution = 22%
S 30
a 20
:g) 10
@ 0

ol ol e e e e e :
O N7 AT A AT AT AT YT

> Q Q N N v 0
Date
Figure 28: Crop Residue Burning
Validation

Mean parali contribution was 22%n PM.s in Novembey estimated usingneasurements at
the supersitevas comparablaith other studies showing the average contribution of CRB in
Delhi as 25 30% (Nagar and Sharma 202Burther, theyhave reported that normalized K
levels dropped by 52% itme postCRB periodcompared tahe CRB period in Delhi.

Further evidence ofa similar impact is available from Lan et al. (202Rature
Communicatioh stating thafiDue to a combination of relatively high downwind population

density, agricultural output, and cultivation of reskdniensive crops, six districts in Punjab

alone ontribute to 40% of Indiavi de annual air quality impact
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Since world over K (potassium) is usedadsacer the results obtained from éhsupersite are

validatedand acceptabbor CRB contribsti on to Del hi és
4 Model Validation

4.1 Methodology

WRF Chem (Weather Research and Forecastingel coupled with Chemistry) model and
artificial and machine learnind\(-ML) models are used for simulations of air quality forecast.
The detailed flow chart of implemented methodolagygiven inFigure 29 and Figure30.

WRF-Chem Forecasting Framework

Global Forecast System
(GFS) met IC/BC

Whole Atmosphere

Community Climate |
Model (WACCM] chem

BC
» WRF-Chem air quality forecasting system |

Fire INventory from
NCAR (FINN) near real
time fire counts-based

emissions
[ Model of Emissions of Restart files for next | | Three-dayforecasts | EZ'L"Z?.?
Gases and Aerosols from deys forecasts. Dashboard of IIT Kanpur
Mogaric riaoes
Anthropogenic

emissions from TERY's Validation and Emission correction
I feedback based on Potential Source |+ Repository

Static Emissions | Contribution Funetion (PSCF) model of IITK
Inventory

Figure 29: WRF-Chem based methodology adapted in thistudy
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Figure 30: Al -ML based forecasting
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Weather Research Forecasting model with chem{8#RFChem):Advanced Research

WRF (ARW) model with chemistry (WREhem) has been applied to model the transport
and transformation of CRB emission (i.e., PMBC, OC, NQ, S&, NHs, CHs, NMOC,

NMHC, VOCs) in IGP and for the current validation exerciseRFRMntegrates the
compressible, nehydrostatic Euler equationfr simulating meteorological/climatic
conditions at local and regional levelhie modelusesRunge-Kutta 2% and 39 order time
integration schemegith smaller time stepfor acoustic and gravitwave modesind 2¢

to 6" order advection schemishorizontal and vertical directions for spatial discretization
(Skamarock et al., 20Gd Nagar and Sharma, 2022

The WRFChem simulates the emission (E), advectiorBiimersionalwind (u, v, w),
diffusion (K), chemical reaction (R) and removal by dry deposition (D) of pollutants by
solving the continuity equation for each chemical species (s) in adhmamsional (X, v,

z) grid system in the atmosphere. The simplified Eate continuity equation is stated
mathematically that governs the time dependency of species concentration (Cs) within each
grid as a sum of all the physical and chemical processes (Grell et al., 2005; Skamarock et
al., 2008).

The WRFChem model ha$een applied for modelling of gaseous and particulate
pollutants at the local and lordistance transport in the different regsan India and
worldwide (Gupta and Mohan, 2015; Marrapu, 2012; Michael et al., 2014; Seethala et al.,
2011 Nagar & Sharma, 2022;zi et al., 2028

42 USEPA Chemical Mass Bal anRSAlGand |11 T Kanpul

US E P A¥B8.2 (USEPA, 2004)s a receptor model (independent of WRRem) for
quantifying the contribution of the sources in the individual sample. @MBhod apportios
sourcesusing extensive quantitative source emission proflledstatistical approachésinfer

source contribution without a prior neft quantitative source composition data (Watson et

al., 1994). The CMB method assumes that there is linearity in the ¢atmmof aerosol and

their mass is conserved from the time a chemical species is emitted from its source to the time
it is measured at a receptdhe CPCB guidelines approve this method for carrying out source

apportionment studies, and many citieshia tountry have adopted this model.

The ambientPM. s datawith chemicalcompositionis used for apportioning the contribution

of various emitting sources to ambient air qudiitly Delhi. The model results were analyzed
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in terms of Rsquare (model fitting) and modebmputed percent mass (compared to the

measured masgNagar et al., 2017)

IIT Kanpur model, i TK-RSA1. 0 is developed and validated
reaktime source apportionment and integrated with the CMB mefiieelCMB3.2model was

run for each hour data set at the supersite to validat¢The RSA1.0 model,he two models

provided identical results (Figui@l). It is seen that the receptor model developed by IIT
Kanpur provides identical results as that of the USEPA CMB 8.2 Model.

EPA vs Raasman CMB concenterations
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Figure 31: USEPA CMB 8.0 vs RAASMAN CMB (I°’TK -RSA1.0) COMPARISON

Validation: UEEPA model CMB8.2 andTK 1.0 model produce identical results.

4.3 Advanced Validation: Measured PM2.5 Species and Modelling Results

The following major species are measured irBMl, Si, K, Ca, CrCl, Mn, Fe, Zn, PbEC,
OC, SQ, NGs, NHa.

Figure 32 shows the measured species concentration with the summation of species
concentration computed by the lITdeveloped receptor model. These two concentrations (i.e.,
measured and modelled) should be comparable for a good validation of the model. It is seen
that for all 15 species model results are comparable and nearly identical with measured
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concentration for 3235 hours.

Figure32 also shows the coefficient of determination (R2) which mimber between 0 and 1
that measures how well a statistical model mtsdan outcome. One can interpret the R? as the

proportion of variation in the dependent variahke. (measured concentration) that is predicted
or explained by the model.

The R varies betweef.7 and0.99 which suggesthat modelcalculated levels are validated
and explain the measured concentratiweall. The coefficient of correlation betwetremodel
calculated and measured concentrat@mgesfrom 0.841 0.99 which suggesta significant

linear relationship between measured aomputed concentration.

Figure33 shows the mass closure of measured $ddncentration by the receptor model. This

independent validation suggests ttiegmodel performs extremelywell.
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Figure 32 Measured PM2.s Species and Modeihg Results
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Particulate Matter 2.5, Correlation Coefficient: 0.975
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Figure 33 MeasuredPM2.s and Modelling Results

4.4 Meteorology validation

The WRFChem model outputs were validated against the observed meteoropegaakters
(temperature, RH, WS and W@Nagar and Sharma 202For example, see the measured
wind direction and wind trajectory analysN@AA, 2013 of January 2, 2023 (Figure34).

The wind measurements and trajectory show the same wind direction as the north. This
suggests that meteorologicaeasurements at the supersite are validated by wind trajectory

analysisobtained froniNational Oceanic and Atmospheric Adminaton NOAA), USA.
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Figure 34: measured wind andbackward trajectory comparison at supersite

(a) Measured wind

(b) Modelled backward trajectories

4.5 WRF-Chem Forecast vs RealtimeSource Apportionment

Theforecasedsourceapportionmenis shown inFigure35. The WRFChemforecastand real
time source apportionment data shows good agreeienever there are some differences
in betweenThose might belueto the uncertainties involved in the emissioreintory used in

the WRFChem, domain of the area, grid sete.
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Figure 35: Real time sources over New Delhi
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4.6 Observed and forecasted Plls

Figure36 shows thebserved and forecasted Pdbbtainedrom the model. They show good
agreement in most of the cases. The few intense where the obseryed PMher than the

forecasted may be due to the incomplete information of chemical species used in the model.

400 Comparison Between Forecasted and Real Time PM2.5 Concentrations
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Figure 36: Forecast vs observations of Plys

4.7 Brief discussion and way forward

Both WRFChem and AIML based forecasting has been carried out since November, 2022.
While the Al-ML based forecast for total P has been reasonable, WHRRem based SA
results arenét always in agreement amiforh t he
this could be the waccuracy of yearly emission inventory used in this study. Further, some
sources identified at the supersite, arenot
is needed to improve the emission inventory in future tprawe the forecast of source
contributions.
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4.8 Forecasting the Air Quality Index (AQI)

The air quality index can be forecasted for the whole Delhi aityhourly basis 7-hour
advance. This can be very useful information for common people who are advised to get less
exposed in air pollution. In addition, strategic plans can be formuegtidn advance. The

AQI forecast can be observed btip://www.raasman.com/dashboard/forecast &qgme of

the AQI over Delhi city is givem Figure37.
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- Remark Color Code
N7
Good
Satisfactory
Moderate
Poor

Figure 37: AQI forecast for Delhi
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4.9 Emission of PMes, SO and NOXx in Delhi per square kilometre

The emission of Pk, S& and NQ in Delhi per squarkilometeris given below in the table

and spatially shown in Figure.

Pollutant Delhi (tonnegsgkm/yean
PMzs 29.3
SO, 3.0
NOx 62.8
PM2.5 emissions in KT/year h

Legend

B o-o01

[ 001-01
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036 12 18 2 . s
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4.10Monitoring at five offline hotspot stations

PM2sLevels

The levels of PMs measured at five locations in Delhi using lew samplerarepresented
in Figure38. The statistical summary is presented’able4. The mean levels are shown in

Figure39. Thesamplingperiod is about & 7 daysfor each sample
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(c) PM c: Jahangir Puri, Winter
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Mean PM, .. Delhi, Winter
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Figure 39: Mean PMzslevels at five offline hotspot sites
Table 4: Statistical summary of PMes at hotspot sites
PM2.s (ug/md)
Anand Vihar | Vivek Vihar | Jahangir Puri | Mundka Dwarka
Mean 322 286 230 201 333
SD 209 176 108 65 227
Max 937 898 481 347 812
Min 101 124 66 56 111
CVv 0.65 0.62 0.47 0.32 0.68

Organic Markers: PAHs and Hopanes
PAHSs

The concentrations of PAHs (from tiselid phase only) with some specific markers were
analyzed. The PAHs compounds analyzed were: (i) Di methyl Phthalate (DmP), (ii)
Acenaphthylene (AcP), (iii) Di ethyl Phthalate (DEP), (iv) Fluorene (Flu), (v) Phenanthrene
(Phe), (vi) Anthracene (Ant), (yiPyrene (Pyr), (viii) Butyl benzyl phthalate (BbP), (ix) Bis(2
ethylhexyl) adipate (BeA), (x) Benzo(a)anthracene (B(a)A), (xi) Chrysene (Chr), (xii)
Benzo(b)fluoranthene (B(b)F), (xii) Benzo(k)fluoranthene (B(k)F), (xiv) Benzo(a)pyrene
(B(@)P), (xv) Indeo(1,2,3cd)pyrene (InP), (xvi) Dibenzo(a,h)anthracene (D(a,h)A) and (xvii)
Benzo(ghi)perylene (B(ghi)P). A statistical summary of PAHsresented imable5 for the
winter seasonfigure40 shows the average measured concentration of PAfigeatites for

the winter season.
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Table 5: Overall summary of average concentration (ng/rf) of PAHs in PM2s for the winter season

Total
PAHs
Mean 65.73| 6.13 |1.19 27.98/4.42|2.55/16.6910.442.91| 7.01 |12.57| 1.25 | 6.00 2.16 | 3.90
4| SD [12541/ 5298 650 | 1.62] 58.87 |12.93] 2.61| 31.53]15.71] 2.40 | 10.41| 1558 159 | 7.36 | 0.45| 300 | 507 | 22661
'i‘/ri'ﬁgr Max | 357.13| 222.52| 26.01| 5.80 | 229.6749.28| 856 [123.9461.98) 8.15 | 36.37 | 60.34 | 6.33 | 28.85| 156| 1180 | 2051 | 735.95
Min | 11.61] 27.62| 0.40 [ 0.00| 1.39 [ 0.12] 0.04] 1.20 | 0.34| 0.52| 0.42 | 0.90 | 0.11 | 0.66 | 0.09| 0.08 | 0.60 | 56.07
CV | 101 | 081 | 1.06 [1.36] 2.10 | 2.93] 1.02] 1.89 | 1.50 | 0.82| 1.49 | 1.24 | 1.27 | 1.23 | 0.86| 1.39 | 130 | 0.77
Mean | 130.15] 81.21 | 17.19 [ 0.92 | 194.36/ 31.10] 2.32 23.92| 15.41] 355 | 3.30 | 17.17| 117 | 7.26 | 093] 2.36 | 476 | 537.09 |
. SD | 48.69 | 30.27 16.98 | 0.50 | 155.18] 30.08| 3.03] 60.78/10.51| 3.07 | 8.52 | 14.47| 1.20 | 6.10 | 0.43| 1.86 | 4.13 | 182.32
Y/'I\rl]zl: Max | 220.14]126.02) 57.53| 1.88 | 492.55/90.4110.53]196.74 36.40] 9.6 | 27.53| 46.72| 388 | 18.21| 1.49| 546 | 1201 | 865.31
Min | 67.44| 45.53| 3.46 [ 0.32| 9.64 [ 1.20| 0.29| 1.20 | 321 | 0.62| 0.32 | 3.47 | 0.28 | 1.62 [028] 031 | 111 | 260.10
CV | 037 | 037 | 099 [054] 0.80 [0.97| 1.31] 254 | 0.68| 0.86 | 2.58 | 0.84 | 1.03 | 0.84 [0.46| 079 | 087 | 0.34
Mean | 101.13] 43.72| 10.76 | 0.61 22.58| 3.62| 1.48| 7.54 | 19.88] 2.90 | 2.85 | 7.84 111 | 243 | 23387 |
| SD | 94534577 9.95 [ 0.70| 20.35] 3.54| 0.94| 5.26 |14.69| 2.21| 3.23 | 7.34 | 0.70 | 428 [091| 145 | 231 | 158.10
Ja;'l?r?g' Max [ 384.91|147.89 37.33] 2.49 | 82.55|12.72 3.43|17.68/60.70) 7.13] 12.03[ 22.94| 270 [ 1536| 3.43| 556 | 9.04 | 692.49
Min | 279 | 6.62 | 0.78 [ 0.00| 1.57 [0.11] 0.19] 2.00 | 4.83| 0.74| 0.48 | 0.38 | 0.13 | 0.39 | 0.00] 010 | 039 | 81.97
CV | 093 | 1.05| 0.92 [1.15] 0.90 [ 0.98] 0.63] 0.70 | 0.74| 0.76 | 1.14 | 0.94 | 0.93 | 1.07 [ 1.40| 1.31 | 095 | 0.68
Mean | 77.74| 44.98| 12.74| 0.98| 68.82] 8.62| 3.30 | 44.20/ 71.23[ 1.00| 5.54 | 17.01 263 | 504 | 37388 |
SD | 52.09| 22.71| 1.44 [ 0.02| 86.60]10.87| 3.10| 46.81| 24.36| 0.62 | 6.51 | 11.73[ 1.17 | 3.65 | 0.41| 150 | 251 | 72.18
Mundka] Max | 11457 61.04 | 13.75[ 1.00 | 130.06] 16.31] 5.49 | 77.30| 88.45 1.44 | 10.15| 25.30 | 2.26 | 10.24[ 1.24| 3.69 | 6.81 | 424.92
Min | 4091 28.93| 11.72[ 0.97| 7.50 [ 0.93| 1.12|11.10|54.01| 0.56 | 0.94 | 8.71 | 0.61 | 5.08 [ 0.66| 157 | 327 | 322.85
CV | 067 | 050 | 0.11 [0.02] 1.26 [ 1.26] 0.94| 1.06 | 0.34| 0.62| 1.17 | 069 | 0.81 | 048 | 0.43| 057 | 050 | 0.19
Mean | 37.71| 35.41] 3.36 | 12.82] 0.45| 3.78 [11.48] 0.80| 1.95 | 8.66 | 0.54 | 3.25 [0.39] 062 | 210 [ 123.93 |
SD | 3555 21.40| 1.38 [ 0.17] 20.36] 0.20| 0.11| 3.09 [10.83/ 0.34| 0.81 | 5.02 [ 0.17 | 1.52 [0.30| 048 | 091 | 52.26
Dwarka| Max | 78.95] 78.69| 5.91 [ 0.46 | 53.79] 0.53| 0.59| 9.75 [29.67| 1.43| 3.47 | 16.61| 0.84 | 534 [0.97| 1.39 | 378 | 193.80
Min | 1.48 | 22.06| 2.26 [ 0.00| 0.20 [ 0.08] 0.32] 1.65| 1.83| 0.50 | 1.01 | 2.67 | 0.33 | 1.27 | 0.14| 010 | 1.20 | 62.32
CV | 094 | 060 | 041 [1.14] 1.50 [ 054] 0.23| 0.82 | 0.94| 0.43| 0.42 | 058 | 0.33 | 047 [0.77| 077 | 041 | 042
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Figure 40: Mean levels of PAHSs at offline hotspot sites
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Hopanes

Total six moleculamarkersanalyzed were: Tritriacontane, Hentriacontane, Pentriacontane, 17
b(H) 21 b(H)_hopahehohpadn 82830-7TaslofthbpaneThe n
alkanes are generally emitted from all types of combustion sources and hopanes from the
combustion of coal (C), gasoline (G) and diesel (D) (Zhang et al., 206@@ye41 shows the
average measured concentration of hopanewasites for the winter season. A statistical

summary of hopanes (molecular markers) are presenfieabie6 for the winter season.
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Figure 41: Molecular markers at offline sites in winter
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Table 6: Overall summary of averageconcentration (ng/n¥) of hopanes in PM s for winter season

17 U(H 17 U(H
Tritriacontan Pentriacontan 17 b(HU(H) _h 22,29,30 Total
Site e Hentriacontane e b(H) hog e Trisnorhopane

Mean 14.37 10.37 9.09 24.07 15.38 5.46 78.7

d SD 9.78 7.60 4,12 12.50 12.77 2.44 31.5

Ci';g: Min 1.83 1.29 253 9.93 4.02 2.43 30.1

Max 31.12 26.07 16.11 45.81 45.24 10.00 134.2

CV 0.68 0.73 0.45 0.52 0.83 0.45 0.40

Mean 12.04 7.67 11.61 22.44 11.37 4.84 70.0

ivek SD 9.77 3.54 7.49 9.35 4.63 2.48 17.0

mi\r Min 471 3.40 3.46 11.70 6.35 2.48 44.6

Max 28.86 13.06 22.42 37.11 17.72 8.28 85.8

(047 0.81 0.46 0.64 0.42 0.41 0.51 0.24

Mean 6.35 3.32 2.83 34.35 20.76 9.42 77.0

. SD 5.24 1.77 1.99 30.19 15.27 6.05 53.7
Jahangir .

Puri Min 0.28 0.92 1.45 10.39 8.36 3.86 30.1

Max 19.08 6.53 7.45 99.61 64.36 25.47 213.4

CV 0.82 0.53 0.70 0.88 0.74 0.64 0.70

Mean 30.62 9.70 14.37 35.21 13.21 5.58 108.7

SD 24.72 8.18 12.64 21.69 7.93 6.12 54.0

Dwarka Min 2.26 1.57 0.99 11.98 4.52 1.11 24.1

Max 81.06 24.16 39.71 96.47 31.31 24.81 182.8

CVv 0.81 0.84 0.88 0.62 0.60 1.10 0.50

Mean 41.78 65.76 41.75 42.54 12.19 5.58 209.6

SD 25.52 99.12 42.91 16.87 7.25 2.91 137.2

Mundka Min 10.61 2.93 2.59 24.19 4,72 2.77 67.9

Max 88.41 297.04 135.31 81.59 22.61 10.31 452.5

CVv 0.61 1.51 1.03 0.40 0.60 0.52 0.65
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Inorganic markers: Metals

A statistical summary of metals is presentedable7 for the winter season.

Table 7: Statistical summary of metals in PM s at five offline sites

(1) Anand Vihar (in pg/m?3)

PM2.5 Al As Ba Br Ca Cd Cl Co Cr Cs Cu Fe
Mean 321.9 1.11 0.03 0.03 0.11 1.55 0.05 10.66 | 0.00 0.01 0.01 0.31 1.24
SD 208.8 1.10 0.02 0.02 0.12 1.38 0.03 7.34 0.00 0.00 0.01 0.47 0.92
Max 937.39 4.80 0.10 0.07 0.57 5.45 0.15 | 30.14 | 0.01 0.02 0.03 2.22 4.22
Min 100.95 | 0.15 0.01 0.01 0.03 0.29 0.01 2.99 0.00 0.00 0.00 0.05 0.33
CV 0.65 0.99 0.83 0.49 1.09 0.89 0.71 0.69 0.61 0.38 1.05 1.53 0.74

K Mn Na Ni P Pb Rb S Si Sr Ti V Zn
Mean 3.17 0.05 1.28 0.00 0.09 0.56 0.00 5.88 3.31 0.01 0.09 0.00 0.89
SD 1.33 0.02 0.78 0.00 0.05 0.52 0.00 4.70 2.82 0.01 0.08 0.00 0.57
Max 6.88 0.10 3.25 0.01 0.25 241 0.01 | 23.70 | 12.25 | 0.03 0.33 0.02 2.83
Min 1.39 0.02 0.35 0.00 0.02 0.15 0.00 1.24 0.75 0.00 0.02 0.00 0.22
CV 0.42 0.40 0.61 0.51 0.59 0.93 0.76 0.80 0.85 0.72 0.88 0.90 0.64

i2i Vivek Vihar (in pg/m?)

PM2.5 Al As Ba Br Ca Cd Cl Co Cr Cs Cu Fe
Mean 286.5 0.49 0.03 0.02 0.12 0.61 0.11 8.47 0.00 0.01 0.01 0.59 0.62
SD 176.4 0.21 0.01 0.01 0.09 0.25 0.04 3.51 0.00 0.00 0.01 0.35 0.16
Max 897.96 0.93 0.06 0.04 0.41 1.22 0.17 16.98 | 0.01 0.02 0.02 1.59 0.92
Min 123.77 | 0.00 0.01 0.01 0.04 0.19 0.03 0.89 0.00 0.01 0.00 0.15 0.38
CV 0.62 0.44 0.47 0.32 0.73 0.40 0.36 0.41 0.25 0.30 1.13 0.59 0.27

| Winter | K Mn Na Ni P Pb Rb S Si Sr Ti V Zn
Mean 2.53 0.04 1.04 0.00 0.06 0.81 0.00 4.76 1.53 0.01 0.04 0.00 1.24
SD 0.72 0.01 0.44 0.00 0.03 0.53 0.00 2.31 0.54 0.00 0.01 0.00 0.41
Max 4.01 0.06 2.00 0.01 0.10 1.89 0.00 10.21 | 2.55 0.01 0.07 0.00 2.25
Min 0.93 0.02 0.16 0.00 0.00 0.26 0.00 0.28 0.11 0.00 0.02 0.00 0.74
CV 0.28 0.28 0.42 0.35 0.47 0.66 0.63 0.48 0.35 0.27 0.33 0.28 0.33

58




(3) Jahangir Puri (in pg/md)

PM2.5 Al As Ba Br Ca Cd Cl Co Cr Cs Cu Fe

Mean 229.8 0.39 0.02 0.02 0.07 0.57 0.04 8.63 0.00 0.01 0.00 0.17 0.70
SD 108.0 0.24 0.01 0.02 0.04 0.26 0.02 3.85 0.00 0.00 0.00 0.11 0.62
Max 481.25 | 0.82 0.04 0.08 0.18 0.97 0.09 | 16.40 | 0.01 0.02 0.01 0.40 2.88
Min 66.28 0.09 0.00 0.01 0.01 0.21 0.01 1.85 0.00 0.00 0.00 0.02 0.21
CV 0.47 0.61 0.62 0.80 0.61 0.46 0.57 0.45 0.61 0.43 1.28 0.65 0.89
K Mn Na Ni P Pb Rb S Si Sr Ti \ Zn

Mean 2.22 0.06 1.02 0.00 0.06 0.35 0.00 4.09 1.48 0.00 0.04 0.00 0.80
SD 0.89 0.08 0.47 0.00 0.03 0.21 0.00 1.92 0.70 0.00 0.02 0.00 0.45
Max 3.91 0.34 1.94 0.01 0.13 0.80 0.01 7.32 2.48 0.01 0.09 0.00 1.71
Min 0.59 0.00 0.26 0.00 0.02 0.06 0.00 1.12 0.46 0.00 0.02 0.00 0.15
CVv 0.40 1.31 0.46 0.68 0.48 0.59 0.60 0.47 0.47 0.44 0.53 0.42 0.56

(4) Mundka (in pg/m?3)

PM2.5 Al As Ba Br Ca Cd Cl Co Cr Cs Cu Fe

Mean 201.5 0.66 0.02 0.02 0.05 1.09 0.02 8.06 0.00 0.01 0.00 0.08 1.04
SD 65.3 0.36 0.01 0.01 0.01 0.57 0.01 2.28 0.00 0.00 0.01 0.04 0.49
Max 347.44 | 1.33 0.04 0.04 0.07 2.27 0.05 | 11.35 | 0.00 0.02 0.02 0.17 2.07
Min 56.42 0.21 0.00 0.00 0.03 0.37 0.01 2.75 0.00 0.00 0.00 0.01 0.39
CV 0.32 0.55 0.49 0.51 0.24 0.53 0.43 0.28 0.29 0.38 1.24 0.57 0.48
K Mn Na Ni P Pb Rb S Si Sr Ti \ Zn

Mean 2.29 0.07 0.93 0.00 0.04 0.47 0.00 3.80 2.07 0.01 0.05 0.00 0.45
SD 0.60 0.05 0.28 0.00 0.02 0.34 0.00 1.51 0.93 0.00 0.02 0.00 0.21
Max 3.07 0.22 1.35 0.01 0.09 1.51 0.00 6.34 3.79 0.02 0.09 0.00 0.89
Min 0.65 0.02 0.40 0.00 0.00 0.05 0.00 0.58 0.67 0.00 0.02 0.00 0.07
CVv 0.26 0.72 0.30 0.50 0.47 0.73 0.42 0.40 0.45 0.45 0.44 0.35 0.47

| (5) Dwarka (in ug/m?)
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~ Winter  PM25 | Al As Ba Br Ca Cd Cl Co Cr Cs Cu Fe
Mean | 332.67 | 094 | 0.02 | 0.02 | 0.05 | 1.44 | 0.03 | 842 | 0.00 | 0.01 | 0.00 | 0.06 | 1.13
SD 227.1 | 085 | 0.02 [ 001 | 0.03 [ 149 | 0.02 | 6.30 | 0.00 | 0.01 | 0.00 | 0.04 | 0.78
Max 811.95 | 372 | 0.09 | 007 | 011 | 639 | 0.08 | 21.64| 0.01 | 0.03 | 0.01 | 0.16 | 3.63
Min 111.42 | 0.25 | 0.00 | 0.01 | 0.02 | 0.45 | 0.01 | 2.30 | 0.00 | 0.00 | 0.00 | 0.02 | 0.62
cV 0.683 | 0.903 | 1.110 | 0.630 | 0.551 | 1.039 | 0.695 | 0.748 | 0.772 | 0.831 | 1.765 | 0.638 | 0.690

~ Winter [ K Mn Na Ni P Pb Rb S Si Sr Ti v Zn
Mean 327 | 007 | 092 | 000 | 0.08 | 044 | 0.00 | 6.02 | 2.92 | 001 | 0.08 | 0.00 | 0.48
SD 1.83 | 0.03 | 056 | 0.00 | 004 | 062 | 000 | 477 | 250 | 0.01 | 0.07 | 0.00 | 0.23
Max 781 | 013 | 2.06 | 001 | 019 | 252 | 0.01 | 17.88 | 11.03| 0.04 | 0.31 | 0.01 [ 0.95
Min 156 | 0.03 | 0.32 | 0.00 | 0.03 | 004 | 000 | 1.81 | 1.18 | 0.00 | 0.03 | 0.00 | 0.11
CV 0.560 | 0.482 | 0.609 | 0.822 | 0.552 | 1.418 | 0.575 | 0.792 | 0.855 | 0.893 | 0.944 | 0.915 | 0.480

60




PM2sand its constituents (metals, ions and carbon) at supersite

The weekly mean levels of Piand its constituents apgesented iTable8. The monthly mean levels (with standard deviation) of PaMd its

constituents are presented Tiable9.

Table 8: Weekly mean levels of PMs and its constituents (metals, ions and carbon) at supersite

Weekly Mean Metals (ug/m?)
Date Start Dateend| PM.s | Al Si S K Ca P Ti \% Cr Mn Fe Co Ni Cu
01-11-22 |07-11-22| 329 | 4.09 | 4.89 | 22.08| 4.65 | 1.02 | 0.073| 0.031| 0.020| 0.012| 0.044| 0.905| 0.054 | 0.004| 0.062
08-11-22 |14-11-22| 194 | 2.73 | 3.37 | 14.75| 2.96 | 0.71 | 0.051| 0.018| 0.011| 0.008 | 0.028| 0.573| 0.034 | 0.003| 0.081
1511-22 (21-11-22| 148 | 2.18 | 3.05 | 857 | 2.22 | 0.62 | 0.041| 0.014| 0.008 | 0.007 | 0.026 | 0.492 | 0.030| 0.003| 0.087
22-11-22 |28-11-22| 161 | 228 | 3.80 | 9.41 | 2.10 | 0.74 | 0.046| 0.021| 0.011| 0.010| 0.036| 0.699| 0.041| 0.004| 0.061
29-11-22 |0512-22| 234 | 2.69 | 4.17 | 19.26| 2.38 | 0.79 | 0.063| 0.027 | 0.015| 0.010| 0.045| 0.899| 0.053| 0.004| 0.067
06-12-22 |12-12-22| 177 | 2.41 | 3.70 | 15.24| 2.06 | 0.68 | 0.056| 0.021| 0.011| 0.010| 0.040| 0.646 | 0.039| 0.004| 0.073
13-12-22 (19-12-22| 174 | 2.37 | 3.81 | 12.88| 1.75 | 0.67 | 0.054 | 0.020| 0.011 | 0.009| 0.035| 0.610| 0.037| 0.003| 0.065
20-12-22 |26-12-22| 246 | 3.09 | 3.57 | 28.03| 2.04 | 0.58 | 0.085| 0.016| 0.010| 0.010| 0.037| 0.469| 0.029| 0.005| 0.091
27-12-22 |02-01-23| 233 | 2.82 | 3.09 | 20.29| 2.11 | 0.55 | 0.067| 0.014 | 0.009| 0.008 | 0.026 | 0.439| 0.027 | 0.003| 0.110
03-01-23 |09-01-23| 340 | 3.60 | 3.50 | 36.19| 2.18 | 0.52 | 0.099| 0.015| 0.011| 0.009 | 0.032| 0.402| 0.026 | 0.005| 0.287
10-01-23 ({16-01-23| 202 | 2.36 | 2.93 | 19.16| 1.59 | 0.47 | 0.058| 0.011| 0.008 | 0.007 | 0.023| 0.358| 0.022| 0.003| 0.042
17-01-23 |23-01-23| 207 | 2.97 | 4.23 | 15.54| 2.23 | 0.78 | 0.070| 0.021| 0.012| 0.010| 0.038| 0.605| 0.037 | 0.004 | 0.206
24-01-23 |30-01-23| 131 | 1.83 | 2.43 | 1498 | 1.33 | 0.42 | 0.046| 0.010| 0.007 | 0.007 | 0.026 | 0.397 | 0.024 | 0.003| 0.084
31-01-23 |06-02-23| 110 | 1.66 | 3.15 | 10.80| 1.30 | 0.48 | 0.036| 0.014 | 0.008 | 0.006 | 0.022| 0.484 | 0.028 | 0.002| 0.029
07-02-23 |13-02-23| 94 1.62 | 3.49 | 9.14 | 1.18 | 0.50 | 0.035| 0.014 | 0.008 | 0.006 | 0.023| 0.483| 0.029| 0.003| 0.103
14-02-23 [20-02-23| 169 | 2.49 | 4.97 | 17.50| 2.17 | 0.78 | 0.059| 0.026 | 0.013 | 0.009| 0.039| 0.802 | 0.048| 0.003| 0.087
21-02-23 |27-02-23| 131 | 2.23 | 4.70 | 15.52| 1.87 | 0.74 | 0.052| 0.023| 0.011| 0.008 | 0.032| 0.664 | 0.040| 0.004| 0.174
28-02-23|06-03-23| 73 1.60 | 3.94 | 8.62 | 1.15 | 0.58 | 0.034| 0.015| 0.008 | 0.006 | 0.022| 0.484 | 0.029| 0.002| 0.057
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Weekly Mean

Metal (pg/ms3)

lons (ug/m3)

Carbon (ug/ms

Date Start Dateend| Zn As Sr Cd Sb Ba La Hg Pb Cl NO3 | SO4 | NH4 | OC EC
01-11-22 |07-11-22| 0.673 | 0.042| 0.046 | 0.088| 0.134| 0.037 | 0.055| 0.007| 0.207| 6.3 | 135 | 99 | 163 | 94.1 | 20.0
08-11-22 |14-11-22| 0.533| 0.042| 0.025| 0.054 | 0.078| 0.007 | 0.032| 0.005| 0.229| 58 | 148 | 144 | 136 | 55.2 | 15.6
15-11-22 |21-11-22| 0.450| 0.038 | 0.023 | 0.052 | 0.063 | 0.003| 0.025| 0.004 | 0.217| 7.4 | 13.7| 85 | 100 | 46.0 | 12.1
22-11-22 |28-11-22| 0.535| 0.045| 0.024| 0.048| 0.065| 0.004| 0.038| 0.005| 0.250| 7.5 | 17.0 | 8.7 9.8 | 489 | 152
29-11-22 |05-12-22| 0.697 | 0.037| 0.031| 0.062| 0.088| 0.009| 0.048| 0.006| 0.191| 8.2 | 30.4 | 19.0 | 22.2 | 554 | 25.7
06-12-22 |12-12-22| 0.586 | 0.039| 0.028| 0.059| 0.077| 0.004| 0.037| 0.005| 0.221| 83 | 20.8 | 16.3 | 21.0 | 429 | 179
13-12-22 119-12-22| 0.553 | 0.027 | 0.026 | 0.055| 0.075| 0.005| 0.035| 0.005| 0.158| 9.5 | 243 | 13.7 | 193 | 425 | 17.0
20-12-22 |26-12-22| 0.814| 0.038| 0.030| 0.072| 0.085| 0.000| 0.028| 0.006| 0.211| 12.0 | 29.3 | 28,0 | 325 | 47.0 | 194
27-12-22 |02-01-23| 0.572| 0.050| 0.031| 0.069| 0.104 | 0.006 | 0.026| 0.006 | 0.269| 12.0 | 29.6 | 20.5 | 28.7 | 545 | 18.7
03-01-23 |09-01-23| 0.673| 0.080| 0.039| 0.096| 0.122| 0.000| 0.028| 0.009| 0.529| 148 | 36.4 | 385 | 36.5 | 67.1 | 274
10-01-23 |16-01-23| 0.535| 0.031| 0.029 | 0.058 | 0.083 | 0.000| 0.021| 0.005| 0.170| 12.7 | 26.2 | 20.3 | 239 | 46.1 | 155
17-01-23 |23-01-23| 0.920| 0.070| 0.031| 0.079| 0.110| 0.001| 0.037| 0.007| 0.406| 16.4 | 27.7 | 158 | 21.3 | 49.1 | 19.9
24-01-23 |30-01-23| 0.492| 0.034| 0.022| 0.050| 0.084| 0.000| 0.018| 0.005| 0.183| 8.2 | 184 | 147 | 15.0 | 29.9 | 119
31-01-23 |06-02-23| 0.245| 0.015| 0.018| 0.033| 0.048| 0.001| 0.025| 0.003| 0.111| 6.3 | 136 | 9.8 | 11.1 | 30.1 | 10.9
07-02-23 |13-02-23| 0.470| 0.045| 0.017| 0.043| 0.054| 0.001| 0.025| 0.004| 0.263| 5.0 | 10.3 | 5.7 8.3 | 25.0 9.1
14-02-23 | 20-02-23| 0.640| 0.048 | 0.024 | 0.058 | 0.071| 0.002 | 0.046| 0.005| 0.256| 59 | 206 | 16.3 | 13.3 | 43.2 | 17.9
21-02-23 | 27-02-23| 0.659| 0.070| 0.021| 0.067| 0.071| 0.003| 0.040| 0.006| 0.393| 5.3 | 13.7 | 138 | 11.2 | 33.6 | 14.2
28-02-23 |06-03-23| 0.476| 0.026| 0.015| 0.038| 0.041| 0.003| 0.027| 0.003| 0.149| 7.9 4.3 5.6 6.4 | 20.4 7.7
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Table 9: Monthly mean levels with standard deviation (mea&SD) of PM2.sand its constituents (metals, ions and carbon) at supersite

Monthly Mean Metals (ug/m3
Date Date . . .
Start End PM2.5| Al Si S K Ca P Ti \% Cr Mn Fe Co Ni Cu
210 | 2.82 | 3.84 | 13.90| 2.95 | 0.79 | 0.05 | 0.022| 0.013| 0.009| 0.035| 0.691| 0.041| 0.004| 0.075
01-11-22|30-11-22| + + + + + + + + + + + + + + +
102 | 1.25| 1.16 | 6.36 | 1.52 | 0.30 | 3.93 | 0.019| 0.026| 0.021| 0.005| 0.016| 0.326| 0.019| 0.002
209 | 2.64 | 3.64 | 1894| 2.04 | 0.64 | 0.06 | 0.019| 0.011| 0.009| 0.036| 0.600| 0.036| 0.004 | 0.067
01-12-22|31-12-22| + + + + + + + + + + + + + + +
67 065 | 0.72 | 838 | 0.53 | 0.15 | 2.94 | 0.020| 0.008| 0.004| 0.003| 0.015| 0.245| 0.014| 0.002
217 | 2.67 | 3.21 | 21.41| 1.82 | 0.54 | 0.07 | 0.014| 0.009| 0.008| 0.029| 0.433| 0.027| 0.004 | 0.160
01-01-23|31-01-23| + + + + + + + + + + + + + + +
104 | 0.93 | 0.97 | 11.78| 0.63 | 0.20 | 4.19 | 0.027| 0.007| 0.003| 0.003| 0.011| 0.167| 0.010| 0.002
126 | 2.01 | 4.19 | 13.09| 1.64 | 0.64 | 0.05 | 0.020| 0.010| 0.007| 0.029| 0.623| 0.037 | 0.003| 0.098
01-02-23|28-02-23| + + + + + + + + + + + + + + +
51 066 | 1.14 | 6.32 | 0.68 | 0.20 | 1.13 | 0.018| 0.009| 0.004 | 0.003| 0.013| 0.249| 0.015| 0.001
Monthly Mean Metal (ug/ms3) lons (pug/m?3) Carbon (ug/ms
'g":‘;ft Dateend zn | As | Sr | Cd | Sb | Ba | La | Hg | Pb | CI | NO3| SO4 | NH4 | OC | EC
0.562| 0.042| 0.030| 0.061| 0.086| 0.013| 0.039| 0.005| 0.226| 7.07 | 15.98| 10.75| 12.76| 61.21| 16.63
01-11-22|30-11-22| + + + + + + + + + + + + + + +
0.060| 0.250| 0.027| 0.015| 0.024| 0.044| 0.150| 0.043| 0.002| 3.46 | 827 | 7.63 | 7.81 | 30.91| 6.56
0.638| 0.035| 0.029| 0.061| 0.081| 0.003| 0.034| 0.006| 0.197| 9.81 | 26.71| 19.34| 24.88| 47.23| 19.10
01-12-22|31-12-22| + + + + + + + + + + + + + + +
0.032] 0.316] 0.016| 0.005| 0.018| 0.018| 0.005| 0.014| 0.001| 3.63 | 10.34| 9.42 | 9.17 | 13.66| 6.78
0.646| 0.054 | 0.030| 0.071| 0.101| 0.002| 0.026| 0.006| 0.321| 12.80| 26.59| 22.15| 23.90| 47.26| 18.38
01-01-23|31-01-23| + + + + + + + + + + + + + + +
0.286| 0.373| 0.062| 0.008| 0.035| 0.043| 0.007| 0.012| 0.004| 5.24 | 10.55| 13.17| 11.24| 21.35| 9.49
0.504 | 0.045| 0.020| 0.050| 0.061| 0.002| 0.035| 0.005| 0.258| 6.47 | 14.26| 11.27| 11.03| 33.48| 13.26
01-02-23|28-02-23| + + + + + + + + + + + + + + +
0.155] 0.339] 0.041| 0.005| 0.028| 0.027| 0.002| 0.015| 0.003| 4.82 | 7.52 | 6.40 | 4.46 | 11.93| 6.63
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4.11 Control Action Plan

Shortterm and Longerm control plan has been developed and is presenieblal0:

Table 10: Control Action Plan

Source

Control Action

Time Frame

Hotels/
Restaurants/

Banquet Halls

All Restaurants small or large should not use ¢
and shift to gadased or electric (for sitting capac

of more than 10 persons) appliances.

Short Term

Link Commercial license to clean fuel

Short Term

Ash/residue from the tandoor and other activi
should not be disposed of near the roads

Requires wardevel surveillance.

Short Term

Domestic Sector

LPG to all including economic weaker ar

temporary labours

Short Term

New building complex or societyith PNG supply
distribution network

Short Term

By 2030, the city may plan to shift to elect
cooking (common in western countries) or PNG

the minimum

Long Term

Municipal Solid
Waste (MSW)

Burning

Any type of garbage burning should be strig
stopped.

Desilting and cleaning of municipal drains

Waste burning in Industrial areas should be stop

Daily, Monthly mass balance of MSW generat

and disposal

Sensitize peopland media through workshops a

literature distribution so as not to burn the wastg

Short Term

Construction

and Demolition

Wet suppression

Wind speed reduction (for large construction sitg

Short Term

Enforcement of C&D Waste Management Rul
The waste should be sent to a construction

demolition processing facility

Short Term

64




Source

Control Action

Time Frame

Proper handling and storage of raw mater

covered the storage and provide the windbreake

Vehicle cleaning andpecific fixed wheel washin
on leaving the site and damping down of h

routes.

The actual construction area should be covered

fine screen.

No storage (no matter how small) of construct
material near the roadside (up to 10 m from the ¢
of the road)

Sensitize construction workers and contr

agencies through workshops.

Road Dust

The silt loadin Delhi varies from2.0to 12.5 g/m.
The silt load on each road should be reduce
under2 gm/n?. Regular vacuum sweeping shol
be done on the road having a silt load abov
gm/n?.

Convert unpaved roads to paved roads. Main
potholefree roads.

Implementation of truck loading guidelines; u
appropriate enclosures for haul trucks and gri

paving for all haul routes.

Increase green cover and plantation. Undertake
green of open areas, community places, schools

housing societies.

vacuumassisted sweeping is carried out four tin

a month on major roads with road washing.

Short Term

Vehicles

Diesel vehicles entering the city should be equip
with DPF which will bring a reduction of 40% i
emissions (This option can be implemented V

vehicles of the BSV category as well)

Long Term

Industries must be encouraged to use\BSr BS

Short Term
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Source

Control Action

Time Frame

IV (with DPF) vehicles for the transportation of rg

and finished products

Introduction of cleaner fuels (CNG/ LPG) for ¢
vehicles (other than-@V).

Long Term

Check to overload: Expedited installation of weig
in-motion bridges and machines at all entry po
to Delhi.

Six-months

Electric/Hybrid Vehicles should be encourag
New residential and commercial buildings to hg
charging facilities. All new city bses should b

electric.

Short Term

Bus stop and their parking should be rationalize
ensure more efficient utilization. The depots shqg
include weltequipped maintenance worksho

Adequate charging stations.

Short Term

Enforcement of bus lanes and keeping them

from obstruction and encroachment.

Short Term

Route rationalization: Improvement of availabil
by rationalizing routes and fleet enhancement \

requisite modification.

Short Term

IT systems in buses, bus stops, control centers
passengeinformation systems for the reliability ¢

bus services and monitoring.

Short Term

Movement of materials (raw and product) within {
city should be allowed between 10 PM to 5 AM.

Short Term

Incentiviseand aggressively implemenineobility
including required charging infrastructure. Strate
plan for EV charging infrastructure at each 3 kn
urban areas, 25 km on highways (both sides)
100 km for buses and trucks and swappable ba|

stations.
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Source

Control Action

Time Frame

Adequate vehicle scrappage infrastructure sh
be developed in next three years. Extended Prog
Responsibility (EPR) may be considered for veh
manufactures, who will have to build requir

vehicle scrap plants.

Industries and
DG Sets

Ensuring emission standards in industries. Shif]
of polluting industries.

Strict action to stop unscientific disposal

hazardous waste in the surrounding area

Short Term

Industrial waste burning should be stopy

immediately

Short Term

Following best practices to minimize fugiti
emissions within the industry premises, all leaka
within the industry should be controlled

Area and road in front of the industry should be

responsibility of the industry

Short Term

Multi-cyclones should be replaced by baghou
Ensure installation and operation of air polluti

control devices in industries.

Long Term

Diesel Generator Sets

Strengthening of grid power supply, uninterrup

power supply to thendustries.

Long Term

Renewable energy should be used to cater tg
need of office requirements in the absence of pg
failure to stop the use of DG Set.

Long Term

Efficient recovery system for solvents in chemi
industries: Theaechnologies suggest 95% recov
of VOCs is feasible and same may be adopted

Short Term

Decongestion of
Roads in high

traffic areas

Strict action on roadside encroachment. Discipli
movement of tempos to stop only at designa

spots. Action ordriving in the wrong lane.

Disciplined Public transport (designate one [

Short Term
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Source

Control Action

Time Frame

stop).

Removal of the free parking zone. No park
within 50 m of any major crossing and or chaurg
rotaries. Strictly follow Indian Road Congre
guidelines.

Examine the existing framework for removi
broken vehicles from roads and create a systen
speedy removal and ensure minimal disruption

traffic.

Synchronize traffic movements or introdu

intelligent traffic systems for larariving.

Mechanized multstory parking at bus stands, &
big commercial areas.
Remove at least 50 percent of-stneet parking in

the city.

Identify traffic bottleneck intersections and deve

a smooth traffic plan.

Parking policy in congestion areas (high park
cost, at city centers, only parking is limited {

physically challenged people, etc).

5 Web Portal for Real-Time Advanced Air Source Management Network (R

AASMAN)

R-AASMAN is areakttime air quality analyzing and visualizing web application. Currently,

it's used to assess Delhi's air quality status. It briefly represents the air quality status based on
reattime pollutant measurements and meteorological conditions. Furthermore, to improve air
quality, the software analyzes the pollutant data and helps identify pollution sources using a
source apportionment algorithm called CMB (Chemical Mass Balance). Additionaly, th
forecast estimates the air quality conditions and the pollution source contribution for the next

few days. Finally, on the basis of analysis, a report is inferred, and a detailed action plan is

provided to the user.
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Most of these modules have limited ass which is managed by a mulger system (i.e., an
authentication system for three different types of users like Admin, Stafficamaluser). All

these modules are discussed in detail as follows.
5.1 About R-AASMAN

The Home page dhe websitagives accestall modules and describes it briefly. The about
page givesletailednformation of the website. THegures42to 43show home page and about

page.Table11 describes the different information available under diffeseibticategory

Delhi Pollution Control Committee fesl Time AQ *

SN B G

< Py A

D ¥

@-@ F 0
ORI e

Real-Time Advanced Air Source Management Network

R-AASMAN

About R-AASMAN

Alr s e

REAL-TIME SOURCE AIR QUALITY FORECASTING
APPORTIONMENT OF PM; 5 AQF)
(RSA)

Institutions Involved

Figure 422 Home page of web portal
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Table 11 Sections of web portals

S.No. Section Description
Collecting AQdaafor PM s, ions, metals£=C, OC, BC, SO,, NO,
1. AQ NO,, O3, CO and PM s, SO,, NO,, O3, CO, NH3
M easurements displayedon website for authorized personnel only.
Red-time Source | Succesdully data dissemination for thefollowing:
Apportionment at | a. Daly Real Time Source Apportionment (3 Days)
2. Rouse Avenue| b. Houty Real Time PM, s Source Apportionment
(Supersite) c. Historical PM»_ 5 Source Apportionment
Real Time Air| Succesdully datadisseemination for thefollowing:
Quality Index at| a. Hourdy Air Quality Index
3. Rouse Avenue | b. Historical Air Quality Index
(Supersite)
Source Succesdully data disseminaton for thefollowing:
Apportionment | a. Houty PMzsSource Apportionmerfeorecast for Next 3 Days
4. Forecast b. Historical PM» s Source Apportionment Forecast
c. Hourly PMe.s Coneentration Forecast for Next 3 Days
Air Quality | Daily, Weekly, Monthly and Y early will beavailable.
5. Reports All reportsarebeing vali datedstarting 21St November 2022.

5.2 Air Quality Measurements

To assess the air quality status, we measure the air pollutant concentrations and meteorological
conditions. All these parameters are measured irtirealusing many machines, situated near
aboutcenterof Delhi (Sarvodaya BaVidyalaya, Rouse Avenue, Delhi). These parameters are

collected and displayed on an hourly basis in real time, on the website. The image below

(Figure 44)shows the graphical representation of these measured parameters.
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Q Air Quality Measurements at Rouse Avenue(Supersite)
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Figure 44: Display of real-time and historical measurement of AQ data

The measured parameters are as follows:
1. Air Pollutants:Os( € @), Atvbs( € &), S ( ¢ &Y, ND2( € &), CO,NHz( € &Y m
2. Meteorological Parameters: Temperat(t@), Relative Humidity (%), Pressu(kPa),
Wind Speedkm/hr), Wind Direction(°)

This module is restricted to staff users only. Here, in first graph we show last 24 hours data,

second graph displays all historical data
5.3 Real Time Air Quality

Based on the nasured values, some analysis is derived and it is displayed to the user in a user
friendly way. The first main aim of the softwaire., to identify the air pollution sources is
attained in this module. Along with it, the rdahe air quality Index is callated and is

displayed to the user. These parameters are discussed briefly below.
5.3.1 Reaktime Source Apportionment

To identify the polluting sources, we have used an algorithm called Chemical Mass Balance
(CMB). Abstractly, CMB takes the different pollutanactions of PMs as input such as CO,

NHs, Metals, Carbon, etc., and processes these inputs to predict the different sources that have
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polluted the region like Industry, Construction, Domestic, etc. The image below gives an

example of a visual repredation of these apportioned sourse®wn in Figurels.

Figure 45: Display of Real time Source apportionment

The threepie chart at the top gives the daily average percentage of all source
contributions for three day$oday, yesterday, day before yesterday), along with the
source description of each source. Next are two hourly graphs giving the hourly source

contribution ofthe last 24 hours and all historical data respectively.
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